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Abstract 

New federal common core standards adopted by New York State require students to 

master rigorous material at earlier grades than previously.  It is a concern for teachers that 

without a strong foundation in math fact fluency students will not be able to master the demands 

of the new curriculum.  A study involving 10 and 11-year-old students, at a rural elementary 

school district, was conducted to determine how students’ math fact multiplication fluency, for 

numbers 0-10, affected their overall math achievement.  Students’ math achievement was based 

on pre and post intervention STAR test results.  The acronym STAR originally stood for the 

Standardized Test for the Assessment of Reading, but the Renaissance Learning has since 

expanded into the area of math.  The study combined multiple intervention strategies to 

remediate the students with the lowest scores on STAR and/or multiplication fluency testing.  

Results of this study indicated that the interventions used were successful and that the students 

who received these interventions also showed significant growth in their overall math 

achievement based on STAR test results. 
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Introduction 

 Mathematics is an important part of everyday life and is one of the primary focuses in 

education.  It has recently gone through a major overhaul with the new common core standards 

which were introduced in June, 2010.  The idea behind the new common core standards is to 

have clear and concise learning objectives for the students.  The rational for this is so that parents 

and teachers will have a shared understanding of requirements and know what is expected of the 

students regardless of where they go to school.   

This study focuses on one piece of the common core standards: math fact fluency. In 

particular it looks at the research questions “Does multiplication fact fluency, for numbers 0-10, 

improve fifth grade students’ overall performance on math concepts and applications, as 

measured by STAR.”  STAR is an online testing resource from Renaissance Learning to monitor 

students’ skills and conceptual understanding and to track their progress in the area of 

mathematics and English language arts (ELA). 

 According to the common core state standards, the word fluency means “quickly and 

accurately” (Changes to New York, 2013).  The goal of fluency is ongoing, “to be fluent is to 

flow: fluent isn’t halting, stumbling, or reversing oneself” (Changes to New York, 2013).  

Fluency is not expected to happen over the course of a lesson, unit, or school year, but there are 

certain milestones students should reach at different grade levels.  Students begin to learn and 

practice multiplication facts for products up to 100 beginning at grade three.  It is expected that 

students will have a strong grasp of these facts by the end of their third grade year; however, the 

focus on fluency should not stop at the end of grade three.  Students are expected to continue to 
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work on these multiplication facts throughout fourth grade where the fluency focus is on adding 

and subtracting numbers within 1,000,000 (Common core state standards, 2014). 

The importance of multiplication is very evident in the introduction to the grade five 

common core.  The three key areas of focus are as follows: 

1. Developing fluency with addition and subtraction of fractions and developing 

understanding of the multiplication of fractions and of division of fractions in 

limited cases (unit fractions divided by whole numbers and whole numbers 

divided by unit fractions); 

2. Extending division to 2-digit divisors, integrating decimal fractions into the 

place value system and developing understanding of operations with decimals 

to hundredths, and developing fluency with whole number and decimal 

operations; 

3. Developing understanding of volume (Common core state standards, 2014).   

All three key areas of focus can be linked to multiplication.  If students do not have a 

firm knowledge of multiplication fact fluency and the concepts of fact families, it will be 

difficult for them to be successful when it comes to the expectations of a fifth grade student in 

math.  They will not be able to multiply or divide fractions, divide by two digit divisors, or 

calculate volume. Also, the fluency landmark for fifth grade is to be able to multiply multi-digit 

numbers.  You cannot realistically expect students who struggle with numbers 0-10 to perform 

this task fluently when they have yet to master the basics.  

 I took interest in this topic because I am currently in my third year of teaching fifth grade, 

and one of the areas I have noticed students struggle in is multiplication fact fluency.  They often 
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get problems wrong because they do not know a basic multiplication fact.   For example students 

can do all the work correctly to solve a problem, but get it wrong because they do not know what 

the product of eight and seven are.  

