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ABSTRACT
Experimental Analyses of Peer Tutoring: Toward a Technology of Generative Learning
Victoria R. Verdun
Numerous studies since the 1960s have demonstrated that peer tutoring between two students is
an effective teaching practice across populations and academic content areas. However, there has
been limited research on peer tutoring beyond the traditional dyad format. We analyze variations
of peer tutoring in a series of studies in a 3rd grade general education classroom. During the first
study, we compared dyad and group peer tutoring structures for spelling acquisition with 14
participants across 2 experiments. We found that the majority of the students mastered novel
words with fewer learn units during peer tutoring in dyads (i.e., lower learn units-to-criterion).
However, scores on spelling post-assessments were higher following group peer tutoring
conditions. Findings suggest that peer tutoring in a group may be more effective when
considering post-assessment accuracy. In the second study we analyzed the effects of peer
tutoring with Equivalence Based Instruction (EBI) on inference making, specifically, the
emergence of eight 3-member fraction-percentage classes with 8 participants across 2
experiments. We found that participants acquired both baseline training relations during peer
tutoring EBI: one directly as a tutee and one indirectly as a tutor. Following peer tutoring EBI,
all participants derived the remaining 4 relations. Once participants had formed equivalence
classes, they could also sort fraction stimuli, which demonstrated transfer of function.
Additionally, we noted that it may be important for instructors to consider response effort for
training relations when designing instruction for peer tutoring EBI due to possible adverse
effects on student behaviors. Our findings suggest novel and effective means in designing

