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ABSTRACT

In this study, the effectiveness of the cover—copy—compare (CCC) procedure in building fluency with basic
multiplication facts was examined for a student with a learning disability who performed below peers in
mathematics. The study also sought to determine whether the student (a) maintained fluency on the mastered facts
at 4-, 8-, and 12-day follow-ups; (b) generalized performance on these facts in line with the commutative property
of multiplication; (c) approached the endline fluency levels obtained from typically developing peers; and (d)
reported favorable views of the intervention. One 11-year-old student with a diagnosed learning disability receiving
inclusive education participated. A single-case research design—specifically, a multiple-probe design—was
employed. Findings indicated that CCC was effective in increasing the students’ fluency with basic multiplication
facts, that these gains were maintained at 4, 8 and 12 days post-instruction, and that high levels of generalization
were observed with respect to the commutative property. By the end of the study, the students’ fluency levels on
basic multiplication facts approximated those of their typically developing peers. Social validity data further showed
that the student viewed the CCC intervention as adequate and appropriate.

Keywords: Learning Disability; Mathematics Learning Disability; Cover—Copy—Compare (CCC); Basic
Multiplication Facts; Fluency.

INTRODUCTION

In the elementary mathematics curriculum, the learning areas comprise four strands: numbers and operations,
geometry, measurement, and data. In contrast, the middle school mathematics curriculum shall consist of five
strands: numbers and operations, algebra, geometry and measurement, data processing, and probability (MEB,
2018). With the Turkiye Yuzyih Maarif Model introduced in 2024, the themes in the Elementary Mathematics
Curriculum were reformulated as “Numbers and Quantities,” “From Operations to Algebraic Thinking,”
“Geometry of Objects,” “Data-Driven Inquiry,” and “Probability of Events and Data-Driven Inquiry” (MEB,
2024). The Common Core State Standards Initiative similarly treats the learning areas up to Grade 5 as Operations
and Algebraic Thinking, Numbers and Operations, Measurement and Data, and Geometry. In both frameworks,
the numbers and operations strand encompasses the foundational skills that students are expected to acquire first
in mathematics (CCSSI, 2010; MEB, 2024). Beginning with digits in Grade 1 and extending to operations with
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fractions, this strand supports learning in the remaining strands as well. Within “Numbers and Quantities” and
“From Operations to Algebraic Thinking,” alongside skills such as computation and performing the four
operations, one cross-grade expectation emphasized throughout is mental computation. In the curriculum, mental
computation refers to students’ fluency with basic operations. Fluency in operations is a skill that facilitates
individuals’ tasks frequently in both school and everyday life. A student’s ability to respond quickly and accurately
to simple (fundamental) problems (e.g., 6+7=13, 9—3=0, 4X7=28, 48/6=8) provides advantages at various times
in academic and daily contexts. Instruction targeting simple operations that undergird the four operations in this
strand is treated in the literature as “basic facts.” Basic facts are most simply defined as operations involving two
single-digit numbers. Beyond acquisition, ensuring fluency with these facts benefits students in numerous ways—
for example, performing computations rapidly when solving academic problems or calculating change quickly and
accurately during daily shopping (Ysseldyke, 2005).

The basic facts encompass addition, subtraction, multiplication, and division. Problems in which the addends
are single digits constitute basic addition facts; problems in which the subtrahend and difference are single digits
constitute basic subtraction facts; problems in which the factors are single digits constitute basic multiplication
facts; and problems in which the dividend and quotient are single digits constitute basic division facts. As this study
focuses on basic multiplication facts, these facts are presented in Table 1.

Table 1. Basic Multiplication Facts

X 0 1 2 3 4 5 6 7 8 9
0 0 0 0 0 0 0 0 0 0 0
1 0 1 2 3 4 5 6 7 8 9
2 0 2 4 6 8 10 12 14 16 18
3 0 3 6 9 12 15 18 21 24 27
4 0 4 8 12 16 20 24 28 32 36
5 0 5 10 15 20 25 30 35 40 45
6 0 6 12 18 24 30 36 42 48 54
7 0 7 14 21 28 35 42 49 56 63
8 0 8 16 24 32 50 48 56 64 72
9 0 9 18 27 36 45 54 63 72 81

Source: Stein et al., 2000.

