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Abstract
Lindsay M. Siegman
EFFECTS OF ONLINE PROGRAM VS. HANDHELD FLASHCARDS ON BASIC
MULTIPLICATION AND DIVISION FACT KNOWLEDGE OF
4TH GRADE LEARNERS WITH EXCEPTIONAL NEEDS
2018-2019
S. Jay Kuder, Ed.D.
Master of Arts in Special Education
This study utilized a time series design to investigate the effects of a computerbased math fact program called Xtramath.org vs. the use of traditional handheld
flashcards. Students were given a baseline assessment before beginning the school
district’s method for learning basic math facts: Xtramath.org. They were tested again
after 6 weeks and then began to use traditional handheld flashcards. Students were tested
again to compare the results. Eight 4th grade students (5 male and 3 female) with special
needs were included in this study. These students attend school in a wealthy, suburban
area with a predominantly white population.
Fluency in basic math facts is a critical skill in furthering mathematical skills
from elementary school through college. Without this important skill, students are certain
to have difficulties throughout their schooling career and beyond. Some researchers have
shown that technology-based programs are benefiting the growth of math skills, but has
technology actually done away with an important factor in learning basic multiplication
and division facts? The results showed that while both methods of acquiring math fact
fluency were beneficial, there was a substantially greater increase with the use of the
flashcards. The online program helped, but students were more successful with the
flashcards.
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Chapter 1
Introduction
Fluency in basic math facts is a critical skill in furthering mathematical skills
from elementary school through college. Without this important skill, students are certain
to have difficulties throughout their schooling career and beyond. As early as 4th grade,
students need fluency in their basic facts when completing multi-digit multiplication,
long division, and multi-step word problems. Timed exams like the PARCC test do not
allow for extra time to solve basic facts. As math programs become more difficult
through middle school and high school, those students who are not adequate in their fact
knowledge are sure to fall behind.
Significance of Study
Technology has come a long way in education. For math specifically, there are
calculators, online manipulatives, online games, and even electronic flashcards. In many
classrooms, flashcards are no longer needed to memorize facts, because it’s so much
more engaging for students to “play” with these facts on the computer. To many, this
seems like such a big help in the classroom.
Since I began teaching special education five years ago, around the same time
technology began making its way as an integral part of the curriculum, I have yet to find
a class of students that is adequate in their basic math fact knowledge. While I see these
students practice with math games on their chromebooks and iPads every day, I have not
seen the same progress in their development or fluency of skills. Has technology replaced
an important factor in learning basic math facts? If so, parents and educators need to
begin implementing other strategies to prevent their students from falling behind. Some
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researchers have shown that technology-based programs are benefiting the growth of
math skills, but is it enough?
Purpose of Study
The purpose of this research study is to answer the following question: Does the
use of online math programs improve the multiplication and division fact knowledge of
4th grade exceptional learners better than the use of traditional handheld flashcards? This
researcher’s hypothesis is that the use of handheld flashcards is more beneficial to the
basic math fact performance of exceptional learners in elementary school because
students have difficulty retaining the information in online programs as well as they
would with handheld flashcards.
Defining Key Terms
Basic math facts. This term refers to addition, subtraction, multiplication, and
division facts from 0-12. For the purpose of this study, this will represent only
multiplication and division facts.
Exceptional learners. Exceptional learners are considered to be students with
learning, cognitive, behavioral, physical, or sensory differences who require a different
type of learning.
Flashcards. Flashcards refer to index cards or pieces of paper with a basic math
fact on one side, and the answer on the other. There is a different fact and answer
combination on each card.
Inclusion. An inclusion classroom is a classroom in which students with special
needs work in the general education setting. There should be at least, a certified general
education teacher, a certified special education teacher, and an assistant in each room.
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Instructional assistant. An instructional assistant is an adult in the room to assist
both teachers and students in daily routines. This person is sometimes, but not always,
certified in teaching.
Math fluency. The ability to answer basic math facts quickly and accurately,
without using drawings or fingers to count. The answers should come automatically to
students with strong math fluency skills.
Resource room. A resource room is a special education classroom in which
students are pulled out from the inclusion classroom for everyday learning in math,
reading, or writing.
Implications for Study
One possible implication for this study is that if basic handheld math flashcards
are found to be more beneficial in helping students develop math fluency skills, then
parents and educators would reframe their approaches to teaching basic facts to children.
Technology can be expensive. This would cause the school district to think twice before
purchasing expensive online programs when students could simply make flashcards
themselves. Technology is also known to cause difficulties. If the iPad is the only way
the student can practice math facts, what happens when the battery dies or it stops
working? Flashcards are always available in any situation. Additionally, students can
always benefit from a break from screen time.
Another possible implication for this research study is that if online programs are
found to have a greater impact on math fluency skills than regular flashcards then
teachers who use more traditional practices would begin switching over to technology
programs to teach math facts. This would allow schools to spend more time searching for
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the best online programs and promoting them in the classrooms. Since many schools are
already looking into individual devices for students for other subjects, they would be able
to move confidently in the direction of online math curriculum.
The results of this study will help administrators, educators, and parents decide
what the best course of action is to help their child. This evidence will offer a possible
solution to the lack of math fluency skills seen in students today. No more counting on
fingers or drawing pictures for basic facts. Students need to learn math fluency skills in
order to succeed.
As in any study, there are some problems that may arise or alter the results. One
barrier to this study could be the students’ comfort level with technology programs they
have been using. Another barrier might be that other factors could alter the results. For
example, continuous reteaching of lessons, participation in class, completion of
homework, outside tutoring, etc., are all things that need to be taken into consideration
when analyzing the results of the study, as they may alter the findings.
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Chapter 2
Literature Review
With the recent widespread progression towards technology, researchers and
educators have welcomed any opportunity to add new technology into the classroom for
their students. Research has been conducted on various kinds of technology, the unique
mathematical programs, and the effect they have had on learning. This literature review
will include five major sections: The Importance of Math Facts for Successful
Performance in Math, Difficulties of Students with Disabilities, Computer Based
Mathematics Programs, Handheld Flashcards, and Gaps in the Literature. This review is
limited to studies targeting elementary and middle school students. Students in both the
general education programs and special education programs have been included.
Importance of Basic Math Facts for Successful Performance in Math
Basic math fact knowledge becomes crucial by the time students reach fourth
grade. Students in elementary school have struggled to maintain basic fact knowledge.
One study shows that 21% of fourth graders in 2009 were performing below the basic
levels of math (Codding, 2009), while this number increases as students get older.
Another study stated that the National Assessment of Education Progress in the US
assessed in 2013, a mere four years later, that 59% of fourth grade students were
performing under the level of proficiency in mathematics (Zhang, Trussell, Gallegos, &
Asam, 2015). In fact, it was quoted by the National Research Council that the
performance of U.S. students on mathematical assessments in general evokes “both a
sense of despair and hope” (Sood, 2007, p.145). Zhang (2015) completed an exploratory
study that included a fourth-grade classroom of students mainly considered at-risk or
5

disabled. He found that the importance of basic skills becomes very apparent in the
fourth-grade curriculum. In fourth grade, math begins to involve concepts that require
multiple operations and steps to solve. Take multi-digit multiplication as an example.
This process alone involves multiple sequences of single-digit multiplication and
addition. Checking that problem for correctness would then require division and
subtraction. All the while, students must be keeping numbers organized and lined up
neatly - an executive functioning skill that can be challenging for many young and at-risk
students. When figuring out a basic fact is still a process for a student, rather than instant
recall, completing challenging multiplication and division problems, or those that involve
fractions and decimals, becomes an agonizing and demoralizing process.
Robin Codding (2009) published a study that suggested the importance of basic
math fact knowledge on all other elements of mathematical success. Math is considered
to be a hierarchy, which stems from the basic knowledge of computation. She lists three
main reasons why mastery of these facts is so important:
•

these skills are required for independent living

•

they are needed for things related to money, time management, abstract thinking,
and problem solving