pedagogy to increase learn units, select effective tutoring formats, and plan for inference making
in general education classrooms.
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Chapter I:
INTRODUCTION
In 1983 the federal government commissioned the report, A Nation at Risk,
acknowledging our education crisis (National Commission on Excellence in Education, 1983),
and in 2017 only 25% of seniors in high school were proficient in Math and 37% were proficient
in Reading (Nations Report Card from the National Assessment of Educational Progress, 2017).
In his original publication on The Process of Schooling, Stephens (1967) pointed out that, “We
can make no claim to any coherent group of principles from which the major facts of schooling
and teaching could be deduced,” (p. 3), however educational research has made significant
strides in identifying variables that benefit student outcomes. Since 1967, research has
consistently demonstrated that active student responding with direct instruction and positive
reinforcement establish large effect sizes for student achievement (Hattie, 2009; Marzano,
Marzano, & Pickering, 2003; White, 1988), and that the teacher is vital to student success
(Hattie, 2009; Kavale, 2005; Wang, Haertel, & Walberg, 1997).
In education we pursue effective practices that generate maximum educational outcomes
with minimal waste. Since teaching is, “Designing circumstances that change the way other
individuals feel or behave,” (Vargas, 2013, p. 5) we must capture the direct teacher-student
interactions that affect that change. In pursuit of superior teaching practices Albers and Greer
(1991) found that the learn unit, a measure of interlocking teacher-student interactions,
significantly improved learning outcomes and acted as a measure of teacher effectiveness (Greer
& Hogin-McDonough, 1999, Greer et al., 2004). In parallel pursuit, researchers sought outcomes
in generative or emergent learning, in which students learned more than they were taught
(Critchfield & Twyman, 2014; Lee, Lim, & Grabowski, 2008). Educators often return to the
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same questions: 1) How can we increase student engagement with material, and 2) how can we
generate emergent learning?
Peer Tutoring
When considering students’ engagement with academic materials, we must also consider
teachers’ time constraints. Demands on teachers’ time and increased diversity in classrooms can
make it difficult to provide effective instruction (Fisher & Frey, 2019; Miller, Barbetta, & Heron,
1994). Many researchers have broached the topic of effective pedagogy with various measures of
student engagement, such as opportunities to respond and active student responding, across
strategies like response cards, guided notes, and peer tutoring (Greer et al., 2004; States, Detrich,
& Keyworth, 2019). Peer tutoring is, “an instructional format where students are paired and one
serves as a tutor or teacher, and the other serves as a student,” (Vargas, 2013). The strategy
reliably demonstrates sustainable effects across a broad range of educational settings and
academic content areas (Devin-Sheehan, Feldman, & Allen, 1976; Fisher & Frey, 2019; Greer et
al., 2004; Miller, Barbetta, & Heron, 1994).
Students have been powerful instructional resources for many ages. Paolitto (1976) traced
cross-age peer tutoring back to the first century A. D. when Quintilian wrote about the notion of
older students helping younger students with their lessons in Institutio Oratoria. More recently,
research in peer tutoring from psychology, education, and behavior analysis have successfully
applied various peer tutoring packages and procedures since the 1960s. As early as 1967,
Cloward demonstrated that peers, without formal education and knowledge of pedagogy, could
act as effective tutors. They found that peer tutoring was effective across various tutoring
packages (i.e., cross age, reciprocal) if the tutors were trained. Research then focused on the
effect of peer tutoring on academic gains. In 1982 Cohen, Kulik, and Kulik analyzed 62 peer
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tutoring studies and found significant positive effects for the tutees. Peer tutoring has been
consistently effective for student gains in Spelling, Reading, English, and Mathematics with
meaningful gains regardless of the students’ role as tutor, tutee, or alternating between roles
(Alegre, Moliner, Maroto, & Lorenzo-Valentin, 2019; Dunn, Shelnut, Ryan, & Katsiyannis,
2017). The tactic is also effective across a range of participant demographics: Emotional and
behavior disorders (Dunn et al., 2017), English Language Learners (Bowman-Perrott, deMarin,
Mahadevan, & Etchells, 2016), and students with disabilities (Alzahrani & Leko, 2018).
Peer-tutoring procedures have often been introduced as research packages, but in 1994
Miller et al., suggested that these packages made it difficult to define the necessary components
for peer tutoring success. The significant effects of peer tutoring were apparent, but the key
components were not. Greer and colleagues (2004) completed a series of five studies
demonstrating the learn unit as an integral component in peer tutoring that leads to tutor, tutee
and observer gains. The learn unit is, “[a] measure of teacher-child interactions that meet certain
criteria and include the key generic components of effective pedagogy,” which included a
teacher antecedent, a student behavior, and a teacher consequence (Albers and Greer, 1991;
Greer et al., 2004). Significantly, Martinez and Greer (1997) found that the learn unit produced
four to seven times more learning than other procedures. Greer and colleagues’ (2004) studies
specifically focused on the effect of peer tutoring when the learn unit was manipulated as an
independent variable or controlled for comparison across conditions. They made several
significant conclusions. First, when learn units were held constant teacher instruction and peer
tutoring were similarly effective, thus the learn unit is a measure of teaching and necessary for
successful peer tutoring (Greer et al., 2004). Second, when the learn unit was in place both tutors
and tutees learned novel material (i.e., the tutor learns by teaching); further, when a third peer
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monitored or recorded data during the tutoring session (i.e., observing) they also demonstrated
gains (Greer et al., 2004). Thus, tutors, tutees, and observers demonstrated learning. Finally, the
experience involved in the learn unit, specifically the correction procedure, was the key
component to tutors’ and observers’ mastery (Greer et al., 2004; Neu & Greer, 2018). When the
tutor did not provide corrections or an observer did not monitor them, there were significantly
fewer gains than when the correction procedure was in place. These findings suggest that, along
with a specified correction procedure, the observational learning capability may be integral to
tutor and observer learning during peer tutoring.
Catania (2013) defined observational learning as, “learning based on observing the
responses of another organism, and/or its consequences,” (p. 452). Observational learning is a
necessary repertoire, especially in general education, since we cannot be taught everything
directly, and many of our skills develop through indirect contact with the contingences of others
(Catania, 2013; Neu & Greer, 2018). The reliable demonstration of learning from observation is
relevant to peer tutoring when novel stimuli are utilized in homogenous (leveled, novel material),
reciprocal (participants alternate tutor role) tutoring procedures and/or when a third peer serves
as an observer or peer monitor during peer tutoring sessions (Greer et al., 2004).
Towards Empirically Based Generative Learning Practices
Peer tutoring can successfully increase student engagement with material, but there is still
the question of how to create the necessary conditions for generative learning in our classrooms.
The generative learning model posits that we tend to generate perception and meaning based on
our prior learning; further, that incorporating prior learning or training into instruction leads to
more being reliably learned than taught (Critchfield &Twyman, 2014; Wittrock, 2010). Along
with tactics like peer tutoring and the observational learning capability, stimulus equivalence is a
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phenomenon that teachers could incorporate into pedagogy and curriculum to generate
instructional output (student learning) with less input (teaching). Equivalence-based instruction
(EBI) incorporates the phenomena of stimulus equivalence (SE) (Sidman & Tailby, 1982) to
design lessons which plan for emergent learning (Critchfield &Twyman, 2014). Derived
stimulus relations occur when untrained relations emerge in the absence of direct training
(Hayes, Barnes-Homes, & Roche, 2001), with SE as one type of derived stimulus relation.
Sidman and Tailby (1982) defined SE as a hierarchal and bidirectional relationship between
stimuli that allows for those stimuli to be interchangeable with one another. Stimulus
equivalence describes a behavior event, which involves four properties: reflexivity, symmetry,
transitivity, and equivalence. When a set of three or more stimuli demonstrate these properties,
they form an equivalence class (Sidman 1971; Sidman & Tailby, 1982). EBI intends to apply
these properties to curricula and instruction.
EBI has most often been applied to instruction for students diagnosed with disabilities
(Stanley, Belisle, & Dixon, 2018), students in college level courses (Fienup, Covey, &
Critchfield, 2010), or to implement training protocols (Albright, Reeve, Reeve, & Kisamore,
2015; Cariveau, Montilla, Ball, & Gonzalez, 2019). In fact, EBI is implicit in Direct Instruction
curricula such as Corrective Reading (National Institute for Direct Instruction, 2015). Stimulus
relations or emergent behavior, not unlike peer tutoring and observational learning, increase
possibilities with regards to effective and efficient teaching practices.
Improving Pedagogy
Peer tutoring has been established as a long-standing instructional tactic to increase
student outcomes across a wide range of student demographics and levels of development for
various academic content areas (Fisher & Frey, 2019). Greer et al. (2004) demonstrated the
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utility of the observational learning capability in students’ learning as tutors and observers:
Homogeneous, reciprocal peer tutoring procedures with novel material resulted in increased
accuracy for tutors, tutees, and observers. Like peer tutoring, albeit less extensively, EBI has also
been applied towards a variety of content areas for students across various levels. Verdun,
Chiasson, and Fienup (2019) demonstrated the utility of observational learning during EBI to
teach fraction-percentage relations in which primary and observing participants learned stimulus
equivalence classes. The current studies intend to further improve pedagogy and curriculum in
general education classrooms through the integration of generative learning phenomena, such as
SE, and tactics such as peer tutoring.
The purpose of these studies was to analyze peer tutoring as an effective teaching strategy
in general education classrooms with regards to group tutoring formats, and to apply a novel
approach to peer tutoring with the incorporation of EBI. In the first study we compared group
and dyad peer tutoring arrangements across two experiments. In the first experiment we
compared six participants’ performance during peer tutoring and their acquisition of novel
spelling words across two conditions: as three dyads and as a single group. We analyzed the
duration, learn units to criterion, and post-assessment accuracy to compare tutoring formats. In
the second experiment we analyzed the same dependent measures to replicate our initial
conclusions that peer tutoring may be more time efficient in a dyad arrangement, but that group
instruction may be more effective for post-assessment performance. We compared the conditions
across two counterbalanced clusters of four participants. In the second study we evaluated peer
tutoring in conjunction with EBI to analyze the emergence of equivalence classes for fractionpictogram relations in a series of two experiments. We wanted to present peer tutoring as an
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empirically based teaching strategy to effectively incorporate generative learning in general
education classrooms.
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Chapter II:
Considering Effective Peer Tutoring Ratios across Dyad and Group Arrangements
Abstract
We analyzed the effectiveness and efficiency of 2 peer tutoring arrangements across 2
experiments. During Experiments 1 and 2 we examined learn units-to-criterion, accuracy on
spelling post-assessments, session duration, and tutor reliability across two tutoring
arrangements: As a whole group or divided into dyads. In both experiments, the spelling words
were novel for all participants, and we trained tutors to present errorless learn unit instruction
prior to any peer tutoring sessions. During dyad instruction, each participant tutored half of the
words in a given set, rotating the position of tutor and tutee within each session. During group
instruction, 1 participant served as the tutor while the remaining participants served as tutees
throughout the duration of instruction. During Experiment 1, we used a sequential adapted
alternating treatments design with six students from a 3rd grade general education classroom.
Once all tutees, in dyads or in the group, emitted 100% accurate responding for 2 consecutive
sessions, experimenters implemented a spelling post-assessment with tutors and tutees. Results
demonstrated that one student can tutor multiple peers with high fidelity and support previous
research with significant increases in accurate responding across tutors and tutees following
tutoring sessions. The findings suggested that group tutoring may be a more effective and
efficient format for peer tutoring in a general education environment. During Experiment 2, we
used a sequential adapted alternating treatments design across two counterbalanced clusters. We
matched 8 participants from the same 3rd grade classroom as Experiment 1 into 2 clusters based
on their score on the Words Their Way® spelling inventory. Once tutees, in dyads or group,
emitted 100% accuracy during 1 tutoring session we conducted post-assessments with tutors and
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tutees. Consistent with Experiment 1, we found that a student could tutor multiple peers with
high fidelity, and that tutoring in a group format may be more effective. Group and dyad peer
tutoring were 88% and 21% effective respectively according to post-assessment scores. Although
we found that tutoring in a dyad was more efficient with regards to duration of instruction and
learn units to criterion, we must consider the low effectiveness demonstrated by post-assessment
scores following dyad tutoring conditions.
Keywords: Peer tutoring, dyads, group, mastery, rate of learning, observational learning
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Considering Effective Peer Tutoring Ratios across Dyad and Group Arrangements
As classrooms grow larger with increasingly diverse student populations, teachers
grapple with their students’ individual needs. Often, they overlook their diverse student
population as a resource for effective teaching. Peer-mediated instruction, specifically peer
tutoring, is a flexible, evidence-based teaching strategy that has demonstrated gains across a
variety of classroom environments and procedural methods since the 1960s (Cloward, 1967;
Devin-Sheehan, Feldman, & Allen, 1976; Fisher & Frey, 2019; Miller, Barbetta, & Heron,
1994). The strategy has been reliably effective over many decades of research findings in
education, psychology, and behavior analysis (Fisher & Frey, 2019; Moran & Mallot, 2004).
Peer tutoring has been used across a variety of populations (Miller, Barbetta, & Heron, 1994) for
students in general education (Arreaga-Mayor, 1998; Fisher & Frey, 2019), students with
disabilities (Alzahrani & Leko, 2018; Butler, 1999; Hughes & Fredrick, 2006), minority students
and those at risk for academic failure ( Bowman-Perrott et al., 2013; Dill & Boykin, 2000;
Mayfield & Vollmer, 2007), and English language learners (Bowman-Perrott, DeMarin,
Mahadevan, & Etchells, 2016).
Tutoring models such as cross-age, same-age reciprocal, and same age non-reciprocal
peer tutoring are common in various settings (i.e., general education classrooms, resource
rooms). In reciprocal tutoring both participants are tutors during a session; each taking a turn in
the role of tutor and tutee. Lueng (2015) conducted a meta-analysis regarding best practices for
peer tutoring on academic achievement. There were significant moderators in effect size for
achievement with regard to academic ability, academic levels, and proportion of minority
students in a given study; however, same-age reciprocal tutoring, same-age non-reciprocal
tutoring, and cross age tutoring showed, “significantly similar effect sizes,” (p. 573). Across
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populations and tutoring procedures peer tutoring has demonstrated positive effects on tutees’
academic gains (Cohen, Kulik, & Kulik, 1982; Lueng, 2015); with research that also supports the
positive effects of peer tutoring on tutors’ academic gains (Greer, Keohane, Meincke, Gautreaux,
Pereira, Chavez-Brown, & Yuan, 2004; Greer & Polirstok, 1982; Lueng, 2019).
Peer tutoring interventions are often introduced as tutoring packages, but two recent
meta-analytic reviews conducted by Lueng (2015, 2019) attempted to differentiate any factors
that were crucial to its success. Lueng (2015, 2019) identified crucial methodology, intervention,
and outcome parameters as moderators in effect sizes for academic achievement. The researcher
incorporated peer tutoring studies with a wide range of participants and academic content areas;
however, the analysis did not incorporate the type of instruction tutors presented during a
session, specifically, how tutors consequated tutee behavior. Albers and Greer (1991) identified a
unit of measurement to analyze the effectiveness of student-teacher interactions called learn
units. The learn unit incorporates an antecedent, student behavior, and a specific consequence.
Consequences included a correction procedure with an independent response opportunity for
incorrect responses. The learn unit has improved teacher outcomes, measured teacher
effectiveness, and produced four to seven times more learning than procedures that did not
include a teacher antecedent, a student behavior, and a teacher consequence (Greer & HoginMcDonough, 1999; Greer, Keohane, & Healy, 2002; Martinez & Greer, 1997).
Greer and his colleagues (2004) found that when learn unit instruction was held constant,
peer and teacher-mediated instruction resulted in similar outcomes. In a series of studies, they
found that when learn unit instruction was in place both tutors and tutees demonstrated increased
accuracy for novel material during homogeneous, reciprocal peer tutoring sessions (Greer et al.,
2004). In homogeneous, reciprocal peer tutoring neither of the participants in a dyad had the
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material in repertoire and both participants took on the roles of tutor and tutee within a session.
When Greer and colleagues (2004) included a third participant as a peer monitor or observer
(i.e., recorded data throughout tutoring sessions) during peer tutoring, those observers learned
more when tutoring included learn unit presentations. Further, when the learn unit included a
correction procedure both tutors and observers emitted significantly more accurate responses on
post-assessments (Greer et al., 2004). Participants in homogenous, reciprocal peer-tutoring dyads
learn half of the novel material directly as the tutee, and half indirectly as the tutor, yet accuracy
for all novel material increased when the tutors presented learn units that included a correction
procedure. Thus, the correction component of the learn unit may also be important to learning
via observation (Neu & Greer, 2019).
Much of human learning is a function of the observation of the behavior of others (Khan
& Cangemi, 1979; Werts et al., 1996). Observational learning is important in homogenous,
reciprocal peer tutoring models since tutoring dyads might learn twice the content if students in a
dyad can learn via observation and the material is novel for both participants. When students are
placed into heterogeneous dyads (i.e., mentor-tutor, tutee), the tutor may not have the
opportunity to acquire novel repertoires. Still, research has shown that tutors benefit both
socially and academically in tutoring arrangements in which the material may not be novel for all
participants. For example, a systematic review by Dunn, Shelnut, Ryan, and Katsiyannis (2017)
showed positive results in academic achievement for students with emotional behavior disorders
regardless of their role as tutee, tutor, or alternating between roles. In another review from
Bowman-Perrott and colleagues (2016), English language learners demonstrated gains in
academic, social, and language production outcomes following various models of peer tutoring.
However, if learn unit instruction is in place and students are paired into homogeneous dyads
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(i.e., novel material for both students), both participants have the opportunity to learn novel
material. The tutor learns through contact with the antecedent and consequences (i.e.,
reinforcement, correction) s/he provides to the tutee, and the tutee learns through direct learn unit
instruction (Greer et al., 2002). Although the tutor does not come into direct contact with the
contingencies, they administer the contingencies and thereby observe them (Yuan, 2005). If the
student can acquire novel material through observation, or observational learning (OL) is in
repertoire (Greer, Singer-Dudek, & Gautreaux, 2006), the tutor learns by observing a peer
receive the contingency.
In an earlier study, Greer and Polirstok (1982) demonstrated that without training, tutors
did not use approvals and that tutoring with untrained tutors did not change the dependent
measures (i.e., academic achievement). However, tutor training, specifically in the use of
approvals, increased accurate tutee responses, and affected tutor outcomes. Significantly,
researchers directly ‘treated’ or manipulated the number of approvals presented by tutors during
the intervention, and any other positive outcomes in tutor behaviors suggested additional
educational benefits beyond the variable researchers directly manipulated. As a result of
increased tutor approvals during tutoring sessions, tutees’ reading scores increased, as well as
tutors’ reading and on-task scores outside of the experimental setting. The authors identified the
behavior changes outside of the experimental setting as ‘collateral behavior’ (p. 139).
The tutoring literature incorporates various tutoring arrangements across settings,
demographics, academic content areas, and positive social outcomes; all of which have been
effective to increase the flexibility of introducing peer tutoring into classroom settings. Research
has analyzed various tutoring formats since 1994 when Miller and colleagues identified and
defined classwide, cross-age, 1:1 dyad, home-based, and small group peer tutoring formats.
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Since then, research has also incorporated reciprocal and non-reciprocal tutoring structures,
among others. However, each of these formats utilize dyad instruction, with no more than two
students in any format. Even the ‘small group’ format described in Miller et al. (1994) refers to
the teacher dividing the classroom into multiple groups in which the teacher might, “work with
one group, [while] a second group participates in peer tutoring, and the remainder of the class
engages in independent seat work or other cooperative groups” (p. 268). Thus, there is little
research on group tutoring arrangements in the general education environment, specifically
structured group tutoring, which may incorporate tutor training, recording tutee responses,
mastery and/or assessment(s). Though group tutoring research does become evident within
higher education and medical school, this research tends to signify peer-led study groups
(Blowers, Ramsey, Merriman, & Grooms, 2003; Cantinotti, Désormeaux-Moreau, & Balbinotti,
2017) rather than the dyad tutoring arrangements predominately found in research focused on K12 education discussed thus far.
The purpose of the current study was to expand the peer tutoring literature to incorporate
group tutoring formats, which specifically referred to one peer tutor presenting instruction to
multiple tutees (i.e., three or five). We utilized structured tutoring formats; thus, tutors were
trained to provide antecedents, record tutee responses, and provide differentiated consequences
(i.e., learn units). More precisely, we utilized same-age, homogeneous, reciprocal peer tutoring
and same-age, homogeneous, non-reciprocal peer tutoring across dyad and group peer tutoring
formats respectively, each of which incorporated learn unit presentations to control for tutor
instruction. We compared the effectiveness in tutor and tutee gains, and efficiency in session
duration and tutees’ rate of learning across group and dyad tutoring arrangements. We hope to
add further analysis of effective teaching practices in peer tutoring such that instructors might
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design classroom environments flexible to individualization and increased opportunities for
learning.
Experiment 1
Method
Participants and Setting
The experimenter selected participants from one third-grade general education classroom
located in a Title 1 public elementary school outside of a major metropolitan area serving 3rd to
5th grade students. The classroom applied the Comprehensive Application of Behavior Analysis
to Schooling (CABAS®) and Accelerated Independent Learner (AIL®) educational models,
which is based in the principles of behavior analysis applied to pedagogy, classroom
management, teacher/ staff training, and parent collaboration. Students with Individualized
Education Plans (IEPs) and typically developing peers participate in instruction within the same
general education classroom. The classroom included 18 students (eight with IEPs), one teacher,
and two teaching assistants. Each teacher delivered instruction to small groups containing
students on comparable academic levels to ensure individualized skill acquisition for measurable
objectives scripted from guidelines and curricular goals in the school district.
Experimenters provided the Words Their Way® (Bear, Invernizzi, Templeton, &
Johnston, 2012) spelling inventory as a pre-assessment to all students in the classroom (see
Materials below). We selected participants who scored within the late Syllables and Affixes and
the Derivational Relation stages, specifically within the spelling levels identified as ‘Bases and
Roots’ and ‘Harder Suffixes’. Participants’ scores were based on any errors they made within
specific spelling patterns (e.g., -ea, -igh, -ough).
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The six participants were between the ages of 8 and 9 years and were all on or above
grade level, placing at early or late 3rd grade in the beginning of the year on an i-Ready® reading
assessment. The i-Ready® reading diagnostic test is a computer-based, adaptive learning and
assessment tool (Curriculum Associates, 2014). Participants D and F were diagnosed with
Communication Impairment and received speech services two to three times per week (see Table
1). During group instruction Participant A served as the tutor while Participants B, C, D, E, and F
served as tutees. During dyad instruction Participants A and C served as Dyad 1, Participants D
and F as Dyad 2, and Participants B and E as Dyad 3, based on their leveled placements on the
Words Their Way® assessment (see above).
Materials
Assessment materials. We utilized the i-Ready® Reading diagnostic, a computer-based,
adaptable learning and assessment tool, to analyze participants’ grade levels in reading
(Curriculum Associates, 2014). The diagnostic provided data on grade level equivalences of
students in the school district between kindergarten and 6th grade. We also utilized Words Their
Way®, a 26-word spelling inventory and curriculum based on word patterns, (i.e., -ea, -ight) to
identify spelling patterns that were not in the participants’ repertoires.
Observational learning assessment. Instruction consisted of tacting real world, noncontrived 2D stimuli that were novel to both the peer and the participant (i.e., neither peer nor
participant could tact, see and say the name of, any stimulus in the set prior to instruction).
Instruction included five target stimuli with four exemplars of each target for a total of 20
learning opportunities per one session for a given set of tact stimuli (i.e., landforms, bodies of
water, components of a cell). We presented the tact set using Microsoft Office PowerPoint on a
MacBook Air computer with a 33.0 cm display.
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Assessment for novel spelling words. The experimenters utilized several resources to
assess novel spelling words. We utilized 3rd to 6th grade high-frequency word lists and words
from grade-level, district-based curriculum in math and science. Based on our assessments (see
Procedure, Pre-post assessment for novel spelling words) the word sets were not in the
participants’ repertoires at the onset of the study. Participants utilized a clipboard, a lined piece
of loose-leaf paper, and a pencil to write each word the experimenter presented during spelling
assessments.
Tutor training phase. Tutors utilized an experimenter-designed data form, a pencil, and
a clipboard, while tutees used a 21.59 cm by 27.94 cm white board, a dry-erase marker and dryerase eraser. Researches selected words from grade-level math, social studies, and science
glossaries (i.e., plateau, parallel) for training tutors to present accurate learn unit instruction (see
Procedure, Tutor training phase). Tutors utilized a pre-made data sheet similar to those used
during peer tutoring instruction. We used Teacher Performance Rate and Accuracy (TPRA)
observations to assess tutor fidelity with learn unit presentations (see below).
Peer tutoring. The materials utilized during peer tutoring were the same as those used
during pre-intervention tutor training.
Teacher performance rate and accuracy observation. TPRAs assess treatment fidelity
through rate and accuracy of teacher instructional presentations (Ingham & Greer, 1992; Ross,
Singer-Dudek, & Greer, 2005). Researchers also used TPRA observations to assess tutoring
fidelity with respect to learn unit instruction (see Procedures, Tutor training). We recorded tutor
antecedents, the tutee behavior, and the tutor consequence.
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Dependent Variables
We analyzed participants’ learning in peer tutoring dyads and groups with a variety of
measures. We analyzed effective instruction by measuring participants’ percentage of accuracy
on spelling assessments for novel words prior to and following peer tutoring interventions. We
recorded a plus (+) for words that had point-to-point correspondence to words presented by the
researcher, and a minus (-) for those that did not. For example, if the researcher said, “Spell cat”
and the participant wrote “c-a-t” we recorded a plus. We calculated percentage by dividing the
total number of correct responses by the total possible correct and multiplying the resulting
number by 100.
We assessed efficiency using learn units-to-criterion across dyad and group instruction.
We calculated the mean number of learn units to meet an objective for both peer tutoring
arrangements. We added the number of learn units to meet an objective for all of the participants
in one group or across three dyads dependent on the corresponding peer tutoring condition, then
we took the resulting total and divided it by six (i.e., six participants in one group or in three
dyads). The resulting number was the mean number of learn units required for participants to
meet an objective during a peer tutoring format. We also analyzed individual learn units-tocriterion in the same manner, except that we divided by the total number of objectives met by a
single participant rather than all of the participants in a given condition.
We observed possible time restrictions and benefits across instructional formats with total
and mean duration to master objectives. To record duration the researcher started a timer when
the tutor presented their first antecedent and stopped the timer when the tutor completed their
final consequence. To find the total duration we added the duration of each session in a group or
across dyads for a given condition. To calculate the mean duration per objective met, we divided
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the total duration by the number of objectives met. For example, to calculate the mean duration
during a one group tutoring condition with six participants who each met one objective, we
would divide the total duration during that group condition by six.
We observed tutors’ percentage of accuracy for learn unit presentations during tutoring
sessions with the TPRA (see above). We divided the number of accurate learn unit presentations
by the total number of learn unit presentations and multiplied the resulting number by 100. For
an example of an accurate learn unit presentation see Tutor training in Procedure below.
Interobserver Agreement
An independent observer collected data for the purpose of Interobserver Agreement
(IOA) during the peer tutoring intervention and Interscorer Agreement (ISA) for permanent
products following pre- and post-assessments for novel words. The experimenters calculated
IOA and ISA using trial-by-trial agreement. We divided the number of total agreements by the
total number of responses and multiplied the resulting number by 100. An independent observer
recorded ISA following 100% of sessions for pre- and post-assessments with 100% agreement.
An independent observer recorded IOA during 36.4% of group sessions and 29% to 42% of
sessions across dyads with 100% agreement.
Treatment fidelity. We recorded treatment fidelity with TPRA observations of tutor
learn unit presentations across 100% of group and dyad instruction (see Table 2). During group
tutoring Participant A presented learn units with a mean of 91% accuracy (range = 83%-96%).
During dyad instruction Participant A tutored with a mean accuracy of 93% (range = 86%-94%),
Participant B tutored with 100% accuracy, Participant C tutored with a mean accuracy of 97%
(range = 94%-100%), Participant D tutored with a mean accuracy of 99% (range = 97%-100%),
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Participant E tutored with a mean accuracy of 95% (range = 93%-97%), and Participant F tutored
with a mean accuracy of 96% (range = 92%-100%) (see Table 2).
Experimental Design
We used a sequential adapted alternating treatments design to analyze tutor and tutee
accuracy on novel spelling words and their rate of learning under group and dyad tutoring
conditions. Experimenters completed pre-post assessments for novel spelling words prior to and
following each change in condition (i.e., group, dyad). All six participants began in the group
tutoring arrangement and transitioned to dyad arrangements once all of the participants met
criterion on one novel spelling set. This rotation continued through three full rotations from
group to dyad tutoring formats.
Procedure
We conducted pre-intervention sessions and peer-tutoring sessions during regularly
scheduled spelling instructional periods, which included class-wide peer tutoring procedures and
computer-based, leveled vocabulary and spelling instruction, or during regularly scheduled silent
reading or independent learning periods. Independent learning consisted of district-provided,
computer-based instruction in reading, grammar, or typing, which was individualized for each
student’s level. See Figure 1 for a general outline of the procedures used in the current study.
Words their way spelling inventory. We conducted an unconsequated (i.e., no
feedback), class-wide spelling assessment that included 25 words with patterns ranging from
alphabetic (e.g., ship) to derivational (e.g., confident). Researcher antecedents for each word
were as follow: “Spell ship, the ship glided smoothly over the water, ship,” with the researcher
saying the word, providing a sentence with the word, and finally repeating the word. We allowed
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10 to 20s, or until all of the students were looking at the instructor and were no longer writing,
for students to respond to each word.
Pre-Post assessments for novel spelling words. The experimenters conducted
unconsequated pre-experimental sessions with all students who were selected to participate in the
current study based on the spelling inventory. Researchers chose words from various resources
(see Materials). Researchers selected ten words for each set across group and dyad instructional
phases. Experimenters selected a word if neither participant in a dyad or none of the participants
in the group had the word in repertoire.
Observational learning assessment. The assessment indicates the degree to which
students learn by observing the consequences of others. We implemented the observational
learning (OL) assessment prior to peer tutoring in order to establish participants’ initial levels of
OL. We used the same procedure as Verdun, Chiasson, and Fienup (2019). It included initial
instruction to mastery criterion with a peer, followed immediately by unconsequated assessment
trials with the participant who observed the initial instruction (Delgado & Greer, 2009; Greer et
al., 2004; Rothstein & Gautreaux, 2007; Neu & Greer, 2019; Singer-Dudek et al., 2013). During
the observational learning assessment each participant served as observer during initial
instruction. The participant and a peer, outside of the current study, participated in teacher-led
initial instruction. Prior to instruction the experimenter provided the following vocal direction:
“[Participant name] I’d like you to watch while [Peer name] learns the names for [stimuli] (i.e.,
landforms), [Peer name] let’s get started learning [stimuli].” During instruction the experimenter
presented a stimulus for the peer to tact (i.e., see and say) and provided consequences for each of
the peer’s responses throughout. The experimenters conducted the sessions such that the
participant (observer) could attend to all of the stimuli and consequences provided to his or her
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peer. The experimenters provided behavior-specific approvals to the participant (i.e., “Thank you
for looking at the picture” or “Great work watching appropriately”). We did not provide
feedback to the participant observer. Criterion for initial instruction was the peer responding with
100% accuracy for one session, and the number of sessions to mastery ranged from two to four
sessions. Following peer mastery during initial instruction, the experimenters conducted a
session during which we presented the same 20 stimuli to the participant. The peer was not
present during this assessment, and although we required a response from the participant, we
again did not provide feedback. Criterion for the demonstration of OL was 80% accurate
responding from the participant during the final, unconsequated session.
Tutor training phase. Prior to the implementation of the peer-tutoring procedure,
experimenters conducted tutor-training sessions. Each participant tutored until they presented
errorless learn-unit presentations and recorded accurate data across five consecutive learn unit
presentations with at least three opportunities to provide a correction procedure (see below). Five
to 10 novel, arbitrary words were selected for the training sessions. Experimenters ran sessions
such that one participant served as the tutee and another participant served as the tutor. We
provided the tutor with 5 words listed on a data form and added additional words as necessary.
Prior to training, we provided a model of a learn unit presentation (Albers & Greer, 1991).
During training, we used the TPRA to evaluate tutors’ accurate learn unit presentations and data
collection fidelity (Ingham & Greer, 1992; Ross, Singer-Dudek, Greer, 2005). We provided
behavior-specific praise for accurate learn unit presentations and accurate data collection during
the pre-intervention training. If the tutor made any errors during learn unit presentations, the
experimenter implemented the learn unit correction procedure with the tutor. The tutor was
considered calibrated after achieving criterion (see above) with one errorless TPRA.
