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There is a need to increase mathematics achievement in U.S. schools, as only 41% of 

students in Grade 4, 34% of students in Grade 8, and 25% of students in Grade 12 have 

reached proficiency in mathematics (NAEP, 2019). Building acquisition and fluency with 

basic math facts has been identified as an important indicator of math achievement, as 

this may free cognitive resources for higher order problem solving (Carr, Taasoobshirazi, 

Stroud, & Royer, 2011; Geary, 2004; Gerten & Chard, 1999). Cover, Copy, and Compare 

(CCC) is one intervention that has been shown to help students build math fact fluency. 

However, a small number of participants in some studies have not responded to CCC 

(e.g., Lee & Tingstrom, 1994; Poncy et al., 2012), which highlights the need to identify 

specific intervention components that could potentially increase outcomes for these 

students. Motivational strategies are one potential avenue for increasing intervention 

outcomes. The What Works Clearinghouse (WWC, 2009) recommends the use of 

motivational strategies in math interventions, such as reinforcement and self-monitoring 

strategies, but points out that research in this area is limited. The purpose of this study 
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was to compare outcomes of CCC Alone, CCC with Reinforcement (CCC-R), and CCC 

with Goal Setting and Graphing Progress to a baseline condition. A modified alternating 

treatments design was employed. Data were analyzed using visual analysis and ADISO 

effect sizes were calculated to compare outcomes between treatment phases. Results 

indicated that CCC Alone was effective overall at increasing math fact fluency, although 

not all students demonstrated growth greater than the No Treatment phase. Comparisons 

between the CCC Alone and CCC-R phase indicated mixed results with some students 

demonstrating more growth with CCC-R and others with CCC Alone. Overall, it 

appeared that the goal setting and graphing progress intervention was the most effective 

based on ADISO effect size data. 
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The Use of Motivational Strategies to Enhance Academic Outcomes of Cover, Copy, and 

Compare Mathematics Intervention 

 In 2008, the National Math Advisory Panel (NMAP) released a report that 

summarized research findings related to math achievement in the United States. A major 

emphasis of the report was the need for improvements in our country’s math curriculum, 

as many students are not meeting proficiency in mathematics (Rahman, Bandeira de 

Mello, Fox, & Ji, 2019). Math achievement in the United States has implications on an 

individual and national level (NMAP, 2008). On an individual level, the benefits of 

mathematics knowledge are clear. Early math skills are predictive of increased reading, 

math, and science achievement (Siegler et al., 2012). In addition, poor math skills have 

been found to predict grade retention and school dropout (Claessens & Engel, 2013). 

Research has indicated that math skills are a predictor of income, employment, and work 

productivity later in life (Rivera-Batiz, 1992; Williams, 2003). Career aspirations from 

Grade 9 to three years post-high school have been found to differ significantly as a 

function of Grade 9 math achievement, with students with lower mathematics 

achievement reporting aspirations for careers with lower prestige ratings than students 

with higher math achievement (Shapka & Keating, 2007). Relationships have also been 

identified between the completion of Algebra II in high school and future college 

attendance, graduation, and increased income (NMAP, 2008). On a national level, there 

is a need for citizens who are proficient in mathematics to fill the roles of national leaders 

and policy-makers, enhance our workforce, and aid in the advancement of technology 

(NMAP, 2008).  
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Introduction 

 Despite the clear need for proficiency in mathematics, according to the most 

recent report from the National Assessment of Educational Progress (NAEP), a 

significant percentage of students in the U.S. are not reaching proficiency in mathematics 

(NAEP, 2019). Findings indicated that only 41% of students in Grade 4, 34% of students 

in Grade 8, and 25% of students in Grade 12 reached proficiency in mathematics in 2019. 

This indicates that over half of students between Grade 4 and Grade 12 are not meeting 

proficiency levels in mathematics. In California, the number of students reaching 

proficiency in mathematics is below the national average with only 34% of fourth-grade 

students and 29% of eighth-grade students at or above proficiency level (NAEP, 2019). 

The low number of students reaching proficiency in the United States and in the state of 

California further emphasizes the need to effectively increase mathematics achievement 

for all students.  

The National Math Advisory Panel (2008) identified several factors as being 

critical in the development of math proficiency. These factors include readiness for 

learning, conceptual understanding and computational proficiency in whole number 

arithmetic, number sense, fractions, geometry and measurements, and social, 

motivational, and affective influences. Whole number computational proficiency requires 

students to be fluent in their ability to recall basic math facts. Fluency requires the 

automatic recall of math facts and is obtained when it is faster to complete computations 

through recall than to perform the mental computation necessary to solve a problem 

(Burns, 2005). The National Math Advisory Panel (NMAP) report emphasizes the 



3 

 

importance of automatic recall of basic addition, subtraction, multiplication, and division 

facts in facilitating higher level mathematics problems solving (NMAP, 2008). 

Additionally, the Common Core State Standards Initiative requires students to be fluent 

with addition and subtraction facts within 5 by the end of kindergarten, within 10 by the 

end of first grade and within 100 by the end of second grade. By the end of third grade, 

students are required to be able to fluently multiply and divide within 100, and know all 

products of two one-digit numbers by memory. In the fourth grade, students are expected 

to apply their knowledge of basic math facts to higher order problems, such as multi-step 

word problems and multi-digit computations (National Governors Association, 2010).  

Difficulties can arise when students who have not mastered basic math facts are 

asked to solve problems that require higher order skills (Rivera & Bryant, 1992). 

Researchers have theorized that students who are unable to retrieve basic math facts put 

too many cognitive resources towards basic computations, making it difficult to allocate 

sufficient attention to the larger problem-solving process (Carr et al., 2011; Geary, 2004; 

Gerten & Chard, 1999). In addition, students who lack basic math fact fluency are forced 

to rely on inferior strategies to solve basic math problems, such as counting on their 

fingers (Stocker et al., 2007). Despite the importance of automatic recall of basic math 

facts, many children in the United States do not ever reach proficiency in the fast recall of 

single-digit math facts (NMAP, 2008). One potential explanation for this is that sufficient 

practice is not provided (Daly, Martens, Barnett, Witt, & Olson, 2007; Witzel & 

Riccomini, 2007).     
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The guidelines presented by What Works Clearinghouse (WWC) for assisting 

students struggling with mathematics also highlights the importance of building fluency 

in the retrieval of basic arithmetic facts across all grade levels (Gersten et al., 2009). A 

student’s ability to retrieve arithmetic facts quickly is necessary for success in 

mathematics, and students who struggle with mathematics often show deficits in this area 

(Geary, 2004; Geary, Hoard, Byrd-Craven, Nugent, & Numtee, 2007; Miller & Mercer, 

1997; Nelson, Burns, Kanive, & Ysseldyke, 2013). WWC guidelines recommend that 

math fact fluency building be incorporated into math interventions with both elementary 

and middle school students (Gersten et al., 2009). Although research meeting WWC 

standards has included only elementary school participants, the panel concluded that 

math fact fluency building should be considered at the middle school level as well 

(Gersten et al., 2009). Math fact fluency interventions generally require a minimal 

amount of time to administer (roughly 10 minutes) and can be used on their own or as 

part of a larger mathematics intervention program (Gersten et al., 2009). Seven studies 

meeting WWC standards with or without reservations have been conducted examining 

the effectiveness of intervention to improve math fact fluency (i.e., Beirne-Smith, 1991; 

Fuchs et al., 2005; Fuchs et al., 2006; Fuchs, Powell, Hamlett, & Fuchs, 2008; Fuchs, 

Seethaler et al., 2008; Tournaki, 2003; Woodward, 2006). Based on the methods and 

results of these studies, WWC recommends that all mathematics intervention include a 

minimum of 10 minutes of fluency practice per session.   
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Cover, Copy, and Compare Intervention 

One intervention that utilizes drill and practice type strategies to increase math 

fact fluency is Cover, Copy, and Compare (CCC; McLaughlin & Skinner, 1996). A 

substantial body of research has indicated is CCC is an effective means for increasing 

students’ math fact fluency. This intervention utilizes self-monitoring techniques to build 

acquisition and fluency in a wide range of subject areas (Mclaughlin & Skinner, 1996), 

including spelling (Breach, McLaughlin, & Derby, 2015; Cuvo, Ashley, Marso, Zhang, & 

Fry, 1995; Erion, Davenport, Rodax, Scholl & Hardy, 2009; Hubert, Weber, & 

McLaughlin, 2000; Murphy, Hern, Williams, & McLaughlin, 1990), sight words (Cuvo, 

Ashley, Marso, Zhang, & Fry, 1995), science (Smith, Dittmer, & Skinner, 2002), 

geography (Skinner, Belfoire, & Pierce, 1992) and mathematics (Codding, Shiyko, et al., 

2007; Ozaki, 1996; Poncy, Skinner, & Jasper, 2007; Poncy, Skinner, & O’Mara, 2006; 

Skinner, Bamberg, Smith & Powell, 1993; Skinner, Ford, & Yunker, 1991; Skinner, 

Shapiro, Turco, Cole, & Brown, 1992).   

Description of Cover, Copy, and Compare. In addition to its flexibility across 

subject areas, CCC can be used across various settings and with a wide range of students 

(Skinner, McLaughlin, & Logan, 1997). CCC is also time efficient and cost effective, as 

it requires minimal training to implement (Skinner, Turco, Beatty, & Rasavage, 1989). 

CCC was originally introduced as an intervention for spelling by McGuigan (1975). In 

this initial study, students were given as list of spelling words to memorize. After looking 

at a word, the students were then asked to cover the word and reproduce it from memory. 

In the compare step of the interventions, students would uncover the word and compare 
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their spelling to the correct spelling. Response modalities in CCC can be verbal, written, 

or both (Skinner et al., 1997). CCC also incorporates self-monitoring; by assessing their 

own accuracy in the compare step, students are given the opportunity to self-correct 

(Konrad & Joseph, 2014).  

Cover, Copy, and Compare and Mathematics. Although CCC was originally 

studied as a means to increase spelling accuracy, a number of studies have now been 

conducted on CCC for mathematics to increase math fact knowledge (Codding, Shiyko, 

et al., 2007; Ozaki, 1996; Poncy et al., 2007; Poncy et al., 2006; Skinner et al., 1993). 

The target of these studies has been to increase both acquisition and fluency of addition 

(Poncy & Skinner, 2011), subtraction (Codding, Shiyko, et al., 2007; Poncy, Skinner, & 

McCallum, 2012), multiplication (Skinner et al., 1989; Stadding & Williams, 1996), and 

division facts (Lee & Tingstrom, 1994; Skinner et al., 1993).  

Research has examined the efficacy of CCC for math facts for students at various 

instructional levels. This research has suggested that CCC is most effective for students 

in the acquisition phase of learning, or those who are at a frustrational instructional level 

(Burns, Codding, Boice, & Lukito, 2010; Codding, Shiyko, et al., 2007), while basic drill 

and practice models are the most effective method for increasing math fact fluency 

(Burns, 2005; Burns et al., 2010). Since CCC includes modeling and feedback 

components, it is most useful for students in the acquisition phase of learning (Burns et 

al., 2010). Studies that have directly compared the use of CCC to purely drill and practice 

approaches (e.g., Explicit Timing) have found that students who were performing at 

frustration level showed more improvement on basic fact fluency with CCC and students 
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who were performing at instructional level displayed greater gains with a drill and 

practice approach (Burns, Codding, Boice, & Lukito, 2010; Codding, Shiyko, et al., 

2007).  

In each of these studies, frustration level was defined based on digits correct per 

minute (DCPM). However, the definition of frustration level for math fact fluency has 

not been consistent across studies. One study categorized students as performing at 

frustration level if they scored less than 14 DCPM in Grades 2 and 3, and below 24 

DCPM in Grades 4 through 6 (Burns et al., 2010). Other studies identified frustration 

level as below 10 DCPM for Grades 1 through 3 (Codding, Shiyko, et al., 2007). 

 Although research has consistently indicated that CCC is most effective as an 

acquisition intervention for teaching students who are at frustration level (Codding, 

Shiyko, et al., 2007, Burns et al., 2010), research has indicated that CCC has some utility 

for increasing math fact fluency as well (Skinner et al., 1993).  The characteristics of 

studies which have examined CCC for mathematics, including study designs, target 

populations, settings, modifications made to CCC, and outcome measures, are discussed 

in detail below.  

Study design characteristics. The vast majority of studies examining CCC 

interventions for mathematics utilized single case designs (SCD). The most common 

designs were alternating treatments and multiple baseline designs. One study utilized a 

group design with random assignment and included 98 participants (Codding, Shiyko, et 

al., 2007).  
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Multiple baseline design was most commonly used across different but 

functionally equivalent problem sets, which were introduced at staggered time points to 

the same participants (Lee & Tingstrom, 1994; Poncy & Skinner, 2011; Skinner et al., 

1993; Skinner et al., 1989; Stading & Williams, 1996). Methodologically, each problem 

set consists of different math problems in order to avoid carryover effects between 

phases. However, these sets are designed to be of relatively-equivalent difficulty. 

A number of studies conducted on CCC have compared more than one treatment 

condition and done so using an alternating treatment design (ATD). Instructional research 

is at particular risk for carryover effects, meaning the material learned in one intervention 

phase may be likely to carry over into subsequent treatment phases, as information taught 

in each phase will ideally be retained by participants. For this reason, a modified ATD 

design was frequently used in studies examining more than one treatment condition of 

CCC for mathematics (e.g., Poncy et al., 2012; Skinner et al., 1991; Skinner, Shapiro, et 

al., 1992). In this modified ATD, distinct but relatively equivalent problem sets were 

used for each treatment phase in order to avoid carryover effects. Although the majority 

of studies using a modified ATD with CCC for mathematics did not explain how problem 

sets were created (e.g., Poncy et al., 2012), a few outlined their criteria for creating these 

problem sets (e.g., Poncy & Skinner, 2011).   

Two studies were identified which synthesized previous research in order to 

examine the effects of CCC on math fact fluency. A recent literature review compiled 

studies that evaluated the effects of CCC to increase math fact fluency for students with 

math difficulties (Stocker & Kubina, 2017). Eight studies were identified for the review. 
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Outcomes were reported for each of these studies based on whether or not participants 

showed increases in DCPM and three studies also included whether participants reached 

a mastery level of 40 DCPM as an outcome measure (Lee & Tingstrom, 1994; Skinner et 

al., 1989; Skinner et al., 1993). Deno and Mirkin originally proposed this mastery-level 

criteria of 40 DCPM, which has been subsequently used across math research (1977). 

However, the criteria of 40 DCPM was proposed as an estimate with no supporting data. 

A recent study proposed an update to the criteria for instructional level by averaging the 

fluency scores of high responders (Burns, VanDerHeyden, & Jiban, 2006). The review 

concluded that CCC is effective in increasing student performance on math computation, 

as most participants across studies displayed an increase in DCPM or reached mastery by 

the end of intervention implementation. 

A second study utilized meta-analytic techniques to synthesize the results of 

previous research on CCC (Joseph, Konrad, Vajcner, Eveleigh, & Fischley, 2012). The 

analysis also examined variations of the intervention; in one variation, an additional step 

was added in which students were asked write the math problem once before covering the 

problem, while another included corrective feedback provided by a peer. Finally, two 

studies included additional components: goal setting with feedback and a token economy 

system. Thirty-one studies were identified for the analysis with a total of 309 participants. 

Twelve of these studies targeted mathematics skills and included a total of 184 subjects. 

Percent of Nonoverlapping Data (PND) values were calculated for each type of study 

targeting mathematics skills (i.e., additional components, additional step, peer feedback, 

and CCC Alone). Results indicated that effect sizes were highest in studies that included 
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additional components with PND ranging from 87.5 to 89.0. CCC with an additional step 

(PND = 66.7) and CCC with peer feedback (PND = 61.5) appeared to be least effective. 

The PND for CCC Alone was reported as 73.9 and the average PND across was studies 

was 72.5 (Joseph, Konrad, Vajcner, Eveleigh, & Fischley, 2012). Crucially, there is 

strong evidence to suggest that PND is not comparable between studies and suffers from 

significant statistical issues which should preclude its use in meta-analysis (Shadish, 

Hedges, Horner, & Odom, 2015). 

Target populations. Research on CCC for mathematics has been conducted with 

participants of varying age groups, disability statuses, and instructional levels. The 

majority of CCC studies have been conducted with elementary school students (Codding, 

Shiyko, et al., 2007; Poncy & Skinner, 2011; Stadding & Williams, 1996). A few studies 

have also been conducted with middle school students in Grade 6 (Codding, Eckert, et al., 

2007; Skinner, Shapiro, et al., 1992; Skinner et al., 1993) and one study was conducted 

with tenth grade high school students (Skinner et al., 1989). CCC studies have also been 

conducted with students with disabilities, including learning disabilities (Stadding & 

Williams, 1996) and behavioral disturbance (Skinner et al., 1989; Skinner et al., 1993).  

Settings. The vast majority of CCC research targeting mathematics has been 

conducted in a school setting. Specific instructional settings within the school have 

included small group intervention (Codding, Eckert, et al., 2007; Codding, Shiyko, et al., 

2007; Skinner, Shapiro, et al., 1992; Skinner et al., 1989), whole class intervention (Lee 

& Tingstrom, 1994; Poncy & Skinner, 2011; Poncy et al., 2012), and special education 
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settings (Skinner et al., 1993). Two studies were conducted in a home setting (Stading & 

Williams, 1996; Stone, McLaughlin, & Weber, 2002).  