 It takes these students who struggle longer to finish their tests.  This could have several 

negative outcomes.  First, they could see that their peers are finished with their tests and they 

could rush to finish.  As a result they would not check over their work and could get additional 

problems wrong.  Another issue is that they could get mentally fatigued during these tests.  

Students who have to spend more time figuring out the basic multiplication problems do not 

have sufficient time for the actual problem.  Students also grow frustrated when they know they 

have not automatized these facts.  When this occurs, students seem to not care as much to find 

the correct answer to a difficult problem.  When the motivation is not there, students are less 

likely to try (Murayama, K., Pekrun, R., Lichtenfeld, S., & Vom Hofe, R., 2013).  In general, if 

the students knew the basics, they would be able to concentrate more on the in depth themes 

being taught. 

 The new common core has students using a mathematics tool referred to as a “sprint.”  

Sprints are timed math tests that progressively get harder the more problems a student completes.  

Sprints are completed with pencil and paper.  They consist of two one-minute timed tests.  Each 

test has 44 problems.  Students work for the timed minute then the teacher reads off the answers.  

Students then continue working on the problems they did not get to finish.  The same process is 

then completed for the second timed test. The students are then able to see their growth when 

comparing the two tests.  Sprints can involve more than just basic facts; they combine topics and 

have students answer a variety of problems as quickly as possible.  Sprints vary in topics; they 

range from basic facts, to finding the least common multiple of two numbers, to finding the 
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answer to problems using order of operations.  The idea behind this is to increase math fluency, 

but my own concern is the expectation for students to do these types of problems fluently if they 

are not already fluent in the basic math facts first.  The school district involved in the study uses 

sprints by Bill Davidson (2013).  A sample sprint can be found in appendix A.  

The importance of fact fluency leads to the question of why students do not know their 

multiplication facts by the time they are in fifth grade.  One common reason why students have 

not mastered their multiplication facts by the time they are in fifth grade is because once these 

facts are initially taught in third grade they are not a curricular focus anymore.  Multiplication 

facts are not a focus and are not practiced in the classroom as much as they should be.  Another 

reason is that they may never have been fully learned by the student. 

 Finding out the effects of multiplication fact fluency, for numbers 0-10, on fifth grade 

students’ overall performance on math concepts and applications is important to me because I 

want to know what, if anything, I should change about my math instruction.  Should more 

emphasis be placed on these basic facts or is enough work being done to help increase the 

fluency of the students who are lagging?  With the rigors of not only the math, but the new ELA 

common core standards, should time be taken away from another area to focus on the math 

facts?  These questions have led me to investigate the research question “Does multiplication fact 

fluency, for numbers 0-10, improve fifth grade students’ overall performance on math concepts 

and applications, as measured by STAR testing.”  There is a great amount of research out there 

that can help answer this question. 
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Literature Review 

 There are many ideas and concepts that need to be considered when looking at the 

research question “Does multiplication fact fluency, for numbers 0-10, improve fifth grade 

students’ overall performance on math concepts and applications, as measured by STAR.”  

Understanding fifth grade students, the curriculum and best practices to teach and enhance math 

concepts is important to be able to answer the research question. 

Fifth Grade 

 Fifth grade is an important time in an adolescence’s life.  Not only are the 10 and 11 year 

olds changing, but so are the curricular expectations.    Educators need to be able to adapt to not 

only the children’s needs, but also to the demands of the curriculum. 

 Development of 10 and 11 Year Olds  

 People go through several changes cognitively, socially, and emotionally from the time 

they are born through adulthood.  These changes can have a major impact on individuals 

throughout the different stages of their lives.  Normally, fifth graders are 10 and 11-years-old and 

are coming to the end of one stage at this point in their lives and are about to begin a new stage.  

 Psychologists Jean Piaget and Erik Erikson have studied different aspects of 

development in children, and both have agreed that this age range is approaching the end of their 

own respected developmental stages.  Piaget believes that children are coming to the end of his 

Concrete Operation stage (Cherry, K., 2014 a) whereas Erikson believes children are coming to 

the end of the stage he calls Industry Versus Inferiority (Cherry, K., 2014 b).  Even though 
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cognitive, social, and emotional development are considered different categories, they all have a 

significant impact on the way 10 and 11 year olds develop. 

