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Abstract: The purpose of this study was to evaluate the effects of the Direct Instruction (DI) flashcards procedure and the 
math racetrack to improve mastery of multiplication facts by a 6th grade girl enrolled in a resource room classroom in a 
parochial school. The dependent variable was the number correct for multiplication facts. A second measure was the 
number of correct multiplication math facts from a pre- and posttest of 100 multiplication problems. The number of 
seconds required to complete the math racetrack was assessed. The effect of the DI flashcard procedure was evaluated in a 
single-subject multiple-baseline design between three sets of multiplication math facts. Our results indicated a clear 
functional relationship between the implementation of the DI multiplication flashcards and the mastery of multiplication 
facts with Sets 1 through 3. By the end of data collection, our participant had increased her performance on a 100-
problem, 5-minute, multiplication test from the pretest of 34 facts to the posttest of 55 facts.. The procedures were cost 
effective and required little training to implement. 
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INTRODUCTION 

 The Use of Direct Instruction Multiplication Flashcard 
and a Modified Math Racetrack Procedures on Mastery of 
Multiplication Facts for an At-Risk 6th Grade Girl. 
 Skills in math are important for success in school as well 
as in adult life [1, 2]. Knowledge of multiplication facts has 
been viewed as a critical skill needed to progress to more 
advanced stages of the mathematics curriculum [3]. Stein, 
Kinder, Silbert, and Carnine [4] define mastery of a basic 
fact as saying the entire statement and answer within 2 
seconds. Mastery of math facts allows the student to focus 
on other critical components when solving more advanced 
math problems, such as story problems, and is imperative for 
success in K-12 math [4-6], as well as needed for functional 
living skills. At-risk students are students who are not 
considered to have a disability, but have a high chance of 
developing one [7]. The ability to be fluent in mathematics is 
important, because math is one of the basic skills needed to 
function well in society [1]. If a student is below grade level 
in math, it is more difficult for that student to attain mastery 
of other math concepts [8]. Students in the United States 
perform below average on math assessments compared to 
students in other countries [9]. 
 The most prevalent evidenced-based intervention for 
children with deficiencies in math is systematic and explicit  
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instructions [10]. Direct Instruction (DI) employs guided 
instruction with a student. Direct Instruction has a long and 
large evidence based on its efficacy in general and special 
education [10, 11]. With DI interventions, the student learns to 
apply the strategies used by effective learners in order to master 
concepts [10]. The procedure used for our participant in this 
study was a DI flashcards system and a math racetrack. 
Implementing DI flashcard system to teach basic math facts 
involves the following steps or procedures. First, a pretest is 
administered to determine which math facts the student knows 
or does not know. Second, these data are then employed to 
construct groups or sets of math facts that are then placed on 
flashcards. Third, a ratio of known to unknown facts found per 
set can vary. The use of known facts is employed to make sure 
that a student knows some facts while mastering the facts with 
that were missed on the pretest [10]. The student practices with 
an adult or another student going through the flashcards. When 
the student makes an error, a model, lead, and test (MLT) error 
correction procedure is employed. This involves the instructor 
saying the problem and its solution, followed by the instructor 
and student saying the math fact and it solution together. 
Finally, the student must answer correctly this fact 
independently. If the student still makes an error, this process is 
immediately applied again. When the student again makes the 
correct answer, that flashcard is placed two or three cards from 
the top of the stack of flashcards being taught. This is done to 
provide a student additional opportunities to practice errors their 
correctly. Finally, after the math problem that was initially 
missed had been independently answered correctly three times, 
this fact is placed at the bottom of that stack. 
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 Racetrack like procedures, often labeled reading or math 
racetracks, have been documented to be effective in helping 
students struggling with their basic skills [12-14]. Racetrack 
procedures have been shown to improve student 
performance in learning sight words [8, 15-17] and math 
facts [8, 18-22]. Racetracks require the construction of an 
oval track with 28 blank rectangles. Several samples of these 
racetracks can be found elsewhere [12, 14]. A math fact 
written either vertically or horizonally in each rectangle. 
Typically, the number of facts on a racetrack may vary, but 
28 squares are typically constructed per track [12, 14]. These 
problems are also placed on the racetrack randomly to 
prevent memorization facts using the order of how they are 
placed on the racetrack. Also, no two similar facts are placed 
such as 3 x 2 = N or 2 x 3 = N are placed next to one 
another. When the child makes an error going around the 
track, that math fact is noted and the MLT error correction 
procedure is carried out. After the student has gone through 
math facts placed on the racetrack two times, he or she is 
then timed for one minute. The student is to answer the 
problems and its solution as fast and as far around the track 
as possible in one minute. Data from this 1-minute timing 
then plotted on a line graph by the student or instructor. This 
is done to provide the student with a visual record of his or 
her performance. After four school days on a particular track 
or if the student has been 100% accurate for three days in a 
row, a new track is employed. In addition, after every fifth 
racetrack there a review track is required. This review track 
contains the math problems from the previous four tracks  
[8, 18-22]. Racetracks can be implemented using other 
students, instructional assistants, or teachers as instructors. 
Finally, flashcards are often employed as part of a racetrack 
procedure before the 1-minute timing takes place [19, 20]. 
 The purpose of this study was to evaluate the effects of 
the DI multiplication flashcards system and a modified math 
racetrack on mastery of multiplication facts by an at-risk 6th 