•

finally, these basic computations are crucial for all other underlying mathematical
concepts.
A preliminary study by Thurber, Shinn, and Smolkowski (2002), also supported

the claim that basic math computation affects other areas of math. Their study was
conducted by splitting math computations and applications into separate factors to
analyze them. They found that even though these were different factors, the results
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showed them as highly related (r = .83) constructs. Kroesbergen and Van Luit (2003)
describe the domain of foundational math skills as very large and say that it should
constitute a large part of the teaching in elementary school. After all, how do students
move on confidently without this basic knowledge mastered?
Overall, the research has shown that there are two very important ideas about
basic math facts or computation skills. One is that they are crucial in understanding all
other elements of math. The other is that computation skills seem to be an area in which
interventions can be effective for students (Kroesbergen & Van Luit, 2003). In the past,
before technology was an option for students, paper-based methods and flashcards were
used. Now, many teachers have decided to ditch the paper and switch to more
contemporary methods of computer games and apps that students would find more
appealing. Further research has been shared to consider the pros and cons of each
method.
Difficulties of Students with Disabilities
Students with disabilities learn differently than those in the general education
setting. These students have disabilities that can involve impairments of various
cognitive domains: visual perception, knowledge and achievement, learning and memory,
language, communication, reasoning, idea production, auditory reception, cognitive
speed, and many more (Wehmeyer, Smith, Palmer, & Davies, 2004). Wehmeyer et al.
(2004) note that students with disabilities may have a weaker working memory. This
leaves implications for more efficient strategies to be put in place. It has been
recommended to teach students with disabilities with direct, explicit instruction
(Kroesbergen, 2003a) and plenty of opportunities for practice and repetition (Wehmeyer,
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2004). One of the best scaffolding strategies that will help support student learning is to
break down complex problems into smaller and more manageable steps as to not
overwhelm students with executive functioning difficulties (Zhang, 2015).
Research shows that one of the critical elements for students with disabilities is
effective instruction of basic math facts (Fries, 2013). Any student, whether in the general
education or special education setting, who demonstrates challenges with mathematics
will require extra attention (Kroesbergen, 2003a). In fact, it has been shown that math is
one of the topics even teachers can find stressful (Hansel, 2017). For a subject that some
teachers find difficult, surely students with special needs will struggle greatly in this area.
Explicit instruction allows for teachers to model and supervise closely, frequently
monitor student progress, and provide immediate feedback for students (Fries, 2013). All
of these components are crucial to aide in the development of skills for special education
learners.
Computer-Based Mathematics Programs
In a recent review of research and implementation guidelines; Hawkins, Collins,
Herman, and Flowers (2016) describe the importance of math fact fluency on future
applications of mathematics. While the results showed only small progress, the research
suggests that computer-based instruction may work better in place of an existing
program, rather than in combination with. She completed studies of CAI (Computer
Assisted Instruction) programs that have been used over recent years in math instruction.
Hawkins suggests that these programs are most helpful with students who are at-risk or
have special learning needs. In her article, she runs through the careful planning,
considerations, and steps needed to make decisions on which computer-based programs
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to use. While computer-based programs are keeping up with technology and the interest
of children, deciding on a computer-based math facts program is no easy task. Teachers
and administrators must consider the cost, accessibility, ease of use, variety of skills
practiced, etc. Technology requires time for training, both students and teachers
(Wehmeyer, 2004), which can keep studies at a standstill while they wait. They must also
consider the interest level of the students and how this new program will fit in with the
current curriculum. However, many schools have already started incorporating personal
technology devices for students, which would make new online math programs highly
convenient and affordable (Hawkins et al, 2016). It takes a lot of time, money, and
energy for a district to implement a completely new and expensive supplementary
program into the district, so Hawkins suggests intense research.
Zhang et al. (2015) completed a research study in Urban City schools that showed
the results after implementation of individual iPads and use of multiple apps to build
math fact skills. The individual progress ranged from .5%-14%, and while it did reduce
the achievement gap slightly, it did not bring any “struggling” students out of that
category. Other research done in a quasi-experimental study of mathematics performance
on standardized state tests both before and after the use of a multi-sensory computerbased program shows positive results as well (Xiong, 2010). This study also did not
include students with disabilities or at-risk students. Mechling, Gast, and Thompson
(2008) completed a study on the differences in effectiveness of using traditional
flashcards and SMART Board, interactive whiteboard technology. The study showed that
while learning took place in both methods, more students were able to benefit as a whole
group from the computer methods.
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The difficulties with using technology to enhance instruction, are that the ones
who need the most help, students with disabilities, are not as likely to have access or
benefit from technology resources (Wehmeyer, 2004). According to Kroesbergen and
Van Luit (2003a), the studies show that all of the recent advances in technology do not
lead to better mathematics performance for students with special needs. In this case, more
traditional methods must be considered.
Handheld Flashcards
Handheld math fact flashcards are easy to use, can travel anywhere, and provide a
visual during one-on-one time. While technology is new and exciting, the old-fashioned
memorization of flashcards could prove to be beneficial. For students who have
difficulties focusing or concentrating, technology might be hurting them. With flashcards
there are no bright lights or loud noises, just a card to focus on.
In 2014, Michaelyn Bjordahl completed a study on the use of flashcards for the
improvement of math fact fluency with a middle school student who had been diagnosed
with Attention Deficit Disorder (ADD). Many students with special needs have a difficult
time with attention, whether they are diagnosed with ADD or not. This student is a good
example of some of the struggles many students in a resource room face on a daily basis.
Bjordahl utilized direct instruction with handheld flashcards to look for improvement in
basic fact fluency skills. At the conclusion of the study, her research suggested that
handheld flashcards were effective in improving the student’s basic fact fluency. What
this study fails to tell us, however, is whether or not the student would have shown more
improvement with a computer-based program.
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It has been shown that traditional methods, that include contact with humans, as
opposed to computers, is more beneficial for all student learning (Kroesbergen, Van Luit,
& Naglieri, 2003). The computer cannot fix the most basic of difficulties that students
face. In some cases, the studies that included computer-based instruction showed a lower
effect than those that were actually instructed by a teacher. Kroesbergen et al. (2003) also
shows that self-instruction - which is available through the use of flashcards, shows the
highest increased of test scores when it comes to basic facts. Smith (2010) researched
studies of students with disabilities using flashcards. Her study felt limited because her
samples were mostly students with special needs. For this study, however, the
implications lead to the notion that flashcards are more beneficial for students with
special needs than for those in the general education program.
Gaps in the Literature
Many students who struggle with math fact fluency tend to focus on methods that
waste their time and don’t always work. Tablet computers can be great because they
engage students in learning (Zhang, 2015). However, even with the use of computer
games every day to build fluency, a resource room student can still be found drawing
pictures or counting on their fingers. These methods are time-consuming, inefficient, and
discouraging to students as they begin to learn more difficult concepts. The question that
still remains is: are these online games and programs enough? Do students with special
needs require more rote learning without the distraction of technology? Most technology
devices are so new that there is little research to show how effective math apps are,
especially for students with disabilities. Further research is required to determine which
methods are the most appropriate for helping students with disabilities learn their basic
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math facts, and in turn, find higher levels of success in mathematics.
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Chapter 3
Research Methodology
The participants in this study were chosen based on this researcher’s current
position in education at the time the study was implemented. The participating students,
their backgrounds, and their educational performance results were made accessible to this
researcher throughout the course of the study. The researcher hypothesized that the use of
handheld flashcards would improve student performance of basic multiplication and
division facts more than the use of computerized techniques.
Setting and Participants
This study included eight fourth grade students with disabilities. Each student has
an Individualized Education Plan (IEP) based on their specific needs. The students attend
an elementary school in a suburban town in southern New Jersey. According to the New
Jersey School Performance Report, 86.9% of the school population is Caucasian, 3.5%
Hispanic, 2.8% Asian, 0.7% African American, and 6.0% are listed as being from two or
more races. 100% of the students in the school listed English as their main language, 20%
of the school’s population is classified with disabilities, and 4% are listed as
Economically Disadvantaged. The classroom these students attend is a pull-out resource
room for math, reading, writing, and social skills with two teachers. In the classroom,
during math, there is a student to teacher ratio of 3.5:1.
Student FD. FD is a ten-year-old student who receives fourth grade instruction
for reading, writing, and mathematics in a replacement recourse room with a small group
of other fourth grade students. FD tested consistently in the low average range for
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cognitive and ability. His Dyslexia often causes low processing speeds, and he often
interprets and expresses letters and numbers backwards.
Student JZ. JZ is a nine-year-old girl with Autism who receives fourth grade
instruction in the resource classroom. She suffers from severe Anxiety and Obsessive
Compulsive Disorder (OCD), both of which consistently affect her learning. JZ requires
one-on-one assistance often, and feels so nervous about her work that it is hard for her to
concentrate on the task at hand. She does well in math, but lacks instant recall of basic
math facts.
Student KD. KD is a ten-year-old student who receives fourth grade instruction
for reading, writing, and mathematics in a replacement resource room with a small group
of same-aged peers. KD has a Specific Learning Disability and consequently struggles
with reading comprehension and mathematical problem solving. According to his WJ-IV
Tests of Cognitive Abilities, KD has an intellectual ability in the average range. KD
enjoys math and finishing work as quickly as possible.
Student JG. JG is a ten-year-old student, who was kept back one year, and it now
receiving instruction in the resource classroom. His classification as Other Health
Impaired is due to a diagnosis of horizontal and vertical nystagmus and strabismus, which
are difficulties with his eyes that adversely affect his educational performance. The need
to focus on words or numbers for a length of time causes increased frustration and pain to
JG, which is the reason for his struggles with math and reading. JG often shuts down and
gives up when work becomes frustrating.
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Student CH. CH is a nine-year-old student with Attention Deficit Disorder
(ADD) who is receiving fourth grade instruction in the resource classroom. His cognitive
abilities fall within the average range, but CH struggles with processing speed, quick
execution of easy cognitive tasks, and auditory short-term working memory skills. CH
has a low frustration tolerance and avoids new or challenging work.
Student AH. AH is a ten-year-old student with a Specific Learning Disability that
affects her math calculations and problem solving. She spends her entire day in the
Inclusion classroom and is only pulled out three times per week for extra math help. She
is able to grasp new concepts with repeated demonstrations and reteaching, but her basic
math fact knowledge is very low.
Student AC. AC is a nine-year-old student in the fourth-grade inclusion
classroom. She receives mathematics instruction in the 4th grade resource room with a
group of six other students. With a classification of Specific Learning Disability, AC
struggles with mathematical calculations, mathematical problem solving, and both
reading and listening comprehension. AC demonstrates a significant difficulty with
number sense. Her scores on the WISC-V indicate that her abilities are within the low
average range and are at the 16th percentile compared to her same-aged peers. The
student’s Individualized Education Plan (IEP) described that she has difficulty recalling
and retaining information.
Student DE. DE is a nine-year-old student classified as Other Health Impaired
due to a diagnosis of Attention Deficit Hyperactivity Disorder (ADHD). His cognitive
abilities are in the high average range. DE is very easily distracted and his ADHD affects