 Cognitive Development.  Psychologist Jean Piaget identified four developmental stages 

of cognition.  These stages begin at birth and continue throughout life.  The third stage is called 

the concrete operations stage.  During this time, children’s language and acquisition skills 

develop at a rapid rate.   This stage can begin as early as six years old and can last until children 

are 12 (Piaget's 4 stages).  Fifth graders who are generally 10 or 11 years old fall into the tail end 

of this developmental stage.  This time in children’s lives is significant because they are able to 

accept different viewpoints, they develop an understanding of doing mental operations, and they 

can understand that actions are reversible (Cherry, K. 2014 a). 

 At the concrete operational stage children benefit from hands-on activities greatly.  This 

allows children to put ideas or concepts from pencil and paper to something physical (Ojose, 

2008).  This especially holds true in mathematics.  Teachers can use countless manipulatives to 

help children visualize a concept.  For example, in presenting multiplication the teacher could 

represent problems with tiles.  Using the tiles, the teacher could set up a rectangular array to 

represent the product of the problem three multiplied by five.  Then the teacher could separate 

the array into columns to represent the problem three multiplied by five.  To take this a step 

further the tiles in the array could be separated by rows to represent the problem five multiplied 

by three.  Again, this gives children a visual and a kinesthetic representation of an abstract 

concept.  Similar to Piaget working with cognitive development of children, Erik Erikson studied 

development of children, but the social aspect of it. 
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Social Development. Erik Erikson was a German psychologist who studied social 

development in children.  Similar to Piaget, he broke social development into several stages.  

The first of his stages beginning at birth and the eighth stage, the last, occurring when the person 

has reached old age, prior to death.  His fourth stage, which Erikson referred to as Industry vs. 

Inferiority, occurs in children from the ages of about six to eleven years old.  In general, fifth 

graders who are 10 or 11 years old are reaching the end of this stage and are about to enter into 

Erikson’s fifth stage (Cherry, K. 2014 b). 

Cherry (2014 b) states that in Erikson’s fourth stage of development, children begin to 

have stronger feelings about their accomplishments and abilities.  They begin to take pride in 

what they can do.  At this stage, encouragement or a lack of it can have a significant impact on 

the child.  Children who receive praise and encouragement believe that they are knowledgeable 

and feel as though they can accomplish things.  Children who do not receive encouragement tend 

to lack confidence in their abilities and will not believe that they can be successful.  

 Emotional Development.  Stress and anxiety are not terms that are typically associated 

with elementary aged students, but it is very common for children to have these feelings and they 

both can have a negative effect on them.  Stress is “a way that our body responds to the demands 

made upon us by the environment, our relationships, and our perceptions and interpretations of 

those demands (“Stress in Children”, 2012).”  Anxiety has a close relation with fear. However, 

anxiety tends to last; it stays with someone well after the cause of it has gone (Gorman, 2002).    

There are several causes of stress in children. It could be a result of things at home, at school, or 

with peers.  In addition, stress at school can derive from unclear expectations, disorganized 

classrooms, or fear of failure ("Stress in children" 2012).     
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 In the classroom, stress and anxiety can have a damaging impact on mathematical 

knowledge, grades, and scores on standardized tests.  A study on math anxiety revealed that 

anxiety can impact math performance negatively.  This anxiety comes from a fear of 

mathematics. Researchers report that this fear can start as early as elementary school.  According 

one study, anxiety has a negative impact on students’ working memory (Rameirez, G., 

Gunderson, E., Levine, S., & Beilock, S., 2013).  It is critical that students use their working 

memory to solve complex problems. When students feel anxiety, this limits their working 

memory and can make solving intricate problems more difficult.  This is especially a detriment 

to students who have difficulties with multiplication fact fluency.  Under stressful situations, 

students have to use their limited working memory to focus on solving basic math facts instead 

of using that working memory to solve the intricate part of a problem (Rameirez et al., 2013). 