grade girl. Likewise, such an evaluation would provide a 
replication [23, 24] by employing DI flashcards and a math 
racetrack in math in a parochial school setting. This should 
increase the confidence for teachers to implement and 
employ DI flashcards and racetrack procedures in their 
respective classrooms. 

METHOD 

Participant and Setting 

 Our participant was a sixth-grade girl who was working 
at a fifth-grade level in mathematics. She was social, but had 
difficulty remaining on task. She participated during 
mathematical activities and practice, but often asked for 
assistance with her assignments. She had a younger sister 
who had difficulty in math as well. Our participant was 
enthusiastic about learning and applying her math skills. 
However, she became easily discouraged when faced with a 
problem for which she could not answer. 
 The study took place in a special education resource 
room in a K-8 Catholic school located in a large urban city in 
the Pacific Northwest. The resource room focused on 
improving math skills and other academic issues for which 
the student or students were experiencing. All the students 
placed in this class, spent at least one hour each school day 
in the resource room. The classroom goal for the classroom 

was to create a more intimate environment where these 
students could receive additional one on one instruction and 
help. The number of students enrolled in this resource room 
varied form 10 to 12 fifth and sixth grade students. Data 
were gathered twice each week during mid-morning on 
every Tuesday and Thursday. 

Response Definition and Observation Procedures 

 The first dependent variable was the number of 
multiplication problems. These data were collected from a 
100-problem pre-and post-test. The second measure was 
student accuracy with 21 unmastered multiplication facts 
each session. These facts were divided into three separate 
sets. Each problem was placed on a single flashcards. The 
participant was required to orally answer the fact in two 
seconds or less. These cards were presented at the beginning 
of each session and student accuracy was recorded. If the 
child stated the fact correctly within 2 seconds, it was 
recorded as correct. If the student stated the fact and solution 
incorrectly, provided no answer, or answered the problem in 
more than 2 seconds, it was defined as an error. For each 
session, only the problems that our participant missed on the 
pretest were counted. The seven math facts that our 
participant knew on the pretest were also placed in each set. 
This was done to reduce the probability of our participant 
being discouraged or giving up. The time to complete the 
math racetrack was also taken. This was done by the first or 
second author noted the time needed to complete the first 
math racetrack each day. These data were recorded in 
seconds. 