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The following is an example of a learn unit presentation during tutor training and spelling
instruction: 1) The tutee attended to tutor; the tutor delivered the antecedent, “Spell the word
whistle;” 2) the tutor waited 5-10s for tutee’s written response; 3) the tutor provided behavior
specific vocal praise (i.e. “Wow, great job spelling whistle”) and/ or points for correct responses;
or 4) the tutor provided a correction procedure for an incorrect response. The correction
procedure included: 1) The tutor provided the correct spelling of the word (“The word whistle is
spelled w-h-i-s-t-l-e),” as the tutee spelled the word; 2) the tutor repeated the antecedent; and 3)
the tutee independently emitted a correct response. During correction procedures, the tutor
provided no reinforcement for correct responses.
Peer tutoring. During the intervention both the tutor and the experimenter collected data
on tutee responses. The experimenter completed a TPRA for each session to analyze tutor
accuracy. Each session consisted of ten learn-unit presentations. The experimenter started a timer
when the tutor presented the antecedent for the first word and stopped the timer when the tutor
completed the consequence (i.e., reinforcement or correction) for the last word. The
experimenters reversed the peer tutoring condition (i.e., group; dyad) once all participants met
criterion on one set of ten words.
Dyad instruction. Both participants in a dyad served as the tutor and tutee within each
session (see Figure 2). Each tutor taught five words for a total of ten words per session. The tutor
presented the antecedent, “Spell the word _____” or “Spell_____.” The tutee wrote their
response on a whiteboard. When the tutee completed their response(s) he ‘hid’ the board (i.e.,
held the side of the board with the written response to their chest). The tutor gave a signal (i.e.,
“flip,” snap) for the tutee to show their response. The tutor recorded a plus (+) and provided
vocal praise if the student spelled the word accurately. The tutor recorded a minus (-) and
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provided the learn unit correction procedure if the student misspelled the word. The tutee
achieved mastery for their five words with 100% accuracy across two consecutive sessions.
Experimenters conducted post-assessments for all ten words with both participants once they
both met criteria.
Group instruction. Instruction remained the same across dyads and group except that a
single participant served as the tutor during group instruction and taught all ten words. The tutor
recorded data and provided consequences for each individual student (see Figure 2). In order to
accelerate the learn unit process, the tutor grouped participants who emitted a correct response
and those who emitted an incorrect response together initially. For example, if Participant A, B,
and D emitted an incorrect response then the tutor might say, “Participant A, B, and D the word
through is actually spelled t-h-r-o-u-g-h. Erase your board and try again, spell through.” Still,
each student received praise and/or points for correct responses and up to three opportunities to
emit an independent response during the correction procedure.
Results and Discussion
Effectiveness
Pre-Post-assessments for novel spelling words. We conducted two pre-assessments for
novel spelling words prior to all tutoring instruction to ensure that none of the spelling words
were in repertoire. During each pre-assessment each participant utilized their prior knowledge of
spelling patterns to attempt novel spelling words. The participants emitted zero accurate spelling
responses prior to the six conditions in the study. Following each tutoring condition, the
participants responded to a post-spelling assessment on the words they learned directly as a tutee
and/or indirectly as the tutor (dependent on the tutoring condition). Participant scores are
presented as a percentage correct out of 10 possible responses. We set a standard for effective
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conditions as a participant responding at or above 90% accuracy on the post assessment
following a condition.
Figure 3 shows each participants’ individual post-assessment scores following each of the
six tutoring conditions. When we analyzed all of the participants’ post-assessment scores
following group, four of the six participants (Participants B, D, E, F) responded with 100%
accuracy on all of their post-group assessments. There was a total of 18 post-assessments
conducted following group peer tutoring instruction across all 6 participants; 14 of those 18
(78%) were 100% accurate. In contrast, participants responded at 100% accuracy for only 5 of
the 18 (28%) post-dyad tutoring assessments, and none of the participants emitted 100% accurate
responding across all of their post-dyad tutoring assessments.
Participant A, who served as the tutor during group tutoring conditions, emitted 90%,
100%, and 80% accuracy on post-assessments following group tutoring, while he emitted 100%,
90%, and 70% accuracy on post-assessments following dyad instruction. Participant A
performed with mean scores of 90% and 87% following group and dyad tutoring instruction
respectively, demonstrating a 3% difference in scores. Two of the 3 group and 2 of the 3 dyad
conditions were effective for Participant A according to our standard for effective instruction
(i.e., at or above 90% accuracy).
Participant B emitted 100% accuracy on all three post-assessments following group
tutoring, while she emitted 90%, 90%, and 70% (mean = 83%) accuracy on post-assessments
following dyad instruction. All three group conditions and two of the three dyad conditions were
effective for Participant B, and her mean scores show a 17% difference in favor of group
instruction.
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Participant C emitted 100%, 90%, and 90% (mean = 93%) accuracy on all three postassessments following group tutoring, while she emitted 60%, 90%, and 90% (mean = 80%)
accuracy on post-assessments following dyad instruction. All three group conditions and two of
the three dyad conditions were effective for Participant C; mean scores for Participant C show a
13% difference in favor of group instruction.
Participant D emitted 100% accuracy on all three post-assessments following group
tutoring, while she emitted 90%, 100%, and 100% (mean = 97%) accuracy on post-assessments
following dyad instruction. All group and dyad conditions were effective for Participant D, with
3% difference between the mean scores favoring group instruction.
Participant E emitted 100% accuracy on all three post-assessments following group
tutoring, while he emitted 90%, 90%, and 100% (mean = 93%) accuracy on post-assessments
following dyad instruction. All group and dyad conditions were effective for Participant E, with
7% difference between the mean scores favoring group instruction.
Finally, Participant F emitted 100% accuracy on all three post-assessments following
group tutoring, while he emitted 80%, 90%, and 100% (mean = 90%) accuracy on postassessments following dyad instruction. All three group conditions and two of the three dyad
conditions were effective for Participant F, with 10% difference between the mean scores
favoring group instruction.
Figure 4 aggregates individual participant scores as a mean percentage of accurate
responses on post-assessments across all participants in each dyad and group condition.
Participants A-F emitted mean scores of 98.3%, 98.3%, and 95% (mean = 97.2%) accuracy on
post-assessments following group peer tutoring instruction, and they emitted 85%, 91.7%, and
88.3% (mean = 88.3%) accuracy on post-assessments following dyad peer tutoring.
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Efficiency
Learn Units to Criteria. Beyond scores on their spelling post-assessments, participants
mastered their novel spelling sets during tutoring instruction. Figure 5 shows the number of learn
units necessary to meet criteria during peer tutoring instruction across group and dyad conditions
for each participant. Results demonstrate that Participants A-F consistently required fewer learn
units to meet criterion during the dyad tutoring format, mean of 36.67 learn units to criterion
(LUC) (range = 20-80), than during the group tutoring format, mean of 100 LUC (range = 80130), with the exception of group condition 1 and dyad condition 1 for Participant C who
required 80 learn units to meet criterion in both. Also, we cannot adequately analyze the learn
units necessary for Participant A to meet criterion during group instruction since he was the tutor
and did not receive any direct learn unit instruction.
Figure 6 demonstrates the same trend of fewer learn units to meet an objective during
dyad instruction. These data are presented in aggregated form, with the mean number of learn
units to meet criterion for all participants during each phase at 80, 130, and 90 LUC across group
peer tutoring conditions and 50, 30, and 30 LUC across dyad peer tutoring conditions. Overall,
dyad instruction required a mean of 36.67 learn units across all participants for all phases,
whereas group instruction required a mean of 100 learn units. That is an average difference of
63.33 fewer learn units required to meet an objective during dyad peer tutoring arrangements.
Duration. Of course, as instructors, it is important to analyze the cost and benefits of an
instructional tool based on time constraints. Table 4 shows the total and mean duration required
during group and dyad tutoring arrangements. Together, the participants mastered 36 novel sets
of words in each condition (i.e., each of the 6 participants mastered 3 novel sets during group and
dyad conditions). The total duration required for all participants to master three sets of novel
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words during group peer tutoring instruction was 505.56 minutes or 8.43 hours. That is an
average of 28.1 minutes per objective for each participant (range = 149.33-189.93). Duration for
group instruction was actually less than the total duration to meet the same number of objectives
during dyad peer tutoring, which was 615.71 minutes or 10.26 hours, for an average of 34.2 to
master an objective for each participant (range = 22.23-185.69).
Observational Learning
Along with spelling post-assessments, researchers also conducted OL assessments
following each phase of peer tutoring for those participants who had not demonstrated the
standard criterion for OL (i.e., 80% accuracy). Results demonstrated that participants’ percentage
of accuracy to OL assessments increased for Participants A, B, and C across peer-tutoring
conditions. Participant A’s accuracy increased from 40% to 65% following his role as tutor for
the initial group phase, and again following the first dyad condition from 65% to 85% (Criterion
for presence of OL is set at 80% accuracy). Both participants B and C increased in accurate
responses from 20% to 100% and 60% to 80% respectively following the initial group peertutoring condition in which they served as tutees only (see Table 3).
Summary
The findings demonstrate that a single student can successfully tutor multiple peers, five
in the current study, in a general education 3rd grade classroom. Participant A, who served as the
tutor, utilized learn unit instruction with greater than 80% fidelity on average during each group
tutoring condition demonstrating that group tutoring may be another effective tutoring format in
the classroom setting. Further, we observed a 13% increase in tutoring fidelity from the first to
the third group condition suggesting that tutoring fidelity may increase with practice even after
tutors meet initial training requirements. Results also support the research in Greer et al. (2004)
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and Lueng (2019) maintaining that peer tutoring is not singularly beneficial to the tutee. Tutors
acquired novel spelling words after providing corrections during dyad peer tutoring instruction,
and Participant A acquired novel spelling words during group instructional sessions in which he
did not receive direct contact with any of the words.
Overall, group peer tutoring arrangements were more effective. In the current analysis
group and dyad tutoring arrangements were effective according to 94% and 72 % of the
participants’ post-assessment scores (at or above 90% accuracy) following group and dyad peer
tutoring instruction respectively. We also found that group instruction required less time than
dyad instruction demonstrating that it may be a more efficient format. However, the range in
minutes required to complete dyad peer tutoring varied considerably more than it did for group
instruction: The differences between the longest and shortest durations required during group and
dyad peer tutoring were 40.6 and 163.73 minutes respectively. Further, the longest duration
required during dyad instruction, 185.69 minutes for Dyad AC to complete their first dyad
condition, was 89.84 minutes longer than any other duration during dyad conditions. The
individual differences in duration required to complete objectives within the dyads affected the
mean duration. Still, the average duration required to complete 18 objectives in group and dyad
instruction were comparative with a difference of only six minutes in favor of group instruction.
When we analyzed the number of learn units required to master sets of novel words, another
measure of efficiency, during group and dyad tutoring, we found that participants required an
average difference of 63.33 fewer LUC during dyad tutoring arrangements. Thus, both group and
dyad instruction were effective at least 70% of the time according to participants’ postassessment scores, but a higher percentage of post-assessment scores met our standard for
effective instruction following group peer tutoring arrangements. Group peer tutoring may also
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be more efficient based on measures of duration, but dyad instruction was more efficient
according to the numbers of learn unit required to master a novel set of words.
Throughout Experiment 1 we noticed several challenging factors. First, that the group
size in the current study may be unrealistic in most classrooms, specifically for homogeneous
groupings. We utilized a larger number of participants to demonstrate that a student could
accurately tutor a group of peers, even one with five tutees. Still, this created issues in grouping
students at similar spelling levels and selecting novel words. In Experiment 1, the participants
were on various spelling levels based on the Words Their Way® spelling inventory. Due to the
difficulty of finding words that were not in repertoire for six students, we utilized grade level
texts rather than the spelling curriculum, which was implemented during pre-scheduled spelling
periods in addition to spelling instruction for Experiment 1. This means that we did not control
for the difficulty of the words in each set across the conditions. We also noted, anecdotally, that
the rigor of our mastery criterion during tutoring instruction (100% across two consecutive
sessions) resulted in increased rates of escape behavior (i.e., complaints, requesting another
activity) once participants emitted higher rates of accurate responses during tutoring sessions, but
we required continued responding to meet criterion. Further, to reverse conditions we only
required that participants master a single set of novel words; which limited our analysis of learn
units to criteria to compare the effects of the groups’ rate of learning to meet objectives under the
two conditions.
Experiment 2
In Experiment 1 we demonstrated that a single tutor could present accurate learn units to
five tutees. We also compared group and dyad tutoring arrangements and found that group
tutoring arrangements yielded higher percentages of accurate responses on post assessments and
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that the duration to mastery was lower during group instruction. However, the number of learn
units to master a set of novel words was lower during dyad tutoring conditions. We were
concerned about the criterion to reverse conditions interfering in the analysis of learn units to
criterion, the criterion for mastery during tutoring instruction leading to escape behavior, and the
large number of participants in the group arrangement effecting our selection of novel words.
During Experiment 2 we addressed these concerns by requiring participants to master two novel
sets of spelling words prior to reversing the conditions (i.e., group to dyad, dyad to group) in
order for us to better compare learn units to criteria across conditions, and we decreased our
criterion to mastery during tutoring conditions to 100% for one session. We had also noted that
tutoring fidelity increased across conditions, specifically for group tutoring. In order to increase
our control of tutors learn unit instruction, we increased the tutor training criterion to 10
consecutive accurate learn unit presentations. We selected eight participants and matched them
into two counterbalanced sequences of four such that Cluster A began the intervention in a group
tutoring arrangement and Cluster B began in a dyad arrangement. All of the participants in a
cluster were on the same spelling level and we selected words from participants’ corresponding
word lists in the Words Their Way® curriculum. In regard to social significance for teaching
practices, preparing and implementing group tutoring arrangements with one tutor instructing a
group of three tutees using the district spelling curriculum may be reasonable for a general
education classroom with a one teacher.
Participants and Setting
We selected eight participants from the same 3rd grade classroom setting as Experiment
1. We matched our participants into two clusters of four using the Words Their Way® (WTW)
spelling inventory. All of the participants in a cluster scored within the same stage. Cluster A
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scored into Within Word spelling patterns (e.g., -oi, -ew) on the WTW assessment, and included
four females: Participants A, V, M, and K. Participant M served as the tutor during tetrad peer
tutoring instruction and she had a diagnosis of Specific Learning Disability. During dyad
instruction for Cluster A, Participants A and V served as Dyad 1 and Participants M and K
served as Dyad 2 (see Table 5). Participants in Cluster B scored into word patterns with
Derivational Relations (e.g., fore-, -ial, -ious), and included four males: Participants F, J, G, and
S. Participants J and S had a diagnosis of Other Health Impaired and Participant F had a
diagnosis of Specific Learning Disability. Participant F also served as the tutor for Group B
during tetrad peer tutoring instruction. During dyad instruction Participants F and J served as
Dyad 1 and Participants G and S as Dyad 2 for Cluster B (see Table 5). All participants rotated
the roles of tutor and tutee during dyad instruction across Sequences A and B.
Materials and Dependent Variables
The majority of the materials and measurements used during Experiment 1 were also
used in Experiment 2. The main difference was the resources utilized to find novel words during
the assessment for novel spelling words and during peer tutoring instruction.
Assessment for novel spelling words. We utilized word lists from the clusters’
corresponding levels within the Words Their Way® (WTW) spelling curriculum to assess and
select novel spelling words prior to peer tutoring.
Peer tutoring. The materials utilized during peer tutoring were the same as those used
for tutor training in Experiment 1 with the exception of the words trained, which were
constructed from the participants’ corresponding spelling levels (see Participants and Setting).
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Interobserver Agreement
The experimenters calculated Interobserver Agreement (IOA) and Interscorer Agreement
(ISA) using trial-by-trial agreement. We divided the number of total agreements by the total
number of responses and multiplied the resulting number by 100. We recorded 100% agreement
for 54% of Cluster A’s group sessions and 80% to 100% agreement for 57% of their dyad
sessions. For Cluster B, we recorded 100% agreement for 46% of their group sessions and 51%
of dyad sessions. We had 100% ISA across Cluster A and Cluster B following all pre- and postspelling assessments.
Treatment fidelity. We recorded treatment fidelity with TPRA observations of tutor
learn unit presentations across 100% of group and dyad instruction. In Cluster A, Participant M
tutored with a mean of 98% accuracy (range = 90%-100%) during the first group tutoring
sessions and a mean of 96% accuracy (range = 70%-100%) during the second group tutoring
phase. During dyad instruction Participant M tutored with a mean accuracy of 97% (range =
80%-100%), Participant K tutored with a mean accuracy of 95% (range = 80%-100%),
Participant A tutored with a mean accuracy of 81% (range = 20%-100%), Participant V tutored
with a mean accuracy of 88% (range = 20%-100%). In Cluster B, Participant F presented learn
units with of 93% accuracy (range = 80%-100%) during the group tutoring condition. Since
Cluster B included two dyad conditions, we found participants’ mean percentage of accurate
tutoring across all dyad instructional sessions (four sets of novel words). During both dyad
conditions Participant F tutored with a mean accuracy of 90% (range = 60%-100%), Participant J
tutored with a mean of 90% accuracy (range = 40%-100%), Participant G tutored with a mean
accuracy of 91% (range = 60%-100%), and Participant S tutored with a mean accuracy of 93%
(range = 60%-100%) (see Table 6).
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Experimental Design
We utilized a sequential adapted alternating treatments design across two
counterbalanced clusters of participants. We completed two pre-assessments with spelling words
from leveled lists to ensure that all of the words were novel for participants in a given group
prior to entering any phase of peer tutoring instruction. Following mastery criterion, we
completed a post-assessment with all words. Cluster A began peer tutoring in a group
arrangement, while Cluster B began instruction in dyad arrangements (see Figure 7). Cluster A
mastered two novel spelling sets of 10 words across each of the following tutoring conditions:
group, dyad, group. Cluster B also mastered two novel spelling sets in each tutoring condition in
a counterbalanced order to Cluster A: dyad, group, dyad.
Procedure
The Words Their Way® spelling inventory and the observational learning assessments
were conducted with the same method as Experiment 1. For a summary of the procedures, see
Figure 7.
Pre-Post assessments for novel spelling words. As in Experiment 1, we selected 10
words that were novel to all participants in a cluster as one set for peer tutoring instruction.
Observational learning assessment. We conducted the OL assessment with the same
method as Experiment 1.
Tutor training phase. Training was the same as Experiment 1, except that the criteria for
mastery was the participant emitting errorless learn unit presentations across 10 learn units with
at least five opportunities to emit correction procedures rather than five consecutive accurate
learn units with three opportunities to emit the correction procedures.
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Peer tutoring. We utilized the same general procedure for peer tutoring as Experiment 1
except that the experimenters reversed the peer tutoring condition (i.e., group; dyad) once all
participants met criteria on two sets of novel words rather than one. Further, Cluster A began
tutoring with group instruction and Cluster B began tutoring with dyad instruction, and each
cluster had four participants rather than six (see Figure 8). Still, within either format, a session of
peer tutoring included 10 learn unit presentations.
Dyad instruction. Peer tutoring instruction was implemented with the same method as
Experiment 1, except the tutee achieved mastery for their five words with 100% accuracy across
one session rather than two consecutive sessions.
Group instruction. Peer tutoring instruction was implemented with the same method as
Experiment 1, except the tutee achieved mastery for their five words with 100% accuracy across
one session rather than two consecutive sessions.
Results and Discussion
Prior to beginning Experiment 2 all participants had the observational learning capability
in repertoire (see Table 5), therefore observational learning is not mentioned in this section. Our
standard for effective instruction remained the same as Experiment 1 (i.e., post-assessment score
at or above 90% accuracy).
Effectiveness
Pre-post-assessments for novel spelling words. Figure 9 displays each participant’s
percentage of accuracy on spelling post-assessments for each set of novel words across
conditions (group or dyad) for individual participants in Clusters A and B. Participants A, J, G,
and S responded with greater accuracy on spelling post-assessments following group instruction
with 10 of the 14 group assessments for the participants at 100% accuracy and the remaining
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four assessments at 90% accuracy. All post-group assessments for Participants A, J, G, and S
indicate that group peer tutoring was effective. In contrast, the same participants, A, J, G, and S,
responded with lower accuracy following dyad tutoring conditions with 8 of the 12 assessments
at or below 70% accuracy, three at 80% accuracy, and only one post-assessment at 90%
accuracy. Thus, only one post-dyad assessment for Participants A, J, G, and S met the level for
effective instruction. Participants M and F were the group tutors in their respective sequence.
Their data demonstrated more inconsistency than the other participants, likely because they
learned all novel spelling words during group conditions via indirect contact. Participant M
responded with a mean of 90% accuracy across group conditions and a mean of 75% accuracy
following dyad instruction. Participant F responded with means of 85% and 78% accuracy
following group and dyad conditions respectively. Participant K responded with 100% accuracy
across all conditions; all conditions were effective for Participant K.
Figure 10 displays the mean percentage of accuracy on spelling post-assessment scores
for all participants across the conditions in each cluster. The data demonstrate that mean scores
on post-assessments for participants in Clusters A and B were higher following group instruction
than mean scores following a dyad tutoring arrangement. Mean scores for Cluster A were 99%,
78%, and 93% for group, dyad, and group tutoring arrangements respectively. Mean scores for
Cluster B were 73%, 95%, and 50% for dyad, group, and dyad tutoring arrangements
respectively.
Efficiency
Learn units-to-criterion. Figure 11 demonstrates the number of learn units required to
master two objectives during each tutoring condition across distinct participants in Clusters A
and B. Participants A, V, and K in Cluster A, and Participants G and S in Cluster B required
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fewer learn units to master two novel spelling objectives during dyad tutoring arrangements.
Participant J in Cluster B did not follow a similar pattern; his data show an overall descending
trend from 90% to 80% and then 40% in dyad, group, and dyad conditions respectively. We do
not display any data for Participants M and F during the group tutoring conditions since neither
participant received direct learn unit instruction.
Figure 12 displays learn units-to-criterion as a mean across participants within each
condition for Cluster A and B. The aggregate data demonstrate that fewer learn units were
required to achieve mastery during group instruction. Participants in Cluster A required a mean
of 52.5 learn units to master two spelling sets during their dyad condition, while they required a
mean of 105 and 90 learn units to master two spelling sets during their first and second group
conditions. In Cluster B, participants required a mean of 65 and 32.5 learn units to master two
spelling sets in their first and second dyad conditions, while they required 80 learn units to
master their two spelling sets in the group condition.
Duration. Table 4 displays the total and mean duration required during group and dyad
tutoring arrangements for all participants in Clusters A and B. Together, the participants
mastered 48 novel sets of words in group and dyad conditions. The total duration required for all
participants to master 24 sets of novel words during group peer tutoring instruction was 952.62
minutes or 15.88 hours. That is an average of 39.69 minutes per objective for each participant
(range = 102.65-204.2). The total duration to meet the same number of objectives during dyad
peer tutoring was 822.53 minutes or 13.71 hours, for an average of 34.27 minutes to master an
objective for each participant (range = 19.4-196.67).
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Consequence Analysis
We analyzed differences between the mean numbers of observed and direct
reinforcement and correction operations with all 14 participants across Experiment 1 and 2.
Direct reinforcement and correction operations were consequences that the tutor provided
directly to a participant following that participant’s response. Observed reinforcement and
corrections were any reinforcement and correction procedures that were not directly presented to
a participant, but which the participant had the opportunity to observe. For example, during
group instruction one participant in Experiment 2 received a direct consequence and had the
opportunity to observe two other peers’ consequences. It is important to note that we do not have
evidence that participants observed their peers’ consequences; only that they had the opportunity
to observe them.
Table 7 displays the mean numbers of observed and direct reinforcement and correction
operations for all participants across Experiments 1 and 2. During group tutoring arrangements,
participants had the opportunity to observe an average of 201.93 and 89.12 of their peers
reinforcement and correction operations respectively; while the same participants only had the
opportunity to observe an average of 16.96 and 12.13 reinforcement and correction operations
respectively during dyad tutoring arrangements. Thus, during group tutoring arrangements
participants had an average of 184.97 and 76.99 more opportunities to observe their peers receive
reinforcement and correction operations respectively. Direct contingencies were also higher
during group tutoring arrangements than dyad tutoring arrangements. Participants received 50.50
and 23.43 reinforcement and correction operations respectively directly from a tutor during
group tutoring conditions, and 16.36 and 12.57 direct reinforcement and correction operations
respectively during dyad tutoring.
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Summary
Consistent with our previous findings, peers can tutor multiple tutees and provide
accurate learn unit presentations with individualized consequences with Participants M and F
demonstrating means above 90% accuracy for learn unit presentations during group peer tutoring
conditions. As in Experiment 1, dyad instruction was more efficient with regard to learn units to
criterion during peer tutoring instruction, but unlike Experiment 1 this was also true with regards
to duration. Thus, dyad instruction required fewer learn units and less time to master novel
objectives. In Experiment 1, tutoring formats were effective across 94% and 72 % of the
participants’ post-assessment scores (at or above 90% accuracy) following group and dyad peer
tutoring instruction respectively. However, in Experiment 2, group peer tutoring was effective
across 87.5% of post-assessments, while dyad instruction was effective across only 20.83% of
post-assessment scores.
General Discussion
In Experiments 1 and 2 we demonstrated that tutors could teach multiple tutees with high
fidelity. Overall, participants A, M, and F, who served in both group and dyad tutoring roles,
presented learn units with mean accuracies above 90% across conditions. During Experiment 1,
Participant A served as a tutor in group (five tutees) and dyad (one tutee) formats with mean
accuracies of 91% and 93% for group and dyad learn unit presentations respectively. When we
decreased the number of tutees in group instruction (3 tutees) during Experiment 2, we see the
mean accuracy for learn unit presentations during group increase to 96%. Thus, the group size
may affect tutors’ fidelity during tutoring instruction. Still, tutor fidelity remained above 90%
accuracy throughout. We also considered effectiveness and efficiency across group and dyad
tutoring arrangements. A procedure is effective if it produces the desired effect (Mish, 2004); we
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utilized participants’ percentage of accuracy on post-assessments for novel spelling words to
analyze effectiveness. We analyzed efficiency using learn units-to-criterion (LUC) and duration
during peer tutoring sessions. Overall, group instruction was more effective, while measures of
efficiency varied. Durations varied in favor of group or dyad instruction across Experiments 1
and 2 with higher variability in participants’ durations to complete dyad instruction, while LUC
consistently favored dyad tutoring arrangements. We discuss several potential sources for the
differences observed in participant outcomes following group and dyad tutoring arrangements.
First, there were key differences in the environmental contingencies during measures for
LUC and post-assessment accuracy. LUC was measured during the peer tutoring intervention
under feedback conditions, while post-assessments occurred following the peer tutoring
intervention under no-feedback or unconsequated conditions. When tutees accurately responded
during sessions under either tutoring arrangement, tutors provided generalized reinforcement in
the form of behavior-specific praise or points that could be used to gain access to back-up
reinforcers at a later time (i.e., leisure time, puzzles, coloring). Under feedback conditions (i.e.,
tutoring sessions) participants learned more quickly in dyad arrangements (i.e., fewer LUC).
However, participants’ accuracy on unconsequated post-assessments was lower following peer
tutoring in dyads, while mean accuracies were higher on post-assessments following group
tutoring arrangements. Thus, under no-feedback conditions, group tutoring arrangements were
more effective (i.e., higher post-assessment accuracy).
Another possible source for higher post-assessment accuracy following group tutoring
may be that some participants had opportunities to respond beyond individual criterion since the
researcher conducted a post-assessment only after all participants mastered the words during
group tutoring arrangements. For example, if Participant A met criterion of 100% across one
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tutoring session following session two, but Participant V did not meet criterion until session six,
then Participant A practiced the words for four sessions beyond her individual criterion. In the
areas of Psychology and Cognition, researchers have labeled this as overlearning. Some findings
support that overlearning had a significant effect on retention or maintenance depending on the
degree of overlearning, type of task, and the retention period (Driskell, Willis, & Copper, 1992).
Others compared over learning with distributed practice but concluded that overlearning did not
have any effect on test scores (Rohrer & Taylor, 2006).
Although our findings parallel some of the research in overlearning and might even veer
towards distributed practice since our participants often continued learning beyond mastery for
multiple sessions across days, we argue that our findings are more in line with recent research on
observing consequences. Neu and Greer (2019) studied the effect of increased exposure to, or
observations of, a correction procedure. They found that students learned faster and required
fewer learn units when they observed peers receive instruction under conditions that included a
correction procedure over conditions in which instructors only provided reinforcement
operations. In the current experiments, the tutor consequated each tutee in group tutoring
arrangements individually for each learn unit presentation, while in dyad instruction tutees did
not have the opportunity to observe consequences other than their own.
Finally, we would like to point out certain participant differences between Experiment 1
and 2 that may have resulted in the disparities between them concerning our measure of
effectiveness. Remember that during Experiment 1 group and dyad tutoring formats were
effective across 94% and 72 % of post-assessment scores respectively (at or above 90%
accuracy). In Experiment 2, group and dyad peer tutoring were effective across 87.5% and
20.83% of post-assessment scores respectively. The disparity between our measure of
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effectiveness, following dyad tutoring arrangements specifically, is significant. In Experiment 1,
two of our six (33%) participants had a diagnosis or educational classification that may affect
their performance, two of them (33%) were classified with a low socioeconomic status based on
their families meeting district standards to receive free or reduce lunch costs, and the final two
participants (33%) did not have a diagnosis, educational classification, or meet the standards for
low socioeconomic status (see Table 1). Group and dyad arrangements were effective for these
participants for 94% and 72 % of their post-assessment scores respectively. However, in
Experiment 2, all of the participants could be placed into one or both of the following categories:
Their families had a low socioeconomic status, or they had a diagnosed learning disability or
educational classification (see Table 5). Group and dyad arrangements were effective for these
participants for 87.5% and 20.83% of their post-assessment scores respectively. Future research
might further analyze participant demographics as a factor in the effectiveness of peer tutoring
arrangements.
Limitations. First, participants had direct and indirect exposure to learn units during
dyad instruction (i.e., 10 words split between tutoring and receiving instruction as a tutee), which
could have had an effect on duration of sessions as well as post-assessment scores. Future studies
should consider comparing group and dyad instruction during non-reciprocal tutoring in order to
hold the tutoring role constant with regard to direct and indirect instruction. Additionally,
reciprocal and non-reciprocal tutoring are alternate arrangements in themselves, which may
affect the group versus dyad comparison in our current results. With further regard to controlling
variables, researchers changed the criterion to master an objective during tutoring and the
number of objectives required to change conditions from Experiment 1 to 2, which both may
have had an effect on accuracy on post-assessments and total duration. Further, a complete
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analysis of the effect of observing corrections on mastery during group instruction was impeded
by our data collection procedure. Each correction in a learn unit could include up to three
opportunities for the tutee to emit an independent response. In order to perform a full analysis
each opportunity given for a tutee to independently respond (i.e., tutor re-presents the
antecedent), must be recorded. We recommend that future research record the total number of
corrections provided during each session of peer tutoring.
Peer tutoring remains an effective teaching strategy. The current analysis supports prior
research that both tutors and tutees learn novel material through peer tutoring (Greer et al., 2004,
Lueng, 2019). Greer and colleagues (2004) emphasized the consequence as integral to tutor and
observer learning, and Neu and Greer (2019) further demonstrated that the consequence was vital
to learning through observation. Our findings under group tutoring conditions suggest that
observing corrections may be effective to increase accuracy under unconsequated assessment
conditions (i.e., post-assessments). We propose that observing more learn units over time may
strengthen stimulus control, which may be the source of phenomena such as maintenance or
retention. When it comes to effective teaching, individualizing instruction and increasing learn
units are integral to student and teacher success. In the general education setting, especially in
publicly funded schools, these goals get filtered through demands to adhere to district-wide
curriculum standards and maintaining a pre-specified pace within our classrooms. Still, our goal
is effective teaching. These findings simply extend the various forms that peer tutoring might be
shaped to give teachers the opportunity to increase student learning and differentiate instruction.
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Participants