In the literature on teaching basic facts, three tiers of instructional activities are described: understanding,
relating, and mastery (Ashlock, 1971). Understanding activities target students’ conceptual acquisition of
operations, typically through the use of concrete objects to support the development of procedural skill. Relating
activities are implemented after understanding and focusing on establishing connections among operations. While
conducting relating activities, one may use sequence-based fact families (e.g., 5X2, 5X3, 5X4) and/or relation-based
fact families constructed through equivalences (e.g., 6X3=18, 3x6=18, 2x9=18, 9x2=18) (Yiicesoy-Ozkan, 2017).
Finally, instruction can proceed to mastery activities, which refer to attaining fluency with operations. Relational
and mastery activities may proceed concurrently (Ashlock, 1971).

Fluency is the ability to retrieve and state or write the result of basic facts correctly and rapidly at the moment
they are seen or heard. Building fluency contributes not only to solving operations quickly but also to performance
in other mathematical skills and in everyday situations that require swift mental calculation (Shapiro, 2011; Wong,
1989). The Common Core State Standards Initiative (CCSSI) and the National Council of Teachers of Mathematics
(NCTM) likewise emphasize the importance of accuracy and speed in computation; they stress that students must
first learn basic facts to perform more complex operations, that fluency should be addressed through classroom
activities and/or supplemental tools, and that some students may require more instruction or practice than others
(CCSSI, 2010; NCTM, 2003). Efforts to build fluency with basic facts should begin with setting criteria, followed
by providing sufficient practice and systematic review. Allocating adequate time, recording the number of correct
responses across sessions, and delivering reinforcement at the end of sessions constitute a workable routine.

A wide range of methods and techniques exist for teaching mathematics. Some approaches may overlap for
typically developing and special education populations, yet they also vary with learner characteristics and contextual
affordances. Several interventions enable students with mathematics difficulties to perform well across skills.
Focusing specifically on fluency, the literature frequently references flash cards, math to mastery, drill and practice,
detect—practice—and—repair, and cover—copy—compare. The present study employed the cover—copy—compare
procedure.

Cover—copy—compare (CCC) is a low-tech procedure requiring only a worksheet and a pencil. Students look
at a problem and its answer on the worksheet, then cover the model (by folding the page or using a sheet of paper)
and write the problem and answer in the adjacent space, and finally uncover the model to compare it with what
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they wrote (Skinner, MclLaughlin, and Logan, 1997, p. 297). Having students write both the problem and the
answer, not just the answer, promotes retention and supports fluency. CCC provides frequent opportunities to
rehearse designated facts, delivers immediate feedback by uncovering the model, and affords self-correction. In
simple terms, the sequence—student looks at the model (1), teacher prompts the problem (2), student responds
in writing (3), student uncovers to check (4)—gives at least four repetitions per item. Because frequent repetition
is a fundamental principle of fluency development, the repetition embedded in CCC makes it especially well-suited
to developing fluency. An example of a CCC worksheet is shown in Figure 1.

Cover—Copy—-Compare (CCO)
Multiplication Worksheet
Student: Date:
Item No. Problem Student Response Check
1. 6x3=18
2. 5x4=20
3. Tx2=14
4. 6x5=30
5. 8x 6 =48
0. 5x 8 =40
7. 7 x 9=063
8. 6 x 7=42
9. 8 x 4=32
10. 7 x 5=35

Total Correct:
Figure 1. CCC Worksheet

Attending to learner characteristics and planning instruction accordingly is critical for success in mathematics
instruction, as individuals differ in their developmental and learning profiles (Fuchs & Fuchs, 2000). A student’s
need for concrete representations in a given skill may not be necessary for another student. Similarly, some students
learn quickly, while others progress more slowly than their peers—a pattern often observed among students who
experience difficulties with mathematics. Although these students generally learn more slowly than their peers, it
would be inaccurate to claim that they are slow across all objectives. The methods, techniques, or materials
employed may be ill-suited to the learner; given mathematics” cumulative structure, slow progress on eatly topics
and objectives can delay transitions to subsequent skills, potentially leading to a persistent cycle of difficulty. To
prevent this, students with mathematics difficulties should receive intensive, differentiated interventions. Owing
to differences in learning characteristics and difficulties participating in instructional activities, these students
require additional support (Algozzine, Ysseldyke, and Campbell, 1994). While some learn quickly and others slowly,
some individuals require visual supports, while others require auditory supports. Although these differences
necessitate individualized adaptations in instruction, they do not constitute barriers to learning (Hall et al., 2012).

