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ABSTRACT
Cover-copy-compare (CCC) is an evidence-based math intervention strategy that can
be used to help to build math fact accuracy and fluency. This literature review aims
to examine different modifications of CCC, the effectiveness of CCC in helping
students with disabilities, and identifying targeted computational skills. Discussion
will also focus on the generalizability of CCC. After using predetermined inclusion
and exclusion criteria, thirty-nine articles were identified as relevant to this study.
The results indicate that CCC demonstrated efficacy among students with Specific
Learning Disability (SLD), Attention Deficit/Hyperactive Disorder, and emotional
and behavioral disorders. There is no current evidence that CCC works for students
with autism.  Furthermore, only one article was identified that demonstrated

effective generalization of the targeted skill using CCC and strategy coaching.
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CHAPTER ONE
Introduction

Many students in the United States demonstrate significant difficulties in math
learning, and they have poor performance compared to the students in other countries
(Provasnik, Malley, Stephens, Landeros, Perkins & Tang, 2016). Approximately 5
to 8% of school-age students are estimated to have significant difficulties in math
learning (Wendling & Mather, 2008). The performance of 18% of fourth-grade
students and 27% of eighth- grade students are below the basic level (Poncy, Jaspers,
Hansmann, Bui, & Matthew, 2015).

Cover-copy-compare (CCC) is an evidence-based intervention that aims to help
students increase their math fact accuracy and fluency (Stocker & Kubina, 2017). It
has been used in the school setting (McCallum, Skinner, & Hutchins, 2004; Mong &
Mong, 2010), university-affiliated schools (Skinner, Beatty, Turco, & Rasavage,
1989; Skinner, Ford & Yunker, 1991), and at home (Stading, Williams, &
McLaughlin, 1996). A plethora of researchers have demonstrated the effectiveness
of CCC at improving math fact fluency among different populations, including
students in general education (Codding, Chan-lannetta, Palmer, & Lukito, 2009;
Poncy & Skinner, 2011; Mong & Mong, 2010), students with an SLD (Becker,

McLaughlin, Weber, & Gower, 2009; Johnson, 2015), students with emotional and



behavioral disorders (Skinner et al., 1989; Skinner et al., 1991), and students with
Attention Deficit/Hyperactivity Disorder (ADHD; Bolich, Kawon, McLaughlin,

Williams, & Urlacher, 1995; Piana, 2019).



CHAPTER TWO
Literature Review
This chapter is organized into three different sections. The first section will
present Haring, Lovitt, Eaton, and Hansen’s (1978) instructional hierarchy as it relates
to math skills development. The second section presents an overview of CCC
procedures. Last, a brief analysis of comparative studies between CCC and other
math fluency interventions is presented.
Instructional Hierarchy
Haring et al. (1978) established the instructional hierarchy, which describes four
skill development stages: acquisition, fluency, generalization, and adaption.
Mastering a new skill begins with acquisition, which involves learning a new skill and
being able to perform the skill with accuracy. Once acquisition of the skill is
achieved fluency of the skill becomes the focus of instruction.  Fluency refers to
being both accurate and fast. In other words, students should be able to fluidly
complete problems correctly and without hesitation (Binder, 1996). According to
Haring et al. (1978) the stage of fluency forms the foundation for generalization of the
skill. Generalization refers to the ability to apply learned skills in untrained or novel
situations. However, they also point out that fluency is necessary but not sufficient

to achieve generalization (Haring et al., 1978).  Other factors, like multiple



opportunities to practice in different situations, can also contribute to generalization
development (Skinner & McCleary, 2011; Wendling & Mather, 2008). Adaptation
refers to the ability to use elements of learned skills and adapt them to new situations
(Haring et al.,1978).

The instructional hierarchy is directly applicable to the development of math
skills. Each of the developmental math stages will be discussed below.

Math Fact Accuracy. Accuracy refers to solving problems correctly (Haring
etal., 1978). There are four developmental strategies elementary students use when
they try to solve computation problems: finger counting, using fingers to represent
numbers, verbal counting, and memory retrieval (Geary, 1990; Siegler & Shrager,
1984). Choosing ineffective strategies can be a barrier to elementary students
maintaining math fact accuracy (Siegler, 1987). Teaching kindergarteners or first
graders to use manipulatives, such as finger counting and/or a number line, can help
them building math fact accuracy (Kameenui & Simmons, 1990; Kaufmann, Pixner,
& Goeblel, 2011; Vandervert, 2017).

Math Fact Fluency. Math fact fluency is defined as the ability to recall the
math facts automatically and without hesitation (Lee & Tingstrom, 1994). Itis
identified as one of the basic math skills (Wendling & Mather, 2008). The National
Mathematics Advisory Panel (NMAP, 2008) suggests the development of

computational proficiency and conceptual understanding are fundamental in early



mathematics education.  Also, research has shown that deficits in math fact fluency
tend to persist throughout elementary students’ academic life (Rivera & Bryant, 1992;
Woodward, 2006).

One of the most common math fact fluency instructional strategies teachers
use in the classroom is manipulatives to solve single-digit addition or subtraction
problems, including the use of sticks or fingers (Carpenter & Moser, 1982; Poncy,
Skinner, & Jaspers, 2007). In general, this strategy works well when students
initially learn basic math fact problems. However, their prolonged use can be a
barrier to achieving math fact fluency (Kaufmann et al., 2011). Examples of
interventions that target math fluency include repeated practice, computer-assisted
instruction, self-correcting materials, board games, cover-copy-compare, taped
problems, explicit timing, interspersal, and error analysis (Poncy et al., 2007; Stocker
& Kubina, 2017; Wendling & Mather, 2008).

Math Fact Generalization. Math fact generalization refers to the ability to
apply the trained math fact fluency skills to untrained math computation problems
and/or math word problems (Stephen, 2017). Fluent responding can help students
improve their ability to generalize the trained responses in different situations by
using enhanced opportunities of receiving reinforcement and practicing related skills
in different settings (Poncy et al., 2015). Common intervention strategies for

developing math generalization skills include multiple opportunities to practice using



target skills with novel problems or higher-order skills (Codding, Eckert, Fanning,
Shiyko, & Solomon, 2007; McCleary & Chen, 2018; Schutte, 2017; Stephens, 2017).