Mixed results have been obtained when CCC has been used with a whole class in 

a general education setting (Poncy & Skinner, 2011; Poncy et al., 2012). This may be due 

to a lack of instructional fit, as many students in the general education classroom may be 

in the fluency stage of learning, while CCC has been found to be most effective as an 

acquisition intervention (Burns et al., 2010; Codding et al., 2007). One of the two studies 

that examined the effects of CCC in the home was conducted with a single Grade 3 

participant, and targeted multiplication fact fluency (Stading & Williams, 1996). In this 

study, the participant’s parent administered the intervention. The second study was 

conducted in the home with a single participant in Grade 4 and targeted division facts 

(Stone, McLaughlin, & Weber, 2002). Both studies utilized a multiple baseline design 

with staggered introductions of problem sets, and both found an increase in percent 

correct from the baseline to treatment phase for participants (Stading & Williams, 1996; 

Stone, McLaughlin, & Weber, 2002).  

Modifications to Cover, Copy, and Compare. Many researchers have made 

modifications to CCC in order to determine whether the intervention is more or less 

effective under certain conditions. For example, researchers have changed the order of 

the CCC steps (Grafman & Cates, 2010), examined the effects of a verbal component 

within CCC (Skinner et al., 1993; Skinner et al., 1991), and included class-wide rewards 

(Poncy & Skinner, 2011). Other studies included various types of feedback, some of 

which included goal setting (Codding, Eckert, et al., 2007; Skinner et al., 1993). These 
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studies have provided some insight into the conditions under which CCC is most 

effective.  

Grafman and Cates (2010) examined the effects of standard CCC to a modified 

CCC procedure in which students were asked to copy the complete problem before 

completing the standard CCC procedures. Findings indicated that standard CCC was 

more effective than the modified CCC procedure in increasing fluency. Although 

students were allotted the same amount of time on both types of worksheets, the modified 

CCC required an extra step. As a result, students in the error correction group may not 

have been able to complete as many problems as students in the CCC group alone, 

thereby damaging the internal validity of the study. 

Verbal vs. written responses. One study examined the use of CCC for division 

facts using verbal rather than written responses (Skinner et al., 1993). The participants in 

this study were three male elementary school students who were 12, 12, and 9 years-old 

and attended a private school for students with behavioral disorders. These students were 

selected because their teacher indicated that all three of them were having trouble 

completing assignments related to division. Baseline data indicated that students were 

able to accurately complete basic division facts; however, they fell below the threshold of 

40 DCPM (Deno & Mirkins, 1977), indicating that these students needed to improve their 

rate of response. Two of the three subjects reached mastery, and one student displayed 

minimal growth from baseline to treatment and was unable to reach mastery level with 

CCC (Skinner et al., 1993).  
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A second study used a similar approach, but directly compared the use of verbal 

and written responses in order to determine if one method was more effective (Skinner et 

al., 1991). This study used an alternating treatment design and included two elementary 

school students. Findings indicated that both students improved in the verbal CCC 

condition over the baseline condition. The written CCC was effective for one of the two 

participants, and verbal CCC was more effective than written for both participants. This 

finding is one indication that verbal CCC may be more effective than written. The 

authors suggested that this finding may be attributable to the fact that verbal CCC is 

generally faster than written, which allowed students to produce more responses within 

allotted intervention time (Skinner et al., 1991).  

Feedback and goal setting. Other studies have examined outcomes based on the 

type of feedback within CCC intervention. One such study examined the difference 

between self-delivered and peer-delivered corrective feedback when teaching 

multiplication facts (Skinner, Shapiro, et al., 1992). This project used an alternating 

treatment design with six Grade 2 students. In the self-delivered feedback condition, 

students checked the accuracy of their own responses in the same manner that was 

described in a typical CCC intervention. In the peer feedback condition, a peer would 

look at the participant’s response and an index card with the correct response to compare 

the answers. If the response was incorrect, the peer would return the sheet and the index 

card to the participant in order for them to redo the problem. No verbal element was 

included in the peer-feedback condition. Findings demonstrated an increase in both 

treatment groups above baseline across all six participants. However, there were mixed 
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findings regarding whether peer or self-delivered feedback was more effective. Four 

participants showed higher fluency rates in the self-feedback condition and two 

participants were found to have higher fluency rates in the peer-feedback condition 

(Skinner, Shapiro, et al., 1992). 

Another study compared the effects of CCC Alone and combined with 

performance feedback (PF) on digits correct and digits incorrect (Codding, Eckert, et al., 

2007).  The participants in the study were three Grade 6 students whose teacher had 

recommended them for the intervention, as they were identified as needing extra help 

with basic math facts. An alternating treatments design was employed. In the “PF on 

digits correct” condition, the researcher presented the student with a bar graph of her 

previous assessment results. The researcher would then encourage the student to beat this 

score in the present session. The “PF on incorrect digits” condition utilized the same 

procedure but gave feedback on the number of errors made rather than digits correct. In 

both conditions, students scored their own assessment and put this information on their 

bar graphs. A third condition employed CCC without any PF procedures. Although there 

were improvements from baseline to treatment phases across all participants, there were 

no notable differences between treatment phases, suggesting that performance feedback 

did not have an effect on outcomes.  

One study directly compared the effects of the CCC intervention on subtraction 

fluency with and without goal setting (Codding et al., 2009). Participants were 173 

students in Grade 3, who were assigned to one of four conditions: CCC Alone, CCC with 

goal setting to increase number of correct problems, CCC with goal setting to decrease 
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number of incorrect problems, and a control condition. Study participants were identified 

as being at a frustration instructional level, but made relatively few errors, indicating that 

they were at the beginning of the fluency stage. As expected, students in all CCC 

conditions had higher final scores and faster growth rates than students in the control 

condition. The CCC with goal setting for correct responses group had significantly higher 

posttest scores and faster growth rates than the CCC with goals setting to decrease errors 

group. The CCC with goal setting for correct responses group also displayed significantly 

faster growth rates than the CCC Alone group (Codding et al., 2009).  

Rewards. In one study in which CCC was implemented as a whole class 

intervention, subjects were told that if the whole class was able to complete more 

problems on average than they had on the previous day, they would receive a reward 

(Poncy & Skinner, 2011). Rewards were chosen by the teacher based on her perception of 

what would be reinforcing to the class. However, to save time, the number of problems 

completed were not actually calculated. Therefore, rewards were non-contingent. 

Outcomes indicated an increase in the class average of DCPM across each of the three 

problem sets. However, the effect of including rewards was not isolated from the CCC 

intervention. 

Outcome measures. The most common outcome measure across the math CCC 

studies reviewed was DCPM on researcher-created measures. These measures directly 

assessed the math facts presented in the intervention sessions and targeted basic math 

facts in the areas of addition, subtraction, multiplication, and division (e.g. Lee & 

Tingstrom, 1994; Poncy & Skinner, 2011; Poncy et al., 2012). The number of problems 
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contained in each probe ranged from 12 to 49. Digits Incorrect per Minute (DIPM) was 

also included as an outcome measure in some research studies (e.g., Codding et al., 

2009). One study utilized number of correct and incorrect problems per minute based on 

the CCC worksheet, rather than providing a separate outcome measure (Becker et al., 

2009). Other outcome measures included number of problems correct (Cieslar, 

McLaughlin, & Derby, 2010; Codding et al., 2009). However, this serves as a measure of 

accuracy alone, whereas DCPM measures both accuracy and fluency.  

Results and non-responders. Although research has consistently demonstrated 

support for the use of CCC to increase math fact fluency, a significant portion of research 

participants did not show improvements. Researchers have proposed two main 

explanations for why some students did not respond to the CCC intervention. First, 

researchers have suggested that the students’ instructional level was not adequately 

matched to the intervention (Lee & Tingstrom, 1994; Poncy & Skinner, 2011; Poncy et 

al., 2012). This may have limited the growth of participants if, for example, a student 

were at instructional level and needed to increase fluency rather than acquisition, as CCC 

has been shown to be most effective as an acquisition intervention (Burns et al., 2010). 

Second, there may have factors outside of instruction impacting student outcomes, such 

as participation and effort. For this reason, some students may have required 

reinforcement in order to remain engaged in and benefit from the intervention. Across 

multiple studies, researchers suggested that study participants who did not show 

sufficient progress may have improved with the use of motivational strategies such as 
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reinforcement (Poncy & Skinner, 2011; Poncy et al., 2012) and goal setting (Skinner et 

al., 1993).   

One example of a study that included non-responders found intervention effects 

for only two of the three study participants (Skinner et al., 1993). It was hypothesized that 

this non-responding student’s outcomes would improve with the addition of goal setting 

and performance feedback, due to the fact that he expressed concern related to his 

progress compared to other students in the intervention. Visual analysis indicated a 

positive effect of the addition of feedback and goal setting and the student was able to 

reach mastery level (40 DCPM) with this added intervention component. Therefore, with 

the addition of these components, this participant would no longer be considered a non-

responder.  

Another study including non-responders was a class-wide CCC intervention 

conducted by Poncy and Skinner (2011). In this intervention, effectiveness was 

determined based on the class average of DCPM from baseline to treatment phase. 

However, when individual student scores were analyzed, not all students responded to the 

intervention. Researchers hypothesized that the inclusion of reinforcement may have 

increased outcomes for these students (Poncy & Skinner, 2011). Although class-wide 

rewards were included in this intervention, it was suggested that future research consider 

tailoring these contingencies to individual students to increase the likelihood of them 

serving as reinforcement and delivering this reinforcement contingent on individual 

performance (Poncy & Skinner, 2011).  
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Motivational Strategies to Increase Academic Outcomes  

Targeted math interventions like CCC are one avenue for increasing math 

achievement. Although the previously discussed studies suggest that overall, CCC is 

effective in increasing math fact fluency, not all participants were responsive to the 

intervention (e.g., Lee & Tingstrom, 1994). Non-responders have been identified in other 

research-based tier 2 and 3 mathematics interventions as well. The number of students 

who do not respond to research-based math interventions varies between studies, but has 

been estimated to be roughly between 3% and 8% (Fuchs, Fuchs, & Compton, 2012). 

These non-responders suggest a more general need during intervention design to identify 

ways to increase intervention effectiveness. In addition, there is a need to identify and 

isolate the effects of specific intervention components that can increase outcomes for all 

students. This information could help to create math fact interventions that address 

students’ needs efficiently and effectively in schools.  

One potential way to increase the effectiveness of mathematics interventions is 

the use of strategies aimed at increasing student motivation. Several authors have 

suggested that motivation plays a key role in academic outcomes (Ames, 1992; Cleary & 

Chen, 2009; Singh, Granville, & Dika, 2002). Additionally, the National Mathematics 

Advisory Report emphasizes the need for overcoming students’ lack of motivation in 

mathematics (2008). The What Works Clearinghouse (WWC) recommends the use of 

“motivational strategies” at tier 1 and 2 within an RTI framework, stating that “even a 

well designed curriculum may falter without behavioral supports” (Gersten et al., 2009, p. 

44). However, the recommendation to include motivational strategies in mathematics 
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intervention is based largely on the professional opinion of the WWC panel, as the 

present research is not clear on this subject (Gersten et al., 2009).  

Motivation has been noted as having particular importance in the area of 

mathematics (Aiken & Dreger, 1961; Eckles & Jacobs, 1986; Gunderson, Ramirez, 

Levine & Beilock, 2012). Research in this area has highlighted the fact that negative 

attitudes and stereotypes related to mathematics are a pervasive problem and may be 

impacting both children’s attitudes towards and motivation to do math. Some researchers 

have labeled these negative attitudes and fears associated with mathematics as math 

anxiety (Ramirez, Shaw, & Malony, 2018). Students with skill deficits in math tend to 

also have negative attitudes (Namkung, Peng, & Lin, 2019). However, research has 

suggested that negative attitudes towards mathematics may lead to a decrease in math 

achievement, even after controlling for mathematics ability (Ashcraft, 2007). Lack of 

motivation and negative attitudes towards mathematics appears to be of particular 

relevance for historically-marginalized groups that suffer from racist and gender 

stereotypes as being unskilled in mathematics, such as African Americans, Latinos, and 

females (Gunderson et al., 2011; Kotak, 2017). Some research has indicated that negative 

attitudes towards math may develop as early as elementary school (Beilock et al., 2010). 

Despite the need to increase student motivation in the area of mathematics, few 

interventions have been examined in this area. Those that have been examined focus 

mainly on emotional regulation strategies such as thought reframing and journaling 

(Malony & Beilock, 2012). The main types of behavioral strategies that have been 

https://scholar.google.com/citations?user=Vm9ZbxoAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=l9rzLLMAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=ZiNKqt0AAAAJ&hl=en&oi=sra
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included in mathematics intervention research to increase motivation include goal setting 

and graphing of student progress, the use of tangible rewards, and verbal praise.   

Expectancy-value theory of motivation. Given the complexity of the construct 

of motivation, a wide range of definitions and theories related to motivation have been 

proposed in the literature. One prominent theory of motivation is expectancy-value theory 

(EVT; Eccles, 2011; Wigfield, 1994; Wigfield & Eccles, 1999), which posits that the 

amount of effort a student will put into a task can be explained by that child’s 

expectancy, or the degree to which she expects to succeed combined with the child’s 

perception of the task value (Green, 2002). Whether or not a child expects to do well on a 

task can be influenced by many factors, including previous successes or failures and 

social influences. Gender and cultural stereotypes have also been hypothesized as having 

an impact on student motivation.  

The degree to which a child finds value in a task can depend on a number of other 

factors as well. In the modern theory of EVT, task value is referred to as subjective task 

value (Eccles, 2011), which emphasizes the fact that the perceived value of various 

consequences can vary from person to person. Subjective task value is hypothesized to be 

influenced by four factors: utility value, intrinsic interest or task enjoyment, attainment 

value, and the perceived cost of engaging in the activity. Utility value is the potential for 

reinforcement contingent upon task outcomes. It is important to note that utility value is 

different for everyone, as what is reinforcing for some may not be reinforcing for others. 

Intrinsic interest is simply how much enjoyment an individual gains from a task. 

Attainment value is how important it is to an individual to do well on a particular task. 
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This relates to whether outcomes of a particular task will contribute to or interfere with 

an individual’s self-schema. If outcomes of a task have the potential to interfere with an 

individual’s self-schema, motivation may be particularly impacted. Finally, the cost of 

partaking in a task refers to the potential for unwanted consequences. This could include 

anxiety related to a task, the fear of failure, or missed opportunity to engage in a preferred 

activity. These four components (utility value, intrinsic interest or task enjoyment, 

attainment value, and the perceived cost of engaging in the activity) can each play a role 

in an individual’s subjective task value (Eccles & Wigfield, 2002).  

A number of factors have been identified as potentially influencing student 

motivation specifically in the area of mathematics, including math attitudes and anxiety 

(Aiken & Dreger, 1961; Malony & Beilock, 2012), self-efficacy (Bandura, 1994; Schunk, 

1991), social influence (Eccles & Jacobs, 1986; Gunderson et al., 2012; Wentzel, 1998), 

gender stereotypes (Beilock & Gunderson, 2009; Ganley & Vasilyeva, 2011; Spencer, 

Steele, & Quinn, 1999), goal setting (Bandura, 1988; Bandura & Cervone, 1983; Bandura 

& Schunk, 1981; Elliott, Elaine, Dweck, & Carol, 1988; Locke & Latham, 1990; Schunk, 

1985; Schunck 1989) and reinforcement (Cameron & Pierce, 1996; Liaupsin, Umbreit, 

Ferro, Urso, & Upreti, 2006; Warwick, 2008).  

In the present study, two behavioral techniques to increase motivation will be 

examined: reinforcement and graphing progress combined with goal setting. Under the 

expectancy-value theory of motivation, providing reinforcement for work completion and 

accuracy could increase an individual’s perceived task value by increasing the attainment 

value. Utilizing self-monitoring techniques, including graphing of academic progress and 
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goal setting, could potentially increase motivation in the area of mathematics by 

increasing expectancy. Allowing students to track their own progress and success in 

meeting agreed-upon goals could potentially increase their expectations for future success 

or self-efficacy, thus increasing motivation (Eccles, 2009; Eccles, 2011).  

Reinforcement 

Reinforcement is any stimulus that occurs after a behavior that increases the 

likelihood of that behavior occurring in the future (Cooper et al., 2012). Within EVT of 

motivation (Wigfield, 1994), the use of reinforcement could potentially increase the 

perceived value of an activity. In other words, the value of a behavior or activity is 

increased by providing the individual with a desirable outcome (reinforcement) for 

completing the behavior or activity.  

One criticism of the use of tangible reinforcement is that it may lead to a decrease 

in intrinsic motivation, but much of the research supporting this notion has notable 

methodological flaws, such as small sample sizes and high alpha values on statistical 

significance tests (Deci, 1971; Deci, 1972; Deci, Koester, & Ryan, 2001; Deci, 

Vallerand, Pelletier, & Ryan, 1991). Others argue that intrinsic and extrinsic motivation 

are overlapping concepts that cannot be separated (Cameron & Pierce, 1996). From this 

perspective, intrinsically motivated behavior is simply behavior for which the controlling 

stimuli has not yet been identified. For example, the behavior may be controlled by 

intermittent reinforcement or the anticipation of future rewards (Bandura, 1977).  

Findings suggesting a relationship between tangible rewards and a decrease in 

intrinsic motivation were challenged in a meta-analysis conducted by Cameron and 
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Pierce (1994) that aimed to measure the effects of reinforcement, including verbal praise 

and tangible rewards, on intrinsic motivation. The analysis included 96 studies and made 

a critical distinction between rewards and reinforcement. A reward was defined as a 

stimulus following a behavior that is presumed to be positive. Reinforcement, however, 

must lead to an increase in the frequency of future occurrences of the behavior. The meta-

analysis aimed to determine the overall effects of rewards on intrinsic motivation, the 

effects of specific types of rewards on intrinsic motivation, and the effects of 

reinforcement on intrinsic motivation. Results indicated that reinforcement did not have 

an overall negative impact on these measures of intrinsic motivation. On the contrary, 

many studies included in the analysis identified positive effects of reinforcement on 

student motivation as measured by self-ratings, work completion, academic achievement, 

and academic engagement. Additionally, a number of studies that utilized reinforcement 

within mathematics intervention concluded that it has a positive effect on math attitudes 

(Fuchs et al., 2005; Fuchs, Seethaler, et al., 2008; Vasta & Stripe, 1979). It has been 

further recommended that rewards are contingent upon engagement, completion, or 

achievement (Cameron & Pierce, 1994; Gersten et al., 2009).   