When considering what must be done for students with mathematics difficulties, it is evident that, absent
effective intervention, students who chronically earn low scores on mathematics assessments tend to continue
exhibiting weak mathematics achievement over time (National Assessment of Educational Progress [NAEP],
2013). NAEP data indicate that approximately 60% of fourth graders perform below proficiency in mathematics,
and about 67% of eighth graders do not reach proficiency (NAEP, 2015). Moreover, according to the National
Mathematics Advisory Panel NMAP, 2008), the instructional time and quality devoted to basic fact instruction in
U.S. classrooms often fail to yield computational fluency for many students. The Panel underscores that few
current curricula include sufficient and appropriate activities to develop operational fluency (NMAP, 2008). A lack
of adequate opportunities for students to apply basic mathematics skills further compounds the problem (Daly,
Martens, Barnett, Witt, & Olson, 2007). To learn a new concept, individuals first focus on acquisition, accuracy,
and quality (Binder, 2003), and only then practice toward fluency and endurance before applying basic facts to
more complex problem-solving. Binder (2003) argued that schools often fail to build fluency because students are
not given sufficient time for practice (the stage following acquisition) before moving on to the next stage.

For students with a mathematics learning disability (MLD), the development of automatic retrieval of basic
facts typically takes longer than for typically developing peers (Dennis, Sorrells, & Falcomata, 2016). For example,
when solving single-digit addition problems, students with MLD are more likely than peers to use count-all
strategies (e.g.,in 1 + 2 =?, counting both addends from the start) or count-on strategies (e.g.,in 3 + 4 = ?, starting
from the larger number and counting up). These strategies not only increase counting and retrieval errors but also
constrain the development of fluency in basic facts (Geary, Hoard, & Bailey, 2012; Shrager & Siegler, 1998). By
contrast, efficient rehearsal, supported by effective counting strategies, substantially aids the encoding of relations

© 2025 by Author/s 3399



Journal of Cultural Analysis and Social Change, 11(1), 3397-3407

between problems and solutions, and supports the consolidation of these relations in long-term memory
(Goldman, Pellegrino, & Mertz, 1988).

A review of the literature shows studies on building fluency in basic facts using cover—copy—compare (CCC)
among students with mathematics difficulties (Alptekin et al.,, 2016; Codding, Eckert, Fanning, Shiyko and
Solomon, 2007; Skinner, McLaughlin and Logan, 1997; Poncy vd., 2007; Poncy vd., 2012). These studies include
participants who are typically developing, have behavior problems, or have ADHD, particularly with respect to
multiplication fact fluency. However, research examining the effectiveness of CCC specifically for multiplication
with participants who have learning disabilities is limited. In one such study, only effectiveness data were
collected—no maintenance, generalization, or social validity data were obtained. Another study compared CCC to
Error Drill + CCC (Codding et al., 1996; Becker et al., 2009). Consequently, there is a need for research
investigating the impact of CCC on developing multiplication-fact fluency among students with learning
disabilities.

Fluency in basic mathematical operations forms the foundation for acquiring more advanced mathematical
skills. Students who can perform operations fluently gain independence in areas such as problem solving, geometry,
measurement, and functional skills (e.g., using money, telling time). Therefore, as fluency in basic addition is built
through practice, it is assumed that this contributes to the social participation and independence of students with
learning disabilities (Patton et al., 1997). In addition, because CCC inherently models the correct answer for
students, provides feedback through checking, and affords self-evaluation, it is expected to support independent
work, including for students with intellectual disabilities. Given that CCC for basic multiplication facts is both
effective and readily implemented by teachers and pre-service teachers, the present study is expected to serve as a
practical resource and guide for building fluency in basic multiplication facts.