Math Fact Adaptation. Adaptation refers to the ability to adapt elements of
the trained or learned skills in order to solve new untrained problems or solve the
trained problems under new situations. Useful intervention strategies at this stage
include problem solving and simulations (Haring et al., 1978).
Cover Copy Compare

CCC was originally designed for improving spelling accuracy and then
adapted to help improve math fact fluency (Skinner et al., 1989). CCC is an
effective self-managed intervention strategy that is effective at enhancing accuracy
and automaticity in solving math fact problems (Skinner et al., 1989). It provides
participants multiple opportunities to recall math calculation facts to build
automaticity and accuracy (Wendling & Mather, 2008). The procedure of CCC is
private (i.e., completed individually at the students desk) and allows students to work
at their own pace. Furthermore, students do not need to cheat to perform well on the
task (McLaughlin, & Skinner, 1996).

Procedure for Implementing CCC. CCC intervention sheets include five
columns.  The first column is the modeling column and presents the target question
and answer. The following four columns are all blank (Skinner et al., 1989). There

are five common procedural steps for implementing CCC. First, students are



provided with a CCC worksheet. The students are instructed to learn the target
problems and answers represented in the first column. Second, students are told to
cover the model problem (target problem with the answer) with an index card (Mong
& Mong, 2010). Third, students are required to cover the first column and write
down the question and answer from memory. Fourth, students compare their
response with the model item. Fifth, if the answer is correct, they move down to the
next target item. If the answer is incorrect, they copy the model item and answer
three times in the remaining three columns (Poncy, McCallum, & Schmitt, 2010;
Skinner et al., 1989; Wendling & Mather, 2008).

Comparison of CCC to OtherMath Fluency Interventions

Researchers have demonstrated the effectiveness of CCC at improving math
fact fluency (Codding, Eckert, et al., 2007; Skinner et al., 1989). However, other
effective math fluency interventions exist. Comparison studies between CCC and
taped-problems (TP), math to mastery (MTM), explicit timing (ET), and computer-
assisted instruction (CAI) are presented next.

CCC and TP. TP is a math fluency intervention that provides participants a
worksheet and asks them to listen to an audio recording of a series of targeted math
fact problems and answers (Poncy et al., 2015). The recording provides a time delay
between when the problem item is read and when the answer is read aloud on the

recording. In general, the time delay ranges from 1 to 5 seconds (McCallum,



Skinner, Turner, & Saecker, 2006). Students are instructed to write the answer to a
simple math problem before they hear the answer from the audio recording
(McCallum et al., 2004). The goal of TP is to encourage participants to beat the
recording and write the answer before they hear it. I students write an incorrect
answer to the question, they are encouraged to cross out the wrong answer and write
the correct answer. If they do not write the answer before they hear it, they are
instructed to write the correct answer after it is heard (Poncy et al., 2007).

Overall, immediate feedback and repeated practice are common components
shared between CCC and TP. The difference is that TP provides immediate auditory
feedback from an audio recording and CCC provides immediate written feedback
from visual materials. Also, TP has a built-in timed response (i.e., the student must
keep pace with the audio recording); whereas, CCC has no built-in time requirement.
Poncy et al. (2007) compared the effectiveness of CCC and TP at increasing math fact
fluency. The researchers found that both interventions were effective at increasing
participants’ math fact fluency in basic addition problems. However, the authors
also found that the amount of time a participant spent on each of the interventions was
significantly different. The participants took approximately 30% less time to
achieve skill mastery when receiving the TP intervention (Poncy et al., 2007).

CCC and MTM. MTM involves previewing problems, repeated practice,

immediate corrective feedback, summative and formative feedback, and self-



monitoring of progress (Doggett, Henington, & Johnson-Gros, 2006). To begin, a
student receives an instructional level math probe for one minute. Then, the student
works for an additional minute to correct the mistakes the interventionist identifies in
the probe. The individual student performance is then graphed. This process is
repeated until the student meets mastery criteria, at which point the student moves to
the next level (Mong, 2008).

According to Mong and Mong (2010), MTM and CCC are both effective at
increasing math fact fluency. However, MTM was slightly more effective than CCC
for some of the participants. A follow-up study by Mong and Mong (2012)
demonstrated similar results in that there were individual differences in responding to
MTM and CCC. The individual differences that might cause differing results among
the participants were not hypothesized by the researchers. A comparison of the
components of both interventions indicate that repeated practice and immediate
feedback are critical contributing factors that increase fluency in both MTM and CCC
interventions. However, repeated practice is slightly different for CCC and MTM.
Even though CCC incorporates repeated practice, it creates the opportunity for
participants to practice the target skills across several sessions. MTM requires
participants to continue practicing the target skills until they reach the mastery level.
One notable difference between the interventions is that when using CCC, participants

are provided immediate feedback from the worksheet and when using MTM they



receive feedback from the interventionist (Mong & Mong, 2010). Mong and Mong
(2010) hypothesized that repeatedly practicing the target skills until the participants
reached the mastery level within each session may be why participants performed
better under MTM than CCC conditions.

CCC and ET. ET is another frequently used math fluency intervention.
The general procedure of ET involves giving the participants a set amount of time to
complete as many problems as they can (Van Houten & Thompson, 1976).
Codding, Shiyko, Russo, Birch, Fanning, and Jaspen (2007) examined how
participants’ initial fluency level affects intervention outcomes. CCC and ET were
used with basic subtraction problems as the target skill. Ninety-eight participants
were randomly assigned into three groups: control, CCC, and ET. The researchers
found no significant difference between groups when ignoring participants’ initial
fluency level. When participants’ initial fluency levels were examined, the
participants whose initial fluency levels were in the instructional range demonstrated
more improvement from being in the ET group than the CCC and control groups.
Participants in the ET group whose initial fluency levels were in the frustrational
range demonstrated the least improvement. Overall, the results indicate that ET is
preferred when participants are in the instructional range and contraindicated when
participants are in the frustrational range. Conversely, CCC is preferred for students

in the frustrational range (Codding, Shiyko, et al., 2007).
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In addition, Smith (2017) investigated the effectiveness of intervention
selection based on the participants’ initial fluency level. To be included in the study,
participants’ accuracy levels had to be 85% or higher. Smith divided 76 third
graders into four groups: CCC for addition problems, CCC for subtraction problems,
ET for addition problems, and ET for subtraction problems. Smith found both
intervention strategies resulted in increased performance. The study also found that
the initial fluency level of the participants’ in the subtraction group affected the
outcome. Participants initially in the frustrational range responded better to CCC
than ET and participants initially in the instructional range responded better to ET
than CCC. However, no significant differences, based on initial fluency levels,
between interventions were found for participants working on addition problems.