Research has indicated that math interventions that include rewards are effective 

in increasing academic outcomes (Fuchs et al., 2005; Fuchs, Seethaler, et al., 2008; 

Schunk & Cox, 1986; Vasta & Stirpe, 1979). The types of rewards that have been 

included in the literature vary from study to study. There are also notable variations in the 

target behaviors that are rewarded. Some studies provided rewards contingent on on-task 

behavior (Fuchs, Fuchs, et al., 2008; Fuchs et al., 2005; Schunk & Cox, 1986), while 
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others reward accuracy or correct answers rather than academic engagement (Fuchs, 

Fuchs, et al., 2008; Fuchs, Seethaler, et al., 2008).  

Fuchs and colleagues (2005) awarded points for appropriate behavior, which 

could be traded for prizes such as stickers, erasers, and pencils, while Fuchs, Seethaler, 

and colleagues (2008) utilized tokens for correct responses. These tokens were recorded 

on treasure maps daily and could be traded in each week for a prize from a treasure chest. 

Finally, one study included both the graphing of progress and reinforcement in the form 

of points for on-task behavior and accuracy of work (Fuchs, Fuchs, et al., 2008). Points 

could then be traded in at the end of each session for stickers. Each of these studies found 

positive overall treatment effects. However, none of them isolated the effects of the 

behavioral component to determine whether it contributed to the positive academic 

outcomes of the intervention. 

 Of the studies that utilized reinforcement to increase mathematics outcomes, two 

were identified that isolated the effects of reinforcement (Schunk & Cox, 1986; Vasta & 

Stirpe, 1979). Vasta and Stirpe (1979) used a three-phase ABA SCD design to evaluate 

the effects of providing gold stars to students for work completion. The amount of work 

completed increased during the reinforcement phase and decreased again once 

reinforcement was withdrawn. However, as three demonstrations of effect were not 

possible, this study’s conclusions are limited (Kratochwill et al., 2010). In the study 

conducted by Schunks and Cox (1986), students were reinforced for on-task behavior 

with the use of verbal praise. Intervention outcomes were compared to a group who did 
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not receive verbal praise and higher outcomes were identified in the verbal praise 

condition.  

Finally, a meta-analysis conducted on CCC specifically examined the use of token 

economies, goal setting, and opportunities to respond as moderator variables (Joseph et 

al., 2012). The authors concluded that the addition of token economies, goal setting, and 

opportunities to respond increased intervention outcomes. However, there were a limited 

number of studies in the analysis that included these components, making it difficult to 

generalize these findings. 

In summary, a number of studies have utilized reinforcement techniques as 

instructional components. Results from these studies indicated positive intervention 

effects. However, only two studies were identified that isolated the effects of 

reinforcement, indicating a need for further research.   

Graphing Progress and Setting Goals  

Self-monitoring and goal setting are both types of self-management techniques in 

which a person systematically records his or her own target behavior (Cooper et al., 2014; 

Pintrich, 2000; Reid et al., 2005; Zimmerman, 2000). Self-monitoring consists of a two-

step process in which an individual first observes his or her own behavior and then 

records the occurrence of the behavior (Nelson & Hayes, 1981). Self-monitoring is 

hypothesized to function by occasioning reactivity, which is the effect an assessment or 

measure can have on behavior. Reactivity effects on behavior are arguably greatest when 

the person completing the assessment is the subject of the behavior changes themselves 

(Cooper et al., 2012). Reactivity is well documented in the literature and a number of 
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theories have been developed to explain this phenomenon (Double, Birney, & Walker, 

2018). Nelson and Hayes (1981) outlined various theoretical explanations for the 

reactivity that occurs through self-monitoring. The first is a three-step model in which an 

individual self-monitors, self-evaluates, and finally provides self-

reinforcement/punishment (Kanfer, 1975). If, during the self-evaluation phase, an 

individual concludes that she met or exceeded her goals, self-reinforcement follows. In an 

individual fails to meet his goals, self-punishment follows (e.g., negative self-statements). 

These self-administered consequences could take the form of covert verbalizations or 

self-administered external rewards. Other theories conclude that self-monitoring may or 

may not lead to self-administered rewards (Rachlin, 1974). However, self-monitoring 

itself, regardless of whether or not self-reinforcement occurs, may work by serving as a 

cue or reminder of other external environmental consequences for the target behavior 

(Nelson & Hayes, 1977; Rachlin, 1974). Within the EVT (Wigfield, 1994), goal setting 

and graphing progress could potentially target both expectancy and value. Self-

administered consequences could potentially impact the value of completing a task 

successfully. Meeting a preset goal and having this success be acknowledged may be 

reinforcing and increase the value of a task. Additionally, goal setting and graphing 

progress allows individuals to see their growth which could build confidence and increase 

the expectancy that they can do well and achieve goals in the future.   

 More recent research has outlined the use of self-management techniques 

specifically to increase academic achievement. These techniques include self-monitoring, 

self-evaluation, self-instruction, strategy instruction, and goal setting (Bruhn, Daniel, & 
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Kreigh, 2015; Mooney, Ryan, Uhing, Reid, & Epstein, 2005). By learning to observe, 

record, and evaluate their own behavior, students are given the opportunity to work 

towards independence and self-determination (Carter, Lane, Crnobori, Bruhn, & Oakes, 

2011).  

Self-monitoring strategies can also include self-evaluation and goal setting. Self-

evaluation refers to a student comparing their performance to a criterion that could be 

established by the student or an adult, such as a teacher. The student can then be provided 

with reinforcement for reaching a criterion, such as beating one’s previous performance 

(Mooney et al., 2005). Goal setting is when a student selects a target behavior that guides 

that student’s behavior. Self-management strategies, including self-evaluation and goal 

setting, can be explicitly taught to students and students can later use these techniques 

independently. This is referred to as strategy instruction. Although strategy instruction 

does not involve independent self-management, it is believed to be a crucial step in the 

development of self-management skills (Mooney et al., 2005). Additionally, research has 

indicated that the effects of self-monitoring strategies are most impactful in increasing 

academic outcomes when students monitor their work completion or accuracy, rather 

than on-task behavior (Maag & DiGangi, 1993).   

Numerous studies have included the use of graphing academic progress with 

mathematics intervention (i.e., Figarola et al., 2008; Fuchs, et al., 2006; Fuchs, Fuchs, 

Phillips, & Hamlett, 1995; Fuchs, Fuchs, & Prentice, 2003), with each finding positive 

intervention outcomes when compared to those from a control group. One study 

explicitly tested the effects of goal setting and/or graphing of progress; Fuchs and 
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colleagues (2003) used self-regulated learning strategies, which involved students setting 

goals and graphing their progress. Two other studies utilized the graphing of progress but 

in slightly different ways. In one study, students did not graph their own progress (Fuchs 

et al., 1995). Instead, research assistants entered scores from weekly assessments into a 

computer program that generated graphs of student growth as well as student mastery 

level on various types of problems. Students were then taught to read and interpret their 

graphs in order to determine whether they were making progress. They were also 

encouraged to set goals to beat their highest score within the next two weeks. In another 

study, students completed problems independently at the end of sessions 2 to 4 over the 

course of a 7-session intervention. Students then scored the problems and graphed their 

correct answers (Fuchs et al., 2006). 

Despite the positive intervention outcomes across these studies, only one 

explicitly tested the effects of the graphing progress and goal setting components, making 

it difficult to conclude whether these motivational strategies played a role in increasing 

intervention effectiveness.  

Purpose of the Present Study  

There is a need to increase overall mathematics achievement in the United States 

(NMAP, 2008). The ability to fluently retrieve basic math facts is one specific skill in the 

area of mathematics that has been tied to increased math achievement. Prior research 

supports the use of CCC to increase math fact fluency. However, some participants in 

CCC research do not respond to this intervention, indicating a need to identify specific 

components that may promote intervention effectiveness for these students. Additionally, 
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research has indicated that attitudes towards math and motivation are important to 

mathematics achievement (Aiken & Dreger, 1961; Eckles & Jacobs, 1986; Gunderson, 

Ramirez, Levine & Beilock, 2012). Therefore, strategies aimed at increasing motivation 

such as the use of rewards, goal setting, and graphing of progress may be of particular 

importance in mathematics intervention outcomes; indeed, the WWC (2010) specifically 

recommends the addition of motivational strategies in mathematic interventions. 

However, due to the limited research in this area, this recommendation is based mainly 

on the opinions of a professional panel. Multiple studies in the area of mathematics 

intervention have included motivational strategies as an intervention component, 

including reinforcement, goal setting, and graphing progress. Such studies found positive 

intervention effects, but the vast majority failed to isolate the effects of the motivational 

strategies. In addition, no known research has compared the effects of various 

motivational strategies on math intervention outcomes. Thus, the purpose of the present 

study is to examine the effects of two motivational strategies (i.e., goal setting/graphing 

progress and reinforcement) on the CCC intervention to improve multiplication fact 

fluency. The following research questions guided this study:  

1) Does the Cover, Copy, and Compare intervention alone lead to an increase in 

multiplication fact fluency compared to baseline? It is hypothesized that CCC will 

lead to an increase in multiplication fact fluency over baseline.  

2) Does the addition of goal setting and graphing progress to the Cover, Copy, and 

Compare intervention increase its effectiveness for teaching multiplication facts 

https://scholar.google.com/citations?user=Vm9ZbxoAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=l9rzLLMAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=ZiNKqt0AAAAJ&hl=en&oi=sra
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over Cover, Copy, and Compare alone? It is hypothesized that the addition of goal 

setting and graph progress will increase intervention effectiveness.  

3) Does the addition of reinforcement to the Cover, Copy, and Compare intervention 

increase its effectiveness for teaching multiplication facts over Cover, Copy, and 

Compare alone? It is hypothesized that the addition of reinforcement will increase 

intervention effectiveness.  

4) Is there a difference in the effectiveness of graphing progress versus 

reinforcement used in combination with the Cover, Copy, and Compare 

intervention in increasing multiplication fact fluency? It is hypothesized that goal 

setting and graphing progress will be more effective in increasing multiplication 

fact fluency than the addition of reinforcement.  

Methods  

Participants 

This study targeted five general education students who had not yet mastered their 

single digit multiplication facts in the Spring of Grade 4. IRB approval was obtained 

prior to the start of the study. Participants were selected through teacher nomination. The 

five Grade 4 teachers from the elementary school in which the study was conducted were 

asked to nominate three general education students each whom they believed would 

benefit most from a multiplication fact intervention, creating 15 nominations in total. 

Once these 15 students were identified through teacher nomination, parent consent forms 

were sent home by teachers to the parents of the nominated students. Ten consent forms 

were returned with seven parents providing consent and three parents denying consent. 
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Assent forms were completed by all seven students for whom consent was obtained after 

the primary researcher reviewed the assent forms with students. These seven students 

were then assessed on their knowledge of single-digit multiplication facts with factors of 

two through nine. The screening assessment was created on mathfactcafe.com and 

consisted of 100 single-digit multiplication facts with factors two through nine. The order 

of these multiplication facts was randomized. Students were asked to try their best on all 

problems and work as fast as they can. They were then given one minute to complete as 

many multiplication facts as possible. These assessments were then graded to determine 

DCPM. The five students with the lowest scores on this measure were included in the 

study. These five students were from three different classrooms. Four of these students 

were at frustration level and one was at the acquisition level on single digit multiplication 

facts (Burns et al., 2010). Screening data is included in Table 1.  

Based on criteria proposed by Burns and colleagues (2006), instructional level for 

fourth and fifth-grade students falls between 24-49 DCPM. Students below this range 

would be considered at frustration level and students above this range would be 

considered at mastery level. Following these criteria, four of the final participants were at 

frustration level and one was at instructional level based on results from the screening 

measure. 

Experimental Design  

The present study utilized an adapted Alternating Treatment Design (ATD) for 

instructional research proposed by Sindelar, Rosenberg, and Wilson (1985). Instructional 

research presents a methodological challenge as instruction is often irreversible. In other 
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words, once something is learned, it cannot be expected that subjects will return to 

baseline once intervention is discontinued, as knowledge would ideally be retained. The 

irreversibility of academic interventions would pose a problem when using a traditional 

A-B-A-B design, for example, as participants would probably not return to baseline 

levels following the intervention phase. In addition, it is difficult to directly compare two 

treatments directly using this type of design. One solution to the challenge of potential 

irreversibility is the use of multiple baseline design. Within this type of design, multiple 

A-B designs are conducted across a condition, often participants, with introduction of the 

intervention staggered to provide the opportunity for three independent demonstrations of 

effect. However, one limitation of multiple baseline design is that it is unable to compare 

multiple interventions without confounding the effects with whichever variable was used 

to establish each treatment effect (Sindelar et al., 1985). For example, in the present 

study, if half of the intervention groups were given treatment one and the other half were 

given treatment two and these interventions were introduced at various time points, it 

would be not be possible to conclude that differences in treatment outcomes were not due 

to traits associated with the treatment groups rather than differences in the intervention.  

One SCD option for comparing multiple treatments is an alternating treatment 

design (ATD). Within this type of design, multiple interventions are alternated between 

in rapid succession. ATD allows for the comparison of one or more interventions, 

although it is important that any potentially confounding variables, such as time of 

treatment administration, are counterbalanced across treatments (Barlow & Hayes, 1979). 

In the present study, the treatment condition was alternated between CCC alone, CCC 
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with tangible reinforcement, and CCC with graphing progress. Although ATD allows for 

the direct comparison of multiple treatments, there are still a number of disadvantages 

associated with this type of design. In particular, in the case of instructional research, 

carry-over effects remain a large concern. Therefore, an adapted ATD for instructional 

research was employed in which participants were taught distinct but equivalent problem 

sets in each of the three treatment phases. In addition, a fourth “no treatment” condition 

was included in order to address the potential effect of outside instruction (Sindelar et al., 

1985). By observing performance in the “no treatment” condition, comparisons could be 

made during the alternating-treatments phase between treatment and no treatment; in 

other words, any gains made as a result of factors other than the intervention itself would 

hopefully be able to more carefully isolated. 

Guidelines set forth by the WWC were followed in order for the study to meet the 

pilot iteration of WWC standards without reservations for ATDs (Kratochwill et al., 

2010). First, the study included at least three attempts of demonstrating an intervention 

effect. The present study  included three alternating treatment phases compared with a 

baseline phase, in addition to a non-treatment phase to guard against threats to internal 

validity. There were four repetitions of each alternating sequence, which meets WWC 

standards with reservations. However, due to several absences of participants, two of the 

five participants (Students 2 and 3) only had three full repetitions of each alternating 

sequence. Therefore, WWC standards were not met for these students. Each treatment 

phase (CCC Alone, CCC with rewards, CCC with graphing progress, and no treatment) 

had a separate baseline that measures the distinct problem set associated with that phase. 
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Therefore, there are four distinct baseline phases for each participant, each associated 

with one of the four treatment phases.  There were three sessions in which baseline data 

was collected. Students were given all four assessment probes, each containing nine 

problems during each baseline session. Probes were administered in a randomly selected 

order during each baseline session. 

Procedures 

 The CCC intervention was implemented by one researcher. This researcher was 

the School Psychologist at the elementary school where the study was conducted and a 

graduate student. Assent was obtained and screening assessments were completed with 

students individually as consent forms were returned. The intervention was conducted 

first thing in the morning daily at approximately 8:10am while classroom teachers were 

taking attendance as to not interfere with instructional time. The intervention was 

conducted with all five students simultaneously in a private room on school campus. For 

the first three sessions, baseline data were collected. During these sessions, students were 

asked to complete four assessments, each containing nine multiplication facts aligned 

with the problem sets assigned to the four intervention phases. These sets were assessed 

separately during baseline to help determine whether sets were in fact equivalent in 

difficulty as intended. The order in which the four assessments were administered was 

randomized each day in an attempt to counterbalance any effects the order of 

administration may have had on performance. After three data points were collected at 

baseline, the intervention phases were started. The phases were administered in a partially 

randomized order to ensure that each treatment phase was implemented the same number 
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of times. First, one phase was selected randomly. The next was randomly selected from 

the remaining phases, and so on, until each phase was implemented. This was repeated 

until each phase was implemented four times. All phases were administered on separate 

days, with the exception of the No Treatment (NT) phase. This phase, consisting of one 

nine-problem multiplication assessment, was administered on the same occasion as 

another phase, either before or after the intervention was administered. Whether NT was 

administered before or after an intervention was also randomly assigned.  

On the final day of baseline data collection, after baseline assessments were 

completed, students completed a reinforcement survey and decorated their chart for the 

graphing progress phase. Students decorated their charts with markers. They wrote their 

names at the top and drew pictures around the sides of the chart. Interventions were then 

implemented over the course of 15 school days. Intervention sessions were video 

recorded.  

A second graduate student conducted interrater agreement and collected treatment 

fidelity data using videos of sessions. All intervention sessions were recorded. The 

second researcher used these videos to complete treatment fidelity forms for 25% of 

sessions. Sessions used to collect treatment fidelity data were selected randomly. 

Interrater agreement was calculated with 20% of assessment forms which were also 

randomly selected. Students were asked to try their best and work as quickly as they 

could on each assessment. 
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Intervention Phases 

The target of the Cover, Copy, and Compare intervention was 2-9 multiplication 

facts. If order is not taken into account, 36 whole number multiplication facts exist 

consisting of the numbers 2-9. These 36 multiplication facts were split into four sets of 

nine problems that were selected to be roughly equivalent in difficulty. In creating 

equivalent problem sets, the following criteria were followed: (a) same number of 

problems containing each digit in each set, (b) same number of same-digit problems in 

each set (e.g., 2 x 2), (c) total sums of products in each set are similar across sets, (d) 

same number of single-digit products in each set, and (e) no repeated products in any one 

set. These sets are presented in Appendix B. 