Regardless of the cause of the stress, several studies have found that preventing stress or 

helping children handle stress can have a positive impact on academic achievement among 

adolescence.  Several initiatives can take place to help reduce stress in children.  Creating better 

school and classroom environments, having interventions to strengthen students’ decision 

making skills, and teaching coping skills all can reduce stress in children.  All of these cause the 

children to have positive emotions, which in turn improve academic achievement (Charvat, 

2012). 

Cognitive, social, and emotional developments begin at birth and continue to evolve 

throughout life.  Children go through several changes as they approach and enter school.  These 

changes will have an effect on the children’s abilities as a student, either positive or negative as 

they address curricular expectations.  This particular age is important because children are 

approaching the end of one stage and beginning a new one. 
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 Curricular Expectations 

 The Common Core State Learning Standards (CCSS) were launched on June 1, 2010.  

This was the first time in the United States that there were federal education standards that states 

could adopt.  At this time 43 states have committed to developing the standards.  Two drafts of 

the CCSS were published before the final copy was released on June 2, 2010.  These changes 

were a major overhaul to the previous standards that states had ("Common core timeline," 2013).   

 Prior to the CCSS the Race to the Top (RTTT) initiative was created.  This was a federal 

program that offered funding to states that were willing to adopt common “college- and career-

ready” standards.  Just a few months before the final CCSS were published; applications to 

receive this funding were due.  In order to qualify for these funds, states had to adopt a set of 

standards that were universal for grades K-12.  New York State adopted the CCSS and as of the 

2012-2013, all math and ELA instruction for grades 4-8 had to be aligned to these new federal 

standards ("Common core timeline," 2013). 

 With the new standards there were shifts as to when students were expected to master 

certain topics.  One of the key ideas in math is fluency.  According to the Common Core, fluency 

means to be able to accomplish a specific skill quickly and accurately.  The Common Core states 

that fluency does not happen at once, or in a single grade, but is ongoing.  However, there are 

particular milestones students should reach at certain grade levels.  One of the areas of focus for 

third grade is multiplication and division.  Students are to be able to multiply and divide numbers 

within 100.  It is expected that by the end of third grade, students are able to multiple single digit 

numbers, with a product of 100 or less, from memory and to recall these basic math facts fluently 

("Common Core State”, 2014) .   
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 Fifth grade has a much different focus than third grade.  The three main critical areas of 

focus in fifth grade are:   

(1) developing fluency with addition and subtraction of fractions, and developing 

understanding of the multiplication of fractions and of division of fractions in limited 

cases (unit fractions divided by whole numbers and whole numbers divided by unit 

fractions); (2) extending division to 2-digit divisors, integrating decimal fractions into the 

place value system and developing understanding of operations with decimals to 

hundredths, and developing fluency with whole number and decimal operations; and (3) 

developing understanding of volume (“Changes to New”, 2014).   

In order for students to be successful in the three critical areas they need to be able to 

multiply.  A solid understanding of multiplication is needed to perform multiplication and 

division of fractions, to long divide, and to find the volume of an object.  Without the ability to 

multiply, students will not be able to master other concepts that involve the use of multiplication.  

With the higher demands of math instruction, it is important to acquire and maintain the basic 

fundamentals of math. 

Math Instruction 

 Math instruction is constantly evolving, especially with the federal common core 

standards.  Various mathematic concepts have been shifted in terms of when students are 

expected to learn them with the new common core.  An area of focus with the new curriculum is 

math fact fluency.  This study is concerned with does multiplication fact fluency improve overall 

math achievement?  Students will be assessed on their understanding of math concepts and 

applications based on STAR math assessments. 
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 Fact Fluency 

 Fluency is key for students to be successful in mathematics.  Experts agree that students’ 

inabilities to evoke math facts fluently can hinder their capabilities of attaining higher-order 

math skills.  Students who are not fluent in basic math facts, such as multiplication facts 0-10, 

need to spend more of their thinking capacity on solving these basic facts.  This causes a 

hindrance for solving more complex problems (Strother, 2010). 