CCC and CAI. Erkfritz-Gay (2010) compared the combination of CAI with
three math strategies: CCC, traditional drill and practice, and constant time delay.
Although all three interventions helped improve participants’ math fact fluency skills,
no significant differences were found between the three conditions.

Overall, even though CCC has been shown to be an effective intervention, not
all participants benefit to the same degree (Mong & Mong, 2010; Mong & Mong,
2012). To help students’ math fact accuracy and fluency, teachers should first
determine students’ initial fluency levels (i.e., frustrational, instructional, or mastery)

to select the most appropriate intervention. For example, if a student is in the
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frustrational range, CCC may be more appropriate than ET. If a student is in in the
instructional range, ET may be the better suited to help students improve their math
fact fluency rates (Codding, Shiyko, et al., 2007; Smith, 2017).
Research Questions

Given the prevalence rate of math difficulties of students in the United
States, greater awareness of research-based math fluency interventions is warranted.
The current literature review provides comprehensive information about a research-
based math fluency intervention known as CCC. Parents, educators, and school
psychologists will benefit from learning the different modifications that have been
used with CCC and the effectiveness of those modifications; whether CCC is effective
for students in general education and students in special education; math skills that
have been targeted in CCC research studies; and how effective CCC is at generalizing

obtained skills to novel tasks.
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CHAPTER THREE
Method

The following five databases were searched for the purposes of this study:
PsycARTICLES, Academic Search Complete, PsycINFO, ERIC, and Psychology and
Behavioral Sciences Collection. The inclusion criteria used for this literature review
was that articles must use CCC to address participants’ math fact fluency deficits and
be in English. The search terms used were “cover copy compare” AND “math*”.
Articles that used CCC for other purposes were excluded from the study. For
example, literature reviews (Joseph, Konrad, Cates, Vajcner, Eveleigh, & Fishley,
2012), meta-analysis (Stocker & Kubina, 2017), and CCC used with another subject
(Kinney, Hochstetler, McLaughlin, & Derby, 2013; Zannikos, 2016). Only one
article was identified that was written in another language (Japanese; Watam &
Junko, 2014).

The database search was conducted in January 2020. 120 articles were found
using the search terms. However, after removing identical studies, only 55 articles
met the search term criteria. Using the aforementioned inclusion and exclusion

criteria, 39 of the articles were identified as relevant to the study.
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Procedural Integrity and Interscorer Agreement

An independent second rater assessed the procedural integrity of 27% of the
articles using the same search criteria (Kennedy, 2005; Poling, Methot, & LeSage,
1995). The second rater was an advanced doctoral student in a school psychology
program. The interscorer agreement was calculated by dividing the number of
agreements by the total number of examined articles and then multiplying by 100.
Interscorer agreement rate was 93%. The sole disagreement between raters centered
on the Watam and Junko (2014) article. The second rater included the article after
reading the abstract of the article, which is available in English.  The study was

ultimately excluded because the whole article could not be acquired in English.
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CHAPTER FOUR
Results

A review of the 39 CCC articles meeting the aforementioned inclusion criteria
of this study are arranged thematically. First, literature is presented on the various
modifications that have been used with CCC, including the effectiveness of those
modifications to the intervention. Second, the effectiveness of CCC with students in
general education and in special education is examined. Third, the types of math
skills that CCC has been used to target is presented. Last, the ability of CCC to
generalize math skills to novel problems is examined.
Combining CCC with other Interventions

CCC with Error Drill.  Becker et al. (2009) examined the effectiveness of

combining CCC with error drill.  In this study, the participant completed traditional
CCC procedures and then engaged in error drill procedures. In other words, after
CCC, the participant finished probe sheets that included multiple target problems in 1
minute. Then, the researchers wrote down the questions the participant got wrong
on another piece of paper and asked the participant to read the questions and answers
aloud several times before writing the question and answer down on another piece of
paper. The results indicated that combining error drill with CCC helped participants

improve math fact fluency better than just CCC.
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CCC with Performance Feedback.Performance feedback can be verbal or
visual. Benson (2013) conducted a study that provided visual feedback to the
participants. To provide visual feedback, gold stars were placed next to each item
that participants correctly wrote the target item and answer to in the second column.
No significant difference in participants’ math fact fluency performance between
CCC alone and CCC with visual feedback was found (Benson, 2013).

The most common type of feedback given to participants is goal setting,
using DCPM. However, the results of implementing CCC with goal setting is
mixed. Codding, Eckert, et al. (2007) asked participants to circle the digits they got
correct or incorrect on a curriculum-based measurement (CBM) probe, according to
an answer key, by themselves. The CBM probe was implemented 5 minutes after
starting the intervention session.  Participants were then provided both visual
feedback (i.e., bar graph) and verbal feedback before they continued for another 10
minutes of intervention. Although all participants increased their math fluency skills
to the mastery range, the effectiveness of these two types of feedback was
inconclusive, likely because of limitations stemming from the research design. The
study used a multiple-probe design with three conditions: CCC alone, CCC with
feedback of DCPM, and CCC with feedback of digits incorrect per minute. Given
that traditional CCC procedures provide immediate correct and incorrect feedback to

participants, it may have affected the results. All three participants in this study
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demonstrated decreased errors per minute and increased DCPM during the
intervention when compared to baseline.