Experimental Design and Conditions 

 A single-subject, multiple baseline design [23, 24] across 
three sets of target multiplication facts was used to determine 
whether the DI flashcards along with the math racetrack was 
effective at promoting the child’s mastered target 
multiplication facts. A written pre- and post-test was 
employed to evaluate the student’s mastery of her basic 
multiplication facts. 
 Pretesting and baseline. Prior to intervention, the child 
was presented with a basic multiplication pre-test to 
document which multiplication facts our participant did or 
did not know. Based on this pretesting, our participant was 
evaluated each session on the 21 multiplication flashcards 
she had missed from the pretest. During the three baseline 
conditions, our participant was not provided with any 
feedback as to her performance. Baseline was in effect for 3 
to 13 sessions or school days. 
 DI flashcards with a modified math racetrack. The DI 
flashcard procedure was used in combination with 
contingent praise from the first two authors. A set of seven 
flashcards that were unmastered facts was combined with 
seven previously mastered facts and was presented to the 
student. Each flashcard was presented and the student had to 
repeat the fact and the correct answer within 2 seconds in 
order for that flashcard to be moved to the back of the deck. 
In addition, the researcher presented praise contingent upon 
the student’s correct answer. If the student answered the fact 
incorrectly or took more than 2 seconds, the authors modeled 
the correct problem and its solution. Next, the student and 
instructor jointly orally say the problem and its solution 
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together. The next step requires the student to say the fact 
and its correct solution. Finally, the card is placed back only 
2 cards back from the top of the deck. Once the student 
responds correctly three times, the card is placed at the 
bottom of the deck. This procedure continues for 
approximately 10 minutes. The first two authors then placed 
these 14 flashcards, seven mastered and seven target facts, 
on the desk in rows in no particular order. The student is 
then timed to see how fast she could say the multiplication 
fact with the correct answer following the rows of flashcards. 
If the child answered a fact in error, one of the first two 
authors modeled saying the fact with the correct answer. The 
participant was required to repeat the solution and its 
correctly, and then allowed to move to the next fact. Once 
the student completed the math timing, she was encouraged 
to try again for a faster time the next occassion she was 
assessed. This whole procedure took approximately  
15 minutes to carry out. 

Reliability of Measurement 

 Interobserver reliability was conducted once during 
baseline and five times during the intervention. One of the 
researchers held up the flashcards for the student and 
recorded data at the same time while the other researcher 
observed and recorded data as well. The researchers sat such 
that the other’s recording form could not be seen to ensure 
independence of the recordings. Both the researchers were 
noting whether the student stated the entire fact correctly 
within 2 seconds. A “+” was marked if the child stated the 
fact within 2 seconds or if she was able to correct her 
statement within that 2 seconds. A “-” was marked if the 
child stated the fact incorrectly or took longer than 2 seconds 
to respond. The percent of interobserver agreement was 
calculated by dividing the number of agreements by the 
number of agreements plus disagreements multiplied by 100. 
The average interobserver agreement was 92.2% (range: 
86%-100%). The pre- and posttest was regraded separately 
by the first two authors. The outcome for re-grading 
reliability was 100%. For time to complete the racetrack the 
smaller amount of seconds was divided by the larger and 
multiplied by 100. Reliability for time to complete the math 
racetrack was 100%. 

RESULTS 

Number of Problems Correct 

 The number of multiplication facts correctly answered 
during baseline and during DI flashcard and math racetrack 
procedures across three sets of basic multiplication facts for 
the student is shown in Fig. (1). The average number of 
correctly stated multiplication facts during baseline for Set 1 
was 0.0 out of 7. After implementation of the DI flashcard 
and math racetrack procedures, the number of correctly 
stated multiplication facts increased to a mean of 4.7 (range: 
2 to 7). The baseline average for Set 2 was 1.75 (range: 1 to 
3) out of 7, which increased to an average of 5.1 (range: 3 to 
7) for the intervention. The baseline average for Set 3 was 0 
out of 7. It increased to an average of 5.5 math facts correct 
(range: 4 to 7) when DI flashcards and a modified racetrack 
was in effect. 

 
Fig. (1). The number of math facts correct during baseline and DI 
flashcards with a math racetrack. 

Time to Complete the Racetrack 

 The initial time for the math racetrack, which contained 
Set 1 with mastered facts, was 39 seconds, which decreased 
to 27 seconds during the intervention (see Fig. 2). The initial 
time for the math racetrack, which contained Set 2 items and 
review problems from Set 1, was 35 seconds, which 
decreased to 28 seconds by the end of data collection. The 
initial time for the math racetrack, which contained Set 3 and 
review items of Set 2, was 50 seconds, which decreased to 
38 seconds by the end of the project. 
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Fig. (2). The number of math facts correct for pre- and post-testing 
for our participant. 