Purpose and Research Questions. The purpose of this study is to examine the effectiveness of the Cover—
Copy—Compare (CCC) procedure in building fluency with basic multiplication facts for a student with a learning
disability who performs below peers in mathematics. To this end, four research questions were posed:

1. Is the CCC procedure effective in developing fluency with basic facts for a student who experiences

mathematics difficulties?

2. Does the student maintain performance on the mastered basic multiplication facts at 4, 8, and 12 days

after instruction?

3. Does the student generalize the mastered facts according to the commutative property of multiplication

(i.e., reversals)?
4.  What are the students’ perceptions of the intervention used in the study?

METHOD
Research Model

A multiple-probe across tasks design, one of the single-subject research methods, was used. This single-case
design evaluates the effectiveness of an instructional or behavior-change program across multiple dependent
variables. In this model, the same individual is tested under equivalent conditions by applying the same intervention
to three different behaviors, and effectiveness is determined accordingly (Alberto & Troutman, 2000).

The dependent variable was the student’s fluency with basic multiplication facts. The independent variable
was instruction delivered via the Cover—Copy—Compare (CCC) procedure. Basic multiplication facts refer to all
multiplication problems whose factors are single digits (e.g., 3 X 5 = 15; factors 3 and 5) (Stein et al., 2000).
Consistent with the multiple-probe design, three sets were created, each comprising basic multiplication facts of
equivalent difficulty. Baseline data were collected for Set 1, while Sets 2 and 3 were probed. Once stable baseline
data were established for Set 1, instructional sessions began on Set 1. During CCC instruction on Set 1, probe data
continued to be collected for Sets 2 and 3. Once stable data were obtained for Set 1, a baseline was taken for Set
2, and probes were administered for Set 3. Similarly, CCC instruction proceeded on Set 2 while probe data were
collected for Set 3. After achieving stability in Set 2, the baseline was initiated for Set 3, and instruction continued
until stable responding was achieved.

Participant and Characteristics

Aytag is an 11-year-old male student in general education with a diagnosis of learning disability; he was
diagnosed at age 10 and is enrolled in Grade 4. In comparison to his peers, he exhibits particularly weak academic
performance. He can read and write, though he sometimes reads disfluently and writes certain letters inaccurately
or incompletely. He receives 10 hours per month of one-to-one instruction at the Guidance and Research Center
(RAM). Teacher interviews indicated that he lags markedly behind peers in mathematics. The researcher’s
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preliminary assessment revealed that the individual had acquired the conceptual basis for addition, subtraction,
multiplication, and division; could solve simple one- or two-step word problems; could read and write two- and
three-digit numbers; and could perform mental computations of addition and subtraction. However, due to his
limited fluency in skip counting, he was unable to answer multiplication and division problems quickly and
accurately. The teacher reported that peers responded fluently to basic multiplication facts.

Prior to data collection, ethical approval was obtained from the Artvin Coruh University Scientific Research
and Publication Ethics Committee (Decision date/number: April 5, 2023— 87518). Written informed consent was
obtained from the student and family; the consent form explained the study and clarified the right to withdraw at
any time.

Practitioner

Intervention was delivered by the first author, who holds an MA and PhD in special education and has 10
years of experience teaching academic skills to students with special needs. The practitioner has extensive
experience conducting systematic interventions and has previously implemented CCC in studies for which they
served as the interventionist. They are currently a research assistant (PhD) in the Department of Special Education
at a public university in Turkiye.

Setting

Baseline, probe, intervention, generalization, and maintenance sessions were conducted at the Special
Education Practice and Research Center of Karamanoglu Mehmetbey University. The instructional room was
approximately 12 m? in size, furnished with a single table and two adjacent chairs. During all sessions, the
practitioner and participant sat side by side. Only the worksheet, a pencil, and a timer were placed on the table. An
observer with a PhD in special education was present to collect data on treatment integrity.