Similar to the research of Codding, Ekert, et al. (2007), Codding et al. (2009)
combined CCC with two types of goal setting with visual bar graphs after 3 minutes
of each intervention session.  The two types of goal setting were Goal Setting
Problems Correct (GSC) and Goal Setting Problems Errors (GSE). For GSC,
participants set a goal for the number of digits incorrect per minute they wanted to
limit themselves to.  Then, the participants set a goal of one more digit than their
current performance for the rest of the intervention sessions. SAS PROC POWER
was used to compare the groups within this study: CCC, CCC + GSC, and the control
group. A significant difference was found between CCC and CCC+GSC according
to final status (.84) and slope (.96). This result differed from previous research
(Codding, Ekert, et al., 2007) in that goal setting with DCPM demonstrated better
outcomes than other conditions (i.e., CCC alone and CCC with the feedback of digits
incorrect per minute; Codding et al., 2009).

Feedback can be provided by the participants’ peers or by themselves.
Skinner, Shapior, Turco, and Cole (1992) had participants receive feedback either
from their peers or from the CCC intervention sheets. Four participants responded
better to self-delivered immediate corrective feedback and the other two participants’

performance increased more under the peer-delivered condition. The authors
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provided two possible reasons for the difference between the participants: procedural
integrity and peer influences. The two participants who responded better to peer
delivered feedback (PDF) had higher procedural integrity on PDF procedures than the
other participants. Another possible reason was that the two participants who
demonstrated greater improvement under the PDF condition were paired together
during the PDF intervention. According to Orelove (1982), there is a tendency for
peers’ performance to be influenced by each other when they are in the same group.
Within this study, the two participants whose performance improved the most within
the PDF condition were in the same group.

CCC with motivation. The inclusion of incentives and motivational
coaching to the CCC procedures have resulted in mixed results. Piana (2010) found
improvements in math fact fluency after adding motivation coaching (MC) to CCC
procedures. Key components of MC include setting an achievable goal with
participants each week and teaching participants to connect the effort they put into
positive self-talk to improvements in performance. Piana found that half of the
participants were more engaged after the addition of MC to CCC. However,
Benson’s (2014) found different results than Piana. Benson used tangible rewards
(e.g., erasers, stickers, pencils) after the participants finished each CCC probe. All
participants reduced their errors per minute, but half of the participants experienced

no to limited DCPM improvement within CCC and CCC with rewards conditions.
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This indicates that combining CCC with rewards is just as effective as using CCC
alone. However, this may be because the reward for was not contingent on
performance. Bolich et al. (1995) added a token economy to CCC procedures to
motivate participants to prevent dropout from the study. Participants earned one or
two points based on predetermined criteria during CCC intervention sessions.
Specifically, the average DCPM was calculated and set up as the minimum criteria to
earn points.  One point was awarded to the participants for every one DCPM they
obtained more than the precalculated minimum criteria.  For every ten points the
participants earned, they received a reward. In addition, for achieving 100%
accuracy on the probe sheet, the participants earned a large reward, such as having
lunch from a local restaurant. The mean percentage of correct answers for student
one increased slightly from baseline (46.2%) to CCC condition (50.5%) and CCC plus
token economy (46.2% to 66.8%). For student two, the percentage of accuracy
increased from 11.9% during baseline to 48.3% under CCC condition and CCC with
token economy condition (50.5%). The results of this study were not significant.
Overall, when comparing the effectiveness of combining CCC with
performance feedback to CCC alone, some participants demonstrated faster response
times with the additional intervention components while other participants did not

display significant differences across conditions.
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Modifications to CCC Procedures. In addition to adding external
components (e.g., rewards, MC, or error drill) to CCC procedures, some researchers
have modified the traditional CCC procedures to meet different student needs.

CCC and Copy Cover CompareBoth CCC and copy cover compare
(MCCC) are effective at improving participants’ math fluency (Stading et al., 1996).
Copy cover compare is a math fluency intervention modified from CCC. MCCC
changes the first step of CCC. MCCC requires participants to read and look at the
model item and then copy the model question and answer. Then the participants
continue with the traditional CCC procedures. Grafman and Cates (2010) found that
participants made more improvement in target math skills using CCC than with
MCCC (Grafman & Cates, 2010). However, when replicating the same research to
students with Autism, the results showed that neither CCC nor MCCC helped
improve students’ fluency rate. Morton and Gadke (2018) used a multi-component
single-case experimental design to compare the effectiveness of CCC and MCCC to
three students with Autism.  After implementation of the intervention, two
participants demonstrated slight increasing trends across sessions and one participant
displayed a slight decreasing trend. Morton and Gadke (2018) theorized that the
latter student’s performance may have been due to intervention fatigue, indicating a

motivation deficit rather than a skill deficit.
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Verbal and Written Cover Copy CompareThe procedure for verbal CCC is
similar to the traditional, written, CCC procedures with the exception that verbal CCC
requires a verbal response instead of a written response from the student. With
verbal CCC, participants first study the target problem and answer. Then
participants cover the model and verbally restate the problem and answer.  Next,
participants remove the covered problem and answer and compare their verbal
response with the written model. If they got it correct, they move to the next
question. If their response is incorrect, they repeat the previous step until they recall
the correct question and answer (Skinner et al., 1991).  Skinner et al. found verbal
CCC resulted in more improvement in math fluency than written CCC because it
provides more opportunities to respond and practice the questions when the students
were given the same amount of training time for verbal and written CCC (Skinner et
al., 1991; Skinner, Bamberg, Smith, & Powell, 1993).

Effectiveness of CCC with Different Poplations

CCC has demonstrated its effectiveness not only with students in general
education but also with students receiving services for special education (see Table 1).
Among all 39 identified studies, the participants in 18 studies were students in general
education without any reported mental health diagnosis. Whether participants
received special education or not was not reported in six of the studies. Participants

receiving special education services or with a reported mental health diagnosis (e.g.,
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ADHD, behavior or emotional disorder) were included in 16 of the studies. Of
these, four studies investigated the effectiveness of CCC with participants identified
as having an SLD; four studies contained participants with emotional or behavioral
disorders; one study included participants with an intellectual disability; two studies
included participants with ADHD; and one study included participants with autism.
With the notable exception of participants with autism (Morton & Gadke, 2018), all
of the studies showed CCC to be an effective intervention for participants regardless
of disability. Morton and Gadke (2018) compared the effectiveness of CCC and
MCCC with participants with autism, but neither of these two intervention strategies
improved the participants’ targeted math fact fluency rates.