Cover, Copy, and Compare alone. In the intervention alone phase, participants 

were introduced to nine new multiplication facts on the first day of intervention. These 

facts, with their answers, were printed vertically along the left side of a worksheet. 

Alongside these nine multiplication facts, there was a blank space for students to rewrite 

the problems. After participants were exposed to the multiplication facts, they were asked 

to cover the problem and rewrite it in one of the blank spaces. They then uncovered the 

problem and checked their answer. If the answer was correct, they continued to the next 

problem. If incorrect, the participants were asked to repeat the CCC steps until a correct 

answer was obtained. Immediately following the intervention, participants were given a 

brief assessment that corresponded directly to the facts targeted in the present session.  

Cover, Copy, and Compare with reinforcement. In the reinforcement 

condition, participants were provided with a check mark for each correctly completed 
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problem on their CCC worksheet. At the end of each session, students were allowed to 

select one reward if they were able to earn all nine check marks. A reinforcement survey 

was conducted before interventions with the participants in order to determine available 

rewards. Students were asked to select from a list of reward options in order to identify 

the most potentially-reinforcing items and activities. A list was compiled of potential 

reinforcement options based on the reinforcement surveys, and students were allowed to 

choose one of these options at the end of each reinforcement phase if all nine problems 

were completed accurately. All students chose rewards from the same list. The list 

included options from all of the reinforcement surveys so that responses from all students 

were represented. Available reward options included tangible items such as small toys, 

erasers, pencils, snacks, candy, and gift cards.  

It should be noted that the reinforcement provided within the reinforcement phase 

refers specifically to tangible items and activities that were provided to students for 

successfully completing the intervention. Verbal praise and attention was provided to 

students across all phases, including baseline phases.  

Cover, Copy, and Compare with graphing progress and goal setting. In the 

graphing progress condition, CCC was implemented as described above with one notable 

difference. The participants were each given their own graph to graph their progress on 

the multiplication assessment measures after each intervention session. Students were 

each provided with a blank graph and markers, and were asked to write their names on 

and decorate their graphs any way they wished in order to promote student motivation 

and buy in. In between sessions, graphs were kept by the researcher. In the first session, 
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the most recent data point from the graphing progress baseline was already marked on the 

graph by the researcher, as there was not a previous intervention assessment. Participants 

were shown their graphs at the beginning of each session. Goals were set for each student 

by asking them to identify and report their score from the previous session and then 

encouraged to try to beat this score in the present intervention session.  

Measures  

Digits Correct Per Minute (DCPM). Immediately following each intervention 

session, participants were given an assessment that included the nine problems from the 

problem set in the corresponding treatment phase. They were instructed to complete the 

problems as quickly as possible while doing their best to answer each problem correctly. 

Students were given unlimited time to complete this assessment, and were asked to raise 

their hand when they had finished the probe; the total time was recorded by the examiner. 

The amount of time to complete the assessment and the number of digits correct was used 

to compute each student’s digits correct per minute (DCPM). The total number of 

possible digits correct on each measure was 17. To compute DCPM, the total number of 

digits correct was multiplied by 60 and divided by the total number of seconds it took for 

the student to complete the assessment.  

Digits Correct (DC). The same nine-problem measure was also used to compute 

digits correct by simply counting the number of digits correct on each measure. This 

measure does not account for the speed at which problem sets were completed. Rather, it 

measures accuracy alone. This measure was included in order to provide information on 

whether students were gaining knowledge of math facts versus simply completing 
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problems more quickly. This information would not be differentiated with DCPM alone. 

In other words, a student who completed problems more quickly but did not increase 

accuracy would still show growth on DCPM. This is the reason accuracy was also 

included as a measures.  

Treatment Acceptability. Following the completion of all treatment phases, 

participants were asked to complete a researcher-created questionnaire consisting of four 

free response questions. The questionnaire included the following questions: (a) Overall, 

did you enjoy participating this study?; (b) Overall, did you feel that your knowledge of 

multiplication facts increased through participation in this study?; (c) What parts did you 

enjoy most; earning rewards, graphing your progress, or the intervention by itself? Why?; 

(d) What parts did you feel helped you learn the most; earning rewards, graphing your 

progress, or the intervention by itself? Why? The treatment acceptability questionnaire 

was administered to all students at the same time. Questions were read aloud by the 

researcher and students were asked to write in their responses. Students were encouraged 

to complete all questions.  

Treatment Fidelity and Interrater Agreement  

 In order to ensure that the interventions were implemented with fidelity, a 

researcher-created treatment fidelity checklist was used that outlined the critical 

components of each treatment. These components were based on descriptions of CCC 

intervention from prior research and were intended to align with descriptions of the 

intervention phases in the present study. The checklist can be found in Appendix B. All 

intervention sessions were video recorded, and a second observer viewed videos and 
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completed the treatment fidelity checklist for 25% of the intervention sessions for each 

treatment phase. The intervention sessions used for treatment fidelity ratings were 

selected randomly. In addition, a second rater scored the assessment measures for 25% of 

the intervention sessions in each phase, and percent agreement was calculated by adding 

the total times the raters agreed, dividing this number by the total number of 

opportunities for agreement, and multiplying that value by 100 (Hallgren, 2012).  

Data Analysis 

First, visual analysis was conducted following the guidelines set forth in the What 

Works Clearinghouse Single-Case Design Technical Documentation (Kratochwill et al., 

2011). Six features were considered when conducting the visual analysis: (a) level, (b) 

trend, (c) variability, (d) immediacy of effect, (e) overlap, and (f) consistency of data 

patterns across similar phases.  Level refers to the mean score of the data within a phase. 

Trend refers to the slope of the data within a phase. Variability refers to the range of data 

about the best fitting line. Immediacy of the effect refers to how quickly an effect is seen 

after a phase change is made. More specifically, to determine immediacy of the effect, 

one would examine the change in level between the last three data points in one phase 

and the first three data points in the next. Overlap refers to the proportion of overlap 

between successive phases. The demonstration of an effect is more convincing when less 

overlap is present. To determine the consistency of data in similar phases, one looks at 

comparable phases (e.g. all baseline phases, all treatment 1 phases) and considers how 

consistent data patterns are. The more consistent data patterns are across similar phases, 

the more compelling the demonstration of an effect.   
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There are four steps in conducting a visual analysis: examining baseline phase, 

examining data within each phase, comparing data between phases, and integrating 

information (Kratochwill et al., 2011). The first step in visual analysis is to look at the 

baseline phase to ensure that, first, the concern or problem is demonstrated and, second, 

that this problem/concern is displayed in a predictable pattern. The baseline phase should 

document a need for change in addition to demonstrating limited variability and 

consistent level, with little or no trend. This will allow for a comparison between baseline 

and the treatment phases. Once a consistent baseline has been observed, the second step 

in visual analysis is to examine the data within each phase to determine whether enough 

data was collected and to analyze the variability, level, and trend. In addition to analyzing 

data within each phase, data patterns are compared between adjacent phases in this step. 

The third step involves comparing data between phases to determine whether there was a 

predictable relationship between changes in the independent and dependent variables. 

This step includes looking at overlap, immediacy of the effect, and consistency in data 

patterns in similar phases. Finally, in the fourth step, this information is integrated to 

determine whether there were at least three demonstrations of an effect. This would 

provide evidence towards a causal relationship between the independent variable and the 

dependent variable (Kratochwill et al., 2011).  

The y-axes on student graphs were kept the same for each student to allow for 

direct comparison of data between participants. On the DCPM measure, student data 

ranged from 3 to 57. Therefore, the y-axes of DCPM graphs ranged from 0 to 60. This 

range was selected in order to encompass all student scores within intervals of ten. On the 



42 

 

DC measure, possible scores ranged from 0 to 17 and actual scores ranged from 5 to 17. 

The y-axes on this measure were selected to encompass all possible scores and ranged 

from 0 to 17.   

Finally, the “average difference between successive observations effect size” 

(ADISO) was calculated. ADISO is an analytical procedure proposed as a method for 

analyzing data within single-case ATDs (Manolov & Onghena, 2018). ADISO is 

calculated by taking the difference of adjacent data points and calculating the weighted 

average of these differences. This calculation provides the average difference between 

conditions while taking into account how this difference varies as various points during 

implementation. There are multiple ways to select which adjacent data points to select for 

comparisons. ADISO is appropriate for data that displays trends in addition to stable data. 

When calculating ADISO, there were multiple possibilities for segmenting data in order 

to make comparisons. The segmentation for comparisons in the current study was based 

on the study design, as was recommended by Manolov and Onghena (2018).  Within each 

randomized block, each possible comparison between phases was made. Therefore, not 

all comparisons were between consecutive phases, but the phases compared were 

implemented in close succession with a maximum of two phases between comparisons.  

Results 

Data collected in the present study were analyzed using visual analysis following 

the guidelines set forth in the What Works Clearinghouse Single-Case Design Technical 

Documentation (Kratochwill et al., 2011). Visual analysis steps include an analysis of 

baseline phase, level, trend, variability, immediacy of the effect, overlap, and consistency 
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of patterns across similar phases. These features are examined across each treatment and 

participant on two outcome measures, DCPM and DC. Last, treatment acceptability, 

treatment fidelity, and interrater agreement data were reviewed.  

Visual Analysis 

 Visual analysis of data was conducted to examine the effects of CCC Alone 

compared to a baseline phase, the effects of CCC with goal setting and graphing progress 

(CCC-GP) compared to CCC Alone, CCC with rewards (CCC-R) compared to CCC 

Alone, and CCC-GP compared to CCC-R. Finally, a no treatment phase was examined.  

CCC Alone 

Analysis of Baseline Phase. The first step in visual analysis is to look at the 

baseline phase to ensure that, first, the concern or problem is demonstrated and, second, 

that this problem/concern is displayed in a predictable pattern. The baseline phase should 

document a need for change in addition to demonstrating limited variability and 

consistent level, with little or no trend (Kratochwill et al., 2011). This allows for a 

comparison between baseline and treatment phases. Based on criteria proposed by Burns 

and colleagues (2006), instructional level for fourth and fifth-grade students is between 

24-49 DCPM. Students below this range would be considered at frustration level and 

students above this range would be considered at mastery level. All CCC Alone baseline 

data points for four of the five participants were within the range for “frustration level.” 

One subject fluctuated between instructional and frustration level on baseline measures in 

the CCC Alone condition. One subject appeared to hit a ceiling on accuracy, as the 

majority of items were answered correctly on the baseline measure of DC. The average 
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mean DCPM for baseline across participants was 12.67 and ranged from 7.67 to 21.67 as 

shown in Table 2. The mean value for DC baseline across participants was 13 and ranged 

from 10.33 to 16.33. Visual analysis of the CCC Alone baseline phases indicated that 

four out of the five students demonstrated an upward trend in the baseline phase based on 

DCPM. One student (Student 4) demonstrated a downward trend at baseline on this 

measure. The average slope across DCPM baselines was 1.6 and ranged from -5.0 to 3.5. 

On the DC measure, four students displayed slight downward trends during baseline 

while one student (Student 2) displayed a slight upward trend. The average slope across 

participants on DC baseline was -0.8 and ranged from -1.5 to 0.5. Overall, baseline data 

for CCC Alone was more stable on the DC measure than the DCPM measure.  

Level. Level refers to the mean score within a phase. Based on visual analysis of 

DCPM CCC Alone graphs, there was an increase in level across all five participants from 

baseline to treatment phase. However, Student 1 displayed a minimal increase in level 

from baseline to treatment phase. The average increase in level from baseline to treatment 

on DCPM in the CCC Alone phase across participants was 11.71 and ranged from 0.83 to 

22.83. Based on visual analysis of DC CCC Alone graphs, there was an increase from 

baseline to treatment for all participants. However, Student 1, Student 2, and Student 4 

displayed minimal increases in level. Again, Student 4 appeared to hit a ceiling on DC, as 

every item was answered correctly on all but one assessment measure.  The mean 

increase in level on DC across participants was 1.85 and ranged from 0.42 to 5.66.  

Trend. CCC Alone trends across participants were assessed using visual analysis 

and by calculating the slope of data in baseline and treatment phases. Visual analysis of 
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DCPM CCC Alone graphs indicate that Student 1 and Student 3 displayed a decrease in 

trend from baseline to treatment. Trend appeared to remain stable from baseline to 

treatment for Student 2 and Student 5. Student 4 was the only participant that displayed 

an increase in trend from baseline to treatment phase. The average slope across 

participants decreased by 0.74 DCPM from CCC Alone baseline to treatment. On DC 

CCC Alone graphs, four participants showed an increase in trend from baseline to 

treatment. Student 2 appeared to have a stable trend from baseline to treatment based on 

visual analysis. A calculation of slope indicated a slight decrease in trend from baseline 

to treatment. The average change in slope from baseline to treatment was across students 

was 1.12 DC and the changes in slope ranged from -0.27 to 1.82.  

 Variability. Student 2 and Student 4 displayed the most variability on DCPM in 

the CCC Alone treatment phase. All participants had more variability on their DCPM in 

the CCC Alone treatment phase than in baseline. There was less variability across most 

participants on DC than DCPM. Student 1 and Student 5 displayed the most variability 

on the CCC Alone phase DC measure.  

Immediacy of Effect. Immediacy of the effect refers to how quickly an effect is 

seen after a phase change is made. More specifically, to determine immediacy of the 

effect, one would examine the change in level between the last three data points in one 

phase and the first three data points in the next. The immediacy of effect for the CCC 

Alone phase was examined across participants using visual analysis. As the baseline 

phase contained three data points and treatment phases contained four data points per 

phase, examining the immediacy of the effect yielded similar results to examining the 
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level of all data points. On DCPM, Student 1 did not have an immediate increase from 

baseline to treatment. In fact, there was a notable decrease from the last baseline data 

point to the first treatment data point for this student. Student 2, Student 4, and Student 5 

displayed an immediate increase from baseline when the CCC Alone intervention was 

implemented. However, for all these students, the second data point in the treatment 

phase fell back down below baseline measures. Student 3 showed an immediate increase 

when CCC Alone intervention was implemented and this increase was maintained across 

the first three data points in the treatment phase. On DC, only Student 3 showed an 

immediate increase from baseline when treatment was implemented that was maintained 

for the first three data points. The other participants displayed significant overlap 

between the last three baseline data points and the first three data points in treatment and 

minimal change in level.  

 Overlap. Overlap between baseline and treatment phases and was present for all 

students other than Student 3 on DCPM in the CCC Alone phase. Student 1 had overlap 

between all but one baseline data point and treatment phase data. Student 2, Student 4, 

and Student 5 each displayed overlap between one treatment data point and baseline data. 

Student 3 also does not display any overlap between CCC Alone baseline and treatment 

phases on the DC measure. Student 1, Student 2, and Student 4 had two overlapping data 

points on CCC Alone DC. Student 5 had one overlapping data point.  

 Consistency of Data Patterns across Similar Phases. An analysis of 

consistency of data patterns across students on the CCC Alone phase indicated some 

similarities across participants. The majority of students displayed an increase in level 
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from baseline to treatment. The majority of students did not have a notable increase in 

trend from baseline to treatment. The variability of data was comparable across 

participants. The majority of students did not display an immediate effect when the 

intervention was introduces. Finally, most students had some overlap between baseline 

and treatments for CCC Alone.   

CCC with Goal Setting and Graphing Progress vs. CCC Alone 

Analysis of Baseline Phase.  As described earlier, on the CCC Alone problem 

set, four of the five participants were at frustration level based on all baseline data points. 

Student 4 fluctuated between instructional and frustration level on baseline measures. 

Student 4 appeared to hit a ceiling on accuracy, as the majority items were answered 

correctly on the baseline measure of DC. On the CCC-GP problem set, Student 1, Student 

2, and Student 5 were at frustration level across all baseline data. Student 3 and Student 4 

fluctuated between frustration and instructional levels on DCPM baseline measures. The 

average DCPM for the CCC-GP problem sets at baseline across participants was 19.93 

and ranged from 10.33 to 22.67. The average DC for CCC-GP problem set baseline was 

14.47 and ranged from 14 to 17. These data indicate that students performed better, 

overall, on the CCC-GP problem set at baseline. All five participants displayed an 

upward trend on DCPM at baseline on the CCC-GP problem set. On CCC-GP DCPM 

baseline, the average slope was 5.4 and ranged from 1.5 to 11. For CCC-GP DC, all 

students displayed either a neutral or a decreasing trend at baseline. The CCC-GP DC 

average slope across participants at baseline was -0.5 and ranged from -2 to 0. Overall, 

baseline data for CCC Alone and CCC-GP problem sets was more stable on the DC 
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measure than the DC per minute measure. Upward trend was a noted issue for both CCC 

Alone and CCC-GP baselines. However, more participants displayed an upward trend on 

CCC-GP baseline than CCC Alone. In addition, more students were at frustration level 

on baseline data on CCC Alone problem sets than CCC-GP, indicating that more students 

demonstrated a need for intervention with the CCC Alone problem set.  

Level. Based on visual analysis of DCPM CCC Alone and CCC-GP graphs, there 

was an increase in level across all five participants from baseline to treatment phase. 

Student 1 and Student 2 displayed a larger increase in level from baseline to treatment 

with CCC-GP than CCC Alone. Student 3, Student 4, and Student 5 had a larger increase 

in level on the CCC Alone phase than CCC-GP. The average increase in level from 

baseline to treatment on DCPM in the CCC-GP phase across participants was 8.10 and 

ranged from 4.5 to 12.83. Therefore, on average, participants displayed a larger increase 

in level in the CCC Alone phase than the CCC-GP phase from baseline to treatment. 