15

his processing speed and expressive skills. While he knows most of his basic facts, the
instant recall is difficult to attain.
Procedure
Baseline data was charted to show growth in multiplication and division fact
knowledge by just using computer methods over a period of six weeks. Three tests were
given: one in the beginning, one after three weeks, and one after six weeks. Students in
the school have memberships to Xtramath.org. As a district requirement, they practice
their math facts online for at least ten minutes per day, if not more. This program is also
available to them at home and during free time. Before baseline data was gathered,
participants were briefly interviewed on their general feelings about their performance in
mathematics. The questions were asked during week one, after week six, and after week
12. The interview questions were as follows:
- What is your favorite academic subject?
- How do you feel about math?
- Are you good at math? How good?
- Is math easy or hard for you?
- Is math fun or not-so-fun?
- Are you good at multiplication? How good?
- Are you good at division? How good?
- Do you know all of your basic math facts?
At the beginning of the six-week period, participants were given a test of 100
multiplication problems to complete in sixty seconds and another test of 100 division
problems to complete in the same amount of time. These problems were basic facts
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including numbers from 0-12. Students were instructed to complete as many problems as
they could before the time went off. The only prompt they were given was that we were
testing them to see how much progress they made over the months. These same tests
were given after three weeks and again after six weeks. The only difference between the
tests is that the problems were in a different order.
The intervention of traditional paper-based multiplication and division flashcards
was implemented over a six-week period. The researcher met with each of the eight
participants three times per week, for fifteen minutes each session. The intervention was
delivered for a total time of 360 minutes. These sessions usually took place between 8:15
a.m. and 8:45 a.m. or 2:00 p.m. and 2:40 p.m., which is the students’ “Go Time”. During
this time, all fourth graders are independently reading, finishing class work, completing
enrichment activities, being retaught misunderstood concepts, or being pulled out for
related services such as physical therapy, occupational therapy, counseling, or speech. If
students had other “free” time during the day, sessions were completed at those times as
well. The days that the students met depended on their related service schedule, need for
review of lessons, and attendance. In this case, the specific days of intervention may have
changed each week.
During the intervention time, participants no longer used computer-based practice
methods in class. Students were given their own individual rings of paper math flashcards
(one multiplication and one division) that the researcher kept. Participants started with 15
problems each. There were 30 cards because each problem and its reversal were given.
For example, one card might read 3x8, while another reads 8x3. If an answer was correct
on sight, without hesitation, a star was drawn on the back. If the answer was wrong or
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there was hesitation, the student was corrected, asked to repeat the problem and answer,
and nothing was drawn on the back. Once a card received three stars, it was taken off and
replaced with a new problem.
The same assessments given during baseline data were given again, once after
three weeks, and again after the final week. These assessments were put in place to
evaluate student growth in the area of basic math fact knowledge. The amount of growth
in the first six weeks was then compared to the amount of growth in the six-week period
where the intervention took place. The participants were briefly interviewed again
regarding their general feelings of math.
Variables. The independent variable in this study was the flashcards and the
scheduling of practice. The intervention sought to increase knowledge of basic
multiplication and division facts. The dependent variables in this study were the students’
assessment scores, which indicate progress of math fact knowledge, and the students’
general feelings about math.
Design. This study was a single subject research design. It investigated the effects
of an independent variable - scheduled practice of the flashcards - on the dependent
variable - the students’ general feelings about math as well as their growth in basic
multiplication and division fact knowledge. This was specifically a simple time-series
design because the researcher could not control all of the variables (i.e. home practice,
student attendance, motivation, etc.). Several observations were made over a period of
time, while the intervention was introduced half way through. The baseline data was
collected, while students were assessed before, during and after. The intervention was
then put in place, with students being assessed before, during, and after. In the end, the
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progress during the baseline data was compared with the progress during the intervention
data, to determine if the intervention could be a possible cause for the increase of basic
fact knowledge.
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Chapter 4
Results
In this quasi-experimental time-series research study, the computer program
Xtramath (xtramath.org) was compared with paper flashcards to determine which method
was more successful in helping build the basic multiplication and division fact knowledge
of 4th grade exceptional learners in Medford, NJ. Students were given 60 second
multiplication and division questions, and well as interviewed before the beginning of the
study, after six weeks with the online program and then again after six weeks with the
paper flashcards. Individual student and whole class results are reviewed.
Individual Results
Student FD was a participant in the low average range for cognitive ability.
Before practice with Xtramath.org began, FD attempted 8 multiplication problems in a 60
second session. He scored 5 of them correctly. In another 60 second quiz, he attempted 2
division problems and did not get either of them correct. During testing, the participant
showed signs of being shy and unsure. He did not demonstrate confidence in his abilities
to solve multiplication and division problems. The results of the beginning survey
showed that FD listed writing as his favorite subject, and that he thought he was a little
good at math, even though he said it was a little bit hard. He stated that math was not so
fun, that he was not good at division, and that he did not know all of his basic
multiplication and division facts.
After six weeks of independent practice with Xtramath.org, FD was tested again.
His results showed that he attempted 13 multiplication problems and scored 11 of them
correctly, he also attempted 5 division problems and scored 2 of them correctly. FD
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demonstrated a little more confidence, but his work was still slow. It was also noted that
he was counting on his fingers during the test. From the initial tests to this 6-week
midway point, FD was able to attempt 5 more multiplication problems and 3 more
division problems. He showed a score increase of 120% in multiplication and 200% in
division. In his interview, FD still listed writing as his favorite subject but said he felt
good about math. He stated that math was still hard but that Xtramath.org was fun. He
still said that he was no good at division and that he knew some multiplication facts but
not any of his division facts.
After six weeks with flashcard intervention, FD showed significant improvement
on his 60-second quizzes. He correctly answered all 36 of the multiplication problems
that he attempted and solved 19 out of 22 attempted division problems. This demonstrates
an additional 23 multiplication and 17 division problems attempted. He scored 25 points
higher in multiplication, which is a 227% increase over 6 weeks. He scored 17 points
higher in division, which demonstrates an 850% increase in score. He showed interested
and excitement in taking the quizzes. In his interview, FD stated that math was now his
favorite subject. He also said that he felt awesome about math and that it was much easier
now. When asked if he knew all of his multiplication and division facts, he told the
examiner that he was able to figure them all out. FD showed a greater increase of 107%
in multiplication with the flashcards than just Xtramath.org. He demonstrated a 750%
more increase in division (see table 1 and figure 1).
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Table 1
Results for Student FD
Student: FD