Pretest and Posttest Outcomes 

 The 100-problem basic-multiplication fact pretest score 
was 34 correct facts. This increased to 55 correct facts on the 
posttest. This was an improvement of 162%. 

DISCUSSION 

 The use of the DI flashcards and math track was 
sufficiently effective in improving a 6th grade girl’s 
multiplication facts. Our participant made large increases in 
saying correctly her basic facts. In addition to an increase in 
basic facts with the flashcards, she showed a large decrease 
in the time to complete her math track. Her improvement 
was correlated with the implementation of the intervention. 
Finally, her improvement on the posttest was clearly evident. 
 The present research provides an additional replication as 
to the efficacy of DI flashcards and a math racetrack. In this 
case report, these procedures could be implemented and 
evaluated in the private school special classroom setting. It 
also extends our prior research in the public schools [8, 19, 
22] to a parochial school in the same region of the county. In 
addition this supports the use of such academic practice 
procedures for students having difficulty in math [25, 26]. 
 The effects of the DI flashcards and math racetrack were 
meaningful and socially significant for our participant. Her 
performance not only increased, but according to her 
classroom teacher, so did her motivation and confidence in 
her math class. When the first two authors first started 
working with her she was hesitant to work with them. She 
indicated that she felt she was being singled out from the rest 
of her class. She once stated, “I don’t like working with you 
because I don’t know my facts and its embarrassing.” As the 
intervention progressed along with her performance, she was 
excited to work with the researchers and excited about 

working with the flashcards and racetrack. The researchers 
noticed a significant change in her demeanor. She began to 
set up straight and smiled more often. When asked, “Why do 
you think we are working with you?” She responded, ‘I am 
working with you to improve my times facts.’ When she was 
shown her improvement on a graph, she noting that she was 
proud and appreciative of the intervention and work she had 
completed. When asked, “How well do you think you did at 
learning the multiplication facts?” She said, ‘Pretty well, and 
I feel a lot more confident with my facts than when we 
started.’ And when asked “How much do you like the 
flashcards compared to the racetrack?” she said, ‘I like the 
racetrack because it goes really fast and makes me feel like I 
know them really well but the flashcards helped me learn 
more.’ This validates the meaningfulness and social 
significance of this intervention procedure. 
 There were limitations to the present case report. First, 
we only employed a single student. Second, data collection 
was limited in duration due to the time required to place the 
first two authors in the classroom and the amount of weeks 
left in the semester. Unfortunately, this issue only allowed 
14 school days for actual data collection and instruction. The 
outcomes for Set 2, indicated that there were two 
overlapping data points between the intervention and 
baseline. Finally, it would have been a nice to evaluate the 
efficacy of DI flashcards and the math racetrack had the 
accuracy for our participant’s daily assignments in math. 
However, this was not possible. 
 The DI flashcard and math racetrack procedures were 
practical to implement and carry out. The first two authors 
did not have to spend a large amount of time, as they could 
only work with the participant every Tuesday and Thursday 
for about 20 minutes. This not only demonstrates the 
possible effectiveness of these procedures, but it should not 
require a great deal of any classroom time. The procedure 
was very inexpensive, almost cost-free, as the flashcards 
were provided by the researchers’ professor and can be hand 
made at no expense. The math racetrack was also easy to 
construct. This proved to be an easy way to construct our 
modified racetrack. Training was minimal as this procedure 
was taught in the third author’s class in applied behavior 
analysis and in direct meetings with him. Training was 
completed in 30 minutes. Finally, the math racetrack took 
less and less times as the first two authors arranged the 
multiplication flashcards in rows on a desk. Overall, we were 
very pleased with the outcome and improvements 
demonstrated by the student. 
 To maintain the DI flashcard and math racetrack 
procedure we gave a copy of the data and procedures to the 
student’s classroom teacher. The first two authors also taught 
the student to use the flashcards and math racetrack on her 
own. The first two authors made an additional set of 
flashcards for the student with the same 21 target facts for 
the student to work with independently. Our participant was 
taught to move the flashcard two cards back if she answered 
incorrectly and to move the card to the back of the deck if 
she answered correctly. 
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