Measures and Materials

All sessions used CCC worksheets prepared from three sets of basic multiplication facts, baseline and probe
data sheets, a timer, and a pencil. Each set consisted of 12 single-digit-factor multiplication problems (e.g., 3 X 4
=12, 5 X 9 = 45) and was equivalent in difficulty. For each set, CCC worksheets used during intervention were
prepared. To collect baseline, probe, and maintenance data, forms were prepared without answers, mixing the
problems so that each set was repeated four times; this prevented artificially capping the number of problems the
student could answer within one minute. For generalization sessions, data were recorded using forms that
comprised the reversed versions of the taught facts (i.e., by the commutative property of multiplication). Correct
responses to doubles embedded in the prepared sets (2X2, 3X3, 4X4) were excluded from generalization scoring,
as the aim was to examine generalization specifically via the commutative property.

Validity and Reliability

Validity—reliability evidence comprised treatment integrity, interobserver agreement (IOA), and social validity.
Treatment integrity data were collected using a checklist that specified the steps the practitioner was expected to
implement for the independent variable (CCC). Integrity was collected in 40% of sessions for all sets. IOA for the
dependent variable was collected in 40% of baseline, intervention, and maintenance sessions. Two special
education academicians with PhDs obtained agreement data by independently coding video recordings of sessions.

Social validity was measured via student interviews using a social validity form. In addition, to establish a
normative criterion, social comparison data were obtained from 32 fourth-grade students at the participant’s
school. Two classroom teachers were briefed on data collection procedures, and they administered the social
comparison form before and after the study. These data characterized typical peer performance at the participant’s
grade level and served to contextualize the student’s outcomes.

Implementation Process

Excluding maintenance sessions, the intervention phase lasted three weeks. For each set, baseline, probe,
intervention, generalization, and maintenance sessions were conducted.
Baseline: For each set, three consecutive baseline sessions were conducted prior to intervention using forms that
listed only the problems. The student was given 1 minute to respond. No reinforcement or correction was provided
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during this minute. At the end, the student was thanked, and the session ended. After three baseline sessions for
Set 1, the intervention began.

Intervention (CCC): Two sessions per day (~10 minutes each) were conducted. The practitioner first modeled CCC
using the initial problems on the worksheet: “We will practice multiplication. In this section you see the problems
with their answers. First I look at the model, then I cover it,” folding the page; “I say the problem and try to recall
the answer... then I write the problem and answer in the ‘copy’ space... and check if I remembered correctly.”
The practitioner intentionally modeled one error and demonstrated self-correction. After confirming the student’s
understanding through guided trials, independent CCC trials proceeded. For each item: the prompt “Look at the
problem” (4-s viewing), “Cover the problem,” write the problem and answer, then uncover and check. If the
student attempted to mark the check box without verifying, the prompt “Check the problem” was given. Upon
completing the worksheet, the student received reinforcement, and the session ended.

Probes: Conducted similatly to a baseline; the number of correct digits/problems per minute served as the data
point.

Generalization: Pretests were administered concurrently with baseline for all sets; posttests followed the intervention
on each set, using the commuted facts.

Maintenance: Conducted at 4, 8, and 12 days post-intervention for each set, using the same procedures as
baseline/probes with a 1-minute timing.

Data Analysis

Effectiveness, maintenance, and generalization data were analyzed graphically and interpreted qualitatively. On
the graphs, the x-axis represented sessions, and the y-axis represented the number of correct basic multiplication
facts per minute. Social validity data obtained through subjective evaluation (student interviews) were analyzed
descriptively; social comparison data were summarized using bar charts. Treatment integrity for the independent
variable was calculated using the formula “Observed practitioner behaviors / Planned practitioner behaviors X
100 (Etbas, 2018). As shown in Table 2, the practitioner implemented all CCC steps with 296% treatment
integrity across sessions.