Sex

Race

Age

Table 1. Participant Information for Chapter II, Experiment 1
i-Ready Reading
Diagnostic
Placement

*A

M

H

8

Early 3

40%

Free and Reduced
Lunch

B

F

W

8

Early 3

20%

N/A

C

F

H

8

Early 3

60%

Free and Reduced
Lunch

D

F

W

8

Early 3

100%

Communication
Impaired

E

M

AA

8

Early 3

100%

N/A

F

M

W

8

Late 3

100%

Communication
Impaired

Percent Accuracy to
Observational
Learning Assessment
prior to Peer Tutoring

Other

Note. *=Tutor during tetrad peer tutoring. Dyads were as follows: AC, BE, and DF.
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Participant

Table 2. Range and Mean Percentage of Tutor Accuracy per Condition for Chapter II,
Experiment 1

A

Mean

Group

Dyad

Group

Dyad

Group

Dyad

83%

94%

93%

100%

96%

86%

Range 60%-100% 60%-100% 80%-100%
B

Mean

*

Range
C

Mean
Mean

*
*

Mean
Range

F

Mean
Range

98%

*

97%

*

94%
100%

97%

*

96%

*

*

80%-100%

92%
60%-100%

100%
NA

*

100%
NA

*

80%-100%

97%

100%
NA

NA

80%-100%
*

*

80%-100%

80%-100%
*

100%

80%-100% 80%-100%

80%-100%

80%-100%

Range
E

*

NA

Range
D

100%

NA

93%
80%-100%

*

100%
NA

Note. * = Participant did not have tutor role in condition. NA = 100% fidelity across all tutoring
sessions.
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Table 3. Participant Observational Learning (OL) Probes throughout Chapter II, Experiment 1
Participant

Pre-Intervention

Post-Group 1

Post-Dyad 1

A

40%

65%

45%-85%

B

20%

100%-100%

80%

C

60%

80%

D

100%

E

100%

F

100%
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Experiments 1 and 2

Experiment 2

Experiment 1

Table 4. Total, Mean, and Range of Durations per Minute in Chapter II across Experiments 1
and 2
Group

Dyad

Spelling Sets Mastered

18

18

Total Minutes

505.56

615.71

149.33-189.93

22.23-185.69

Mean Minutes

28.1

34.2

Spelling Sets Mastered

24

24

Total Minutes

952.62

822.53

102.65-204.2

19.4-196.67

Mean Minutes

39.69

34.27

Spelling Sets Mastered

42

42

Total Minutes

1458.18

1438.24

102.65-204.2

19.4-196.67

34.72

34.24

Range of Minutes
across Conditions

Range of Minutes
across Conditions

Range of Minutes
across Conditions
Mean Minutes
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Group B

Sex

Race

Age

Group A

Participants

Table 5. Participant demographics for Chapter II, Experiment 2
i-Ready
Reading
Diagnostic
Score

A
(Dyad 1)

F

AA

8

451
(Early 3)

V
(Dyad 1)

F

H

9

514
(Mid 3)
484
(Mid 3)

*M
(Dyad 2)

F

H

8

K
(Dyad 2)

F

H

9

477
(Mid 3)
490
(Mid 3)

Percent Accuracy
to Observational
Learning
Assessment prior
to Peer Tutoring

Other

95%

Free and Reduced
Lunch

100%

Free and Reduced
Lunch

100%

Specific Learning
Disability; Free
and Reduced
Lunch

100%

Free and Reduced
Lunch

100%

Specific Learning
Disability; Free
and Reduced
Lunch

*F
(Dyad 1)

M

H

8

J
(Dyad 1)

M

AA

8

522
(Mid 3)

95%

Other Health
Impaired

G
(Dyad 2)

M

H

8

499
(Mid 3)

85%

Free and Reduced
Lunch

S
(Dyad 2)

M

A

9

408
(Mid 3)

80%

Other Health
Impaired

Note. *=Tutor during tetrad peer tutoring.
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Table 6. Mean Percentage of Tutor Accuracy for Chapter II, Experiment 2

Participant

Cluster A

A

Mean

Group

Dyad

Group 2

*

81%

*

Range
V

Mean

20%-100%
*

88%

Range
K

Mean

20%-100%
*

95%

Range
M

*
*

80%-100%

Mean

98%

97%

96%

Range

90%-100%

80%-100%

70%-100%

Participant

Cluster B

J
G
S
F

Dyad

Group

Dyad 2

Mean

80%

*

100%

Range

40%-100%

Mean

94%

Range

60%-100%

Mean

86%

Range

60%-100%

Mean

90%

93%

90%

Range

80%-100%

80%-100%

60%-100%

NA
*

97%
80%-100%

*

100%
NA

Note. * = Participant did not have tutor role in condition. NA = 100% fidelity across all tutoring
sessions.
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Tutoring
Arrangement

Table 7. Mean Number of Observed and Direct Reinforcement and Correction Operations for
Chapter II across Experiment 1 and 2

Mean Number of
Observed
Reinforcement
Operations

Mean Number of
Observed
Correction
Operations

Mean Number of
Direct
Reinforcement
Operations

Mean Number of
Direct
Correction
Operations

Group

201.93

89.12

50.50

23.43

Dyad

16.96

12.13

16.36

12.57

Difference

184.97

76.99

34.14

10.86
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Words Their Way Inventory to Group Participants
(Students placed within three consecutive levels)
Pre-Intervention Tutor Training

Group1 Peer-Tutoring Instruction

Dyad1 Peer Tutoring Instruction
Prior to and following
each condition change:
• 2 PreAssessments
• 1 PostAssessment

Group2 Peer-Tutoring Instruction

Dyad2 Peer-Tutoring Instruction

Group3 Peer-Tutoring Instruction

Dyad3 Peer-Tutoring Instruction

Figure 1. General procedures used throughout pre-experimental, group or dyad peer tutoring
instruction, and post-experimental phases for Chapter II, Experiment 1.
Figure 1. General procedures used throughout pre-experimental, group or dyad peer tutoring
instruction, and post-experimental phases for Chapter II, Experiment 1.
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Tutor

Group

Dyad

A

B

F
C

D

A

C

D

F

B

E

E

Figure 2. A depiction of group and dyad peer tutoring structure utilized throughout instructional
sessions during Chanter II, Experiment 1.
Figure 2. A depiction of group and dyad peer tutoring structure utilized throughout instructional
sessions during Chanter II, Experiment 1.
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Percentage of Accuracy On PostAssessments

Group Tutor

Group

Dyad

100
90
80
70
60
50
40
30
20
10
0
Participant A Participant B Participant C Participant D Participant E Participant F

Figure 3. The percentage of accurate spelling responses (of 10 possible responses) in Chapter II
during Experiment 1 for group instruction, when Participant A served as the tutor, and
Participants B, C, D, E, and F served as tutees, and during dyad instruction when Participant (A,
B, C, D, E, F) in Dyads AC, BE, and DF served as tutors and tutees during peer tutoring.
Experimenters conducted assessments prior to and following the peer tutoring intervention. Preand post-intervention sessions utilized all of the words taught during the intervention.
Figure 3. The percentage of accurate spelling responses (of 10 possible responses) in Chapter II
during Experiment 1 across group and dyad instruction.
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Mean Percentage of Accuracy
On Post-Assessments

100
90
80
70
60
50
40
30
20
10
0
Group

Dyad

Group

Dyad

Group

Dyad

Peer Tutoring Format
Figure 4. The mean percentage of accurate spelling responses (of 10 possible responses) during
Experiment 1 for group instruction, when Participant A served as the tutor, and Participants B, C,
D, E, and F served as tutees, and during dyad instruction when Participant (A, B, C, D, E, F) in
Dyads AC, BE, and DF served as tutors and tutees during peer tutoring. Experimenters
conducted assessments prior to and following the peer tutoring intervention. Pre- and postintervention sessions utilized all of the words taught during the intervention.
Figure 4. The mean percentage of accurate spelling responses (of 10 possible responses) in
Chapter II during Experiment 1 across group and dyad instruction.
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Number of Learn Units-to-Criterion

Group
140
130
120
110
100
90
80
70
60
50
40
30
20
10
0

Dyad

Group Tutor

*

* *
A

B

C

D

E

F

Participant
Figure 5. The black bar indicates the number of learn units that the participant required to master
one objective during Experiment 1 for group instruction (Participants B, C, D, E, and F as tutees)
and during dyad instruction (Participants A, B, C, D, E, F) across 3 dyads (i.e., Learn Units to
Criterion). The * indicates instruction during which Participant A was the tutor during group, and
therefore did not receive any direct instruction.
Figure 5. The black bar indicates the number of learn units that the participant required to master
one objective in Chapter II during Experiment 1 across group and dyad instruction.
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Mean Number of Learn Units-toCriterion

140
130
120
110
100
90
80
70
60
50
40
30
20
10
0
Group

Dyad

Group

Dyad

Group

Dyad

Peer Tutoring Format
Figure 6. The black bar indicates the mean number of learn units that tutors and tutees required
to master one objective during Experiment 1 for group instruction (Participants B, C, D, E, and F
as tutees) and during dyad instruction (Participants A, B, C, D, E, F) across 3 dyads (i.e., Learn
Units to Criterion).
Figure 6. The black bar indicates the mean number of learn units that tutors and tutees required
to master one objective in Chapter II during Experiment 1 across group and dyad instruction.