Pre-Test

Mid-Test

Post-Test

Correct

Attempted

Correct

Attempted

Correct

Attempted

Multiplication

5

8

11

13

36

36

Division

0

2

2

5

19

22

40
35
30
25
20

Multiplication
Division

15
10
5
0
Pre-test

Mid-test

Post-test

Figure 1. Results for student FD at three testing points.

The participant JZ a student on the Autism Spectrum with severe anxiety and
obsessive-compulsive behavior. This has been known to affect her work and her instant
fact recall. Before practice with Xtramath.org began, JZ attempted 12 multiplication
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problems in a 60 second session. She scored 11 of them correctly. In another 60 second
quiz, she attempted 4 division problems and got 2 of them correct. During testing, the
participant showed physical signs of anxiety such as clenching her teeth, squeezing her
pencil, and tightening her body. The results of the beginning survey showed that JZ listed
writing as her favorite subject, felt okay about math, and that it was in the middle of easy
and hard for her. She did state that math was fun, but when asked about whether or not
she knew all of her multiplication and division facts, she declined.
After six weeks of independent practice with Xtramath.org, JZ was tested again.
Her results showed that on the second set of tests, she attempted 12 multiplication
problems, which was 2 more than before, and scored 13 of them correctly. This showed
an 18% score increase. On her division quiz, she attempted 8 questions, which was twice
as many as the previous test, and answered 7 correctly. Here, the data shows a 250%
score increase. JZ continued to display the same physical signs of anxiety. In her
interview, JZ stated that reading was her now favorite subject. The rest of her responses
were similar to the first interview, stating that math was kind of hard for her and that she
did not know all of her multiplication and division facts.
After a six-week flashcard intervention, JZ showed more improvement on her 60
second quizzes. She attempted 14 more multiplication problems than before and
answered 27 out of the 28 correctly, presenting a 108% increase in score. In division, she
correctly answered all 15 of the attempted problems correctly for a score increase of
114%. JZ still presented physical signs of anxiety, but less than before, allowing her to
complete more problems. Overall, she showed a 145% score increase in multiplication
and a 650% score increase in division. Her final interview indicated that reading was her
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favorite subject, that she was a little good at math, and that she knew some of her
multiplication and division facts (see table 2 and figure 2).

Table 2
Results for Student JZ
Student: JZ

Pre-Test

Mid-Test

Post-Test

Correct

Attempted

Correct

Attempted

Correct

Attempted

Multiplication

11

12

13

14

27

28

Division

2

4

7

8

15

15

30
25
20
15

Multiplication
Division

10
5
0
Pre-test

Mid-test

Post-test

Figure 2. Results for student JZ at three testing points.
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KD was a participant classified with a Specific Learning Disability. He tested in
the average range for cognitive abilities, enjoyed math, and took pride in finishing his
work quickly. Before practice with Xtramath.org began, KD answered all 23 of the
multiplication problems he attempted correctly. On the other 60-second quiz, he
attempted 8 division questions and scored 5 of them correctly. During testing, the
participant worked as quickly as he could and would laugh and bounce when he couldn’t
find the answer right away. The results of the beginning survey showed that KD listed
math as his favorite subject. He stated that math was his favorite subject because it was
easy for him and he was really good at it. When asked if he knew all of his multiplication
and division facts, he stated that he knew most of the multiplication but not all of them.
After six weeks of independent practice with Xtramath.org, KD was given the
same two quizzes again. His results showed that he attempted 29 multiplication problems
(6 more than before) and again answered all of them correctly. This showed a 26%
increase in his abilities. KD also attempted 19 division problems and scored 13 of them
correctly. This demonstrated a 160% increase in his score. KD approached the test in the
same competitive manner, but appeared me concentrated during division this time. In his
second interview, KD still listed math as his favorite subject. He had just as much
confidence and noted that he was getting better at division, too.
After six weeks with flashcard intervention, KD showed even more improvement
on his 60-second quizzes. He correctly answered all 49 of the multiplication problems
that he attempted, and all 32 of the attempted division problems. This demonstrates an
additional 20 multiplication and 13 division problems attempted. During the second 6
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weeks, he demonstrated a 108% increase in multiplication and a 114% increase in
division. This time, KD got himself “pumped up” to take the quiz and said he would ace
it. In his interview, he again noted that math was easy and his favorite subject. He pointed
out that even though he was good before, he got even better at his basic facts. Overall,
KD’s multiplication improved by 113% and his division by 540%. While he increased his
scores consistently throughout, the flashcard method proved better in multiplication for
KD (see table 3 and figure 3).