Based on visual analysis of DC, there was an increase from baseline to treatment for 

almost all participants in both the CCC Alone and CCC-GP phases. Student 4 maintained 

the same level from baseline to treatment in the CCC-GP phase on DCPM. Visual 

analysis of CCC-GP DC graphs revealed that Student 1 and Student 2 displayed a larger 

increase in level in the CCC-GP phase than the CCC Alone phase on DC. Student 3, 

Student 4, and Student 5 displayed a larger increase in level from baseline to treatment on 

the CCC Alone phase that the CCC-GP phase on DC. The mean increase in level on DC 

across participants in the CCC Alone phase was 1.85 and ranged from 0.42 to 5.66. The 
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mean increase in level on DC across participants in the CCC-GP phase was 1.30 and 

ranged from 0.00 to 2.58.  

Trend. Visual analysis of DCPM graphs comparing CCC Alone to CCC-GP 

phases indicate that Student 1 and Student 2 displayed a steeper increase in trend on the 

CCC-GP treatment phase than the CCC Alone phase. Student 3, Student 4, and Student 5 

displayed a steeper increase in trend on the CCC Alone phase than the CCC-GP phase. 

The majority of students did not display a clear increase in trend from baseline to 

treatment on either phase with the exception being Student 4 who displayed an increase 

in trend from baseline to treatment on DCPM in the CCC Alone phase.  

Visual analysis of DC graphs comparing CCC Alone to CCC-GP showed that 

Student 1, Student 3, and Student 5 displayed a steeper trend during on the CCC Alone 

treatment phase than CCC-GP treatment. Student 4 had the similar trend for both CCC 

Alone and CCC-GP DC. Student 2 had a slightly steeper trend on the CCC-GP phase 

than the CCC Alone treatment phase. On the CCC-GP phase, there was a slight increase 

in trend from baseline to treatment for Student 1, Student 2, and Student 5 on DC. 

Students 3 and 4 displayed a similar trend from baseline to treatment on DC in the CCC-

GP phase.  

The average change in slope across participants on DCPM from CCC-GP baseline 

to treatment was -4.60 and ranged from -10.51 to -2.67. Therefore, the average trend 

decreased from baseline to treatment in the CCC Alone and CCC-GP phases, but this 

decrease was smaller in the CCC Alone treatment. On the CCC-GP phase, the average 

change in slope on DC was 0.47 and ranged from -0.35 to 2.06. There was a slightly 



50 

 

larger increase in trend for CCC Alone than CCC-GP from baseline to treatment, on 

average across participants.  

Variability. On DCPM in the CCC-GP phase, all students displayed some 

variability. Student 1 displayed the least variability of data, while Student 2 and Student 3 

displayed the most variability. As with the CCC Alone phase, students in the CCC-GP 

phase showed less variability during baseline than in treatment.  

There was less variability across most participants on DC than DCPM for both 

CCC Alone and CCC-GP. Student 1 and Student 5 displayed the most variability on the 

CCC Alone phase DC measure. Student 1 and Student 3 showed the most variability on 

DC in the CCC-GP phase. Overall, variability appeared to be comparable across the CCC 

Alone and CCC-GP phases.  

Immediacy of Effect. The immediacy of effect for the CCC Alone and CCC-GP 

phases was examined across participants using visual analysis in order to compare these 

two treatment phases. Student 1, Student 3, and Student 5 displayed a decrease from the 

last baseline to first treatment data points on DCPM in the CCC-GP phase. Student 2 and 

Student 4 displayed an immediate increase from the last baseline to first treatment data 

points. However, for these two student, the second data point in the treatment phase fell 

back down below baseline measures. Overall, more students displayed an immediate 

treatment effect on DCPM in the CCC Alone treatment compared the CCC-GP treatment.  

On DC in the CCC Alone and CCC-GP phase, only Student 3 showed an 

immediate increase from baseline when treatment was implemented that was maintained 

for the first three data points. The other participants displayed significant overlap 
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between the last three baseline data points and the first three data points in treatment and 

minimal change in level. In the CCC-GP phase, the first data point in the treatment phase 

of Student 1 and Student 2 remained level with baseline and then increased on the second 

and third data points.  

 Overlap. In the CCC-GP treatment on DCPM, all students displayed some 

overlap between baseline and treatment. Student 1, Student 2, Student 3, and Student 5 

had one overlapping data point on DCPM in the CCC-GP phase, while Student 4 had two 

overlapping data points. The majority of participants had more overlap on the CCC-GP 

phase compared to CCC Alone on DCPM.  

Student 3 also does not display any overlap between CCC Alone baseline and 

treatment phases on the DC measure. Student 1, Student 2, and Student 4 had two 

overlapping data points on CCC Alone DC. Student 5 had one overlapping data point. In 

the CCC-GP phase, Students 1, 2, 3, and 5 have one overlapping data point, while 

Student 4 has three overlapping data points. The large amount of overlap seen in Student 

4 was due to a ceiling effect on the DC measure for this student. The majority of 

participants demonstrated less overlap in CCC-GP phase compared to the CCC Alone 

phase on DC.  

 Consistency of Patterns across Similar Phases. There was not a consistent 

pattern across students in the CCC Alone and CCC-GP. Some showed greater gains on 

the with CCC Alone and some with CCC-GP. Based on visual analysis of DCPM graphs, 

Student 1 appeared to show more improvement with CCC-GP, based on level, trend, and 

overlap. Student 2 also appears to demonstrate larger gains on CCC-GP, based on level. 
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Student 2 does not display a notable difference between CCC Alone and CCC-GP 

treatments based on trend, variability, immediacy of the effect, or overlap. Student 3 

appears to display greater gains on CCC Alone than CCC-GP, based on level, immediacy 

of effect, and overlap. Student 4 displayed greater gains on CCC Alone based on level, 

trend, and immediacy of effect. Student 5 also demonstrated greater gains on CCC Alone 

based on level, trend, and immediacy of the effect. Therefore, on the fluency measure 

(DCPM) two students appeared to have more success with CCC-GP treatment and three 

students appeared to have the greater gains with CCC Alone.  

            On accuracy (DC), Student 1 appeared to have greater gains with CCC-GP based 

on level, variability, and overlap. Student 2 appeared to have the most success with CCC-

GP based on level and overlap. Student 3 demonstrated greater gains on CCC Alone, 

based on level, trend, immediacy of the effect, and overlap. Student 4 did not display a 

notable difference between baseline and treatment phases on either CCC Alone or CCC-

GP, as this student answered most problems correctly at baseline, creating a ceiling 

effect. Student 5 showed greater gains on CCC Alone based on level, trend, immediacy 

of the effect and overlap. In summary, CCC-GP was more effective in increasing 

accuracy for two students and CCC Alone was more effective in increasing accuracy for 

another two students. One student did not demonstrate a notable difference between the 

two treatments.  

CCC with Rewards vs. CCC Alone 

Analysis of Baseline Phase. Student 4 appeared to hit a ceiling on accuracy on 

both CCC Alone and CCC-R, as the majority items were answered correctly on the 
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baseline measure of DC. On the CCC-R problem set, Student 1, Student 2, Student 3 and 

Student 5 were at frustration level across all baseline data and Student 4 was at 

instructional level on all baseline data points. The average DCPM for the CCC-R 

problem sets at baseline across participants was 12.07 and ranged from 6.33 to 28.67. The 

average DC for CCC-R problem set baseline was 12.66 and ranged from 11.0 to 16.33. 

Overall, students appeared to perform similarly on the CCC Alone and CCC-R problem 

sets at baseline based on mean and range of scores. This was the case for both DCPM and 

DC. This provides some evidence that these problem sets were of comparable difficulty.  

Three out of five participants displayed an upward trend on DCPM at baseline on 

the CCC-R problem set and two displayed a neutral or negative trend at baseline. On 

CCC-R DCPM baseline, the average slope was 1.30 and ranged from -2.0 to 3.0. For 

CCC-R DC, four students displayed a decreasing trend at baseline and one student had a 

slight upward trend. The CCC-R DC average slope across participants at baseline was -

1.58 and ranged from -3.50 to 0.50.  

Overall, baseline data for CCC Alone and CCC-R problem sets were more stable 

on the DC measure than the DCPM measure. Upward trend was a noted issue for both 

CCC Alone and CCC-R baseline on DCPM.  

Level. Based on visual analysis of DCPM CCC Alone and CCC-R graphs, there 

was an increase in level across all five participants from baseline to treatment phase. 

Student 3 and Student 4 displayed a larger increase in level from baseline to treatment 

with CCC Alone than CCC-R. Student 1, Student 2, and Student 5 had a larger increase 

in level on the CCC-R treatment than CCC Alone. The average increase in level from 
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baseline to treatment on DCPM in the CCC-R phase across participants was 10.43 and 

ranged from 2.67 to 19.83. Therefore, on average, participants displayed a larger increase 

in level in the CCC Alone phase than the CCC-R phase from baseline to treatment.  

Based on visual analysis of DC, there was an increase from baseline to treatment 

for almost all participants in both the CCC Alone and CCC-R phases. Student 4 

maintained the same level and Student 5 displayed a slight decrease in level from 

baseline to treatment in the CCC-R phase on DCPM. Visual analysis of CCC-R DC 

graphs revealed that Student 1 and Student 2 displayed a larger increase in level in the 

CCC-R phase than the CCC Alone phase on DC. Student 3, Student 4, and Student 5 

displayed a larger increase in level from baseline to treatment on the CCC Alone phase 

that the CCC-R phase on DC. The mean increase in level on DC across participants in the 

CCC-R phase was 0.88 and ranged from -0.25 to 2.25. The mean increase in level from 

baseline to treatment was larger in the CCC Alone phase than the CCC-R phase.  

Trend. Visual analysis of DCPM graphs comparing CCC Alone to CCC-R 

indicate that Student 1, Student 2, Student 4, and Student 5 displayed a steeper trend line 

in the treatment phase on the CCC Alone than the CCC-R. Student 3 displayed a steeper 

trend on the CCC-R than CCC Alone. The majority of students did not display a clear 

increase in trend from baseline to treatment. However, Student 4 displayed an increase in 

trend from baseline to treatment on DCPM in the CCC Alone phase and Student 2 and 

Student 3 displayed an increase in trend from baseline to treatment in CCC-R phase.  

Visual analysis of DC graphs comparing CCC Alone to CCC-R showed that 

Student 1, Student 2, Student 4, and Student 5 displayed a steeper trend line during on the 
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CCC Alone treatment phase than CCC-R treatment. Student 3 had a slightly steeper trend 

on the CCC-R phase than the CCC Alone treatment phase. On the CCC-R phase, there 

was an increase in trend from baseline to treatment for Student 1 and Student 2 on DC. 

Students 2 and 4 displayed a similar trend from baseline to treatment on DC in the CCC-

R phase and Student 5 displayed a notable decrease in trend. On DC CCC Alone graphs, 

four participants showed an increase in trend from baseline to treatment. Student 2 

appeared to have a stable trend from baseline to treatment based on visual analysis.  

The average change in slope across participants on DCPM from CCC-R baseline 

to treatment was -1.4 and ranged from -3.38 to 1.01. In the CCC-R phase, the average 

change in slope on DC was 0.39 and ranged from -0.35 to 3.75. On average, across 

participants, there was a decrease in trend from baseline to treatment in both the CCC 

Alone and CCC-R phases on DCPM. On DC, there was an increase in trend from 

baseline to treatment in both phases, with a larger increase in the CCC Alone measure.  

Variability. On DCPM in the CCC-R treatment, Student 5 displayed the least 

variability of data, while Student 1, Student 2, and Student 3 displayed the most 

variability. As with the CCC Alone phase, students in the CCC-R phase tended to show 

less variability during baseline than in treatment.  

There was less variability across most participants on DC than DCPM for both 

CCC Alone and CCC-R. Student 1 and Student 5 showed the most variability on DC in 

the CCC-R and CCC Alone phases compared to other participants. Variability was 

comparable across the CCC Alone and CCC-R phases, based on visual analysis. 



56 

 

Immediacy of Effect. The immediacy of effect for the CCC Alone and CCC-R 

phases were examined across participants using visual analysis in order to compare these 

two treatment phases. Student 1 showed a decrease in DCPM from the last baseline data 

point to the first treatment data point on both CCC Alone and CCC-R. On CCC-R, 

Student 2 displayed an immediate increase on DCPM that was maintained throughout the 

CCC-R treatment. Student 2 also displayed an immediate increase in DCPM when CCC 

Alone treatment was implemented, but then fell below baseline on the second treatment 

data point. Student 3 showed an immediate increase in DCPM from baseline to treatment 

on both CCC Alone and CCC-R and this increase was maintained across both the 

treatment phases. Student 4 and Student 5 displayed an immediate increase in DCPM 

from baseline to treatment in both the CCC Alone and CCC-R treatments. This increase 

was maintained across treatment data for CCC-R, but fell back below baseline on the 

second CCC Alone data point. Overall, more students displayed an immediate treatment 

effect that was maintained across the treatment phase on DCPM in the CCC-R treatment 

compared to the CCC Alone treatment.  

On DC in the CCC-R treatment, Student 2 displayed an immediate increase when 

the treatment phase was implemented and this was maintained across the first three 

treatment data points. Student 5 showed an immediate increase when CCC-R treatment 

was implemented, but this effect was not maintained across the first three treatment data 

points. The remainder of participants either showed a decrease from baseline to treatment 

or remained relatively level on CCC-R DC. Overall, on DC, few students displayed an 

immediate effect with the implementation of both CCC Alone and CCC-R.  
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 Overlap. Overlap between baseline and treatment phases and was present for all 

students other than Student 3 on DCPM in the CCC Alone phase. Student, 2, Student 4, 

and Student 5 each had one overlapping data point on CCC Alone treatment. Student 1 

had two overlapping data points. In the CCC-R treatment on DCPM, Student 2, Student 

3, Student 4, and Student 5 did not display any overlapping data points. Student 1 had 

two overlapping data points. Overall, students displayed less overlap in the CCC-R 

treatment than CCC Alone on DCPM. 

In the CCC-R phase, Student 2 had one overlapping data point on DC. Student 1, 

Student 3, and Student 5 had two overlapping data points on CCC-R DC. Student 4 has 

three overlapping data points on CCC-R DC. The large amount of overlap seen in 

Student 4 was due to a ceiling effect on the DC measure for this student. On DC, there 

was more overlap seen in the CCC-R than CCC Alone. 

 Consistency of Patterns across Similar Phases. There was a relatively 

consistent pattern across students on similar phases when comparing CCC Alone and 

CCC-R on the DCPM measure. Based on visual analysis of DCPM graphs, Student 1 

appeared to show more improvement with CCC-R based on level. Other visual analysis 

features, including trend, variability, immediacy of the effect, and overlap were 

comparable between CCC-R and CCC Alone for Student 1. Student 2 also appeared to 

demonstrate larger gains on CCC-R based on level and overlap. However, there was a 

steeper treatment trend for CCC Alone. Student 2 did not display a notable difference 

between CCC Alone and CCC-R treatments in variability or immediacy of the effect. 

Student 3 appeared to display greater gains on CCC Alone than CCC-R, based on level 
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and immediacy of effect. However, Student 3 displayed a steeper treatment trend on 

CCC-R than CCC Alone. Variability and overlap were comparable between CCC Alone 

and CCC-R for Student 3. Student 4 displayed greater gains on CCC-R based on level, 

immediacy of the effect, and overlap. In addition, Student 4 showed less variability on 

CCC-R. Student 4 did display a steeper treatment trend on CCC Alone. Student 5 also 

demonstrated greater gains on CCC-R based on level, variability, immediacy of the 

effect, and overlap. Student 5 did display a steeper treatment trend for CCC Alone than 

CCC-R.  On the fluency measure (DCPM) the majority of participants appeared to show 

greater gains with CCC-R than CCC Alone. Student 4 was the only participant who 

appeared to make greater gains with CCC Alone.  

            On the DC measure, some students displayed more success with CCC Alone, 

while other students demonstrated more improvement with CCC-R. On the DC measure, 

Student 1 appeared to have slightly greater gains with CCC-R than CCC Alone based on 

level. Variability, trend, immediacy of the effect, and overlap were comparable between 

CCC Alone and CCC-R for Student 1. Student 2 appeared to have the most success with 

CCC-R based on level and overlap. Trend, variability, and immediacy of the effect were 

similar across CCC Alone and CCC-R for Student 2. Student 3 demonstrated greater 

gains on CCC Alone, based on level, variability, immediacy of the effect, and overlap. 

The treatment trend was similar in CCC Alone and CCC-R for Student 3. Student 4 did 

not display a notable difference between baseline and treatment phases on either CCC 

Alone or CCC-R, as this student answered most problems correctly at baseline, creating a 

ceiling effect. Student 5 demonstrated greater gains on CCC Alone than CCC-R based on 
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level, trend and overlap. Variability and immediacy of the effect were similar on CCC-R 

and CCC Alone for Student 5. In summary, CCC-R was more effective in increasing 

accuracy for two students and CCC Alone was more effective in increasing accuracy for 

another two students. One student did not demonstrate a notable difference between the 

two treatments.  

CCC with Goal Setting and Graphing Progress vs. CCC with Rewards 

Analysis of Baseline Phase. On the CCC-GP problem set, Student 1, Student 2, 

and Student 5 were at frustration level across all baseline data. Student 3 and Student 4 

fluctuated between frustration and instructional levels on DCPM baseline measures. The 

average DCPM for the CCC-GP problem sets at baseline across participants was 19.93 

and ranged from 10.33 to 22.67. The average DC for CCC-GP problem set baseline was 

14.47 and ranged from 14.0 to 17.0. These data indicate that students performed better, 

overall, on the CCC-GP problem set at baseline when compared to the CCC-R problem 

set.  