Participants with Intellectual Disability. CCC is an effective intervention
for students with intellectual disabilities. Poncy et al. (2007) used CCC to help a girl
with low cognitive functioning (reported Full Scale 1Q was 44 and diagnosed with
moderate intellectual disability) and received special education services at school.
The target skill in the study was one-digit addition problems. After completing the
CCC intervention, the participant showed a significant increase in her ability to
accurately solve basic addition problems. In addition, her accuracy remained at high
level (89-100%) after the second intervention session when compared to the control

problems (27-44%).
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Participants with Specific Learning Disabilities. CCC is an effective
intervention at increasing target math fluency rates for students with an SLD (Becker,
et al., 2009; Hayden & McCaughlin, 2004; Kitchens, 2013; Stading et al., 1996;).
Specifically, Becker et al. (2009) compared the effectiveness of CCC alone and CCC
with error drill to a 10-year-old girl with an SLD. This study used repeated
measures analysis of variance to analyze the results. The results demonstrated that
both conditions resulted in increased digits correct (F = 17.951, df =2, p=.01) and
decreased error rate (F = 17.951, df =2, p=.01). Plus, Kitchens (2015) investigated
15 students with an SLD. A T test was used to compare the pre- and post-test results
(p<.001). The mean score on the pre-test was 13.93 and increased to 42.07 on the
post-test.  This indicates that CCC is a powerful intervention strategy to help
students with learning disabilities in basic computation skills. However, none of the
aforementioned studies identified whether or not the participants were qualified for
SLD in the area of math calculation or math problem solving.

In addition, Stading et al. (1996) used CCC with a participant receiving special
education services for an SLD in reading to improve math fluency. This study is
relatively unique because the intervention was implemented in the home of one of the
authors. This study used a multiple baseline design across problem sets.  The target
skill in this study was single-digit (2’s, 3’s, 4’s, and 5’°s) multiplication problems.

For the percent correct for each set of multiplication problems, the mean accuracy
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percentage of participant’s 2's multiplication increased from 35% during baseline to
100% during intervention. The mean accuracy of 3's multiplication increased from
2.27% to 100%. The mean accuracy for 4's multiplication was 0% during baseline
and increased to 75%. The mean accuracy for 5's went from 11% during baseline to
100% during intervention. Overall, this study demonstrated that CCC was effective
at increasing the participant’s math accuracy. Similarly, Hayden and McLaughlin
(2004) examined the effectiveness of CCC when implemented to a middle school
student who was diagnosed with an SLD. The participant’s mean of DCPM
increased from baseline (25) to intervention (34.2) and the errors per minute also
increased slightly from baseline (0) to intervention (1). This indicates that CCC can
be effective for students with an SLD.

Participants with ADHD. CCC can also be an effective intervention for
students with ADHD. Bolich et al. (1995) investigated the effectiveness of CCC
alone and CCC combined with a token economy with two participants diagnosed with
ADHD. The token economy was added because of concern a participant would drop
out of the study. Even though one of the two participants demonstrated greater
improvement in mean accuracy percentage (11.9% to 48.35%) than the other
participant also showed slight improvement (46.2% to 50.5%). Also, Piana (2019)
examined the combination of CCC and MC with four third graders who were

diagnosed with ADHD. MC was added to CCC to help improve participants
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engagement in the learning process. This study used a multiple baseline design
across participants. The four participants were divided into two groups. For each
group, the sequences of the intervention condition was alternated to address the carry-
over effects: baseline, CCC alone, and then CCC +MC or baseline, CCC + MC, and
then CCC alone. However, the researchers found that once participants learned MC,
they automatically continued to use it with the CCC alone condition. Because of this
carry over effect, it was unclear whether or not CCC or CCC with MC was more
effective among all four participants. Regardless, all participants demonstrated
increased DCPM scores on target problems.  The percentage of nonoverlapping data
for three of the four the participants indicated an effective outcome (82% to 100%).
Participants with Behavioral or Emotional Disorders.Skinner et al. (1989)
implemented the CCC intervention in a university-affiliated school with participants
identified with behavioral disorders. They used a within-subject multiple baseline
design to investigate the effectiveness of CCC to help participants with simple
multiplication problems. The mean percentage of accuracy for the three participants
indicated that CCC helped them increase their multiplication fluency across all three
target item sets. The mean percentage of accuracy increased from 64% to 94% for
participant 1, 90% to 91% for participant 2, and 96% to 98% for participant 3.
Similarly, Skinner, Ford, and Yunker (1991) examined the function of verbal CCC

and written CCC with basic multiplication fluency with two participants who were
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reported to have behavioral difficulties at a university-affiliated school. One
participant was reported to have severe problem behaviors such as aggression,
tantrums, noncompliance, and encopresis.  Another participant displayed problem
behaviors such as off-task, work completion, self-injurious, and vocalizations. This
study used an alternating research design to compare three conditions: verbal CCC,
written CCC, and control group. For participant 1, verbal CCC worked better than
written CCC (mean DCPM: verbal CCC = 38.5; written CCC = 27.8; control = 28.7).
For participant 2, verbal CCC was also better at increasing math fact fluency (mean
DCPM: verbal CCC = 17.8; written CCC = 13.1; control = 11.6).  This indicates that
verbal CCC is more effective at helping the participants increase basic multiplication
fluency than written CCC; whereas, written CCC was only effective for one of the
two participants.  Skinner et al. (1993) implemented CCC with three participants
with behavioral disorders in a private school. The researchers used a multiple
baseline across problems research design. Two of the three participants improved
basic division fluency. The results suggest that verbal CCC can help students with
emotional or behavioral disorders even though some students may need more support
during the intervention procedure, such as using rewards and goal setting.

A more recent CCC study by Schrauben and Dean (2019), in a public school
setting, effectively demonstrated increased basic multiplication fluency for one out of

three participants receiving special education services for behavioral and emotional
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regulation. The effect size of participant 1 indicated a significant intervention effect
(TauwU = .85, p<.001). The effect size of participant 2 indicated a moderate
intervention effect (TauU = .54, p=.01). The effect size of participant 3 indicated
limited to no intervention effect (Tau-U = .25, p = .28).