Table 3
Results for Student KD
Student: KD

Pre-Test

Mid-Test

Post-Test

Correct

Attempted

Correct

Attempted

Correct

Attempted

Multiplication

23

23

29

29

49

49

Division

5

8

13

19

32

32

26

60
50
40
30

Multiplication
Division

20
10
0
Pre-test

Mid-test

Post-test

Figure 3. Results for student KD at three testing points.

JG was a student with visual difficulties that affect his performance in school.
Focusing on words or numbers for even the shortest amount of time can cause frustration,
resulting in the student shutting down. He was kept back for one year, so he is older than
the rest of the class. Before practice with Xtramath.org began, JG attempted 16
multiplication problems in a 60 second session. He scored 13 of them correctly. In
another 60-second quiz, he attempted 7 division problems and scored 2 correctly. During
testing, the participant showed signs of frustration, like grunting and bouncing up and
down, if he could not figure out an answer. The results of his first survey showed that JG
listed social studies as his favorite subject, and that he thought he was pretty good at
math. He also stated that math was easy and that he was good at multiplication and
division.
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After six weeks of independent practice with Xtramath.org, JG was tested again.
His results showed that he correctly answered all of the 20 multiplication problems
attempted. He also attempted 15 division problems and scored 12 of them correctly. JG
approached the test with just as much confidence as before, but still became frustrated
when he couldn’t instantly recall a fact. From the initial tests to this 6-week midway
point, JG was able to attempt 4 more multiplication problems and 8 more division
problems. He showed an increase of 46% in multiplication and 500% in division. In the
interview, JG still listed social studies as his favorite subject. He said that math was still
easy and that he got a little better at it.
After six weeks with flashcard intervention, JG showed more improvement on his
60-second quizzes. He correctly answered 33 out of the 34 attempted multiplication
problems correctly and solved 29 out of 29 attempted division problems. This
demonstrates an additional 14 multiplication and 14 division problems attempted. He
scored 13 points higher in multiplication, which is a 65% increase over 6 weeks. He
scored 17 points higher in division, which demonstrates a 142% increase in score. JG
demonstrated fewer signs of frustration during the final test, as he was able to complete
the problems faster. In his final interview, JG stated that even though he was really good
at math before, he had actually gotten better with his facts. In comparison with the
computer and flashcard interventions, JG showed 19% more of an increase in
multiplication with the flashcards. Overall, during the 12 weeks, JG increased by 154% in
multiplication and 1350% in division (see table 4 and figure 4)
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Table 4
Results for Student JG
Student: JG

Pre-Test

Mid-Test

Post-Test

Correct

Attempted

Correct

Attempted

Correct

Attempted

Multiplication

13

16

20

20

33

34

Division

2

7

12

15

29

29

35
30
25
20
Multiplication
15

Division

10
5
0
Pre-test

Mid-test

Post-test

Figure 4. Results for student JG at three testing points.

CH was a student with attention deficit hyperactivity disorder (ADHD) who falls
within the average range cognitively. He struggles with processing speed, quick
execution of easy cognitive tasks, and auditory short-term working memory skills, and
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has a low frustration tolerance. Before practice with Xtramath.org began, CH attempted 8
multiplication problems in a 60 second session. He scored 7 of them correctly. In another
60-second quiz, he attempted 3 division problems and answered 2 of them correctly.
During testing, the participant worked slowly and showed signs of being shy and unsure.
He did not demonstrate confidence in his abilities to solve multiplication and division
problems. The results of the beginning survey showed that CH listed reading as his
favorite subject, and that math was a difficult subject for him. He stated that math was
only fun when he got to play games and that he did not know all of his multiplication and
division facts.
After six weeks of independent practice with Xtramath.org, CH was given the
same tests again. His results showed that he attempted 10 multiplication problems and
scored 8 of them correctly, he also attempted 3 division problems and scored all 3 of
them correctly. CH demonstrated a little more confidence on these tests, but his work was
still slow. From the initial tests to this 6-week midway point, CH was able to attempt 2
more multiplication problems and the same number of division problems. He showed a
score increase of 14% in multiplication and 50% in division. CH gave very similar
answers in his second interview.
After six weeks with flashcard intervention, CH showed slight improvement on
his 60-second quizzes. He correctly answered all 13 of the multiplication problems that
he attempted, and solved 6 out of 8 attempted division problems. This demonstrates an
additional 3 multiplication and 5 division problems attempted. He scored 5 points higher
in multiplication, which is a 63% increase over 6 weeks. He scored 3 points higher in
division, which demonstrates a 200% increase in score. CH still worked slowly on his
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quizzes. In his interview, CH stated that social studies was now his favorite subject. He
said he was starting to feel better about math but that it was still hard. CH showed a
greater increase of 49% in multiplication with the flashcards than just Xtramath.org. He
demonstrated a 50% more increase in division. Overall, CH increased in multiplication
by 86% and in division by 200% over the 12-week period (see table 5 and figure 5).

Table 5
Results for Student CH
Student: CH

Pre-Test

Mid-Test

Post-Test

Correct

Attempted

Correct

Attempted

Correct

Attempted

Multiplication

7

8

8

10

13

13

Division

2

3

3

3

6

8

31

14
12
10
8
Multiplication
6

Division

4
2
0
Pre-test

Mid-test

Post-test

Figure 5. Results for student CH at three testing points.

Participant AH was a student with a specific learning disability who receives math
instruction in the inclusive classroom and receives extra help from the special education
teacher three times per week. Before practice with Xtramath.org began, AH attempted 15
multiplication problems in a 60-second session. She scored 14 of them correctly. In
another 60-second quiz, she attempted 6 division problems and got 5 of them correct.
During testing, the participant was using counting strategies with her hands. The results
of her first survey showed that AH listed writing as her favorite subject, she was not good
at math, and it was not so fun. She stated that she did not know her basic math facts and
that she was not good at multiplication and division.
After six weeks of independent practice with Xtramath.org online, AH was tested
again. Her results showed that on the second set of tests, she attempted 21 multiplication
problems, which was 6 more than before, and scored 19 of them correctly. This showed
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a 36% score increase. On her division quiz, she attempted 10 questions, which was 4
more than the previous test, and answered 8 correctly. Here, the data shows a 60% score
increase. AH continue to use counting with her hand as a strategy but was able to
remember some of the problems without it. She still felt that math was hard and that she
was not getting much better with her facts.
After a six-week flashcard intervention, AH showed even more improvement on
her 60-second quizzes. She attempted 17 more multiplication problems than before and
answered all 38 correctly, presenting a 100% increase in score. In division, she
attempted 12 more problems and answered 21 correctly, showing a score increase of
175%. AH only used counting on her hands a few times during the quizzes, which helped
her increase her speed. Overall, she showed a 175% score increase in multiplication and a
320% score increase in division. Her final interview indicated that while writing was still
her favorite subject, she felt that she was learning her facts, writing the answers faster,
and getting better at math (see table 6 and figure 6).

Table 6
Results for Student AH
Student: AH

Pre-Test

Mid-Test

Post-Test

Correct

Attempted

Correct

Attempted

Correct

Attempted

Multiplication

14

15

19

21

38

38

Division

5

6

8

10

21

22

33

40
35
30
25
20

Multiplication
Division

15
10
5
0
Pre-test

Mid-test

Post-test

Figure 6. Results for student AH at three testing points.