Table 2. Treatment Integrity Findings for CCC

CCC
Practitioner Behaviors Sets Intervention Sessions

Set A %100
Preparing Materials and Tools Set B %100
Set C %100
Set A %100
Securing Attention Set B %100
Set C %100
L « Set A %100
Dehvenn;gh the P{jmpi Look at SetB %100
© probiemi Set C %100

0
Providing an Appropriate Set A /96
R for the C St Set B %100
esponse for the Cover Step Set C %100
Set A %100
Delivering the Skill Prompt Set B %96
Set C %100

0
Providing an Appropriate Set A /0100
R for the Cony St Set B %100
esponse for the Copy Step Set C 9496

0
Providing an Appropriate Set A /100
R for the Compare St Set B %100
esponse for the Compare Step Set C 996

0
Responding Appropriately to the Set A /096
Problem Outcom Set B %100
obiem ufcome Set C %100
Set A %100
Reinforcing Participation Set B %100
Set C %100
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Two independent observers obtained interobserver agreement (IOA) for the dependent variable. IOA was
calculated by comparing the student’s number of correctly answered problems within one minute and analyzing
the results using the formula “Agreement / (Agreement + Disagreement) X 100” (Etbag, 2018). The IOA data ate
presented in Table 3.

Table 3. Interobserver Agreement (IOA) Data

Sets Baseline Intervention Maintenance

Set-A %100 %98 %100

Set-B %100 %100 %100

Set-C %100 %100 %100
FINDINGS

This study reports effectiveness, maintenance, generalization, and social validity outcomes. As shown in Figure
1, during the baseline phase for Set A—with three consecutive data points—the student correctly answered at least
eight and at most nine multiplication facts per minute (M = 8.6). In the intervention phase, by the fourth session,
the student reached the peer benchmark of 18 correct per minute and maintained this performance for three
consecutive sessions.

For Set B, baseline data likewise showed 8-9 correct facts per minute (M = 8.6). In the intervention phase, the
student again reached the predetermined criterion by the fourth session and maintained the level for three
consecutive sessions. Comparing the initial and final baselines indicates that the student maintained baseline
performance on untreated sets while instruction was underway on the first set. For the last set, probe data showed
that the performance observed at the first probe was maintained at the final probe.

For Set C, baseline performance ranged from 7 to 9 correct facts per minute (M = 8.4). In the intervention
phase, the student met the fluency criterion by the fifth session and maintained it for three consecutive sessions.
Across all sets, intervention data exceeded baseline data, and phase-by-phase comparisons demonstrated that the
intervention was effective for each set. Baselines were stable for all sets; for example, while instruction proceeded
on Sets A and B, the stable baseline in Set C supports the inference that observed changes in performance were
attributable to the CCC intervention rather than extraneous factors. In sum, instruction implemented via Cover—
Copy—Compare (CCC) was effective in increasing fluency with basic multiplication facts across all sets.
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Baseline Intervention Maintenance
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Figure 2. Ayta¢’s number of correct basic multiplication facts per minute

To determine whether the student generalized the attained fluency in basic multiplication facts to their reversed
forms i.e., in accordance with the commutative property (3 X 4 = 12; 4 X 3 = 12) generalization sessions were
administered immediately before and immediately after the intervention on each set. As shown in Figure 2, during
the pre-intervention generalization (baseline) sessions conducted immediately prior to the CCC phase, Aytag
correctly answered eight facts per minute for all three sets. In the post-intervention generalization sessions, he
answered 17 correct facts per minute for Set A, and 18 for Sets B and C. The fact that the student demonstrated
comparable performance when asked the reversed facts indicates successful generalization consistent with the
commutative property of multiplication.

To assess maintenance, data were collected 4, 8, and 12 days after the conclusion of CCC for each participant
set. For Set 1, the student produced 16, 17, and 16 correct facts per minute at 4, 8, and 12 days, respectively. For
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Set B, he produced 18 at both 4 and 8 days, and 19 at 12 days. For the final set, he produced 19, 17, and 21 correct
facts per minute at 4, 8, and 12 days, respectively. Thus, Ayta¢ approached but did not fully match peer
performance on Set 1. He sustained his end-of-intervention performance on Set B across all three maintenance
probes and maintained fluency on Set C at both 4 and 12 days. Overall, maintenance was evident on two sets and
was very close to the criterion on the remaining set.

Figure 3 presents the social comparison data. The fourth-grade peers’ mean fluency in multiplication facts was
18 correct per minute before the intervention and 21 after the intervention. Ayta¢’s total correct responses
increased from 8 pre-intervention to 20 post-intervention. In sum, the gap between Aytag and his peers on basic
multiplication fluency substantially narrowed by the end of the study.