All five participants displayed an upward trend on DCPM at baseline on the CCC-

GP problem set. On CCC-GP DCPM baseline, the average slope was 5.40 and ranged 

from 1.50 to 11.0. For CCC-GP DC, all students displayed either a neutral or a 

decreasing trend at baseline. The CCC-GP DC average slope across participants at 

baseline was -0.50 and ranged from -2.0 to 0.0.  

Upward trend was a noted issue for both CCC-R and CCC-GP baselines. An 

upward trend at baseline makes it difficult to differentiate whether gains during treatment 

phase are due to the treatment itself or are simply a continuation of the upward trend at 
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baseline. However, more participants displayed an upward trend on CCC-GP baseline 

than CCC-R on DCPM. Baseline data for CCC-GP and CCC-R problem sets were more 

stable on the DC measure than the DCPM measure. More students were at frustration 

level on baseline data on CCC-R sets than CCC-GP, indicating that more students 

demonstrated a need for intervention with the CCC-R problem set.  

Level. Based on visual analysis of DCPM CCC-GP and CCC-R graphs, there was 

an increase in level across all five participants from baseline to treatment phase. Student 

1 and Student 3 displayed a larger increase in level from baseline to treatment with CCC-

GP than CCC-R. Student 2, Student 4, and Student 5 had a larger increase in level on the 

CCC-R treatment than CCC-GP. The average increase in level from baseline to treatment 

on DCPM in the CCC-GP phase across participants was 8.10 and ranged from 4.50 to 

12.83. Therefore, on average, participants displayed a larger increase in level in the CCC-

R phase than the CCC-GP phase from baseline to treatment on DCPM.  

Based on visual analysis of DC, there was an increase from baseline to treatment 

for almost all participants in both the CCC-GP and CCC-R phases. Student 4 maintained 

the same level in both CCC-GP and CCC-R. Student 5 displayed a slight decrease in 

level from baseline to treatment in the CCC-R phase on DCPM. Visual analysis of DC 

graphs revealed that Student 3, Student 4 displayed a larger increase in level in the CCC-

R phase than the CCC-GP phase on DC. Student 1, Student 2, and Student 5 displayed a 

larger increase in level from baseline to treatment on the CCC-GP phase that the CCC-R 

phase on DC. The mean increase in level on DC across participants in the CCC-GP phase 
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was 1.30 and ranged from 0.0 to 2.58. Overall there was a larger increase in level in the 

CCC-GP than CCC-R across participants on the DC measure.  

Trend. Visual analysis of DCPM graphs comparing CCC-GP to CCC-R indicate 

that Student 4 and Student displayed a steeper trend line in the treatment phase on the 

CCC-GP than the CCC-R. Student 1, Student 2, Student 3 displayed a steeper trend on 

the CCC-R than CCC-GP.  The majority of students did not display a clear increase in 

trend from baseline to treatment. However, Student 2 and Student 3 displayed an increase 

in trend from baseline to treatment in CCC-R phase.  

Visual analysis of DC graphs comparing CCC-GP to CCC-R showed that Student 

2, Student 4, and Student 5 displayed a steeper trend lines during in the CCC-GP 

treatment phase than in the CCC-R treatment phase. Student 3 had a steeper trend on the 

CCC-R phase than the CCC-GP treatment phase. Student 1 had similar treatment trends 

for CCC-R and CCC-GP. On the CCC-R phase, there was an increase in trend from 

baseline to treatment for Student 1 and Student 2 on DC. Students 2 and 4 displayed a 

similar trend from baseline to treatment on DC in the CCC-R phase and Student 5 

displayed a notable decrease in trend. On the CCC-GP phase, there was a slight increase 

in trend from baseline to treatment for Student 1, Student 2, and Student 5 on DC. 

Students 3 and 4 displayed a similar trend from baseline to treatment on DC in the CCC-

GP phase. 

The average change in slope across participants on DCPM from CCC-GP baseline 

to treatment was -4.6 and ranged from -10.51 to -2.67. On the CCC-GP phase, the 

average change in slope on DC was 0.47 and ranged from -0.35 to 2.06.  For DCPM, 
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there was a larger increase in trend from baseline to treatment in the CCC-R phase 

compared to CCC-GP. The opposite was true on the DC measures. However, the average 

change in slope was comparable between these two phases on the DC measure.  

Variability. On DCPM in the CCC-GP phase, all students displayed some 

variability. Student 1 displayed the least variability of data, while Student 2 and Student 3 

displayed the most variability. Students in both the CCC-R and CCC-GP phases tended to 

show less variability during baseline than in treatment.  

There was less variability across most participants on DC than DCPM for both 

CCC-GP and CCC-R. Student 1 and Student 3 showed the most variability on DC in the 

CCC-GP phase. Overall, variability appeared to be comparable across the CCC-GP and 

CCC-R phases.  

Immediacy of Effect. The immediacy of effect for the CCC-GP and CCC-R 

phases were examined across participants using visual analysis in order to compare these 

two treatment phases. Student 1, Student 3, and Student 5 displayed a decrease from the 

last baseline to first treatment data points on DCPM in the CCC-GP phase. In the CCC-

GP phase, Student 2 and Student 4 displayed an immediate increase from the last baseline 

to first treatment data points. However, the second data point in the treatment phase fell 

back down below baseline measures for each of these participants. Overall, more students 

displayed an immediate treatment effect that was maintained across the treatment phase 

on DCPM in the CCC-R treatment compared to the CCC-GP treatment.  

On CCC-GP DC, only Student 3 showed an immediate increase from baseline 

when treatment was implemented and this increase was maintained for the first three data 
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points. In the CCC-GP phase on DC, the first data point in the treatment phase of Student 

1 and Student 2 remained level with baseline and then increased above baseline on the 

second and third data points. The other participants (Student 4 and Student 5) displayed 

significant overlap between the last three baseline data points and the first three data 

points in treatment and minimal change in level. Overall, on DC, few students displayed 

an immediate effect with the implementation of CCC-GP and CCC-R. 

 Overlap. In the CCC-GP treatment on DCPM, all students displayed some 

overlap between baseline and treatment. Student 1, Student 2, Student 3, and Student 5 

had one overlapping data point on DCPM in the CCC-GP phase, while Student 4 has two 

overlapping data points. Students displayed less overlap overall in the CCC-R compared 

to the CCC-GP phase on DCPM. 

In the CCC-GP phase, Students 1, 2, 3, and 5 has one overlapping data point, 

while Student 4 has three overlapping data point on DC. The large amount of overlap 

seen in Student 4 on both CCC-GP and CCC-R was due to a ceiling effect on the DC 

measure for this student. On DC, there was more overlap seen in the CCC-R than CCC-

GP.  

Consistency of Patterns across Similar Phases. There was a relatively 

consistent pattern across students on similar phases when comparing CCC-GP and CCC-

R on the DCPM measure. Based on visual analysis of DCPM graphs, Student 1 appeared 

to show more improvement with CCC-GP than CCC-R based on level, trend, and 

overlap. Student 1 also displayed less variability during the CCC-GP treatment than 

CCC-R. Student 1 did not display an immediate effect on either treatment. Student 2 



64 

 

appeared to demonstrate larger gains on CCC-R based on level, immediacy of effect, and 

overlap.  However, there was a steeper treatment trend for CCC-GP. Student 2 did not 

display a notable difference between CCC-GP and CCC-R treatments in variability. 

Student 3 appeared to display greater gains on CCC-GP than CCC-R, based on level. 

However, Student 3 displayed a steeper treatment trend, less overlap, a more immediate 

effect, and less variability on CCC-R compared to CCC-GP. Student 4 displayed greater 

gains on CCC-R than CCC-GP based on level, immediacy of the effect, and overlap. In 

addition, Student 4 showed slightly less variability on CCC-R. The treatment trends were 

negative for both treatments for Student 4. However, the slope for CCC-R was slightly 

larger than CCC-GP. Student 5 demonstrated greater gains on CCC-R based on level, 

variability, immediacy of the effect, and overlap. Student 5 did display a steeper 

treatment trend for CCC-GP than CCC-R. On the fluency measure (DCPM), most 

participants showed greater gains on the CCC-R phase than the CCC-GP phase based on 

visual analysis. 

            On the DC measure, some students displayed more success with CCC-R, while 

other students demonstrated more improvement with CCC-GP. On the DC measure, 

Student 1 appeared to have slightly greater gains with CCC-GP than CCC-R based on 

level and overlap. Variability, trend, immediacy of the effect, and overlap were 

comparable between CCC-GP and CCC-R for Student 1. Student 2 appeared to have the 

most success with CCC-GP based on level, trend, variability, and immediacy of the 

effect. Overlap was the same across CCC-GP and CCC-R for Student 2. Student 3 

demonstrated greater gains on CCC-R based on level and trend, but displayed greater 
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gains on CCC-GP based on variability, immediacy of effect, and overlap. Student 4 did 

not display a notable difference between baseline and treatment phases on either CCC-GP 

or CCC-R, as this student answered most problems correctly at baseline, creating a 

ceiling effect. Student 5 demonstrated slightly greater gains on CCC-GP than CCC-R 

based on level and trend. CCC-GP also showed slightly less variability and less overlap 

for Student 5. In summary, CCC-GP was more effective in increasing accuracy than 

CCC-R for three students and two students did not demonstrate a clear difference in 

effect between the two treatment groups.  

No Treatment 

Analysis of Baseline Phase. In the No Treatment (NT) phase, two of the five 

participants were at frustration level on all baseline data points. Two other participants 

fluctuated between instructional and frustration level on baseline measures. One 

participant was at instructional level on all baseline data points. The average mean 

DCPM in the NT phase for baseline across participants was 22.87 and ranged from 9.67 

to 37.0. The average mean on DC baseline across participants was 14.07 and ranged from 

12.0 to 16.33.  

Visual analysis of the NT baseline phase indicated that all five students 

demonstrated an upward trend in the baseline phase based on DC per minute. The 

average slope across DCPM baselines was 3.50 and ranged from 0.50 to 9.50. On the DC 

measure, two students displayed upward trends during baseline while three students 

displayed downward trends. The average slope across participants on DC baseline was -

0.40 and ranged from -1.0 to 0.50.  
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Level. Level refers to the mean score the data within a phase. Based on visual 

analysis of DCPM NT graphs, only Student 1 displayed a notable increase from baseline 

to treatment phase. The average increase in level from baseline to treatment on DCPM in 

the NT phase across participants was 0.93 and ranged from -2.25 to 5.83. Based on visual 

analysis of DC CCC Alone graphs, Student 1, Student 4, and Student 5 displayed slight 

increase in level, while Student 2 and Student 3 displayed decreases in level from 

baseline. The mean increase in level on DC across participants was 0.30 and ranged from 

-0.67 to 1.0.  

Trend. NT trends across participants were assessed using visual analysis and by 

calculating the slope of data in baseline and treatment phases. Visual analysis of DCPM 

NT graphs indicate that Student 1, Student 2, Student 3, and Student 5 displayed a 

decrease in trend from baseline to treatment. Student 2 displayed an increase in trend. 

The average slope across participants decreased by 3.18 DCPM from NT baseline to 

treatment.  On DC NT graphs, two participants showed an increase in trend from baseline 

to treatment and three participants showed a decrease in trend. The average change in 

slope from NT baseline to treatment was across students was 0.29 DC and the changes in 

slope ranged from -0.64 to 1.01.  

 Variability. On the DCPM measure, Student 1 and Student 5 displayed the most 

variability on the NT phase. Student 5 displayed the most variability on DC in the NT 

phase. All other participants had minimal variability in the NT phase on DC. There was 

more variability on the DCPM measure than DC measure in the NT phase.   
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Immediacy of Effect. The immediacy of effect for the NT phase was examined 

across participants using visual analysis. On DCPM, all participants displayed a decrease 

in from the last baseline to the first treatment data point. Therefore, none of the five 

participants displayed an immediate effect in the NT phase on DCPM. On DC, Student 2, 

Student 3, Student 4, and Student 5 displayed an increase from the last data point in 

baseline to the first data point in the treatment phase. However, the first three treatment 

data points did not remain above baseline for any of these students. The last baseline data 

point remained level with the first treatment data point for Student 1 on DC in the NT 

phase.  

 Overlap. Overlap between baseline and treatment phases and was present for all 

students on DCPM in the NT phase. Student 1 had one overlapping data point. Student 4 

and Student 5 had two overlapping data points. Student 2, Student 3 had three 

overlapping data points. On the DC measure, all students displayed overlap between the 

baseline and treatment phases as well. Student 1 had one overlapping data point. Student 

2, Student 3, Student 4, and Student 5 had three overlapping data points.  

 Consistency of Data Patterns across Similar Phases. An analysis of 

consistency of data patterns across students on the NT phase indicated some similarities 

across participants. The majority of students displayed a minimal increase in level from 

baseline to treatment. The majority of students did not have a notable increase in trend 

from baseline to treatment. The variability of data was comparable across participants. 

The majority of students did not display an immediate effect when the intervention was 
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introduced. Finally, the majority of students had a high amount of overlap between 

baseline and treatments.   

ADISO Effect Size 

 ADISO effect sizes were calculated for each of the five students across all phases 

for both DCPM and DC. There was some variation between effect size outcomes by 

student. On DCPM, most students had greater growth on CCC-GP than CCC Alone. Only 

one student (Student 3) had greater improvement on CCC Alone than CCC-GP.  When 

comparing CCC-R to CCC Alone on DCPM, three students showed greater gains with 

CCC Alone (Student 3, Student 4, and Student 5), while two students had greater gains 

with CCC-R (Student 1 and Student 2). All five students had greater gains on CCC-GP 

DCPM compared to CCC-R DCPM. The effect sizes comparing CCC Alone to No 

Treatment on DCPM indicate that three students (Student 2, Student 3, and Student 4) 

had greater growth from CCC Alone to No Treatment, while two students (Student 1 and 

Student 5) had greater gains within the No Treatment phase. The majority of students had 

greater gains in the CCC-GP phase than the No Treatment phase. One student (Student 5) 

had larger gains on the No Treatment phases, compared to CCC-GP DCPM.  

 Mean effect sizes across students on DCPM indicate that CCC-GP had the highest 

effect sizes when compared to CCC Alone (ADISO = 3.40), CCC-R (ADISO = 7.51), 

and No Treatment (ADISO = 4.55). The mean CCC-R across students on DCPM 

indicated that CCC-R was less effective than CCC Alone (ADISO = -5.08), and no more 

effective than No Treatment (ADISO = 0.00). CCC Alone was more effective overall 
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across students than No Treatment (ADISO = 1.79), but less so than CCC-GP over No 

Treatment on DCPM (ADISO = 4.55).  

 On the DC measure, many students did not demonstrate gains on CCC-GP 

compared CCC Alone based on the ADISO effect size. Students 3, 4, and 5 did not 

demonstrate any difference in effect between CCC-GP and CCC Alone. Student 1 and 

Student 2 had higher gains in the CCC-GP phase compared to CCC Alone. Four students 

displayed higher gains on CCC Alone DC than CCC Alone DC while Student 1 displayed 

greater gains on CCC-R, based on ADISO data. When comparing CCC-GP to CCC-R, all 

five students displayed greater gains on CCC-GP. All but one student (Student 1) showed 

more growth with CCC Alone compared to the No Treatment phase. All students had 

greater gains with CCC-GP compared to the No Treatment phase. On DC, Student 1, 

Student 4, and Student 5 demonstrated greater gains in No Treatment than CCC-R. Two 

students (Student 2 and Student 3) displayed no difference in growth between CCC-R 

and No Treatment on the DC measure.  

 The mean across students was also calculated for each ADISO comparison on 

DC. As with DCPM, overall students appeared to demonstrate the greatest gains with 

CCC-GP, based on ADISO effect size means. CCC-GP phase was more effective on 

average than CCC Alone (ADISO = 0.97, CCC-R (ADISO = 2.04), and No Treatment 

(ADISO = 1.40). CCC-R was less effective on average than CCC Alone (ADISO = -1.38) 

and No Treatment (ADISO = -1.05). CCC Alone was more effect, on average, than the 

No Treatment phase (ADISO = 0.62).  
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Treatment Acceptability Data  

On the treatment acceptability survey, all five participants reported that they 

enjoyed taking part in the study. Four participants reported that they felt their knowledge 

of multiplication facts increased through participation in this study. One participant left 

this answer blank. When asked which treatment they enjoyed most, two participants 

reported that they enjoyed the graphing progress most and three participants reported that 

they most enjoyed the reward condition. Only two participants provided reasons for their 

choice. One student shared liking rewards most because, “You learn and get rewards.” 

Another participant reported enjoying the reward phase most because, “We got to choose 

them.” When students were asked which treatment helped them learn the most, one 

student did not provide a response, three students reported being helped most by the 

intervention by alone (i.e., CCC Alone), and one student reported that the graphing 

progress phase was most helpful. Reasons for the intervention by itself being most 

helpful were, “because it helped me do better,” and “because it helped me by teaching me 

multiplication facts that I didn’t know.” One student did not provide a rationale. The 

reason provided for graphing progress being the most helpful was “because it helped me 

improve.” 

Interrater Agreement and Treatment Fidelity Data  

Treatment fidelity was 94% on average across intervention phases. Interrater 

agreement was 56% initially. This low interrater agreement was due to a difference in 

how DC were calculated between raters. Therefore, DC was more clearly defined in the 

methods, and 25% of the remaining assessment measures were rescored by a second rater 
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based on the updated criteria. After the methods for scoring were clarified, interrater 

agreement was 95%. Interrater agreement was not at 100% due to a calculation mistake, 

which was corrected. Due to this error, all probes were rescored after interrater agreement 

was completed and no other errors were found.  