Participant AC was a student with a specific learning disability who falls in the
low average range cognitively and demonstrates a significant difficulty with number
sense, as well as retaining and recalling information. Before practice with Xtramath.org
began, AC attempted 3 multiplication problems in a 60 second session. She scored 0 of
them correctly. In another 60-second quiz, she attempted 1 division problem and did not
answer it correctly. During testing, the participant was visibly upset and kept looking up
at the researcher for help. The results of the beginning survey showed that AC listed
writing as her favorite subject, said math was fun but it was very hard for her. When
asked about whether or not she knew all of her multiplication and division facts, she
declined.
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After six weeks of independent practice with Xtramath.org, AC was tested again.
Her results showed that on the second set of tests, she attempted 11 multiplication
problems, which was 8 more than before, and scored 10 of them correctly. This showed
a 1000% score increase. On her division quiz, she attempted 4 questions, which was 4
times as many as the previous test and answered all of them correctly. Here, the data
shows a 400% score increase. AC showed more confidence, and did not look to the
teacher for help, but did work slowly. In her interview, AC stated that writing was still
her favorite subject, but that she was getting better at her math facts.
After a six-week intervention with flashcards, AC showed significant
improvement on her 60-second quizzes. She attempted 17 more multiplication problems
than before and answered all 38 correctly, presenting a 100% increase in score. In
division, she attempted 12 more problems and answered 21 out of the 22 correctly for a
score increase of 175%. AC was much more confident during this test and said that she
was proud of herself when she finished. Overall, she showed a 4500% score increase in
multiplication and a 2700% score increase in division. Her final interview indicated that
she loved writing and math. She felt that knowing her math facts made her faster at other
math challenges (see table 7 and figure 7).
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Table 7
Results for Student AC
Student: AC

Pre-Test

Mid-Test

Post-Test

Correct

Attempted

Correct

Attempted

Correct

Attempted

Multiplication

0

3

10

11

45

45

Division

0

1

4

4

27

27

50
45
40
35
30
25

Multiplication

20

Division

15
10
5
0
Pre-test

Mid-test

Post-test

Figure 7. Results for student AC at three testing points.

DE was a student with ADHD whose inattention and inability to focus
significantly impacted his classroom performance. Math has always been a strong subject
for him. Before practice with Xtramath.org began, DE attempted 8 multiplication
problems in a 60 second session. He scored 6 of them correctly. In another 60-second
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quiz, he attempted 9 division problems and scored 5 correctly. During testing, the
participant worked slowly and was often seen looking at other things around him. The
results of his first survey showed that DE listed science and social studies as his favorite
subjects, and that he thought he was pretty good at math. He also stated that he was okay
at his basic math facts.
After six weeks of independent practice with Xtramath.org, DE was tested again.
His results showed that he correctly answered all 9 multiplication problems that he
attempted. He also attempted 9 division problems and scored 6 of them correctly. During
testing, DE still seemed easily distracted. From the initial tests to this 6-week midway
point, DE was able to attempt 1 more multiplication problem and the same number of
division problems. He showed a score increase of 50% in multiplication and 0% in
division. In the second interview, DE still listed writing as his favorite subject. He said
that he felt fine with math but wanted to get better.
After six weeks with flashcard intervention, DE showed more improvement on his
60-second quizzes. He correctly answered all 30 of the attempted multiplication
problems, and solved 23 out of 25 attempted division problems. This demonstrates an
additional 21 multiplication and 16 division problems attempted. He scored 11 points
higher in multiplication, which is a 233% increase over 6 weeks. He scored 18 points
higher in division, which demonstrates a 360% increase in score. DE demonstrated fewer
signs of distraction during the final test, and noted that he was proud of his focus. In his
final interview, DE stated that math was getting more fun because he was challenging
himself to get better. In comparison with the computer and flashcard interventions, DE
showed 180% more of an increase in multiplication and 360% more in division with the
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flashcards than the online program. Overall, during the 12 weeks, DE increased by 400%
in multiplication and 360% in division.

Table 8
Results for Student DE
Student: DE

Pre-Test

Mid-Test

Post-Test

Correct

Attempted

Correct

Attempted

Correct

Attempted

Multiplication

6

8

9

9

30

30

Division

5

9

5

9

23

25

35
30
25
20
Multiplication
15

Division

10
5
0
Pre-test

Mid-test

Post-test

Figure 8. Results for student DE at three testing points.
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Overall Results
At the conclusion of the study, all eight students showed an increase of both
multiplication and division fact knowledge. A greater increase in skills took place as a
result of flashcards rather than the use of the website. While division showed a greater
skill increase, every student was able to answer more multiplication than division
problems correctly on the post-test. Student AC showed the greatest increase throughout
the study. On both pre-tests, she was not able to answer any questions correctly. On the
post-test, she accurately answered 45 multiplication and 27 division problems correctly.
While Student CH’s scores were the lowest for both post-tests, he was still able to almost
double his score in multiplication and triple his score in division.
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Chapter 5
Discussion
This study examined two different methods of developing instant recall of basic
multiplication and division facts. The goal was to determine if a computer based-program
(Xtramath.org) or traditional paper flashcards resulted in more of an increase in basic
math fact knowledge. This study included eight fourth grade students with learning
disabilities form Medford, New Jersey. All but one of the students was instructed in the
resource classroom for math, while the other was seen by the special education teacher
three times per week for extra math help. The participants consisted of 3 white females
and 5 white males, all ages 9 or 10. The study lasted for 12 weeks.
The students in this study had differing levels of ability. Some of the students
preferred math, while others did not. Some students had slower processing speeds than
other students. Some of the participants had anxiety or ADHD. Students are expected to
master multiplication facts by the end of third grade but most do not. This explains why
most students were stronger in multiplication than in division. The importance of these
basic skills becomes drastically important in order to grasp new and challenging
mathematical concepts that are introduced by the fourth grade math curriculum.
The results of this study showed that every student demonstrated a greater
increase in fact knowledge and production of answers after the handheld flashcard
method was used. There were only two students who showed a greater percentage
increase with Xtramath.org in one of the subject areas but even that student favored the
flashcards in the other. While there was an increase in performance after both methods,
the handheld flashcards produced a greater increase in basic skill knowledge.
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Relation to Previous Studies
Comparing the results of this study to the results of prior studies, the outcome is
somewhat surprising. As technology advances so quickly, there are more and more
studies being conducted to determine which methods (i.e. devices, games, apps, or
websites) are the best to use. There are many studies that show personal devices being
more beneficial than shared computers or promethean boards. What most studies don’t
compare is whether or not technology in general is a better method of learning new
information than other ways. The few that do compare methods generally show
technology to be a beneficial strategy for learning, but not necessarily better than
traditional paper methods. For example, a study by Nelson (2009) was conducted to
research which of three websites (www.funbrain.com, www.aplusmath.com, and
www.multiplication.com) was the best method for acquiring basic fact knowledge. The
study does not show how using flashcards would have compared with the websites. Many
of these findings could have been the result of the students’ increased interest in new
technology that had never before been seen in school. An example of this is shown in a
study conducted by Mechling et al (2008) comparing knowledge acquired through
SMART board technologies with the same information presented with flashcards. In this
study, the students who used the SMART board technology to learn the new information
showed better results than those who used the flashcards. In 2008, when SMART board
technology was just being introduced, the newness of the technology was still enough to
engage students in a meaningful way. It is possible that this newness has warn off and the
technology has lost its affect.
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More studies are being conducted now to suggest that teachers should be reverting
back to the ways of teaching before technology was readily available. This research
demonstrates similar outcomes to this study. For example, Douglas Fisher and Nancy
Frey (2018) summarized the results of three similar studies that were conducted to
determine if digital or print methods were better for comprehension. In all three cases,
print methods were shown to be more successful than digital methods. One of the studies
in their article showed that while more information is able to be received and expressed
in digital methods, less information is able to be truly comprehended and retained. Fisher
and Frey place emphasis on the idea that learning with paper-based methods requires
more effort from the students and without being able to physically handle materials,
mental maps used for comprehension are disrupted.
As another example, in 2003, Kroesbergen and Van Luit conducted a study of
about 60 elementary school students with exceptional learning needs, similar to the
students used in this study. They looked specifically at basic skills in mathematics and
how different types of instruction affected student learning. They, too, found that students
who used computer- assisted technology were less effective than those without the use of
technology. Somewhat contradictory results were shown by Plourde in 2008, when a
similar study was conducted comparing flashcards to the use of SMART Board
technologies. While this study looked to meet the needs of a whole group class, rather
than individual skills, the results actually proved the SMART Board to be more effective
than the flashcards. The five-year difference between the studies is to be noted. In 2008,
we see a rise in use and interest of technology as Social Media networks become more
popular.
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Limitations and Future Studies
This study only examined a small population of students who were all of the same
background and socioeconomic status. More students should be studied to provide more
appropriate and accurate results. Additionally, this study was conducted over 12 weeks
total-6 with the online program and 6 with flashcards. It would be more beneficial to
review results over a longer period of time. It was also helpful for this to be an
experimental design in which one group was given the flashcard intervention and one
was not. This would help to determine the true cause of the increase in skills. Due to the
requirements of the school district, such a design was not possible.
Practical Implications
The current study showed that there was more of an increase in instant recall of
basic math facts after practicing with paper flash cards rather than using the program
Xtramath.org. Teachers who have students with special needs that use this program may
consider providing students with alternative options. Students gained confidence in math
as a whole after learning facts, completed multi-step questions more quickly with less
frustration, and were willing to attempt more difficult tasks. Students enjoyed the one-onone teacher time over the time spent on the computer. While technology does wonderful
things for education, the fact that students are now on technology more than not, shows
that doing things off of the computer has become more of a novelty. As we move toward
and even more technological world, teachers should not forge the importance of hands-on
and face-to-face interventions.
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Conclusion
This study was designed to answer the following question: Does the use of online
math programs improve the multiplication and division fact knowledge of 4th grade
exceptional learners better than the use of traditional handheld flashcards? The data
showed that traditional handheld flashcards had a stronger impact on students with
disabilities when it came to developing instant recall of basic facts. Using this technique
(or other paper methods) would benefit students with special needs, and possibly even
those without.
After reviewing the research and data throughout this study, it is clear that
traditional handheld flashcards have more of an impact on students with learning
disabilities than computer programs. Students enjoy the instant gratification and one-onone time with the teacher, and they are less distracted by the bright lights and sounds of
technology. In order for flashcards to make their full impact on students, teachers need to
be implementing the intervention systematically and consistently. More research would
give a clearer picture of the benefits of flashcards over technology.