66

Prior to and following
each condition change:
• 2 PreAssessments
• 1 PostAssessment

Words Their Way Spelling
Inventory (Students placed on
the same levels)

Words Their Way Spelling
Inventory (Students placed on
the same levels)

Pre-Intervention Tutor Training

Pre-Intervention Tutor Training

Group1 Peer-Tutoring Instruction

Dyad1 Peer Tutoring Instruction

Dyad Peer Tutoring Instruction

Group Peer Tutoring Instruction

Group2 Peer Tutoring Instruction

Dyad2 Peer Tutoring Instruction

Figure 7. General procedures used throughout pre-experimental, group or dyad peer tutoring
instruction, and post-experimental phases in Chapter II, Experiment 2.
Figure 7. General procedures for Chapter II, Experiment 2
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Group A
Tetrad Instruction

Group A
Dyad Instruction

M

A

M

A

K

V

V
K

Group B
Dyad Instruction
F

Group B
Tetrad Instruction
G

F

J
J

S

S
G

Figure 8. A depiction of group and dyad peer tutoring structure utilized throughout instructional
sessions for Experiment 2.
Figure 8. A depiction of group and dyad peer tutoring structure in Chapter II, Experiment 2
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Group

Dyad

Group Tutor

100
90

Percentage of Accuracy On Post-Assessments

80
70
60
50
40
30
20

Cluster A

10
0
Participant A

Participant V

Dyad

Participant K

Participant M

Group

100
90
80
70
60
50
40
30
20

Cluster B

10
0
Participant J

Participant G

Participant S

Participant F

Participants
Figure 9. The percentage of accurate spelling responses (of 10 possible responses) for
Experiment 2 during group instruction; when Participant M or F served as the tutor, and during
dyad instruction when participants served as tutors and tutees across all participants in Cluster A
and B. Experimenters conducted assessments prior to and following the peer tutoring
intervention. Pre-and post-intervention sessions utilized all of the words taught during the
intervention.
Figure 9. The percentage of accurate spelling responses in Chapter II during Experiment 2 across
group and dyad instruction.
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Mean Percentage of Accuracy On Post-Assessments

Group

Dyad

Group

100
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50
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0

Cluster A
Group

Dyad
Dyad

Group

Group
Dyad

100
90
80
70
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50
40
30
20
10
0

Cluster B
Dyad

Group

Dyad

Peer Tutoring Format
Figure 10. The mean percentage of accurate spelling responses (of 10 possible responses) for all
participants during Experiment 2 for group instruction; when Participant M or F served as the
tutor, and Participants A, V, and K in Cluster A and Participants J, G, and S in Cluster B served
as tutees; and during dyad instruction when participants served as tutors and tutees during
tutoring sessions. Experimenters conducted assessments prior to and following the peer tutoring
intervention. Pre-and post-intervention sessions utilized all of the words taught during the
intervention.
Figure 10. The mean percentage of accurate spelling responses for all participants in Chapter II
during Experiment 2 across group and dyad instruction.
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Learn Units-to-Criteria per Condition

Group

Dyad
Group Tutor
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100
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0

*
Participant A

Participant V
Dyad

Participant K

*

Participant M

Group
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100
90
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70
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30
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10
0

*
Participant J

Cluster A

Participant G

Participant S

Cluster B

Participant F

Participants
Figure 11. Participants’ number of learn units-to-meet criteria (LUC) for two objectives in each
tutoring format for Experiment 2. The black bar indicates LUC in group tutoring arrangements,
while the gray bar represents LUC in dyad conditions.
Figure 11. Participants’ number of learn units-to-meet criteria (LUC) for two objectives in each
tutoring format in Chapter II during Experiment 2.
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Mean Learn Units-to-Criteria
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Figure 12. The mean number of learn units-to-criteria (LUC) with two objectives in each
tutoring format for Experiment 2. We calculated learn units to criteria across group instruction;
when Participant M or F served as the tutor, and Participants A, V, and K in Cluster A and
Participants J, G, and S in Cluster B served as tutees; and dyad instruction when participants
served as tutors and tutees during peer tutoring.
Figure 12. The mean number of learn units-to-criteria (LUC) with two objectives in each tutoring
format in Chapter II during Experiment 2.
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Chapter III:
Arranging Peer Tutoring Instruction to Promote Derived Relations for Tutors and Tutees
Abstract
Although research has focused on peer-mediated instruction (i.e., peer tutoring) as a strategy that
produces skills that were directly taught by the tutor, little research has examined its’ use in
programming for inference-making or derived relations. In a series of experiments, we
investigated peer tutoring and inference-making with 8 third-grade participants learning fractionpictogram-percentage relations. In each experiment, participants served as both tutors and tutees
in homogenous, reciprocal tutoring sessions. In Experiment 1, one tutor taught
fractionàpictogram relations and the other tutor taught percentageàpictogram relations. In
Experiment 2, each tutor taught one half of each of the relations. Results of both experiments
demonstrated tutors and tutees learning all relations that were directly taught plus participants
accurately inferred new relations that constituted the formation of fraction-pictogram-percentage
classes. Additionally, participants could accurately sort fraction stimuli from least-to-greatest
only after training, thus demonstrating the transfer of function. A comparison of the two
experiments suggests instructors may want to consider the difficulty of directly training relations
when they design peer tutoring instruction that engineers inference-making, due to possible
adverse effects of unbalanced response effort across responses. These findings suggest novel and
efficient instructional design strategies to incorporate inference-making and derived relations
into classroom pedagogy.
Keywords: Comparative relations, inferences, stimulus equivalence, reciprocal peer tutoring,
fractions
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Arranging Peer Tutoring Instruction to Promote Derived Relations for Tutors and Tutees
Peer tutoring is a widely used, empirically based pedagogy that is, “an instructional
format where students are paired and [while] one serves as a tutor or teacher, the other [serves
as] a student,” (Vargas, 2013, p. 348). The Council for Learning Disabilities (2012) describes
peer tutoring as a “flexible, peer-mediated strategy” that increases opportunities to respond in
small groups and promotes academic and social development for tutors and tutees. Peer tutoring
has a robust research base across content areas, ages, and populations. Multiple systematic
reviews have concluded that tutored students presented with improved positive attitudes towards
the academic content used during the program, they performed better on academic assessments
than control students, and these benefits extended to the students who served as tutors (Cohen,
Kulik, & Kulik, 1982; Leung, 2015; Leung, 2019).
Specific to mathematics instruction, a meta-analysis revealed a large average effect size
of peer tutoring with 75% of 50 reviewed studies demonstrating effect sizes ranging from
medium to very large (Alegre, Moliner, Maroto, & Lorenzo-Valentin, 2019). However, peer
tutoring has been found to be effective across academic domains. In another review of 10
studies, Alzahrani and Leko (2018) identified peer tutoring as a potential evidence-based practice
to improve reading comprehension of secondary students with disabilities. Peer tutoring has been
successful with numerous populations including typically developing students (Arreaga-Mayor,
1998; Fisher & Frey, 2019), students with learning disabilities (LD) (Alzahrani & Leko, 2018;
Chan et al., 2009; Hughes & Fredrick, 2006), students diagnosed with emotional and behavior
disorders (Dunn, Shelnut, Ryan, & Katsiyannis, 2017), those classified as at-risk (Mayfield &
Vollmer, 2007), and students classified as English language learners (ELL) (Bowman-Perrott,
deMarín, Mahadevan, & Etchells, 2016). Peer tutoring effects have also been found to extend
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beyond the academic content acquired. Bowman-Perrott, Burke, Zhang, and Zaini (2014)
conducted a meta-analysis across 20 studies and found large effect sizes for social and behavioral
skills across students with and without disabilities. Their findings applied to reciprocal and nonreciprocal tutoring arrangements and support earlier findings on the collateral effects of peer
tutoring (Greer & Polirstok, 1982). Thus, peer tutoring has been found to be effective in
producing a wide variety of academic outcomes, with varying populations, and effects that
extend beyond academic achievement.
It is clear that peer tutoring has been successful; however, tutoring arrangements have
been implemented in varying intervention packages making it difficult to identify the
components of peer tutoring that contribute to its success (Lueng, 2015; Miller, Barbetta, &
Heron, 1994). Greer and colleagues (2004) demonstrated that learn units, which include an
antecedent, behavior, and consequence, with specific emphasis on the correction component in
the consequence, were integral to tutoring success. When tutors were trained in learn unit
presentations, teacher and student instruction were similarly effective (Greer et al., 2004). The
learn unit was especially significant amid peer tutoring dyads in which the tutored content was
novel for both participants (tutor and tutee) – called homogenous dyads – in which each
participant rotated the role of tutor within a single session – called reciprocal tutoring. In
homogenous, reciprocal peer tutoring dyads, both tutors and tutees demonstrated increased
accuracy following tutoring that included learn unit instruction. These findings suggest that
observational learning (OL), a verbal developmental cusp that is also a capability (Greer, SingerDudek, & Gautreaux, 2006), is important to learning in homogenous, reciprocal tutoring dyads
since each participant learns half of the material indirectly as a tutor via learn unit presentations
(i.e., presenting antecedents and consequences). The OL capability seems to add to the utility of
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peer tutoring by increasing opportunities to contact novel, individualized content within the
classroom setting. In order to maximize students learning opportunities instructors could use
homogenous, reciprocal peer tutoring with students who have been trained in learn unit
presentations and have demonstrated the OL capability.
Research has clearly established the effectiveness of various peer tutoring arrangements
across academic content areas, participant demographics, and socially significant outcomes.
Further, Greer and colleagues (2004) determined that homogenous, reciprocal peer tutoring
dyads that utilize learn unit presentations during tutoring may serve to produce better outcomes
over other tutoring arrangements. With decades of research, peer tutoring has primarily focused
on tutors teaching discrete repertoires and tutees responding within that class. For example, when
Mayfield and Vollmer (2007) used home-based peer tutoring to teach mathematics skills with atrisk students, the researchers assessed performance only on those targeted skills. This is true for
the majority of the peer tutoring literature because learning discrete repertoires is a major
component of education. However, another goal of education is to produce generative learning,
such as inference-making. Some research has approached this goal through generalization,
specifically behaviors that were directly taught under one condition or setting, occurring under
other conditions or settings. As early as 1982, Greer and Polirstok analyzed the effect of tutors’
approvals for tutees’ on-task behavior during peer tutoring. They assessed tutors reading
responses, a discrete repertoire, as well as collateral variables, namely the number of on-task
intervals and correct reading responses for tutors in a separate reading class where no
experimental conditions were in effect. The collateral behaviors analyzed the effect of the
intervention on behavior in another setting. In a more recent study, Hughes and Fredrick (2006)
used classwide peer tutoring (CWPT) and a constant time delay (CTD) to teach vocabulary to
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sixth grade students with and without learning disabilities. Following their procedures,
participants mastered the target vocabulary words, the discrete repertoire, and generalized the
vocabulary words across contexts (settings) and the CTD peer tutoring procedures beyond
vocabulary content. Observing behavior change beyond the narrowed conditions of an
intervention is important to maintaining the behavior over time; however, it does not achieve the
goal of generative learning. Although peer tutoring is a widely successful educational strategy,
there has been no research on peer tutoring that produces inference-making.
One area of research that has focused on engineering instructional conditions that
produce inference-making is equivalence-based instruction (EBI), which is based on a rich
history of basic research on the topic of stimulus equivalence. Stimulus equivalence is the study
of how physically different stimuli come to function interchangeably. EBI is a pedagogy
whereby instructors carefully plan direct instruction of some relations that will result in the
emergence of additional relations via logical deduction and inference-making. For example,
Lynch and Cuvo (1995) applied EBI to teach classes of fractions and decimals. The researcher
taught elementary school participants two relations: 1) to select pictograms1 when given
fractions, and 2) to select decimals when given a pictogram. This resulted in bidirectional
relations of those explicitly taught (e.g., select fractions when given pictograms, select pictogram
when given decimal) – called symmetry – and novel responses such that participants could now
match fractions and decimals – called equivalence relations. Participants demonstrated
associations between decimals and fractions because the researchers designed instruction to
promote such inference-making. This teaching technology has been applied to different

1

A pictogram is a large square containing 100 small squares with a certain number of squares filled in to
communicate a proportion. For example, a pictogram equivalent to one-quarter (25%) would have 25 of 100
squares filled in.
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populations (individuals diagnosed with disabilities; Rehfeldt, Latimore, & Stromer, 2003;
Stanley, Belisle, & Dixon, 2018; elementary school children; Lynch & Cuvo, 1995; Verdun,
Chiasson, & Fienup, 2019; college students; Fienup, Covey, & Critchfield, 2010; Ninness et al.,
2006, 2009) and content areas (research and design analysis; Albright, Reeve, Reeve, &
Kisamore, 2015; training instructors to teach; Cariveau, Montilla, Ball, & Gonzalez, 2019;
mathematics, Lynch & Cuvo, 1995; Verdun et al., 2019; Ninness et al., 2006, 2009; piano skills;
Griffith, Ramos, Hill, & Miguel, 2018). Systematic reviews (Rehfeldt, 2011) and meta-analyses
(Brodsky & Fienup, 2018) document the effectiveness of this pedagogy in reliably producing
logical inferences with educational material.
Verdun et al. (2019), replicated and extended Lynch and Cuvo’s (1995) findings. They
taught primary participants two relations that resulted in four additional derived (i.e., inferred)
relations. While Verdun et al. (2019) did not provide any direct instruction for observing
participants, who had demonstrated the observational learning (OL) capability (Greer, SingerDudek, & Gautreaux, 2006), observing participants also derived all six stimulus relations.
Further, the researchers demonstrated that behaviors associated with percentage stimuli (e.g.,
sorting those stimuli from least to greatest; called comparative relations) transferred to the
fraction stimuli once participants inferred a relation between fractions and percentages. That is,
following the interventions, participants could order fraction stimuli from least to greatest – and
this was accomplished without any explicit training. The combination of EBI and OL promoted
considerably more learning than was directly taught. The study by Verdun et al. (2019) also
suggests the potential of embedding EBI within peer tutoring to engineer inference-making.
The purpose of this study was to examine the effectiveness of peer tutoring that
incorporates inference-making on participants’ acquisition of responses directly taught and those
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the participants may infer due to the incorporation of EBI. The learn unit, specifically the
correction procedure for incorrect responses, was emphasized as integral to the tutor learning via
indirect contact with instructional materials (Greer et al., 2004). Further, EBI and peer tutoring
have served as pedagogical strategies to deliver mathematics instruction (Alegre et al., 2019;
Verdun et al., 2019). We might presume then, that homogenous, reciprocal peer tutoring could
serve as an effective tactic to deliver EBI in general education classrooms. The current study is
an extension of Verdun et al. (2019) from simply learning fractionàpercentage classes through
direct instruction or by observing instruction, to embedding EBI within a reciprocal peer tutoring
context in which each participant tutored novel stimulus relations. Researchers paired students
homogenously, utilizing the observational learning capability inherent in the tutoring role and
stimulus equivalence to increase the probability of students learning more than was directly
taught. Prior to, during, and following EBI with peer tutoring we utilized relevant, on or above
grade-level academic materials based on the Common Core State Standards.
Experiment 1
Method
Participants and Setting
We selected participants from one 3rd grade classroom in a public elementary school
outside of a major metropolitan area. The school district had partnered with a university to create
general education classrooms that integrated increased ratios of students with Individualized
Education Plans (IEPs). There was one teacher, two teaching assistants, and 18 students in the
classroom, which utilized the Comprehensive Application of Behavior Analysis to Schooling
(CABAS®) and Advanced Independent Learner (AIL®) models of instruction (Greer, 2002).
Within the CABAS® and AIL® models, the teacher-as-scientist utilizes district and Common
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Core State Standards in the classroom, but scripts each as measurable objectives with observable
behaviors and specified criteria for mastery. The teacher placed students into three homogenous
groups based on their academic levels during Math, Reading, and Writing instruction in order to
individualize instruction and ensure that each student met pre-specified criteria.
Researchers identified participants in two stages. During the first stage, we presented a
paper-and-pencil, multiple-choice assessment of all possible relations between the fraction,
pictogram, and percentage stimuli (3Mix assessment, described below) to the entire class
(N=18). Next, students who scored 50% or below on this assessment continued on to a test for
the presence of Observational Learning (OL) (described below). We selected four participants
who scored a) 50% or below on the 3Mix assessment, and b) demonstrated the OL cusp (i.e.,
80% accuracy or higher on the OL assessment, described below). We paired children into two
dyads. Dyad 1 included Reggie and Kitty. Reggie was an 8.6-year-old African American male
who had an educational classification of Other Health Impaired (OHI). Kitty was a 9.2-year-old
Hispanic female who had no educational classifications but qualified for free and reduced lunch.
Dyad 2 included Harry and Tommy. Harry was an 8.7-year-old Hispanic male who had a
diagnosis of Specific Learning Disability and qualified for free and reduced lunch. Tommy was
a 9.1-year-old Asian male who had an educational classification of OHI. Table 1 presents
additional participant information, including mathematics standardized achievement scores from
the onset of the study.
Materials
The materials used in this experiment were similar to those used by Verdun et al. (2019).
Academic Achievement Assessments. We utilized district-based assessments to analyze
participants’ scores in mathematics. The district utilized i-Ready®, a computer-based, adaptive
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learning and assessment tool (Curriculum Associates, 2014), as part of regularly scheduled
instruction, and as an assessment tool for reading and mathematics three times per year for all
students within the district from Kindergarten to 6th grade. This study was conducted during the
spring semester and, thus, we utilized the mid-year assessment scores for mathematics in the
current study (see Table 1).
Fractions-pictogram-percentage assessment materials. We taught eight classes that
contained 3 stimuli each: fractions, pictograms, and percentages. Our instruction for fraction,
pictogram, and percentage equivalences corresponded to the Common Core State Standards
listed under Numbers and Operations-Fractions (CCSS.MATH.CONTENT.4.NF.C.5). We
chose common fraction stimuli that were evenly divisible, and that are often used in real-world
applications (e.g., Baking). Table 2 displays the specific stimuli. Fractions served as the A
stimuli, pictograms served as the B stimuli, and percentage served as the C stimuli. Researchers
utilized fraction, pictogram, and percentage stimuli throughout the study.
3Mix test of equivalence classes. We assessed all six relations between the fraction,
pictogram, and percentage stimuli, including baseline, or trained relations (fractionàpictogram,
percentageàpictogram), symmetry relations (pictogramàfraction, pictogramàpercentage), and
equivalence relations (fractionàpercentage, percentageàfraction). The 3Mix assessments
included 48 response opportunities, which entailed one opportunity to respond to each of the six
relations for each of 8 classes. We printed multiple assessments that contained identical content,
but with a different sequence of questions and order of answers. We tested each of the 48
stimulus relations across selection and production topographies.
Selection response. The selection topography involved a selection-based multiple-choice
assessment with 48 questions. Each question consisted of a sample stimulus (the question) and