Discussion 

There is a need to increase overall mathematics achievement among students in 

the United States, as only 41% of Grade 4 students were performing at proficient level in 

2019 (NAEP, 2019). This highlights the need for effective mathematics interventions in 

schools. Increasing math fact fluency is a specific area of intervention that is important to 

target, as research has suggested that students need to be fluent in their basic math facts 

in order to progress in other areas of mathematics (Carr et al., 2011; Geary, 2004; Gerten 

& Chard, 1999). Cover, Copy, and Compare is one intervention that has been found to 

increase overall math fact fluency (Codding, Shiyko, et al., 2007; Ozaki, 1996; Poncy et 

al., 2007; Poncy et al., 2006; Skinner et al., 1993; Skinner, Shapiro, et al., 1992). 

However, a number of students in previous studies have been non-responders. 

Researchers have suggested that students who did not demonstrate sufficient progress 

with the CCC intervention may have demonstrated more growth with the use of 

motivational strategies, such as reinforcement (Poncy & Skinner, 2011; Poncy et al., 

2012) and goal setting (Skinner et al., 1993). Although multiple studies in the area of 

mathematics intervention have included such motivational strategies as components of 

their interventions, very few studies have isolated the effects of these components from 
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intervention effects. Additionally, no known research has compared the effects of various 

motivational strategies within mathematics interventions to one another.  

The present study aimed to compare outcomes of CCC Alone to CCC with the 

inclusion of motivational strategies, in addition to comparing the effectiveness of these 

motivational strategies to one another. The study included five Grade 4 students who 

were teacher nominated due to difficulties in math. A group CCC intervention was 

implemented with all five students in one group. The study utilized an Alternating 

Treatment Design (ATD) for instructional research as proposed by Sindelar, Rosenberg, 

and Wilson (1985). Within this design, participants were taught distinct but equivalent 

problem sets in each of the three treatment phases in order to avoid carry over effects 

between treatment phases. Intervention phases included CCC Alone, CCC with goal 

setting and graphing progress, CCC with rewards, and a no treatment phase. There were 

also four distinct baseline phases for each participant, each associated with one of the 

four treatment phases. Two measures were utilized in order to measure students’ math 

fact fluency: DCPM and DC. Treatment fidelity, interrater agreement, and treatment 

acceptability data were included in the study. Data were analyzed using visual analysis 

which was conducted following the guidelines set forth in the What Works Clearinghouse 

Single-Case Design Technical Documentation (Kratochwill et al., 2011). Additionally, 

the “average difference between successive observations effect size” (ADISO; Manolov 

& Onghena, 2018) was calculated.  

The first aim of the present study was to determine whether the CCC intervention 

alone would produce gains in multiplication fact fluency over baseline levels. It was 
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hypothesized that CCC would be effective in increasing student math fact fluency over 

baseline. This hypothesis is based on previous research findings which indicate that CCC 

is an effective means for increasing math fact fluency (e.g. Joseph et al., 2012).There was 

in increase in level in the CCC treatment over baseline for all participants on both fluency 

(DCPM) and accuracy (DC). However, Student 1 displayed a minimal increase in level 

from baseline to treatment phase on fluency (DCPM) and Student 1, Student 2, and 

Student 4 displayed minimal increases in level on accuracy (DC). Student 4 appeared to 

hit a ceiling on the accuracy measure, as every item was answered correctly on all but 

one on the baseline assessment measures. Therefore, gains on accuracy were minimal for 

Student 4, but this Student did demonstrate gains on fluency with CCC Alone treatment. 

This was consistent with ADISO effect size findings which indicated no difference 

between effects of CCC Alone and NT on accuracy for Student 4.  

Trend became an issue when attempting to determine the efficacy of CCC Alone 

for Student 1, Student 2, Student 3 and Student 5, as these participants had increasing 

trends at baseline on DCPM. Student 2 also had an increasing baseline trend on DC. For 

this reason, it could not be determined whether the trends at baseline for these students 

would have continued regardless of whether or not the CCC treatment was implemented. 

The gains could have been due to variables other than the CCC treatment, such as general 

classroom instruction or practice effects on outcome measures. However, the no 

treatment phase was able to provide some protection against threats to internal validity. A 

comparison between effects of CCC Alone and NT phases for these four students does 

indicate larger gains on the CCC Alone treatment compared to the NT based on level, 
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trend, overlap, and immediacy of effect compared to baseline. In addition, the ADISO 

effect size is appropriate for analyzing data with trends, as it uses weighted comparisons 

of adjacent data.  

Student gains in the CCC Alone treatment were also demonstrated through the 

immediacy of the effect once treatment was implemented. Student 3 displayed an 

immediate effect on both fluency and accuracy once the CCC intervention was 

implemented and this effect could be seen across the last three baseline data points and 

first three treatment data points. Student 2, Student 4, and Student 5 displayed an 

immediate increase in fluency from baseline when the CCC Alone intervention was 

implemented based on the baseline and first treatment data point, but this effect was not 

maintained across three baseline and treatment data points. Student 2 and Student 4 did 

not have an immediate increase in accuracy. For Student 4, this was due to a ceiling 

effect. Student 5 had an initial increase in accuracy but it was not maintained across three 

data points. Student 1 did not have an immediate increase from baseline to treatment 

when CCC Alone treatment was implemented on either accuracy or fluency.  

Overlap between baseline and treatment phases was present for all students other 

than Student 3 between baseline and the CCC Alone treatment. Student 3 did not display 

any overlap between baseline and treatment on the fluency and accuracy measures. 

Student 5 had one overlapping data point on both fluency and accuracy. Student 2 had 

one overlapping data point on fluency and two overlapping data points on accuracy. 

Student 4 had one overlapping data point on fluency and two overlapping data points on 

accuracy. Student 1 had two overlapping data points on both fluency and accuracy 
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measures. ADISO effect size data also indicate that the majority of students showed gains 

in math fact knowledge with the CCC Alone intervention. However, there were mixed 

results across students, with some students showing gains with CCC Alone compared to 

NT and others either demonstrating no difference between CCC Alone and NT or greater 

gains with NT. On DCPM, only three students demonstrated greater gains with CCC 

Alone over the NT phase according to ADISO effect size data. Student 1 and Student 5 

showed greater gains of the NT phase than CCC Alone. When considering accuracy 

alone (DC), two students (Student 4 and Student 5) did not demonstrate any difference in 

effect between CCC Alone and NT while Student 1 had larger gains in the NT phase. 

 To summarize the efficacy of the CCC Alone intervention, based on visual 

analysis, most students demonstrated some gains when the CCC treatment was 

implemented. All students had an increase in level on both fluency and accuracy 

measures when the CCC Alone intervention was implemented. For four participants, the 

treatment trend appeared to be a continuation of the baseline trend, making it difficult to 

attribute gains to the intervention for these students. However, there was a larger increase 

in trend with CCC Alone than with NT for these participants, indicating that there may 

have been some treatment effect with CCC Alone compared to NT. Student 3 

demonstrated an immediate effect. Student 2 did not display an immediate effect. The 

remainder of students showed an immediate effect from the last baseline point to the 

treatment data point, but this was not maintained across three baseline and three treatment 

phases. Significant overlap was noted for Student 2 and Student 4 on accuracy and for 

Student 1 on both fluency and accuracy. All students appeared to make gains over 
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baseline with the implementation of the CCC Alone intervention over baseline, other than 

Student 1. Overall, it appeared that the CCC Alone intervention was more effective in 

increasing fluency (DCPM) than at increasing accuracy (DC) based on visual analysis 

and ADISO values.  

The second goal of the present study was to examine the effects of the addition of 

rewards to the CCC intervention. Prior research, although limited, has indicated that 

treatment groups which include a reinforcement component are more effective in 

increasing math outcomes than those that do not (Schunk & Cox, 1986; Vasta & Stirpe, 

1979). Therefore, it was hypothesized that CCC with reinforcement will produce greater 

academic outcomes than CCC Alone.  

When comparing CCC Alone to CCC-R through visual analysis, outcomes varied 

across students and outcome measures (fluency vs. accuracy). Student 1, Student 2, 

Student 4, and Student 5 all appeared to make greater gains on CCC-R compared to CCC 

Alone on fluency (DCPM) based on visual analysis. Student 4 was the only student who 

appeared to make greater gains on CCC Alone compared to CCC-R on this measure. 

ADISO data indicated mixed results across students as well, as two students had greater 

success with CCC Alone and two students displayed more growth with CCC-R on 

DCPM based on ADISO effect sizes.  

On the DC measure, some students displayed more success with CCC Alone, 

while other students demonstrated more improvement with CCC-R. Based on visual 

analysis, Student 1 and Student 2 appeared to have slightly more gains on CCC-R than 

CCC Alone on accuracy measures. Student 3 and Student 5 demonstrated greater gains 
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on CCC Alone than CCC-R on accuracy. Student 4 did not display a notable difference 

between baseline and treatment phases on either CCC Alone or CCC-R, as this student 

answered most problems correctly at baseline, creating a ceiling effect. ADISO values 

indicate that the majority of students demonstrated increased growth with CCC Alone. 

Only one student had more success with CCC-R on accuracy according to ADISO.  

To summarize, the majority of students showed greater gains with CCC-R 

compared to CCC Alone on fluency based on visual analysis. Based on ADISO values, 

slightly more students had greater success with CCC Alone. Results were not consistent 

on accuracy, as some students had more success with CCC Alone and some with CCC-R 

on the accuracy measure. One possible explanation for this is that students were not 

provided with rewards based on their performance on outcome measures, but rather based 

on their performance on the intervention itself. Therefore, students already were told they 

had earned their rewards for successfully completing the intervention, but had to 

complete the outcome measure before rewards were provided. This may have led 

students to complete the outcome measure quickly in order to get their rewards sooner. 

This could have caused an increase in fluency, but not accuracy. Students may have had 

more success with the addition of rewards if rewards were provided based on student 

scores on outcome measures.  

 The third goal was to investigate the impact of the addition of graphing progress 

and goal setting to the CCC intervention. Based on prior research, it was expected that 

the addition of this motivational component would also increase outcomes over CCC 

Alone (Fuchs et al., 2003). There was not a consistent pattern across participants when 
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comparing CCC-GP to CCC Alone. Based on visual analysis, Student 1 and Student 2 

had greater gains on the CCC-GP treatment when compared to the CCC Alone treatment 

on both fluency and accuracy. Student 3 and Student 5 had greater gains on CCC Alone 

on both accuracy and fluency. Student 4 had greater gains with CCC Alone on fluency. 

However, Student 4 did not display a notable difference between baseline and treatment 

phases on either CCC Alone or CCC-GP, as this student answered most problems 

correctly at baseline, creating a ceiling effect. Overall, three students appeared to have 

more success with CCC Alone, while two students had more success with CCC-GP based 

on visual analysis, ADISO values indicated that four out of five students had more 

success with the addition of goal setting and graphing progress on DCPM. Only one 

student had more success with CCC Alone on this measure. On accuracy, two students 

had more success with CCC-GP, while three students did not display any difference in 

math fact knowledge gains between the two conditions.  

Although the majority of students appeared to demonstrate more growth with the 

addition of goal setting and graphing progress, not all students had more success in this 

phase. One possible explanation for some students not demonstrating more success with 

the addition of goal setting and graphing progress is that most students displayed 

variability in their scores on CCC-GP. Therefore, although they all displayed an upward 

trend, the majority of students’ scores fluctuated from session to session, making it so 

that they often did not beat their previous scores. The fact that students were unable to 

beat their previous scores consistently may have impacted student motivation.  
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 Finally, the present study aimed to compare the effects of the addition of 

reinforcement alone to CCC to the inclusion of goal setting and graphing progress with 

CCC. Although prior research does not provide direct evidence for which of these 

components would be most effective, it was hypothesized that goal setting and graphing 

progress will be more effective than reinforcement alone. This is because under the EVT 

of motivation, reinforcement alone only targets task value, while goal setting and 

graphing progressing targets both task value and students’ expectancies for success 

(Wigfield & Eccles, 1999). Based on visual analysis, Student 1 showed more 

improvement with CCC-GP than CCC-R on fluency and accuracy. Student 2, Student 3, 

Student 4, and Student 5 showed larger gains on CCC-R than CCC-GP on fluency. 

Student 3 and Student 5 had greater gains with CCC-GP on accuracy. Student 4 did not 

display a notable difference between treatments on accuracy, as Student 4 answered more 

items correct on this measure, creating a ceiling effect. Based on ADISO values, all 

students displayed more success with the addition of goal setting and graphing progress 

when compared to the rewards treatment phase. This was the case on both measures 

(DCPM and DC).  

Based on visual analysis, students were split in their responses to these two 

treatment phases. Most students appeared to make larger gains on fluency with CCC-R, 

while students had more success in increasing accuracy with CCC-GP. One possible 

explanation for the differences between participants may be that CCC-R was more 

effective in increasing fluency, as students were motivated to finish their assessments 

quickly in order to get their prizes. On the other hand, CCC-GP may have encouraged 
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students put more effort into their accuracy on assessment measures, as students were 

encouraged to increase their scores on assessment measures on the CCC-GP phase. In the 

CCC-R phases, students were not rewarded for accuracy on the assessment measure. In 

addition, the only student who had the most success with CCC-GP in increasing both 

fluency and accuracy was also the only student who consistently beat his previous scores 

on outcome measures from the previous CCC-GP session. This could also provide an 

explanation for why this student could have had more success in this phase than other 

participants, as beating his previous scores may have led to increased motivation. Based 

on ADISO values, all students had more success in the goal setting and graphing progress 

phases. These findings were consistent with the hypothesis that students would show 

increased success with the addition of a motivational strategy that targeted both 

expectancy and value.  

A No Treatment phase was included in the study in order to provide some control 

for threats to internal validity due to the potential impact of outside instruction and 

practice effects of completing the outcome measure. If these threats to internal validity 

were not present, it was expected that student outcomes would remain relatively stable 

across baseline and no treatment phases when compared to other outcomes. This did 

appear to be the case, as most participants displayed minimal to no increase in level from 

baseline to treatment on fluency and accuracy. The exception was Student 1 who had an 

increase in level on fluency. All students had either a flat or decreasing treatment trend on 

accuracy. Two students had increasing treatment trends on fluency and the remainder 

were flat or decreasing. The variability of data was comparable across participants. No 
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students displayed an immediate effect when the intervention was introduced that was 

maintained across three data points on either fluency or accuracy. Finally, the majority of 

students had a high amount of overlap between baseline and treatment phases. The lack 

on effect seen in the no treatment phase serves as an indication that gains seen on other 

treatment phases were likely due to the interventions rather than some extraneous 

variable.  

Although prior research has not directly tested the effects the addition of 

motivational strategies to the CCC intervention, one meta-analysis included a comparison 

of studies of CCC and studies examining CCC with other evidence-based instructional 

components (Joseph et al., 2012). This study included CCC interventions that targeted 

various subjects, including spelling and math, using evidence-based strategies including 

token economies and goal setting feedback (Bolich et al., 1995; Skinner et al., 1993). 

Findings indicated higher PND effect sizes in studies that included these instructional 

components than the studies that implemented the intervention alone. This meta-analysis 

calculated one effect size for all interventions that included additional instructional 

components and did not provide insight on differences in effects between these additional 

components. 

Another article provided a qualitative summary of various mathematics 

intervention research conducted between 2000 and 2014 (Dennis et al., 2016). This study 

isolated research that included specific intervention components in order to compare their 

effects. One such component was the addition of reinforcement; findings indicated that 
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although reinforcement positively predicted effect size estimates, the finding was not 

significant.  

Findings in the current study appeared to indicate higher outcomes overall with 

goal setting and graphing progress than the addition of rewards based on effect size data. 

Although the effects of goal setting and graphing progress has not been isolated within 

the CCC intervention, numerous studies have found goal setting and monitoring progress 

to be a successful method in increasing motivation (Locke, Cartledge, & Koeppel, 1968). 

These studies have highlighted the importance of involving students in setting goals in 

order to increase social validity and ultimately increase motivation to achieve set goals. 

Research in this area has highlighted the use of goals setting, progress monitoring, and 

feedback for students as a successful tool in a number of areas including academics 

(Hirsch, Ennis, & McDaniel, 2013) and behavior (Bruhn, Mcdaniel, & Fernando, 

Troughton, 2016). Therefore, the results of the current study, indicating positive effects 

of the addition of goal setting and graphing progress, are in line with prior research and 

motivational theory. 

Implications 

 The goal of the current study was to identify motivational strategies that could be 

added to the CCC intervention in order to increase outcomes for students. Specifically, 

the study examined the inclusion of goal setting and graphing progress and the inclusion 

of reinforcement within the CCC intervention for multiplication fact fluency with the 

goal of determining whether these additional components could successfully increase 

intervention outcomes. In addition, the study aimed to determine the effectiveness of 
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CCC in isolation for increasing math fact fluency. Although there were mixed results, it 

appears that CCC was effective overall in increase multiplication fact knowledge. 

However, not all students showed clear growth with the implementation of the CCC 

intervention alone. This finding highlights that need to utilize a problem-solving 

approach in which interventions are modified based on progress monitoring data for 

students who are not demonstrating sufficient growth.  

 The addition of goal setting and graphing progress appeared to create the largest 

amount of growth in students overall, with all five students demonstrating larger gains 

within the CCC-GP compared to CCC-R and the majority of students displaying larger 

gains with the CCC-GP compared to CCC Alone and NT. The inclusion of goal setting 

and monitoring progress is relative time efficient, requires no cost, and can potentially be 

implemented with minimal teacher involvement. In many cases, students can be taught to 

score their own work and graph their scores. Therefore, this component is highly feasible 

within small group intervention settings or potentially within a class-wide setting with 

older students.  