44

References
Berch, D. B. (2005). Making sense of number sense: Implications for
children with mathematical disabilities. Journal of Learning Disabilities, 38(4),
333-9. Retrieved from
http://library.capella.edu/login?qurl=https%3A%2F%2Fsearch.proquest.com%2F
docview%2F194223341%3Faccountid%3D27965
Baker, J. M. (1990). Development and validation of mathematics fluency measures
(Order No. 9028411). Available from ProQuest Dissertations & Theses Global.
(303879379). Retrieved from http://library.capella.edu/login?url=https://searchproquest-com.library.capella.edu/docview/303879379?accountid=27965
Bjordahl, M., Talboy, R., Neyman, J., McLaughlin, T., & Hoenike, R. (2014). Effect of a
direct instruction flashcard system for increasing the performance of basic
division facts for a middle school student with ADD/OHI. I-Manager's Journal
on Educational Psychology, 8(2), 7-14. Retrieved from
http://ezproxy.rowan.edu/login?url=https://search.proquest.com/docview/1693778
765?accountid=13605
Codding, R. S., Hilt-Panahon, A., Panahon, C. J., & Benson, J. L. (2009). Addressing
mathematics computation problems: A review of simple and moderate intensity
interventions. Education & Treatment of Children, 32(2), 279-312. Retrieved
from http://library.capella.edu/login?url=https://search-proquestcom.library.capella.edu/docview/202675907?accountid=27965
Crawford, L., & Ketterlin-Geller, L. (2008). Improving math programming for
students at risk: Introduction to the special topic issue. Remedial and Special
Education, 29(1), 5-8. Retrieved from
http://library.capella.edu/login?qurl=https%3A%2F%2Fsearch.proquest.com%2F
docview%2F236264340%3Faccountid%3D27965
Fisher, D. & Frey, N. (2018). Reading and writing on screen and paper. Journal of
Adolescent & Adult Literacy, 62(3), 349–351. https://doi.org/10.1002/jaal.901
Fries, K. M. (2013). Effectiveness of mastering math facts on second- and third-grade
students
with specific learning disabilities in mathematics (Order No. 3576454). Available
from ProQuest Dissertations & Theses Global. (1467527697). Retrieved from
http://library.capella.edu/login?url=https://search-proquestcom.library.capella.edu/docview/1467527697?accountid=27965

45

Fuchs, L. S., Fuchs, D., Powell, S. R., Seethaler, P. M., Cirino, P. T., &
Fletcher, J. M. (2008). Intensive intervention for students with mathematical
disabilities: Seven principles of effective practice. Learning Disability Quarterly,
31(2), 79-92. Retrieved from
http://library.capella.edu/login?qurl=https%3A%2F%2Fsearch.proquest.com%2F
docview%2F233086536%3Faccountid%3D27965
Geary, D. C. (2004). Mathematics and learning disabilities. Journal of
Learning Disabilities, 37(1), 4-15. Retrieved from
http://library.capella.edu/login?qurl=https%3A%2F%2Fsearch.proquest.com%2F
docview%2F194223188%3Faccountid%3D27965
Gersten, R., Jordan, N. C., & Flojo, J. R. (2005). Early identification and
interventions for students with mathematics difficulties. Journal of Learning
Disabilities, 38(4), 293-304. Retrieved from
http://library.capella.edu/login?qurl=https%3A%2F%2Fsearch.proquest.com%2F
docview%2F194226200%3Faccountid%3D27965
Gheorghe, B., Tatiana, B. N., & Martin, Z. (2015). Possibilities of assessing the attention
and visual memory in primary school children. Gymnasium, 16(2), 45-58.
Retrieved from
http://ezproxy.rowan.edu/login?url=https://search.proquest.com/docview/1761663
210?accountid=13605
Hansel, L. (2017). The beauty of early childhood mathematics. YC Young Children,
72(3), 6-7.
Retrieved from http://library.capella.edu/login?url=https://search-proquestcom.library.capella.edu/docview/1917905517?accountid=27965
Hawkins, R. O., Collins, T., Herman, C., & Flowers, E. (2016). Using computer assisted
instruction to build math fact fluency: an implementation guide. Intervention in
School and Clinic, 52(3), 141-147.
https://doi-org.ezproxy.rowan.edu/10.1177/1053451216644827
Hulac, D. M., Wickerd, G., & Vining, O. (2013). Allowing students to
administer their own interventions: An application of the self-administered
folding-in technique. Rural Special Education Quarterly, 32(2), 31-36. Retrieved
from
http://library.capella.edu/login?qurl=https%3A%2F%2Fsearch.proquest.com%2F
docview%2F1420525379%3Faccountid%3D27965