81

four comparison stimuli (the answers) labeled with letters A, B, C, and D. Each of the
comparison stimuli for a single response were within a single class, and included one positive
exemplar, two negative exemplars, and one non-exemplar. For example, a question that assessed
a fractionàpercentage relation consisted of one fraction, 4/5, as a sample stimulus and four
pictogram comparison stimuli, 80% as the positive exemplar, 25% and 50% as negative
exemplars (or stimuli from another class listed in Table 2), and 35% as the non-exemplar (or a
stimulus not from any class listed in Table 2).
Production response. We used Microsoft Office PowerPoint on a MacBook Air computer
with a 33.0 cm display to present the 48 sample stimuli in randomized order. The PowerPoint
included 48 slides with a single sample stimulus on each. The font sizes for fractions and
percentage were size 80 and 60 respectively, and the pictograms were 6.3 cm x 7.6 cm.
Sorting task. The sorting task analyzed the comparative relation (Behrens & Hayes,
2007) more-than and less-than across the stimulus classes for fractions, pictograms, and
percentage (i.e., eight stimuli in each class) (see Table 2). A researcher printed the stimuli on 8.9
x 12.7 cm cardstock. The pictograms were 6.3 cm x 7.6 cm, while the font sizes for fractions and
percentage were size 80 and 60, respectively.
Peer-tutoring. Peer tutoring included training tutors, delivery of peer-tutoring
instruction, and measures of tutor fidelity. During training and instruction each participant
utilized a 21.59 cm by 27.94 cm white board, a dry-erase marker and dry-erase eraser, a data
sheet, and a pencil.
Tutor training phase. During training, tutors learned to accurately deliver instructional
trials (see Procedure, Peer tutoring equivalence-based instruction). This was accomplished by
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having tutors teach tutees to draw geometrical shapes on the white board. The tutor used a data
sheet similar to those that were used during peer tutoring instruction (see below).
Peer tutoring equivalence-based instruction. The tutors’ data sheets included all of the
sample stimuli (i.e., tutor antecedents) and the corresponding comparison stimuli (i.e., accurate
tutee response) for a class of training relations (fractionàpictogram or percentageàpictogram).
Each session included two consecutive eight-trial blocks with each stimulus presented two times;
one data sheet had space for the tutor to record data across four sessions. A researcher printed the
stimuli on 8.9 x 12.7 cm cardstock. The font sizes for fractions and percentage were 80 and 60,
respectively.
Fidelity. A researcher used the Teacher Performance Rate and Accuracy (TPRA)
assessment (Ingham & Greer, 1992) to measure fidelity, or the accuracy of tutors delivering peer
tutoring. On the form, an independent observer scored the peer tutor’s delivery of antecedents
(instructions) and consequences on a per trial basis.
Dependent Variables
Primary dependent variables. Prior to and following peer tutoring EBI, we analyzed
percentage of correct responding to selection and production 3Mix assessments, and to a sorting
task. The 3Mix assessments (selection and production) each contained 48 opportunities to
respond and each sorting task (one task for each class of stimuli) contained 8 possible responses.
For each variable a researcher counted the number of correct responses and divided that number
by the total responses (e.g., 48 for the 3Mix assessment; 8 for comparative relation sorting tasks).
Then we multiplied the resulting number by 100 to get the percentage of accuracy. We used the
3Mix assessment to analyze the overall effects of peer tutoring EBI on the emergence of all
possible baseline and derived relations. We defined a correct response on the 3Mix assessment as
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selecting the corresponding comparison stimuli based on the given sample. We also required
vocal and drawn responses for the 48 relations on the 3Mix production assessment. These
responses were defined as correct in the same manner as the drawn responses for training blocks
and vocal responses for test blocks (see Peer tutoring equivalence-based instruction below). We
also tested for the emergence of comparative relations using the percentage of correct responses
to a sorting task for each class of stimuli. We defined a correct response in the same manner as
Verdun et al. (2019), that is we scored whether each stimulus was placed in the correct position
(e.g., see Table 2, the sixth position was scored as correct only if a stimulus from the 60% class
was placed in that position); we scored each of eight positions.
Peer tutoring equivalence-based instruction. During training blocks each participant
acted as a tutor who presented learn unit instruction (see Procedure, Peer tutoring equivalencebased instruction) for a single training relation. We defined a correct response as the tutee (i.e.,
participant receiving learn unit instruction) drawing a corresponding pictogram to the tutor’s
vocal antecedent and presented sample stimuli. We described a drawing response as the tutee
shading in the appropriate number of equal sized blocks on a given blank pictogram (e.g., Given
2/5; tutee shades in exactly 40 equal sized squares). We defined a correct response to test blocks
(i.e., derived relations) as a written response corresponding to a researcher-presented sample
stimulus and vocal antecedent (e.g., Given a pictogram with 80 squares shaded in; participant
writes 4/5 or 80%). Note that during testing blocks we assessed both the tutor and the tutee for
the emergence of derived relations whether they received direct learn units as the tutee or
indirect exposure as the tutor. During peer tutoring EBI we recorded each participant’s learn
units to master a baseline training phase, or their learn units to criterion, and the number of
recycles required during each phase of the simple to complex protocol (see Peer tutoring
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equivalence-based instruction). In the present study, we defined learn units to criterion as the
sum of learn units required to master a baseline training phase.
Procedure
Participants completed several phases during this experiment. Figure 1 displays the
general procedures completed by each participant. The study began with several preexperimental phases including an assessment for observational learning, a category tact phase,
tutor training sessions, and an initial 3Mix selection assessment. Next, we conducted preassessment phases for 3Mix assessments in selection and production topographies and
comparative functions sorting tasks. Then, dyads entered EBI with reciprocal peer tutoring which
utilized a simple-to-complex protocol (see Peer tutoring equivalence-based instruction) and peerimplemented learn unit instruction to move through baseline and testing phases. During
reciprocal peer tutoring each participant in a dyad acted as tutor and tutee within a single session.
One participant in the dyad tutored the fractionàpictogram relation and the other tutored the
percentageàpictogram relation. Following the completion of peer tutoring EBI we reassessed
each participant with the production and selection 3Mix assessments and the sorting tasks.
Observational learning assessment. As a pre-experimental phase, the observational
learning (OL) assessment indicated whether or not students could learn through observation, or
indirect contact with the contingencies (Delgado & Greer, 2009; Rothstein & Gautreaux, 2007).
In this study, participants received direct instruction for one baseline relation (as tutees) and
taught the other (as tutors). To suggest participants might contact indirect contingences during
tutoring, and therefore learn through teaching, the OL cusp must be in repertoire (see Table 1).
The OL assessment involved two components: observing a peer confederate learn novel tacts to
mastery followed by an immediate, unconsequated (i.e., no feedback) assessment of those tacts
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with that target participant. Each of the participants in the current study served as the target
participant in the OL assessment. The initial instruction component included a peer confederate,
who was not involved in the study, and a target participant. As in Verdun et al. (2019), we
provided the following directions: “[Participant name] I’d like you to watch while [Peer name]
learns the names for [stimuli] (e.g., land forms), [Peer name] are you ready to learn [stimuli]?”
During instruction, we presented learn units (see Peer tutoring equivalence-based instruction
below) to the peer confederate using grade-level science or social studies picture stimuli that
were novel (unknown) to both individuals. Instruction included five target stimuli/responses and
four opportunities to respond to each target picture, for a total of 20 learn units per session.
During each learn unit, the researcher praised each correct tact emitted by the peer confederate
and provided a correction for each incorrect tact. The correction procedure included modeling
the correct tact and re-presenting the picture to provide an independent opportunity to respond.
Typically, the peer confederate mastered the material within the first three sessions. Once the
peer confederate mastered the tact for each of the picture stimuli with 100% accuracy in a single
session, the researcher presented unconsequated trials with the target participant. Although the
target participant watched the instruction implemented with the peer confederate, the researcher
did not provide any feedback to the target participant relevant to the target responses; however,
the researcher vocally praised the target participant for attending during instruction (e.g., “I
appreciate that you are looking at the pictures”). Prior to the unconsequated trials with the target
participant the researcher gave the following directions: “[Target participant], I want you to do
your best to name the [stimuli] that [peer confederate] just learned, let’s see how many you can
remember!” If the target participant responded with 80% accuracy or above during the
unconsequated trials, we considered the observational learning capability to be in repertoire.
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Category tact phase. We implemented the category tact phase as a pre-experimental
phase prior to the intervention in order to control for prior instructional history, or a lack thereof,
for the correspondence between the visual stimuli and corresponding category tacts: “fraction,”
“pictogram,” and “percentage.” The category tact phase prepared participants for peer tutoring
when the tutor used the category tacts as discriminative stimuli (e.g., “Draw a pictogram that is
the same as the fraction ¼”), or when the researcher utilized the terms within testing phases
throughout peer tutoring EBI. During this phase, the researcher presented a field of three cards (a
fraction, a pictogram, and a percentage) and provided the vocal direction, “Point to the (fraction,
pictogram, percentage).” We randomly rotated these presentations until the participant responded
with 100% accuracy across two three-trial blocks, with a block consisting of a single
presentation of a stimulus from each class (fraction, pictogram, percentage).
Tutor training phase. We implemented tutor training as a pre-experimental phase to
prepare tutors to accurately deliver reciprocal peer tutoring. Prior to having participants present
learn unit instruction, the researcher modeled presenting an accurate learn unit for a correct and
incorrect response. Then two participants sat across from each other while one participant served
as a tutor the other participant served as the tutee. The researcher provided vocal prompts during
the first learn unit, then conducted a TPRA throughout the training and praised or corrected
accurate and inaccurate learn unit presentations respectively. Once the participant acting as a
tutor met the criterion for accurate learn unit presentations (see below), then the participants
switched roles.
The tutor presented the vocal antecedent, “Draw a ____ (e.g., right angle),” and the tutee
responded by writing on a response board (dry-erase board). Then, the tutor praised correct
responses, provided corrections for incorrect responses, and recorded the tutee’s accuracy on the
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tutor’s pre-made data sheet. The tutor provided a correction by repeating the antecedent,
modeling an accurate drawing for the term, and providing the tutee an independent opportunity
to respond. Prior to peer tutoring EBI, each participant was required to demonstrate error-free
sessions of providing learn unit instruction. Each participant met the requirements to tutor when
(s)he received an errorless TPRA across two five-trial blocks with at least three opportunities for
the tutor to provide full correction procedures (i.e., 10 consecutive errorless learn unit
presentations with three accurately implemented correction procedures).
3Mix test of equivalence classes. We presented 3Mix assessments multiple times prior
to and following peer tutoring EBI to analyze mastery of trained relations and the emergence of
derived relational responding across selection (i.e., selection-based, multiple choice) and
production (i.e., drawn or written) responses.
Selection response. During the pre-experimental administration of the selection-based
assessment, which was conducted with the entire 3rd grade classroom to select participants for
the study, the researcher said, “Today we are going to see what all of you know about fractions,
pictograms, and percentages. You may not have learned about these terms or concepts yet, and
that’s okay! Just do your best so that we know what to teach you!” Then the researcher read the
directions at the top of the selection-based assessment as follows, “Select the option that is the
same as each fraction, pictogram, or percentage presented below.” We provided up to 40 min to
complete the assessment, but students typically finished within 15 to 20 min. Entrance criterion
for the study was 50% accuracy or below on the pre-experimental and subsequent 3Mix selection
assessments. Researchers conducted subsequent 3Mix selection-based assessments in the same
manner with participants who met the initial entrance criterion. When the 3Mix selection
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assessment was administered following peer tutoring EBI, 90% accuracy indicated the formation
of equivalence classes.
Production response. We presented the 3Mix production assessment one time prior to
any dyad entering the intervention, and one time following any dyad exiting the intervention in
order to analyze the emergence of derived relational responses when comparison stimuli are not
given for a selection response. We presented each of the 48 relations with sample stimuli (e.g.,
40% typed on a screen) and a vocal antecedent (e.g., “What fraction is the same as or equivalent
to 40%?”). During the 3Mix production assessments we did not present participants with
comparison stimuli. Rather, we assessed their written or drawn responses. Participants emitted
drawing responses on given blank pictograms (i.e., “Draw the pictogram that is the same as the
fraction ¼”) or written responses (i.e., “What percentage is equivalent to the fraction ¼?”)
following the corresponding researcher antecedent. As with the 3Mix selection assessment, 90%
accuracy indicated the formation of equivalence classes.
Comparative relations sorting task. We replicated the comparative relations sorting
task reported by Verdun et al. (2019). We assessed less-than or more-than comparative relations
by asking participants to sort a class of stimuli (fraction, pictogram, percentage) from least to
greatest. Each class included eight stimuli (see columns in Table 2). We conducted a separate
assessment for each class, and we presented a single set of within-class stimuli at a time (i.e., all
of the stimuli in the percentage class). To conduct the assessment, the researcher shuffled the
eight stimuli, put the stack of stimuli in front of the participant, and said, “Put the (fractions,
pictograms, percentages) in order from least to greatest.” The sorting task ended when the
participant indicated that they had completed the task. Mastery criteria for each class of stimuli
were 100% accuracy on the sorting task.
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Peer tutoring equivalence-based instruction. During the intervention, peer tutors
implemented instruction similar to researchers in previous research (see Verdun et al., 2019). We
utilized the simple-to-complex protocol (STC) (Fienup, Wright, & Fields, 2015), which
intersperses training and derived relations test blocks, to train baseline relations and test for
emergent derived relations (see Figure 1). Within the context of reciprocal peer tutoring, we
incorporated the STC protocol across both baseline relations (fractionàpictogram,
percentageàpictogram). Throughout the procedure, the researcher ensured that each participant
in a peer tutoring dyad advanced through the training phases and the initial symmetry tests for
each relation (fractionàpictogram, percentageàpictogram) according to the STC protocol.
Thus, while participants might be in testing for symmetrical relations pictogramà fraction, they
may still be in the initial training stage for percentageà pictogram (see Figure 1, Figure 2). The
researcher analyzed tutor accuracy of delivering instruction by conducting TPRAs during each
session. During each session, each participant served as a tutor and delivered 16 learn units in
this role (two, eight-trial blocks). We rotated tutoring roles after two blocks. For example, in one
session the first participant tutored two, eight-trial blocks of fractionàpictogram relations and
the second participant tutored two, eight-trial blocks of percentageàpictogram relations. Thus,
training for both baseline relations occurred within a single session. For Dyad 1, Reggie tutored
fractionàpictogram relations and Kitty tutored percentageàpictogram relations. In Dyad 2,
Harry tutored fractionàpictogram relations and Tommy tutored percentageàpictogram
relations (see Table 5).
Participants in a dyad sat facing each other during peer tutoring EBI. We provided
general directions in written and vocal topographies to each dyad as follows: “You (Tutor 1) will
complete two sets then you will let your partner (Tutor 2) tutor two sets. Mastery is 8 out of 8