Overall, the four articles did not show traditional written CCC procedures to
be effective with every student with emotional or behavioral disorders. However,
verbal CCC procedures can help participants build math fact fluency for basic
addition or subtraction problems.

The Effectiveness of CCC with Different Target Skills

CCC has been shown to increase students math fluency rates when applied to
addition, subtraction, multiplication, and division problems.  Thirty studies
investigated the effectiveness of CCC at improving single-digit addition, subtraction,
multiplication, and simple division problems (see Table 1). Eight studies targeted
multi-digit addition, subtraction, or multiplication skills. Only six studies examined
the ability of CCC to improve students’ abilities to complete problems requiring
regrouping.

CCC and Basic Math Opations. The majority of CCC studies investigated
the effectiveness of helping improve basic addition, subtraction, multiplication, and
division problems. Among them, seven articles targeted basic addition, seven

articles targeted basic subtraction, 14 articles targeted basic multiplication, and four

27



targeted division problems. When the target problems were basic multiplication
problems, most participants demonstrated increased math fact fluency and math fact
accuracy (Johnson, 2015; Schrauben & Dean, 2019; Skinner et al., 1989). A very
limited number of the participants displayed slight or no increase in math fact fluency
and accuracy (Becker et al., 2009; Beson, 2014; King, 2014; Poncy et al., 2012).
However, the number of errors was not decreased among all of the participants and
some participants even demonstrated a slight increase in errors during intervention
(King, 2014). For basic addition and subtraction problems, most researchers
reported an increase in fluency and/or decrease in errors (Benson, 2013; Codding et
al., 2007; Codding, Volpe, Martin, & Krebs, 2019; Erkfritz-Gay, 2010; Grafman &
Cates, 2010; King, 2014; Piana, 2011; Poncy & Skinner, 2011; Poncy et al., 2006;
Smith, 2018). However, one research reported a slight decrease in fluency of
targeted subtraction and addition problems (Stephen, 2017) and another research
demonstrated a slight increase in errors per minute (King, 2014). For basic division
problems, all four articles reported that the participants demonstrated increases in
math fact fluency (Kitchens, 2013; Lee, 2015; Lee & Tingstorm, 1994; Skinner et al.,
1993). One of the four articles reported increasing math accuracy (Lee &
Tingstrom, 1994). Overall, the majority of the articles reported that CCC can help

participants increase math fact fluency and accuracy and decrease errors.
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CCC with Advanced Math Operations.A total of eight studies targeted two-
digit addition, subtraction, multiplication, or division problems with regrouping.
Among them, four studies investigated the effectiveness of CCC with problems that
require regrouping. Specifically, one study targeted three-digit by one-digit and
three-digit by two-digit with regrouping multiplication problems and three-digit plus
two-digit, three-digit plus three-digit problems with regrouping (Codding, Eckert, et
al., 2007). One study targeted two-digit plus two-digit problems (Codding et al..
2009) and another study targeted two-digit plus one-digit problems with regrouping
(Mong & Mong, 2012). One research targeted two-digit minus one-digit problems
with regrouping (Schutte, 2017).  Of these eight articles, most participants
demonstrated increased math fact fluency and accuracy.

The Generalization Ability of CCC

CCC is an evidence-based intervention strategy that has improved many
participants’ targeted math fact fluency skills. However, to date, CCC procedures
have not been highly effective at enhancing participants’ math fact generalization
skills (Codding, Eckert, et al., 2007).

Math fact fluency is a required skill that needs to be strengthened to develop
math fact generalization (Poncy, McCallum, et al., 2010). Codding, Eckert, et al.
(2007) examined the effectiveness of using CCC to generalize math fact fluency

skills. The math fluency results of the three participants indicated that the
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participants had difficulty generalizing the targeted skill to a slightly more difficult
math task. Specifically, participant one’s math fluency increased from a mean
DCPM of 47.75 during baseline to 29.50 during intervention. Participant two’s mean
DCPM rose from 28.75 during baseline to 40.50 during intervention. Participant
three’s mean DCPM increased from 28.50 during baseline to 36. For the
generalization probe, the authors did not report the exact scores they obtained from
the generalization probe, but they reported a slight increase in untrained problems. In
addition, Stephens (2017) examined the efficacy of CCC at helping participants
improve math fact fluency and then generalize the targeted skills to mathematical
word problems. However, there was no statistically significant difference found
between the intervention group and the control group. The research base suggests
fluency must be mastered in order to generalize skills (Stephens, 2017).

Poncy, Duhon, Lee, and Key (2010) investigated the effect of three procedures
designed to promote the generalization of simple addition to subtraction problems:
math fact fluency interventions, think-addition strategy, and cloze format sheets. The
researchers used a combination of explicit timing, goal-setting, performance feedback,
and rewards to help students build math fact fluency. The think-addition strategy
taught participants to use addition problems to support solving subtraction problems.
The cloze format sheets provided the participants opportunities to practice the think-

addition strategy to solve the subtraction problems. Nonetheless, the participants
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failed to demonstrate generalization. However, Schutte (2015) conducted a similar
study, based on the study by Poncy et al. (2010), to evaluate using these three
procedures to help participants develop generalization skills from basic addition
problems to subtraction problems and found positive results. Instead of using
explicit timing to help to build fluency, Schutte used CCC combined with fact family
triangles to help participants build math fact fluency. The results demonstrated that
the participants whose fluency levels were in the mastery range successfully
generalized addition skills to subtraction problems.