25

20

15
10
0 .

Aytag Peers

wv

M Before Intervention M After Intervention

Figure 3. Pre- and post-intervention fluency levels of Ayta¢ and peers

At the end of the intervention, social validity data were collected via subjective evaluation. In response to
closed-ended questions about whether the CCC activities were effective and practical, and whether the student
would use CCC to build fluency with other operation types or skills in the future, the student gave positive answers.
In an open-ended item probing perceived strengths and weaknesses, the student reported that he had previously
responded slowly to problems, that he had become faster “like [his] friends,” that the sessions were short and
enjoyable, that he felt capable of doing the work independently, and that he was happy to participate. Overall, the
student characterized the intervention as practical, helpful, and simple to implement.

CONCLUSION AND DISCUSSION

This study demonstrates that the Cover—Copy—Compare (CCC) procedure enhanced a student’s fluency with
basic multiplication facts, despite his below-peer mathematics performance associated with a learning disability.
Across the three sets of facts, the student’s performance approached the peer benchmark. He also demonstrated
generalization by performing comparably on the reversed (commuted) facts. Maintenance probes indicated that
fluency gains were sustained at 4, 8, and 12 days post-intervention. Taken together, the student’s performance
trajectory across phases supports the conclusion that CCC was adequate for building multiplication-fact fluency.

These effectiveness findings are consistent with prior research indicating that CCC improves mathematical
fluency for students with learning difficulties (Alptekin et al., 2016; Carr, 2016; Poncy & Skinner, 2011; Stading et
al., 1996). In line with the literature, features inherent to CCC—high opportunities to respond, ease of
implementation, immediate feedback, and self-correction—Ilikely contributed to the observed increases in fluency
(Becker et al., 2009; Erion et al., 2009; Joseph et al., 2012; Skinner et al., 1997). The present study likewise found
robust generalization consistent with multiplication’s commutative property, echoing prior evidence that CCC can
support generalization (Uysal, 2017).

Maintenance data collected 4-8—12 days after instruction further indicated that the student retained fluency
on the practiced facts. Similar maintenance outcomes have been reported in CCC studies (Alptekin, 2019; Codding,
2007; Poncy, 2007; Saygii, 2016; Skinner et al., 1989). Because fluency is fundamentally practice-dependent,
frequent opportunities to rehearse are expected to support retention over time. Given CCC’s brief duration and
minimal need for continuous teacher oversight, the literature suggests that 510 minutes of daily practice can help
students maintain and even increase fluency (Alptekin, 2019; Stein et al., 2000). The current maintenance data
support this view.
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Subjective social validity data indicated that the student found CCC easy, enjoyable, and beneficial; he also
expressed willingness to apply it to other operation types. These results converge with prior findings that students
view CCC as acceptable, feasible, and important (Alptekin, 2019; Becker, 2009; Grafman & Cates, 2010; Uysal,
2017). Social comparison data indicated that the student approached peer levels, corroborating eatlier reports that
CCC helped narrow gaps with classmates (Alptekin, 2019; Uysal, 2017). The present social comparison findings
extend the literature and underscore the practical significance of the results.

This study is limited to one student with a learning disability who exhibited low mathematics performance,
and to multiplication among the four basic operations. Although the single-case design limits generalizability, the
student’s consistent gains across three sets nonetheless support the effectiveness of CCC.

Recommendations

To enhance generalizability, similar studies should be conducted with larger samples. Future research could
examine CCC’s effects across other basic operations or compare CCC with alternative strategies (or hybrids that
combine CCC with other fluency-building techniques). Beyond mathematics, CCC is adaptable to subjects such as
Turkish, English, and Social Studies; studies exploring its effects in these domains could broaden teacher uptake.
For social comparison, the present study drew on peers from the students’ own school. The literature indicates a
need for grade-spanning datasets that report fluency levels for both typically developing and students with inclusive
education. Establishing such benchmarks would strengthen the interpretation of outcomes and guide the setting
of criteria in classroom applications.
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