46

Irish, C. (2002). Using peg- and keyword mnemonics and computer-assisted
instruction to enhance basic multiplication performance in elementary students
with learning and cognitive disabilities. Journal of Special Education Technology,
17(4), 29. Retrieved from
http://library.capella.edu/login?qurl=https%3A%2F%2Fsearch.proquest.com%2F
docview%2F228484338%3Faccountid%3D27965
Kiger, D., Herro, D., & Prunty, D. (2012). Examining the influence of a mobile learning
intervention on third grade math achievement. Journal of Research on
Technology in Education, 45(1), 61-82. Retrieved from
http://ezproxy.rowan.edu/login?url=https://search.proquest.com/docview/1448763
675?accountid=13605
Kliman, M. (2006). Math out of school: Families' math game playing at home. School
Community Journal, 16(2), 69-90. Retrieved from
http://library.capella.edu/login?url=https://search-proquestcom.library.capella.edu/docview/195465308?accountid=27965
Kroesbergen, E. H., & Van Luit, J. (2003a). Mathematics interventions for children
with special educational needs: A meta-analysis. Remedial and Special
Education, 24(2), 97. Retrieved from
http://library.capella.edu/login?url=https://search-proquestcom.library.capella.edu/docview/236323735?accountid=27965
Kroesbergen, E. H., Van Luit, J., & Naglieri, J. A. (2003).
Mathematical learning difficulties and PASS cognitive processes. Journal of
Learning Disabilities, 36(6), 574-82. Retrieved from
http://library.capella.edu/login?qurl=https%3A%2F%2Fsearch.proquest.com%2F
docview%2F194227296%3Faccountid%3D27965
Mechling, L. C., Gast, D. L., & Thompson, K. L. (2008). Comparison of the effects of
smart board technology and flash card instruction on sight word recognition and
observational learning. Journal of Special Education Technology, 23(1), 34-46.
Retrieved from http://library.capella.edu/login?url=https://search-proquestcom.library.capella.edu/docview/228444304?accountid=27965
Miller, S. P., & Hudson, P. J. (2006). Helping students with disabilities understand what
mathematics means. Teaching Exceptional Children, 39(1), 28-35. Retrieved from
http://library.capella.edu/login?url=https://search-proquestcom.library.capella.edu/docview/201165644?accountid=27965

47

Nelson, M. D. (2009). The effects of computer math games to increase
student accurracy and fluency in basic multiplication facts (Order No. 1462779).
Available from ProQuest Dissertations & Theses Global. (305172717). Retrieved
from
http://library.capella.edu/login?qurl=https%3A%2F%2Fsearch.proquest.com%2F
docview%2F305172717%3Faccountid%3D27965
Newbury, K., Wooldridge, D., Peet, S., & Bertelsen, C. (2015). From policy
to practice: Laying the foundation for future math success. Delta Kappa Gamma
Bulletin, 81(4), 8-17. Retrieved from
http://library.capella.edu/login?qurl=https%3A%2F%2Fsearch.proquest.com%2F
docview%2F1706873627%3Faccountid%3D27965
Phillips, L. J. (2003). When flash cards are not enough. Teaching Children
Mathematics, 9(6), 358-363. Retrieved from
http://library.capella.edu/login?qurl=https%3A%2F%2Fsearch.proquest.com%2F
docview%2F214134171%3Faccountid%3D27965
Pierce, K. D., McLaughlin, T., Neyman, J., & King, K. (2012). The gradual and
differential effects of direct instruction flashcards with and without a DRH
contingency on basic multiplication facts for two students with severe behavior
disorders. I-Manager's Journal on Educational Psychology, 6(2), 30-40.
Retrieved from
http://ezproxy.rowan.edu/login?url=https://search.proquest.com/docview/1473907
713?accountid=13605
Plourde, J. D. (2008). The effect of inquiry-based, hands-on math instruction utilized in
combination with web-based, computer-assisted math instruction on 4th-grade
students' outcomes (Order No. 3324659). Available from ProQuest Central;
ProQuest Dissertations & Theses Global. (304817666). Retrieved from
http://library.capella.edu/login?url=https://search-proquestcom.library.capella.edu/docview/304817666?accountid=27965
Skarr, A. & Zielinski, K. & Ruwe, K. & Sharp, H. & Williams, R. L. & McLaughlin, T.
F. (2014). The Effects of Direct Instruction Flashcard and Math Racetrack
Procedures on Mastery of Basic Multiplication Facts by Three Elementary School
Students. Education and Treatment of Children 37(1), 77-93. West Virginia
University Press. Retrieved October 30, 2017, from Project MUSE database.
Smith, C. L. (2010). Examining the effectiveness of peer-tutoring and computer-aided
instruction for mastery of multiplication facts (Order No. 3405891). Available
from ProQuest Dissertations & Theses Global. (275860889). Retrieved from
http://library.capella.edu/login?url=https://search-proquestcom.library.capella.edu/docview/275860889?accountid=27965

48

Sood, S., & Jitendra, A. K. (2007). A comparative analysis of number sense instruction in
reform-based and traditional mathematics textbooks. The Journal of Special
Education, 41(3), 145-157. Retrieved from
http://library.capella.edu/login?url=https://search-proquestcom.library.capella.edu/docview/194706713?accountid=27965
St. Aubin-Thies, A. C. (2016). A study on the effect of digital modality for
developing computational fluency and the impact on overall math achievement
(Order No. 10025181). Available from ProQuest Dissertations & Theses Global.
(1770090190). Retrieved from
http://library.capella.edu/login?qurl=https%3A%2F%2Fsearch.proquest.com%2F
docview%2F1770090190%3Faccountid%3D27965
Watt, H. M. G., Carmichael, C., & Callingham, R. (2017). Students' engagement profiles
in mathematics according to learning environment dimensions: Developing an
evidence base for best practice in mathematics education. School Psychology
International, 38(2), 166-183. doi:
http://dx.doi.org.library.capella.edu/10.1177/0143034316688373
Wehmeyer, M. L., Smith, S. J., Palmer, S. B., & Davies, D. K. (2004). Technology use
by students with intellectual disabilities: An overview. Journal of Special
Education Technology, 19(4), 7-21. Retrieved from
http://library.capella.edu/login?url=https://search-proquestcom.library.capella.edu/docview/228406143?accountid=27965
Wood, D. K., & Frank, A. R. (2000). Using memory-enhancing strategies to learn
multiplication facts. Teaching Exceptional Children, 32(5), 78. Retrieved from
http://library.capella.edu/login?url=https://search-proquestcom.library.capella.edu/docview/201146887?accountid=27965
Woodward, J. (2004). Mathematics education in the united states: Past to present. Journal
of Learning Disabilities, 37(1), 16-31. Retrieved from
http://library.capella.edu/login?url=https://search-proquestcom.library.capella.edu/docview/194228235?accountid=27965
Xiong, I. V. (2010). Innovative instructional strategies and improved math learning
among grades 2 to 6 students (Order No. 3410505). Available from ProQuest
Central; ProQuest Dissertations & Theses Global. (502410131). Retrieved from
http://library.capella.edu/login?url=https://search-proquestcom.library.capella.edu/docview/502410131?accountid=27965
Zhang, M., Trussell, R. P., Gallegos, B., & Asam, R. R. (2015). Using math apps for
improving student learning: An exploratory study in an inclusive fourth grade
classroom. TechTrends, 59(2), 32-39.
doi:http://dx.doi.org.library.capella.edu/10.1007/s11528-015-0837-y

49

Appendix A
Multiplication Test

50

Appendix B
Division Test

51

Appendix C
Student Interview Questions

1.

What is your favorite academic subject?

2.

How do you feel about math?

3.

Are you good at math? How good?

4.

Is math easy or hard for you?

5.

Is math fun or not so fun?

6.

Are you good at multiplication? How good?

7.

Are you good at division? How good?

8.

Do you know all of your basic multiplication and division facts?
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