90

correct two times or 100% twice!” We also provided the appropriate steps for each learn unit
presentation as a textual prompt on the participant’s pre-made data sheets. For example, one
data sheet had the following steps: 1) Hold up a picture card and say, "Draw a pictogram that
shows the same (PERCENTAGE, FRACTION) as _____”; 2) Check your peer’s answer and
record data in the correct spot; 3) Reinforce correct responses, correct incorrect responses; and 4)
When you correct, remember to give your peer another chance to say the right answer, but DO
NOT reinforce!
Prior to each block of trials, the tutor shuffled his/her printed sample stimuli to present
antecedents in a randomized order. Tutors used learn unit instruction, including a tutor
antecedent, tutee behavior, and a tutor-delivered differential consequence (Albers & Greer,
1991). The following is an example of a learn unit presentation during peer tutoring EBI: 1) the
tutee attended to the tutor; the tutor delivered the antecedent, “Draw a pictogram that shows the
same (fraction, percentage) as (1/4, 25%)”; while presenting a corresponding visual stimulus
(1/4, 25%); 2) the tutor waited up to 1 min for the tutee to draw a response on their given
pictogram; 3) the tutor provided specific vocal praise for a correct response (i.e., “Wow, great
job drawing (1/4, 25%),” or provided a correction procedure for an incorrect response. For the
correction procedure, 1) the tutor said, “This is how you draw ____,” and drew the correct
response that matched the pictogram on his/her own data sheet; 2) the tutee then transcribed the
correct response on his/her response sheet; 3) the tutee erased the transcribed response; 4) the
tutor re-presented the antecedent; and 5) the tutee independently emitted a correct response.
During correction procedures, the tutor did not praise correct responses. As stated previously,
both baseline relations were trained simultaneously (fractionàpictogram and
percentageàpictogram), one tutored by each participant in a dyad during reciprocal peer
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tutoring. Once either tutee met criterion for his or her baseline training relation the researcher
conducted a series of test blocks that incorporated opportunities for recycled training upon either
participants’ failure to emit criterion level responding (see below, see Figure 1).
Tests of derived relations. The researcher, not peer tutors, conducted tests of derived
relations with individual participants using a pre-made PowerPoint presentation with a
randomized order of sample stimuli. The researcher conducted a selection and production
assessment for each test block. She did not provide consequences for correct responses nor did
she provide corrections for incorrect responses. Criteria to move through the STC protocol was
contingent on participants’ responses to both selection and production testing procedures.
During testing blocks the researcher presented each of the eight stimuli in a class two
times, and the criterion for all baseline and testing blocks was 100% across two consecutive
eight-trial blocks, with the exception of the mixed symmetry test (100% across two consecutive
16-trial blocks). If either participant (tutor or tutee) did not meet criteria on the selection or
production-based symmetry test, both participants returned to peer tutoring for recycled training
in the corresponding baseline relation (see Figure 1). The participants might advance through
baseline training and corresponding symmetry tests at different paces, but prior to advancing to
the mixed symmetry test for all pictogramàfraction and pictogramàpercentage relations, both
participants must have met criterion on pictogramàfraction and pictogramàpercentage
symmetry tests. If either participant failed the mixed symmetry test, then both participants
returned to peer tutoring for both baseline relations, and advanced through the protocol from the
beginning (see Figure 1). Once both participants met criteria on the mixed symmetry test, the
researcher conducted tests for both equivalence relations (fractionàpercentage,
percentageàfraction) without recycled training for failed tests.
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Procedural modifications. Tommy required two procedural modifications to address an
apparent motivational difficulty prior to mastering fractionàpictogram relations. Following 16
sessions, the researcher implemented Modification 1. To ensure Tommy was attending to, and
discriminating critical features of, the antecedent stimuli, we implemented a differential
observing response (DOR; Walpole, Roscoe, & Dube, 2007). We presented the intraverbal,
“What fraction did you draw?” following each consequence (i.e., praise or correction). We
implemented Modification 2 following another 29 sessions. Tommy demonstrated variable
accuracy with 5 out of the 8 fractions in the class. We incorporated the already-in-place class
wide token economy into the EBI procedures to increase motivation for responding to specific
fractions. We gave Tommy 50 points, that he could trade in at another time within the classroom,
for accurate responses to the 5 fractions.
Maintenance. We conducted two selection-based 3Mix assessments following the initial
post-assessments. We considered any assessment completed five to ten days after the initial postassessment and/or any previous post-assessment as maintenance.
Experimental Design
We utilized a multiple probe design to analyze the effects of EBI on the emergence of
equivalence classes on the 3Mix selection-based assessment. We administered the selectionbased 3Mix multiple times prior to and following peer tutoring EBI and staggered the onset of
peer tutoring EBI across the dyads. Once Dyad 1 met criteria for completing peer tutoring EBI,
we conducted additional selection-based 3Mix assessment with all participants and Dyad 2
entered peer tutoring EBI. Just prior to and immediately following peer tutoring EBI, we
administered the production-based 3Mix assessment and comparative relations sorting task.
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Interobserver Agreement
An independent observer recorded interobserver agreement (IOA) throughout the study.
We calculated IOA using trial-by-trial agreement. We divided the total number of agreements by
the total possible responses and multiplied the resulting number by 100 to get the percentage of
agreement. An independent observer recorded IOA for 30% of comparative functions sorting
tasks with 100% agreement. We recorded IOA for 55 % and 50% of selection-based 3Mix and
production 3Mix assessments with 95% to 100% and 100% agreement respectively. We also
recorded IOA throughout peer tutoring EBI for 72% of sessions with 100% agreement.
Intervention Fidelity
We used TPRA observations to record tutors’ accurate learn unit presentations during
100% of the peer tutoring EBI sessions. We calculated fidelity by recording the accuracy of each
antecedent and consequence and dividing the number of correct teaching responses by the total
number of teaching responses and multiplied the resulting number by 100. If tutors made an error
in a learn unit presentation during peer tutoring EBI, the researcher immediately corrected the
tutor and modeled or vocally prompted the correct behavior. In Dyad 1, Reggie presented 65%
of his sessions with 100% accuracy, while Kitty presented all of her sessions with 100%
accuracy. In Dyad 2, Harry presented 84% of his sessions with 100% accuracy, while Tommy
presented 67%, or 2 out of 3, of his sessions with 100% accuracy (Range = 88%-100%).
Results and Discussion
3Mix Assessments of Equivalence Class Formation
Participants completed 3Mix assessments of equivalence class formation prior to and
following peer tutoring EBI. We assessed classes using both selection-based and production
topographies.
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Selection-based. Figure 3 displays participant performances on the selection-based 3Mix assessments prior to and following peer tutoring EBI as a percentage of correct responses.
Dyad 1 included Reggie and Kitty. Prior to peer tutoring EBI, Reggie responded with an average
accuracy of 28% (range = 27%-31%) and Kitty responded with an average accuracy of 40%
(range = 35%-44%). Following peer tutoring EBI, Reggie and Kitty responded at criterion levels
with their initial post-assessments at 100% accuracy. We provided two maintenance assessments
1 to 2 weeks later and Reggie responded with 85% and 89% accuracy, while Kitty maintained
100% accuracy. Dyad 2 included Harry and Tommy. Prior to peer tutoring EBI, Harry responded
with an average accuracy of 20% (range = 19%-21%) and Tommy responded with an accuracy
of 44% to each pre-assessment. Following peer tutoring EBI Harry and Tommy responded at
criterion levels with their initial post-assessment responses at 100% and 98% accuracy
respectively. We provided two maintenance assessments 1 to 2 weeks later and Tommy
responded with 94% and 98% accuracy, while Harry maintained 100% accuracy.
Production. Figure 4 displays all participant performances on the 3Mix production
assessments prior to and following EBI, with the black bars representing pre-assessments and the
grey bars representing post-assessments for each participant. All participants responded at or
below 50% accuracy (range = 25%-35%) on pre-assessments. Following peer tutoring EBI, all
participants responded with 100% accuracy.
Transfer of Functions
Figure 5 displays the results for the fraction sorting tasks prior to and following peer
tutoring EBI. We utilized sorting tasks for each class of stimuli (fraction, pictogram, percentage).
Prior to and following peer tutoring EBI participants readily sorted percentage stimuli and
pictogram stimuli from least to greatest, establishing a comparative function among these sets of
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stimuli. Prior to peer tutoring, each participant sorted fraction stimuli with low levels of accuracy
(range = 13% to 38%). Following mastery of peer tutoring EBI, each participant accurately
sorted fraction stimuli with 100% accuracy suggesting that comparative functions of percentage
and pictogram stimuli transferred to fraction stimuli via equivalence classes.
Peer-tutoring Performance
Table 3 displays participants’ learn units-to-criterion for baseline training phases as well
as the number of sessions and recycled trainings required to complete the STC protocol. In Dyad
1, Kitty required 184 learn units to master fractionàpictogram relations with 3 instances in
which she returned to training after she or Reggie failed corresponding symmetry tests. Reggie
required only 16 learn units to master percentàpictogram relations without any return to
training. In Dyad 2, Tommy required 408 learn units to master fractionàpictogram relations
with 3 instances in which he returned to training after he or Harry failed the corresponding
symmetry tests. Harry required only 24 learn units to master percentàpictogram relations
without any return to training.
In Dyad 1, Reggie tutored fractionàpictogram relations while Kitty served as the tutee
across 23 peer-tutoring sessions, 3 of which were recycled due to both Reggie and Kitty failing
the first two pictogramàfraction symmetry tests. Both of them passed the third
pictogramàfraction selection and production symmetry tests. At the same time, Kitty tutored
percentageàpictogram relations while Reggie served as the tutee for 2 peer-tutoring sessions.
Following the two sessions, both participants passed the initial selection and production
pictogramàpercentage symmetry test. With pictogramàfraction and pictogramàpercentage
symmetry tests passed, Reggie and Kitty moved to the next phases. Both participants responded
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with 100% accuracy on selection and production mixed symmetry, transitivity, and equivalence
tests.
In Dyad 2, Harry tutored fractionàpictogram relations while Tommy served as the tutee
across 47 peer-tutoring sessions. Following 16 sessions without mastery we implemented
Modification 1 to increase Tommy’s motivation to attend during correction procedures. Another
29 sessions passed without mastery, and we implemented Modification 2 to further motivate
Tommy using a point system. With Modifications 1 and 2, Tommy met criteria following 2
additional sessions. Tommy failed two pictogramàfraction symmetry tests, which required 4
recycled fractionàpictogram training sessions. Both Harry and Tommy passed the 3rd symmetry
tests. Simultaneously, Tommy tutored percentageàpictogram relations while Harry served as
the tutee for only 2 peer-tutoring sessions. Both participants passed the initial selection and
production pictogramàpercentage symmetry tests. Both participants responded with 100%
accuracy on selection and production mixed symmetry, transitivity, and equivalence tests.
Summary
Peer tutoring EBI was an effective pedagogy to facilitate derived relations, the formation
of fraction-pictogram-percentage equivalence classes, and the transfer of comparative relations.
Verdun et al. (2019) demonstrated that participants who had the OL cusp in repertoire derived
equivalence relations while observing a teacher provide EBI to a peer. This study extended the
work of Verdun et al. (2019) by showing that tutors with the OL cusp could learn academic
content they taught during peer tutoring and derive corresponding relations. Paired with the
content learned while serving as a tutee, the peer tutoring EBI procedure produced equivalence
classes. These findings support other research suggesting that peer tutoring benefits tutees and
tutors’ academic skill acquisition (Leung, 2015, 2019). It also extends the peer tutoring literature
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by demonstrating that instructors can plan for emergent behavior, or inferencing, within the
context of a flexible, empirically based teaching strategy such as peer tutoring.
Although our results on post-assessments and maintenance were socially and
educationally significant, we noted several factors that were problematic during the intervention
sessions that caused concern with regards to the procedures’ utility as an instructional technology
in classrooms. Anecdotal evidence, along with the motivational modifications required for
Tommy, demonstrated that the response effort necessary during the two baseline relations were
starkly different. The participants learning percentageàpictogram relations required as few as
two sessions to master the material, while learning the fractionàpictogram relation required over
20 sessions. The evidence suggested that modifications to the peer tutoring EBI protocol might
alleviate researcher’s concerns and increase the flexibility of the procedure for use in general
education classrooms and other applied settings.
Experiment 2
In Experiment 1 participants learned one relation as a tutee and taught another as a tutor
which resulted in participants forming equivalence classes and demonstrating the transfer of
comparative functions. Peer tutoring EBI was successful according to the 3Mix selection-based
scores, but a granular analysis of learn units required to complete training and the need for
motivation interventions suggested unbalanced response effort to learn the respective conditional
relations (fraction-pictograms relations being more difficult to learn than percentage pictogram
relations). We addressed the issue by splitting the baseline relations into two sets. Each
participant taught four fractionà pictogram relations and four percentageà pictogram relations.
Participants tutored half of each baseline relation rather than an entire baseline relation in order
to ‘balance’ the response effort required of each participant in a dyad (see Table 4, Table 5). The