 Another intervention phase utilized reinforcement to provide motivation for 

students to remain on task and complete the intervention steps accurately. Within this 

phases, after students completed all problems correctly and checked their answers, they 

were allowed to select a small tangible prize or activity. Results within this phase were 

mixed, as some students did not appear to make larger gains on multiplication fact 

knowledge with the addition of reinforcement. Additionally, when considering the 

feasibility of reinforcement within the classroom, the inclusion of tangible reinforcers 
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requires more resources than a goal setting and graphing progress component. Depending 

on the available resources at a school, cost decrease the feasibility of a reinforcement 

component, particularly in larger group interventions and class-wide implementation. The 

use of tangible reinforcers and activities at each intervention may not be useful for all 

students. Instead, frequent reinforcers may be more beneficial when used with specific 

students who demonstrate a need for increased reinforcement, rather than as a component 

used for all students in an intervention group or classroom. 

Limitations 

Although the current study appears to demonstrate positive outcomes for CCC, 

CCC with rewards, and CCC with graphing progress over baseline and no treatment 

phases, the current study is not without limitations. First, students were screened based on 

their DCPM on multiplication facts. This measure takes into account both accuracy and 

fluency. However, students’ accuracy and fluency were not considered independently 

during screening which led to variability between subjects on their accuracy and fluency. 

For example, a student who answered all items correctly during screening but worked 

slowly was not differentiated from a student who made many errors but worked quickly. 

This may have impacted results of the study as CCC has been found to be most effective 

as an intervention to target acquisition rather than fluency (Burns et al., 2010; Codding, et 

al., 2007).  

Second, the outcome measure used in the current study demonstrated limited 

variability. The measure used only contained nine items. When considering DC alone, 

some students displayed a ceiling effect, as they answered all problems correctly. 
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Additionally, students were given unlimited time on the outcome measure. They were 

asked to raise their hands when they completed all nine problems and the researcher 

documented their completion time. This methodology may have led to imprecise time 

measurements which could have impacted the reliability of the measure.  

A third limitation of the present study is that it was not considered prior to 

implementation of the intervention whether or not students demonstrated characteristics 

that would indicate a need for or potential benefit from motivational strategies. 

Participants who already demonstrated high levels of motivation prior to implementation 

would likely demonstrate less of a need for motivational strategies. This may decrease the 

effects of motivational strategies when compared to the intervention alone. A “can’t do 

won’t do” assessment or a questionnaire could have been utilized prior to intervention 

implementation to determine which students would likely benefit the most from 

motivational strategies.   

Fourth, the ADISO effect size results must be interpreted with caution, as this 

effect size does not take into account baseline data. Baseline data is of particular 

importance in this study, as problem sets are not the same across treatment phases. 

Although, problem sets were created to be equivalent across phases, there was likely to 

be some variation in difficulty of problem sets across participants.  

Fifth, the current study does not include demographic data for teachers and 

student. The lack of demographic information limits the generalizability of the study, as 

consumers of research will be unable to know whether results are applicable to certain 
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demographic groups. Additionally, the absence of demographic data could prohibit the 

use of the present study in a meta-analysis due to the lack of available moderator data.  

Lastly, missing data were present due to student absences. For this reason, there 

were only three repetitions of the alternating sequence for two of the five subjects. 

Therefore, data for these two students did not meet What Works Clearinghouse standards.  

Directions for Future Research 

There are many possible directions for future research related to the efficacy of 

motivational strategies and mathematics interventions. The present study utilized 

motivational components for all students within the intervention group. However, 

different students may have different levels of need and some may benefit more than 

others from the use of these motivational components. Motivational strategies may be 

more effective if they are tailored specifically to student needs. For example, future 

research could take into consideration whether students are demonstrating a skill or a 

performance deficit by implementing a can’t do/won’t assessment prior to the start of 

intervention (VanDerHeyden & Witt, 2008). This may serve as one way to determine 

student needs more effectively in order to match students with the most appropriate 

supports. If a student does not display any performance deficit, there may be less of a 

need to include motivational strategies for this student. In contrast, a student 

demonstrating a performance deficit alone may benefit from motivational strategies 

alone. Additionally, future research could take into consideration the specifics of a 

student’s performance deficit in order to select the most effective motivational strategy. 
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Matching motivational strategies to individual student needs may result in greater 

outcomes.  

The current study examined the effects of motivational strategies to increase 

outcomes of one specific intervention. However, it is likely that these motivational 

strategy could lead to increased outcomes for students in a variety of intervention types, 

including other types of mathematics interventions Future research could examine the 

effects of motivational strategies in other types of mathematics interventions in order to 

determine whether motivational strategies are generalizable across intervention types. 

The current intervention was administered in a small group setting. Yet, the impact of 

motivational strategies may vary depending on the format of the intervention. Future 

research could assess the effects of motivational strategies in various intervention formats 

(e.g., class-wide). By evaluating the effects of motivational strategies in various types of 

interventions and intervention formats, additional conclusions could be made about the 

generalizability of motivational strategy intervention components.  

A number of studies have suggested that math anxiety and negative attitudes 

towards mathematics can impact negatively impact performance in mathematics and 

decrease the likelihood of students continuing their education in the area of mathematics 

(Eccles & Jacobs, 1986). Prior research has explored the use of emotion regulation 

strategies (Malony & Beilock, 2012) and systems-level changes to reduce the potential 

negative impacts of stereotype threats (Steele, 1997). Future research could consider the 

long-term effects of motivational strategies in math on math attitudes. A longitudinal 

study could examine the impact of using motivational strategies to improve math 
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attitudes over time. In particular, future research could consider the use of goal setting 

and graphing progress to increase a student’s self-efficacy and in turn potentially improve 

attitudes towards math over time.  

Conclusion 

The present study sought to determine the most effective motivational strategies 

to increase student outcomes within the CCC intervention for math fact fluency. The 

study utilized an adaptive alternating treatments design in order assess the effects of a 

CCC intervention implemented in a small group of five general education students. After 

baseline data was collected, alternating treatments were implemented. Treatment phases 

included CCC Alone, CCC with the addition of goal setting and graphing progress, and 

CCC with the addition of reinforcement. A No Treatment phase was also continued 

beyond baseline to help protect against threats to internal validity. Data was analyzed 

using visual analysis and ADISO effect sizes were calculated in order to compare 

outcomes between treatment phases. Results indicated that CCC Alone was effective 

overall at increasing math fact fluency, although not all students demonstrated growth 

greater than the No Treatment phase. Comparisons between the CCC Alone and CCC-R 

phase indicated mixed results with some students demonstrating more growth with CCC-

R and others with CCC Alone. Overall, it appeared that the goal setting and graphing 

progress phase was the most effective based on ADISO effect size data.  
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Table 1  

 

Screening Measure Outcomes  

 

Student DCPM 

Student 1 1 

Student 2 7 

Student 3 13 

Student 4 34 

Student 5 5 

Student 6 37 

Student 7 47 
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Table 2  

 

Individual and Group Means for Baseline, Intervention, and Difference between Baseline and Treatment across Phases (Digits 

Correct Per Minute)  

 

 CCC Alone  CCC-GP  CCC-R  No Treatment 

Student  BL INT DIF  BL INT DIF  BL INT DIF  BL INT DIF 

1 7.7 8.5 0.8  10.3 17.3 *7.0  6.3 9.0 2.7  9.7 15.5 5.8 

2 9.7 14.7 5.0  13.7 22.7 9.0  7.7 17.5 *9.8  14.7 15.0 0.3 

3 13.7 34.0 *20.3  22.7 35.5 12.8  10.3 19.3 9.0  32.0 29.8 -2.2 

4 21.7 44.5 *22.8  39.0 46.3 7.3  28.7 48.5 19.8  37.0 37.3 0.3 

5 10.7 20.3 9.6  14.0 18.5 4.5  7.3 18.3 *11.0  21.0 21.5 0.5 

Mean 12.7 24.4 *11.7  19.9 28.0 8.1  12.1 22.5 10.4  22.9 23.8 0.9 

Notes. BL=baseline; INT=intervention; DIF=difference. *Condition in which student made the most growth. 
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Table 3  

 

Individual and Group Slopes for Baseline, Intervention, and Difference between Baseline and Intervention across Phases 

(Digits Correct Per Minute)  

 

 CCC Alone  CCC-GP  CCC-R  No Treatment 

Student  BL INT DIF  BL INT DIF  BL INT DIF  BL INT DIF 

1 3.5 0.3 -3.2  4.0 1.3 -2.7  2.5 0.1 -2.4  1.0 0.5 -0.5* 

2 2.0 1.6 -0.4  6.0 1.9 -4.1  3.0 0.2 -2.8  0.5 1.9 1.4* 

3 5.0 -0.8 -5.8  11.0 0.5 -10.5  0.5 1.0 0.5*  9.5 -1.3 -8.5 

4 -5.0 1.5 6.5*  1.5 -0.2 -1.3  -2.0 -1.0 1.0  4.5 0.4 -4.1 

5 2.5 1.7 -0.8*  4.5 0.1 -4.4  2.5 -0.9 -3.4  2.0 -0.2 -2.2 

Group  1.6 0.9 -0.7*  5.4 0.7 -4.6  1.3 -0.1 -1.4  3.5 0.3 -3.2 

Notes. BL=baseline; INT=intervention; DIF=difference. *Condition in which student made the most growth. 
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Table 4 

 

Individual and Group Means for Baseline, Intervention, and Difference between Baseline and Intervention across Phases 

(Digits Correct)  

 

  CCC Alone     CCC-GP  CCC-R  No Treatment 

Student  BL INT DIF  BL INT DIF  BL INT DIF  BL INT DIF 

1 10.3 10.8 0.4  12.7 15.3 *2.6  11.0 11.8 0.8  12.0 13.0 1.0 

2 15.0 15.7 0.7  14.3 16.3 *2.0  14.0 15.5 1.5  15.0 14.3 -0.7 

3 10.7 16.3 *5.7  14.3 15.8 1.4  11.0 13.3 2.3  13.3 13.3 -0.1 

4 16.3 17.0 *0.7  17.0 17.0 0.0  16.3 16.5 0.2  16.3 17.0 *0.7 

5 12.7 14.5 *1.8  14.0 14.5 0.5  11.0 10.8 -0.3  13.7 14.3 0.6 

Mean  13.0 14.9 *1.9  14.5 15.8 1.3  12.7 13.6 0.9  14.1 14.4 0.3 

Notes. BL=baseline; INT=intervention; DIF=difference. *Condition(s) in which student made the most growth. 
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Table 5 

 

Individual and Group Slopes for Baseline, Intervention, and Difference between Baseline and Intervention across Phases 

(Digits Correct)  

 

 CCC Alone  CCC-GP  CCC-R  No Treatment 

Student  BL INT DIF  BL INT DIF  BL INT DIF  BL INT DIF 

1 -0.5 0.9 1.4  0.0 0.3 0.3  -2.0 0.3 *2.3  0.5 0.0 -0.5 

2 0.5 0.2 -0.3  0.0 0.4 0.4  0.5 0.2 -0.4  -1.0 -0.4 *0.6 

3 -1.5 0.2 -1.4  -0.5 -0.9 -0.4  -3.5 0.3 *3.8  0.5 -0.1 -0.6 

4 -1.0 0.0 *1.0  0.0 0.0 0.0  0.1 -0.2 -0.3  -1.0 0.0 *1.0 

5 -1.5 0.3 1.8  -2.0 0.1 *2.1  -3.0 -0.4 -3.4  -1.0 0.0 1.0 

Mean  -0.8 0.3 *1.1  -0.5 0.0 0.5  -1.6 0.0 0.4  -0.4 -0.1 0.3 

Notes. BL=baseline; INT=intervention; DIF=difference. *Condition in which student made the most growth. 
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Table 6  

 

ADISO Effect Sizes Comparisons (DCPM)  

 

Student  CCC-GP-

CCC Alone 

CCC-R-

CCC Alone 

CCC-GP-

CCC-R 

CCC-Alone- 

NT 

CCC-GP- 

NT 

CCC-R-   

NT 

1 8.75 0.50 8.25 -7.00 1.75 -6.50 

2 3.71 3.67 5.14 3.25 6.75 6.50 

3 -4.67 -19.33 16.65 11.43 8.25 -8.00 

4 7.00 -8.25 7.25 2.50 9.00 11.25 

5 2.25 -2.00 0.25 -1.25 -3.00 -3.25 

Mean  3.40 -5.08 7.51 1.79 4.55 0.00 
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Table 7  

 

ADISO Effect Sizes Comparisons (DC)  

 

Student  CCC-GP-

CCC Alone 

CCC-R-

CCC Alone 

CCC-GP-

CCC-R 

CCC-Alone- 

NT 

CCC-GP- 

NT 

CCC-R-   

NT 

1 4.50 1.00 3.50 -1.25 2.25 -1.25 

2 0.33 -0.67 1.71 1.50 2.00 0.00 

3 0.00 -3.00 2.50 2.86 2.50 0.00 

4 0.00 -0.50 0.50 0.00 0.00 -0.50 

5 0.00 -3.75 2.00 0.00 0.25 -3.50 

Mean 0.97 -1.38 2.04 0.62 1.40 -1.05 
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Figure 1 

 

Student 1 - Digits Correct Per Minute  
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Figure 2 

 

Student 2 - Digits Correct Per Minute  
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Figure 3 

 

Student 3 – Digits Correct Per Minute  
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Figure 4 

 

Student 4 - Digits Correct Per Minute  
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Figure 5  

 

Student 5 - Digits Correct Per Minute  
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Figure 6  

 

Student 1 - Digits Correct  
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Figure 7 

 

Student 2 – Digits Correct  
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Figure 8  

 

Student 3 – Digits Correct  
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Figure 9  

 

Student 4 – Digits Correct  
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Figure 10  

 

Student 5 - Digits Correct  
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Appendix A 

 

Problem Sets  

 

Set 1(CCC-GP)  Set 2(CCC Alone) Set 3(NT) Set 4 (CCC-R) 

5x6=30 2x4=8 2x3=6 4x6=24 

9x9=81 8x9=72 5x5=25 3x5=15 

3x6=18 7x7=49 2x8=16 6x6=36 

2x5=10 4x5=20 5x7=35 7x9=63 

4x7=28 3x9=27 3x4=12 3x8=24 

5x9=45 4x8=32 8x8=64 2x7=14 

3x3=9 

6x8=48 

6x7=42 

4x4=16 

3x7=21 

6x9=54 

4x9=36 

7x8=56 

2x9=18 2x6=12 5x8=40 2x2=4 
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Appendix B 

 

Cover Copy and Compare Worksheet Example 

  

 Name:  Date:  

Math Facts  Student Responses   

1. 

 

5x6=30 

 

 

1a.  1b. 

2. 

 

9x9=81 

 

 

2a.  2b. 

3. 

 

3x6=18 

 

 

3a. 3b. 

4. 

 

2x5=10 

 

4a. 4b. 

5. 

 

4x7=28 

 

 

5a. 5b. 



 

1
1
8
 

 

6. 

 

5x9=45 

 

 

6a. 6b. 

7. 

 

3x3=9 

 

 

7a. 7b. 

8. 

 

6x8=48 

 

 

8a. 8b. 

9. 

 

2x9=18 

 

 

9a. 9b. 
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Appendix C 

 

Copy, Cover, and Compare Directions 

On your assignment, there will be a problem with the answer on the left-hand side of the page. The first thing I want you to do 

is write your name and the date at the top of the page. Next, look at the problem and answer. When you think you know the 

problem and answer, I want you to cover up the original problem with your index card and write the problem and answer on 

the right-hand side of the page from memory. (Demonstrate with index card.) If you write down the problem and answer 

correctly, continue on to the next problem. Ok, let’s do another one. (Demonstrate incorrect copy.) On this one, I got the 

problem and answer wrong, so I will copy down the correct problem and answer once right next to my first answer. 

(Demonstrate.) Notice, when my answer was wrong, I did not erase the wrong answer. Please do not erase it when you get it 

wrong. Ok, now I will go onto the next problem. Let’s try this one more time. Have students raise their hand to tell you the 

steps. Ask the students if someone can repeat the directions. Review steps as needed.  

*Directions are modified version of those included in Grafman and Cates (2010)  
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Appendix D 

 

Treatment Fidelity Checklist 

 

                            Met=2            Partially met=1           Not met=0 Circle One 

CCC intervention sheets are provided to students 

 

2                    1                     0 

Students are prompted to write their name and date at the top of 

the page  

 

2                    1                     0 

Pencils are provided to students  

 

2                    1                     0 

Flashcards are provided to students  

 

2                    1                     0 

Students are provided with CCC following instructions 

(Instructions can be shortened or eliminated as students become 

familiar with the intervention 

 

2                    1                     0 

Corrective feedback is provided as needed 

 

2                    1                     0 

 

Condition (Circle one):  Graphing Progress          Reinforcement                 

     

        

       CCC alone 

 

Graphing Progress   

Students are asked to identify their most recent data point on their 

graph  

 

2                    1                     0 

Students are asked to write their goal (beat previous score) on 

their intervention sheet  

 

2                    1                     0 



 

1
2
1
 

 

At the end of intervention, students are asked to graph their score  

 

2                    1                     0 

Students are encouraged to continue working if they were unable 

to meet their goal 

  

2                    1                     0 

Positive verbal praise is provided for all students  

 

2                    1                     0 

Reinforcement   

Students are provided with stamp for each problem they complete  

 

2                    1                     0 

Students who earn all stamps are provided with their choice of 

reinforcement at the end of intervention session  

2                    1                     0 

CCC Alone:                                                                                        

Graphing Progress:                                                                                           

Reinforcement:  

                                                                                             

_______ /  12 = ______% 

_______ /  24 = ______% 

_______ /  16 = ______% 
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Appendix E 

Directions for DPCM Assessment Measure 

Please try your best on all of the problems and work as fast as you can. Please try your best. There are a total of 9 problems. 

When you finish, please raise your hand and keep it up until I see it. Does anyone have any questions?  

*Directions are modified version of those included in Grafman and Cates (2010) 

 