To date, CCC alone or combined with performance feedback has not been
effective at improving participants’ generalization ability. For example, Codding,
Eckert, et al. (2007) compared the efficacy of CCC alone, CCC with the feedback of
DCPM, and CCC with the feedback of digits incorrect per minute. The researchers
also investigated the generalization ability of CCC to slightly more difficult items.
Even though the participants accuracy slightly improved during the generalization
probe, it was still within the frustrational range. However, combining common
programming stimuli and procedural strategies teaching with CCC was found to help
a student achieve higher levels of generalization in basic math calculation (Schutte,
2017). Contrary to prior research (Poncy, McClallum, et al., 2010), Schutte
indicated that participants can generalize learned skills to untrained problems

immediately after procedural instruction and practice is implemented. In other
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words, programming common stimuli might be another powerful strategy that can be
used to promote generalization. Schutte pointed out that achieving the mastery level
for fluency is not enough for participants to develop generalization skills. Instead,
reaching the mastery level for prerequisite subskills plus procedural instruction
together can help students develop generalization skills.  Four key strategies are for
increasing generalizability of basic math skills appear to be common programming
stimuli, fact family triangle, the mastery level of prior sub-skills fluency level, and
procedural strategy coaching (Codding et al., 2007; Schutte, 2017). Each of these
will be discussed below.

Fluency levels of prerequisite skills can affect the development of
generalization. However, the fluency rate of prerequisite skills alone will not
guarantee the emergence of generalization (Codding et al., 2007).  Stephens (2017)
examined the relationship between prerequisite math computational fluency levels
and the generalization of math fact fluency of target skills to math word problems.
Stephens assigned 32 participants to two groups. The first group worked on spelling
as a control group and the intervention group received CCC to increase addition and
subtraction fluency rates. No statistically significant difference was found between
the control group and CCC group when examining the dependent variable (DCPM)

from pre-test to post-test. In other words, having math fluency rates in the mastery
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range does not elicit generalization on its own (i.e., it appears necessary but not
sufficient).

Fact family triangle is another strategy that is commonly used to increase math
fact fluency and generalization. It includes three numbers that can form an equation,
such as the numbers 12, 4, and 8 that are placed randomly in the three corners of a
triangle (Poncy, Skinner, & McCallum, 2012). Poncy, Skinner, et al. (2010)
embedded fact family triangles into the CCC intervention procedures. The
researchers put a fact family triangle in the first column and then asked the
participants to write a subtraction problem with answers according to the presented
fact family triangle. However, the results indicated that with this modified CCC
procedure, there were no significant difference between the CCC group and the
control group.

Schutte (2017) also used fact family triangles with CCC to test the efficacy of
improving the target skill (basic addition) and generalization ability to basic
subtraction skills.  The fact family triangle was provided on one side of the paper
and a blank space was provided beside the triangle. Thus, participants could learn
addition from the triangle and its related two addends. For example, for the fact
family triangle with numbers 8, 2, and 6, there was a blank space listed beside the
triangle. The participants were asked to look at the triangle family and say the two

addends related to it, suchas2+ 6 =8 and 6 + 2 =8. Then, the participants were
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asked to cover the fact family triangle and write the two addends on the space next to
it. Next, the participants were asked to use the triangle to examine their answer. If
the answers were correct, the participants were asked to verbally repeat the correct
answer twice and then move to next triangle.  If the answer was incorrect, the
participants were asked to cross out the wrong answer and then write down the correct
one. In addition, two worksheets (think-addition and cloze) were added to the
intervention to build strategy coaching. The think-addition worksheet was used to
teach participants how addition is related to subtraction. The interventionist used a
sentence like “To figure out what 8 —3=___ | think about the addition problem of
what number plus 3 equals 8?”. The cloze sheet was used to teach participants to
use what they learned from think-addition worksheets to practice the subtraction
problems. For the cloze sheet, the problems were listed in the format of addition,
suchas __ +5=8. The participants were asked to finish these problems by
thinking of “what plus 5 equals 8”. For the subtraction generalization probe results,
when the participants’ prior skill (addition) fluency level was more than 40 DCPM,
CCC promoted a significantly higher DCPM than the control set (t(574)=2.152,
p=.032). Similar to subtraction, for the division generalization probe results, when
the participants’ prior skill (multiplication) fluency level was within the high range a
significantly higher DCPM than the participants within the middle and low

multiplication fluency group (t(55)=7.904, p<.001) was found.
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The results indicated the participants’ generalization of subtraction only
occurred after the participants’ target addition problems reached mastery and was
paired with procedural instructions. The participants who were within the mastery

level on target skills demonstrated higher generalization fact fluency.
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CHAPTER FIVE
Discussion

Several studies have added additional intervention components or procedures to
CCC. The present review of the literature indicates these additions are not always
more effective than traditional CCC procedures.  Specifically, combining CCC with
error drill works better than using CCC alone because error drill provides more
opportunities for students to practice the target problems (Becker et al., 2009). The
provision of positive performance feedback (DCPM) and negative performance
feedback (digits incorrect per minute) resulted in no significant difference from
traditional CCC procedures in a study by Codding, Eckert, et al. (2007). However,
Codding, et al. (2009) found the addition of positive feedback was beneficial.

In addition, combining CCC with incentives can improve participants’
motivation level of continuing to participate in the study, but there was no evidence to
support the addition of incentives significantly improves math fact fluency or
accuracy (Codding et al,. 2009). When comparing PDF and self-feedback (CCC),
Skinner et al. (1992) found more participants responded better to CCC than PDF.
The application of these findings indicates that using incentives may improve

participants’ motivation to continue participating in the study. When comparing
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positive feedback with negative feedback, positive feedback is often more effective
than the negative feedback.

Besides adding more elements into the traditional CCC procedure, some
studies modified traditional CCC procedures to help meet different students’ needs,
such as adding an extra step before the traditional CCC procedures (i.e., MCCC) and
verbal CCC. Grafman and Cates (2010) found that CCC works better than MCCC to
help participants achieve a higher fluency level.  Skinner et al. (1991) and Skinner et
al. (1993) found that verbal CCC was better at increasing math fact fluency than
written CCC because it provides more opportunities for participants to practice.
However, verbal CCC also has limitations. For example, it can be disruptive to
others because the participants need to speak out loud. These findings suggest that
verbal CCC may be more appropriate if the teacher works one-on-one with the
student and away from other students.