98

possibility of peer tutoring EBI moving into classroom settings increases significantly if teachers
have flexibility in making decisions on the materials in each baseline relation.
Method
Participants
We selected four different participants from the same 3rd grade classroom setting, and we
used the same two-stage selection process as described in Experiment 1. The participants were
Candice, Jerome, Rose, and Tina. In Dyad 1, Candice was a 9.4-year-old Caucasian female, and
Jerome was an 8.8-year-old Hispanic male who qualified for free and reduced lunch. Dyad 2
included Rose and Tina. Rose was a 9.1-year-old Hispanic female who qualified for free and
reduced lunch, and Tina was an 8.6-year-old Caucasian female who had a diagnosis of Specific
Learning Disability and qualified for free and reduced lunch (see bottom portion of Table 1).
Setting, Materials, and Dependent Variables
We conducted Experiment 2 in the same setting as Experiment 1, using the same
materials and measuring the same behaviors.
Procedure
The majority of procedures implemented in Experiment 1 were implemented again in
Experiment 2. The primary difference between the experiments was how peer tutoring EBI was
conducted.
Peer tutoring equivalence-based instruction. Tutors conducted reciprocal peer tutoring
in the same manner as Experiment 1 with the exception that each tutor in a dyad tutored four
fraction à pictogram and four percentage à pictogram relations, rather than all classes of one of
two relations. Also, criteria to move through the STC protocol changed. During Experiment II,
criteria depended on participants’ responses to selection procedures only, rather than selection
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and production responses. We conducted all of the testing blocks in the same manner as
Experiment 1.
Procedural modifications. Jerome required a motivation modification, Modification 1,
which we conducted in the same manner as we did for Tommy in Experiment 1. Tina also
required a modification to address an error pattern in responding, which differed from either
modification used during Experiment 1. Modification 3 was similar to the modification used in
Verdun et al. (2019). That is, we isolated any stimuli with error patterns within a set following 3
failed symmetry tests. We implemented peer tutoring EBI with the isolated stimuli until the tutee
emitted 100% accuracy across two consecutive responses for each isolated stimulus. The
researcher implemented a symmetry test for the isolated stimuli. If the participants passed the
symmetry test, they returned to peer tutoring EBI with all stimuli for the corresponding set and
the procedure continued normally. If a participant failed the symmetry test, the dyad returned to
peer tutoring EBI with the isolated stimuli.
Experimental Design
We evaluated peer tutoring EBI in Experiment 2 in the same manner as Experiment 1.
Interobserver Agreement
We calculated IOA in the same manner as Experiment 1. An independent observer
recorded IOA for 33% of comparative functions sorting tasks with 100% agreement. We
recorded IOA for 47% and 84% of the selection-based 3Mix and production 3Mix assessments
with 95% to 100% and 97% to 100% agreement respectively. We also recorded IOA throughout
peer tutoring EBI for 46% of sessions with 88% to 100% agreement.
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Intervention Fidelity
We used TPRA observations to record tutors’ accurate learn unit presentations during
100% of the sessions. As in Experiment 1, if a tutor made any errors during learn unit
presentations throughout peer tutoring EBI, the researcher immediately corrected the tutor and
modeled or prompted the correct behavior. In Dyad 1, Candice presented all of her sessions with
100% accuracy while Jerome presented 86% of his sessions with 100% accuracy. In Dyad 2,
Rose presented 92% of her sessions with 100% accuracy, and Tina presented 76% of her
sessions with 100% accuracy.
Results and Discussion
3Mix Assessments of Equivalence Class Formation
As with Experiment 1, we assessed equivalence class formation using both selectionbased and production topographies.
Selection-based. Figure 6 displays participants’ percentage of correct responses on the
selection-based 3-Mix assessments prior to and following peer tutoring EBI. Dyad 1 included
Candice and Jerome. Prior to peer tutoring EBI, Candice and Jerome demonstrated stable
responding with an average accuracy of 45% (range = 42%-50%) and 45% (range = 35%-50%),
respectively. Following peer tutoring, Candice and Jerome responded at criterion levels with
100% accurate responding for the initial post-assessment. We provided two maintenance
assessments 1 to 2 weeks later: Jerome responded with 96% and 98% accuracy, and Candice
responded with 98% and 100% accuracy. Dyad 2 included Rose and Tina. Prior to EBI, Rose
and Tina demonstrated stable responding with an average accuracy of 46% (range = 29%-79%)
and 36% (range = 31%-46%), respectively. Following peer tutoring, Rose and Tina responded at
criterion levels with 100% and 98% accurate responding respectively for their initial post-
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assessment. We provided two maintenance assessments 1 to 2 weeks later: Rose responded with
100% and 98% accuracy, and Tina responded with 98% and 88% accuracy.
Production. Figure 4 displays participants’ performance on the 3Mix production
assessments prior to and following EBI, with the black bars representing pre-assessments and the
grey bars representing post-assessments for each participant. All participants responded below
criterion-level with a range of 25%-31% accuracy on their pre-assessments. Candice and Jerome
both emitted 35% accuracy, while Rose emitted 29% accuracy and Tina emitted 31% accuracy.
Following peer tutoring EBI, Candice and Jerome emitted 98% accuracy, while Rose and Tina
emitted 94% and 95% accuracy respectively.
Transfer of function. Figure 5 displays the results for the fraction sorting tasks prior to
and following peer tutoring EBI. All of the participants emitted 100% accurate sorting responses
for pictogram and percentage stimuli. Prior to peer tutoring EBI participants responded with a
range from 0% to 25% accuracy for sorting fraction stimuli from least to greatest. Following peer
tutoring EBI all participants sorted fractions with 100% accuracy.
Peer-tutoring Performance
Table 3 displays participants’ learn-units-to criterion for baseline training phases and the
number of recycles required to complete the STC protocol. In Dyad 1, Candice required 128
learn units to master Set 2 relations with 4 instances in which she returned to training after she or
Jerome failed corresponding symmetry tests. Jerome required 136 learn units to master Set 1
relations with 3 instances in which he returned to training after he or Candice failed
corresponding symmetry tests. In Dyad 2, Rose required 200 learn units to master Set 2 relations
with 3 instances in which she returned to training after she or Tina failed corresponding
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symmetry tests. Tina required 216 learn units to master Set 1 relations with 5 instances in which
she returned to training after she or Rose failed corresponding symmetry tests.
In Dyad 1, Candice tutored Set 1 relations while Jerome served as the tutee across 10
peer-tutoring sessions followed by another 3 recycled sessions due to both Candice and Jerome
failing the initial Set 1 selection and production symmetry tests. At the same time, Jerome
tutored Set 2 relations while Candice served as the tutee for 10 peer-tutoring sessions followed
by 4 recycled sessions due to Jerome failing two Set 2 selection and production symmetry tests.
Candice and Jerome both passed Set 2 symmetry tests on the 3rd administration. Candice and
Jerome moved to the next phases, but both participants failed the selection and production mixed
symmetry tests and thus returned to both Set 1 and Set 2 training phases. Candice tutored Set 1
for 4 more sessions with Modification 1 in place to increase motivation for Jerome, and then
participants passed the corresponding symmetry tests. Jerome tutored Set 2 for an additional 2
sessions, and then both participants passed the corresponding symmetry tests. Both participants
responded with 100% accuracy on selection and production mixed symmetry and transitivity
tests.
In Dyad 2, Rose tutored Set 1 relations while Tina served as the tutee across 19 peertutoring sessions followed by another 8 recycled sessions due to Rose and/or Tina failing three
Set 1 selection and production symmetry tests. Following the third symmetry test we noticed an
error pattern and implemented Modification 3 to isolate those specific relations. Tina mastered
the isolated relations after 2 sessions. Tina and Rose then passed symmetry tests for the isolated
relations. We returned to training for Set 1 with all of the relations and Tina achieved mastery
following 2 peer-tutoring sessions. Both Tina and Rose passed the Set 1 symmetry tests. At the
same time, Tina tutored Set 2 relations while Rose served as the tutee for 21 peer-tutoring
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sessions followed by 4 recycled sessions due to Rose and/or Tina failing two Set 2 selection
and/or production symmetry tests. Rose and Tina both passed Set 2 symmetry tests on the 3rd
administration. Both participants responded with 100% accuracy on selection and production
mixed symmetry and transitivity tests.
Between-Experiments Comparisons
The differences between Experiment 1 and Experiment 2 outcomes warrant analysis
because specific changes to procedures were made to address limitations to the Experiment 1
allocation of teaching during peer tutoring EBI.
3Mix assessments. There were no discernable differences between the 3Mix assessments
from Experiment 1 to Experiment 2.
Sorting performances. There were no discernable differences between sorting
performances from Experiment 1 to Experiment 2.
Learn unit-to-criterion comparison. Figure 7 displays the number of learn units-tocriterion for participants to emit mastery level responding across the two baseline training
procedures in Experiment 1 and Experiment 2. During Experiment 1, participants who learned
fractionàpictogram relations required a mean of 296 learn units to master the training phase
during reciprocal peer tutoring, while participants who learned percentageàpictogram only
required a mean of 20 learn units. During Experiment 2, fractionàpictogram and
percentageàpictogram relations were mixed across two sets (Sets 1 and 2 included four relations
from fractionàpictogram and percentageàpictogram). Participants who learned Set 1 required a
mean of 176 learn units-to-criteria and participants who learned Set 2 required a mean of 164
learn units to criteria. There was a difference of 276 learn units-to-criteria between
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fractionàpictogram and percentageàpictogram relations during Experiment 1. During
Experiment 2, there was a difference of only 12 learn units to criteria between Sets 1 and 2.
Summary
We replicated Experiment 1 in our results, but we extended those findings across basic
and applied contexts. Experiment 2 demonstrated that derived relations might emerge not only
when instruction for both baseline relations occurs simultaneously via homogenous, reciprocal
peer tutoring, but also when the members of the two relations are mixed across two sets (see
Table 4, Table 5). Within this context, relations emerged when some members in a class were
taught via learn units (direct instruction), while the remaining members were learned as a tutor
through contact with antecedent and consequence behaviors (indirect or observational learning).
Anecdotally, we found a significant difference in adverse behavior to the response effort required
for fractionàpercentage relations when both baseline relations were interspersed across two sets.
When teachers program for derived relations they might consider the response effort required,
specifically with regards to motivation. During Experiment 1, the participants learning
fractionàpictogram relations mastered the material at significantly lower rates than those
learning percentageàpictogram relations (see Table 3). Anecdotally, students learning the
pictogramàfraction relation during Experiment 1 presented with higher rates of adverse or
escape behaviors (i.e., complaints) when initially learning the material, and required more
modifications. This was not the case during Experiment 2, during which participants within a
dyad learned their materials at similar rates and often requested to work on fractions during the
school day. This may be due to the relative consistency in response effort across the two sets.
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General Discussion
A goal of education is to produce effective outcomes with the fewest amount of resources
(efficiency). We referred to two broad categories for achievement of maximum outcomes with
minimal waste: Increased contact with academic materials through peer tutoring and utilizing
overlapping conditional relations to engineer inference-making with EBI (Critchfield &
Twyman, 2014; Greer et al., 2004). If a goal of education is efficiency in teaching, then we must
design curriculum for the emergence of untaught relations, but it’s important to consider
implementation and flexibility to benefit general education classrooms. The current analysis
replicated Verdun et al. (2019) in its application of EBI in a general education classroom and
extended their findings from a demonstration that students could learn untaught relations via OL
to its application within the peer tutoring context.
Peer tutoring is an empirically based teaching strategy that many teachers are familiar
with or have utilized in some form, and has been founded by decades of positive findings across
academic content areas, formats, settings, and across an array of participant demographics
(Cohen, Kulik, & Kulik, 1982; Leung, 2015; Leung, 2019). The flexibility characteristic of peer
tutoring enables researchers and hopefully teachers to arrange pedagogical practices that plan for
emergent behavior without prolonged expenditure for instructors (Bowman-Perrott, Burke,
Zhang, and Zaini, 2014; Fisher & Frey, 2019). It is important to utilize a tutoring arrangement
that is advantageous to its intended purpose, likewise; that educators select strategies and design
curricula with student repertoires in mind.
Typical EBI instruction incorporates a series of overlapping stimulus-stimulus relations
through direct match-to-sample exposure as a means to plan for emergent relations; in general
education classrooms with a minimum of 17 students, individual match-to-sample instruction is
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improbable. Verdun et al. (2019) established an intersection between OL and the phenomena of
Stimulus Equivalence (SE), determining that students with OL could demonstrate emergent
relations without direct contact with the material (i.e., through observation alone). Their findings
had implications on the utility of EBI in the classroom, and the current study is an initial
application of those findings to peer tutoring.
Homogeneous, reciprocal peer tutoring increases contact with academic material, and if
the material is novel for each participant then students could learn more material without
additional teacher involvement. Based on our decision to incorporate a homogeneous, reciprocal
peer tutoring arrangement, we utilized learn unit instruction (Albers & Greer, 1991) during peer
tutoring. Within this arrangement, each participant served as a tutee and tutor. Thus, for a subset
of the novel material, the tutor learns via indirect contact with the materials through the
presentation of antecedents and consequences. In other words, tutors learn via observation
(Greer, Singer-Dudek, & Gautreaux, 2006). This peer tutoring format allows for
individualization in a classroom setting but requires students to learn some material through
observation.
Our research incorporated the flexibility of peer tutoring with the phenomena of SE
through EBI and found that without any direct teacher involvement participants learned two
baseline relations (i.e., half of the baseline relations directly as a tutee, half indirectly as a tutor)
and demonstrated the remaining four relations without any direct training (i.e., symmetrical and
equivalence relations). Further, as in Verdun et al. (2019), all of the participants demonstrated a
transfer of function from percentage to fraction stimuli for the comparative relation of least to
greatest without any direct training.
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When we conducted the sorting tasks to assess transfer of function, some of our
participants said corresponding percentages aloud as they sorted fraction stimuli from least to
greatest following EBI. This phenomenon also occurred in the Verdun et al. (2019) study and
may be a depiction of behavior that often occurs covertly. Miguel (2018) argues that we engage
in mediating strategies (e.g., talking to oneself covertly) to problem solve or mediate complex
performances. When individuals react to their own verbal behavior, as the participants in the
current study and in Verdun et al. (2019) when sorting fraction stimuli, they are demonstrating
Common Bi-directional Naming (C-BiN) (Horne & Lowe, 1996; Miguel, 2016). C-BiN occurs,
“when dissimilar stimuli occasion common speaker and listener behaviors, [and therefore],
become equivalent,” (Miguel, 2018, p. 4). In the current study, participants tacted (named) the
percentage while holding the fraction stimuli; thus, the percentage tact (name) acted as the
common name between the stimuli. C-BiN may serve to explain the transfer of function between
sets of stimuli as we observed in the current study between fraction and percentage relations.
The integration of peer tutoring and stimulus equivalence as a vehicle to provide
equivalence-based instruction may serve as an effective pedagogical tactic to plan for generative
learning in classrooms. The intersection allows for a flexible integration of EBI in the classroom
environment. Within the context of findings from Experiment 2, we find that teachers can
intersperse the relations in baseline training sets and achieve the same outcomes in emergent
relations with, arguably, better quality of instruction (e.g., student preference, increased
motivation. This flexibility is specifically important if the response effort across two baseline
relations differs widely as they did between fractionàpictogram and percentageàpictogram
relations.
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Our findings are significant, but they are not without limitations. During EBI with the
simple to complex protocol (STC), we did not implement learning modifications unless a
participant failed three consecutive symmetry tests. The researcher noticed error patterns in
participant responses prior to this set criterion, often before the participant failed the initial
symmetry test. Still, she continued until meeting that predetermined criterion to implement a
modification, but this resulted in increased time to complete EBI. Future research might
incorporate the CABASÒ decision analysis (Greer, Keohane, & Healy, 2002) into their EBI
protocol in order to make strategic decisions based on moment-to-moment analysis of student
behavior rather than waiting for a participant to fail consecutive tests.
As we mentioned earlier, prerequisite repertoires (i.e., cusps and capabilities) are
imperative to learning with specific curricular strategies, as was the case for our choice of peer
tutoring format and the prerequisite of OL in the current study (Greer & Ross, 2008; Pohl, Greer,
Du, & Moschella, 2018). It is equally imperative that researchers consider the underlying
principles of behavior in the phenomena they study. For example, the OL capability emerges as a
result of acquiring specific, discriminative stimulus control in the environment. Namely, if OL is
not in repertoire, then instructors can manipulate the environmental stimulus control with
empirically based interventions such as peer monitoring and peer-yoked contingencies to induce
the capability (Delgado & Greer, 2009; Rothstein & Gautreaux, 2007).
The combination of peer tutoring and stimulus equivalence incorporates generative
learning practices into the classroom without having a teacher directly train the two planned
relations as often described in EBI research that utilizes traditional match-to-sample procedures.
The teacher served to monitor and make decisions about student progress, and to take data on
tutors’ accurate learn unit presentations with TPRA observations (Ingham & Greer, 1992).
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Tutors maintained accurate learn unit presentations and data collection with an average of 84%
accuracy (range = 50% - 100%). Lower levels of fidelity typically occurred during the first
sessions and increased throughout the intervention as tutors became more proficient,
demonstrating that students can learn to present precise teaching methods with fidelity.
We successfully implemented homogeneous, reciprocal tutoring arrangements to
incorporate EBI and plan for inferred or emergent behaviors. Peer tutoring is an expansive tactic,
and an area in which research continues to develop, especially with regard to individualizing and
increasing contact with academic material in various classroom settings. Classwide peer tutoring
has been implemented with significant, positive results on student outcomes in as little as 15
minutes per day over the course of a nine-week period (Fisher & Frey, 2019). Therefore, peer
tutoring may also serve as an effective vehicle to incorporate other empirically based pedagogy,
such as SE, that typically requires extensive resources.
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able 8. Participant Demographics for Chapter III across Experiments 1 and 2

Other
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Harry
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(Mid 3)

100%

Specific Learning Disability; Free and Reduced
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Candice
(Dyad 1)

F

C

9.4

Jerome
(Dyad 1)

M

H

8.8

522
(Mid 3)

85%

Free and Reduced Lunch

Rose
(Dyad 2)

F

H

9.1

499
(Mid 3)

95%

Free and Reduced Lunch

Tina
(Dyad 2)

F

C

8.6

408
(Mid 3)

80%

Specific Learning Disability; Free and Reduced
Lunch

Gender

Age

Percentage
Accuracy to
Observation
al Learning
Assessment

Race

Experiment II

Experiment I

Participants

Table 1. Participant Demographics for Chapter III across Experiments 1 and 2

477
(Mid 3)
490
(Mid 3)

100%

Note. Races include African American (AA), Asian (A), Caucasian (C), and Hispanic (H).
Observational learning percentages were calculated out of 20 possible opportunities to respond.
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Table 9. Eight 3-Member Fraction-Decimal-Percentage Classes for Chapter III across
Experiments 1 and 2
Table 2. Eight 3-Member Fraction-Decimal-Percentage Classes for Chapter III across
Experiments 1 and 2
Class

Fraction (A)

Pictogram (B)

Percentage (C)

1

1

2

1

/5

20%

3

1

/4

25%

4

2

/5

40%

5

2

/4

50%

6

3

/5

60%

7

3

/4

75%

8

4

/5

80%

/20

5%
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Table 10. Performances during EBI for Chapter III across Experiments 1 and 2
Table 3. Performances during EBI for Chapter III across Experiments 1 and 2

Dyad 2

Dyad 1

Experiment 1

Experiment 2

LUC

Number
of
Session
Required

Number
of
Recycles
Required

Kitty
(fractionà
pictogram)

184

23

3

Reggie
(percentageà
pictogram)

16

2

0

408

511,2

3

Tommy
(fractionà
pictogram)

LUC

Number
of
Session
Required

Number
of
Recycles
Required

Candice
(Set 2)

128

16

4

Jerome
(Set 1)

136

171

3

200

25

3

Rose
(Set 2)

Harry
Tina
(percentageà
24
3
0
216
273
5
(Set 1)
pictogram)
Note: Superscript numbers indicate that a researcher implemented the corresponding procedural
modification during those sessions (see Procedures).
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Table 11. Sets for Mixed Baseline Relations for Chapter III, Experiment 2
Table 4. Sets for Mixed Baseline Relations for Chapter III, Experiment 2
Set 1
Tutors:
Dyad 1: Candice
Dyad 2: Rose
4/5
75%
3/5
25%
2/5
50%
1/20
20%

Set 2
Tutors:
Dyad 1: Jerome
Dyad 2: Tina
60%
2/4
40%
1/4
80%
3/4
5%
1/5

Note. Tutors presented the above stimuli. Tutors required a drawn pictogram representation of
the fraction or percentage from the tutee.
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Table 12. Content Taught by Tutors during Peer Tutoring EBI for Chapter III across
Experiments 1 and 2

Experiment 1

Table 5. Content Taught by Tutors during Peer Tutoring EBI for Chapter III across Experiments
1 and 2
Dyad
Participants
Tutored Content
Fractionàpictogram relations (all classes)
Dyad 1
Kitty
Reggie
Dyad 2

Tommy
Harry

Percentageàpictogram (all classes)
Fractionàpictogram relations (all classes)
Percentageàpictogram (all classes)
Fractionàpictogram relations (4/5, 3/5, 2/5, 1/20)

Dyad 1

Candice—Set
1

Percentageàpictogram (75%, 25%, 50%, 20%)

Experiment 2

Fractionàpictogram relations (2/4, 1/4, 3/4, 1/5)
Jerome—Set 2
Percentageàpictogram (60%, 40%, 80%, 5%)
Fractionàpictogram relations (4/5, 3/5, 2/5, 1/20)
Dyad 2

Rose—Set 1

Percentageàpictogram (75%, 25%, 50%, 20%)
Fractionàpictogram relations (2/4, 1/4, 3/4, 1/5)

Tina—Set 2

Percentageàpictogram (60%, 40%, 80%, 5%)
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Paper-based 3Mix Assessment
Whole Class

Tests of Observational Learning

Tutor Training and Category Tact Phase

Sorting Task, 3Mix Production, and Additional 3Mix Selection
Assessments
Peer Tutoring Equivalence Based Instruction
Simple to Complex Protocol
Experiment 1: Tutor
Fraction to Pictogram
Experiment 2: Tutor Set 1

Experiment 1: Tutor
Percentage to Pictogram
Experiment 2: Tutor Set 2

Selection and Production
Symmetry Tests
Pictogram to Fraction; Set 1

Selection and Production
Symmetry Tests
Pictogram to Percentage; Set
2

Selection and Production Test for Mixed Symmetry
(Pictogram to Fraction and Pictogram to Percentage)
Selection and Production Tests for Transitivity
(Fraction to Percentage and Percentage to Fraction)

3Mix, Generalization, and Sorting Task Post-Assessment

Figure 1. The order of phases during the study for all participants. During EBI, STC protocol
arrows indicate which step participants returned to if remedial training was required.
Figure 13. The order of phases in Chapter III across Experiments 1 and 2.
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Experiment 1
Tutor AàB or BàC

Reggie

Harry

Tutor AàB
Tutor CàB

Kitty

Tommy

Experiment 2
Tutor AàB and BàC
(Combined)

Candice

Rose

Tutor Set 1
Tutor Set 2

Jerome

Tina

Figure 2. Depiction of peer tutoring EBI sessions during Experiment 1 and Experiment 2.
Figure 14. Depiction of peer tutoring EBI sessions in Chapter III across Experiments 1 and 2.
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Pre-EBI

100

Post-EBI

Maint

80
60
40

Reggie
Dyad 1

20

Percentage of Correct Responses (3Mix Assessments)

0
100

1

2

3

4

5

6

80
60
40

Kitty
Dyad 1

20
0
100

1

2

3

4

5

6

80
60
40

Harry
Dyad 2

20
0
100

1

2

3

4

5

6

80
60
40

Tommy
Dyad 2

20
0
1

2

3

4

5

6

Sessions

Figure 3. Pre- and post-EBI 3Mix selection-based tests of fraction-pictogram-percentage
equivalence classes for peer tutoring Dyad 1 (top two panels) and peer tutoring Dyad 2 (bottom
two panels) during Experiment 1.
Figure 15. Pre- and post-EBI 3Mix selection-based tests for Chapter III during Experiment 1.
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Percentage Correct (Production Responses)

Experiment 1
100
90
80
70
60
50
40
30
20
10
0
Reggie

Kitty

Harry

Tommy

Experiment 2
100
90
80
70
60
50
40
30
20
10

Pretest
Posttest

0
Candice

Jerome

Rose

Tina

Participants
Figure 4. Pre and post-EBI 3Mix production tests of fraction-pictogram-percentage equivalence
classes for all participants during Experiments 1 and Experiment 2.
Figure 16. Pre and post-EBI 3Mix production tests for Chapter III during Experiments 1 and 2.
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Percentage Correct (Comparative Relations)

Experiment 1
100
90
80
70
60
50
40
30
20
10
0
Reggie

Kitty

Harry

Tommy

Experiment 2
100
90
80
70
60
50
40
30
20
10
0

x

Pretest
Posttest

Candice

Jerome

Rose

Tina

Participants
Figure 5. Pre- and post-EBI tests of comparative functions with a sorting task for fraction stimuli
for all participants during Experiments 1 and 2.
Figure 17. Pre- and post-EBI tests of comparative functions for Chapter III during Experiments 1
and 2.
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Pre-EBI

100

Post-EBI

Maint

80
60
40

Candice
Dyad 1

20

Percentage of Correct Responses (3Mix Assessments)

0
100
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4
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6
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8
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12

80
60
40

Jerome
Dyad 1

20
0
100

1

2

3

4

5

6

7

8

9

10

11

12

80
60
40

Rose
Dyad 2

20
0
100

1

2

3

4

5

6

7

8

9

10

11

12

80
60
40

Tina
Dyad 2

20
0
1

2

3

4

5

6

7

8

9

10

11

12

Sessions

Figure 6. Pre- and post-EBI selection-based 3Mix assessments of fraction-pictogram-percentage
equivalence classes for peer tutoring Dyad 1 (top two panels) and peer tutoring Dyad 2 (bottom
two panels) during Experiment 2.
Figure 18. Pre- and post-EBI selection-based 3Mix assessments for Chapter III during
Experiment 2.
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Experiment 2

Experiment 1

Mean LUC for
Experiment 1 and 2

350
300
250
200
150
100
50
0
AB

CB

Set 1 (Half of
AB/CB)

Set 2 (Half of
AB/CB)

Baseline Training Procedure
Figure 7. Mean number of LUC for the baseline training procedures utilized during Experiment
1 (train all of a single baseline training phase) and Experiment 2 (train half of each of the
baseline training phases in two sets).
Figure 19. Mean number of LUC for the baseline training procedures utilized in Chapter III
during Experiments 1 and 2.
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