CCC has been demonstrated to help students with and without most
disabilities. For students with disabilities, CCC has been effective for students with
ADHD and behavioral and emotional disorders (Piana, 2011; Skinner et al., 1991;
Skinner et al., 1993). Piana (2011) indicated that CCC works better with students
with ADHD when the extra components (MC, positive self-talking, and rewards)
were added into the general CCC procedures.  Skinner et al. (1991) and Skinner et

al. (1993) found that verbal CCC elicited greater improvement for students with
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behavioral or emotional difficulties than written CCC. However, no study
demonstrated that CCC or modified CCC works for students with autism. These
findings indicate that when using CCC with students with different disabilities, the
modification of CCC to meet different students’ needs should be carefully considered.

When investigating the effectiveness of CCC for different types of computation
skills, CCC has been found to increase basic math accuracy and fluency and decrease
errors per minute in basic addition, subtraction, multiplication, and division problems
(Benson, 2013; Codding et al., 2007; Codding et al., 2019; Erkfritz-Gay, 2010;
Grafman & Cates, 2010; Johnson, 2015; King, 2014; Kitchens, 2013; Lee, 2015; Lee
& Tingstorm, 1994; Piana, 2011; Poncy & Skinner, 2011; Poncy et al., 2006; Poncy,
Skinner, et al., 2010; Schrauben & Dean, 2019; Skinner et al., 1989; Smith, 2018).

It is also effective for more advanced skills, such as multi-digit addition, subtraction,
and multiplication requiring regrouping (Codding, Eckert, et al., 2007; Mong &
Mong, 2012; Schutte, 2017).

However, when examining the generalization ability of CCC, there was no
evidence to support that traditional CCC procedures can promote generalization
ability. Schutte (2017) found that adding extra components, such as fact family
triangle and procedural instruction, can help students generalize the learned skills to

untrained math calculation problems.
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Conclusion

In general, CCC is an effective math fluency intervention. However, only
four studies have examined the use of CCC with students receiving services for an
SLD. In addition, only three studies have targeted two-digit subtraction and addition
problems with regrouping (Codding et al., 2007, Codding et al., 2009; Mong & Mong,
2012). Additional research is needed to explore the effectiveness of CCC to support
students with an SLD who have difficulties with multi-digit addition or subtraction
problems requiring regrouping. Additional research is needed to substantiate the
utility of using CCC with students with autism.  Also, more research is needed to

establish the generalization ability of CCC.
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Table 1

Appendix A

CCC Atrticle Participant Information and Target Items

Author (Year)

Participant Information

Target Items

Alptekin (2019)

Special education student

Multiplication (1x1)

Becker et al. (2009)

Students with SLD

Multiplication (1x1)

Benson (2013)

General education students

Addition (1x1)
Subtraction (1x1)

Bolich, et al. (1995).

Students with ADHD and ADD

Multiplication (1x1)

Cieslar, McLaughlin, & Derby
(2008)

Special Education students diagnosed with a
behavioral disorder

Reduced the fraction to the simplest
form

Codding et al. (2007)

General education students

Multiplication (1x1)

Multiplication (3x1 with regrouping)
Multiplication (2x2)

Multiplication (3x2 with regrouping)
Addition (3x2 with regrouping)
Addition (3x3 with regrouping)

Codding et al. (2009)

General education students

Addition (2x2 without regrouping)
Addition (2x2 with regrouping)
Subtraction (1x1)

Subtraction (2x1 with regrouping)
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Table 1 (Continued)

CCC Atrticle Participant Information and Target Items

Author (Year) Participant Information Target Items
Codding et al. (2007) General education students Subtraction (1x1)
Codding et al. (2019) Unknown Subtraction (minuends from 1 to 20)
Erkfritz-Gay (2010) General education students Addition (1x1)
Grafman & Cates (2010) unknown Subtraction (1x1)
Subtraction (2x2 without regrouping)
Hayden & McCaughlin (2004) Students with SLD Multiplication (1x1)
Johnson (2015) Students with SLD Multiplication (1x1)
King (2014) Two participants with Other Health Impairment | Addition (1x1)
(OHI; ADHD/ODD) Multiplication (1x1)
One Participant with SLD & OHI (ADHD)
Kitchens (2013) Students with SLD Division (2x1)
Lee (2015) General education students Division (2x1)
Lee & Tingstorm (1994) Unknown Division (2x1)
Mellott & Ardoin (2019) General education students Multiplication (2x2)
Mong & Mong (2010) General education students Addition (2x1 without regrouping)
Mong & Mong (2012) General education students Addition (2x2 with regrouping)
Addition (2x1 with regrouping)
Addition (2x1 without regrouping)
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Table 1 (Continued)

CCC Atrticle Participant Information and Targkéms

Author (Year)

Participant Information

Target Items

Morton & Gadke, (2018)

Students with autism or a related disorder

Unknown

Piana (2011)

General education students

Subtraction (1x1)

Poncy & Skinner (2011)

None of the students received special education
services in the area of mathematics

Addition (1x1 without regrouping)
Addition (1x1 with regrouping)

Poncy, McCallum, et al. (2010)

General education students

Subtraction (2x1 without regrouping)

Poncy, Skinner et al. (2010)

General education students

Multiplication (1x1)

Poncy, et al. (2012)

General education students

Subtraction (1x1)

Poncy, et al. (2006)

Student with an Intellectual Disability

Addition (1x1)

Rahschulte (2015)

1 student receiving speech-language services
3 general education students

Multiplication (1x1)

Schrauben & Dean (2019)

Student with emotional and behavioral disorders

Multiplication (1x1)

Schutt (2017)

General education students

Subtraction (2x1 with regrouping)

Skinner (1990)

Unknown

Multiplication (1x1)

Skinner, et al. (1991)

Students with behavioral disorders

Multiplication (1x1)

Skinner, et al. (1989).

Students with behavior disorder

Multiplication (1x1)

Skinner, et al. (1993)

Students with behavior disorder

Division (2x1)

Skinner, et al. (1992)

General education students

Multiplication (1x1)

Smith (2018)

Unknown

Addition (1x1)
Subtraction (1x1)
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Table 1d(Continue

CCC Article

Participant I nformati on

and Target

| t e ms

Author (Year)

Participant Information

Target ltems

Spies (1998) General education students Multiplication (1x1)
Stading et al. (1996) Students with SLD Multiplication (1x1)
Stephens (2017) Unknown

Addition (1x1)
Subtraction (1x1)
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