 Students who have fluency with basic math facts are able to learn difficult skills more 

easily.  It is problematic for students to grasp concepts such as multi-digit multiplication and 

division, adding and subtracting multi-digit numbers, or fractions if they do not have fluency 

with basic math facts.  Not only does this affect their education, but this can have a negative 

effect on students’ confidence. 

 Students are less likely to participate in class when they lack the confidence to answer 

these basic problems.  This can also cause stress and anxiety which leads to an even more 

difficult time solving basic problems. 

 Relation to concepts and applications  

 The National Research Council published a document that discussed what it means to be 

mathematically proficient.  It listed five learning principals of being proficient, one of which is 

conceptual understanding.  Conceptual understanding is having comprehension of math 

concepts, operations, and relations.  Concepts can be described as different mathematical laws 

that can be used to solve a given problem (“Adding it up”, 2001).   
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 Mathematical applications are being able to put math concepts to use in their appropriate 

way.  Math concepts and applications are closely intertwined.  In order to be able to apply a 

concept, you must first understand it. 

 Renaissance Learning Incorporated developed a computer based, standardized testing 

program that was originally referred to as STAR.  Their original focus was on reading with 

STAR standing for “Standardized Test for the Assessment of Reading.”  Since its original 

conception, Renaissance learning has expanded to include math.  This is now referred to as 

STAR Math (Renaissance Learning, 2014). 

 STAR math is a norm referenced test that compares students’ math achievement to the 

national average.  Being that the test is administered online; results are scored quickly allowing 

for immediate feedback.  Results give grade equivalents for the students and their percentile 

ranks.  Renaissance Learning states that students’ scores on STAR math will have a strong 

correlation to other standardized tests.  The test consists of 24 multiple choice questions which 

are broken down into two parts; the first focuses on concepts and the second on applications 

(Renaissance Learning, 2014).   

Best Practices for Fact Fluency and Enhancing Math Concepts and Applications 

 Traditionalists and non-traditionalists disagree on what the best practices are for teaching 

fact fluency.  Despite the different ways each group feels are the best practice to teach fact 

fluency, there are still children who have difficulties memorizing their multiplication facts.  

When the standard way of teaching these facts is not enough for the students, interventions are 

needed to assist those who need it most.  Some of these interventions are: online computer 

programs such as XtraMath; copy, cover, and compare; and peer-tutoring.  Regardless of the 
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view point of the teachers, traditionalist or non-traditionalist, it is up to them to determine what 

interventions to use to address the individual needs of their students. 

Traditional approach to learning multiplication tables.  Traditional ways of learning 

multiplication facts were to drill and practice facts.  Students were given facts and expected to 

learn them through rote memorization.  The idea behind the rote memorization of drill and 

practice is that the facts have already been seen or introduced and now the students need to 

memorize them.  Traditional ways used timed multiplication tests and flash cards to help with 

memorization (Strother, 2010). 

In this approach, numbers are taught in a sequence to help with the process and the 

identity property (any number multiplied by one is that number) of multiplication and the 

commutative property (order does not matter; 6 x 7 is the same as 7 x 6) were indirectly taught to 

students (Wong & Evans, 2007).  There is not a general consensus of the exact order to teach 

facts, but generally, they should be taught on the relative ease to learn them. 

When learning the math facts for numbers 0-10, students should start out by learning the 

simple facts first.  These simple facts, in order to be learned, are considered by many to be 0, 1, 

2, and 10 Next, the sequence moves into the little more difficult order of 5, 9, 6, and then doubles 

(1 x 1, 2 x 2, 3 x 3, etc.).  Lastly, the numbers 3, 4, and 7 should be taught.  

 For numbers 0-10, there are a total of 121 multiplication facts for students to memorize.  

This appears to be a daunting task for anyone to have to memorize 121 of anything; however 

students are taught simple rules or concepts to help their memorization.  For example, by the 

students understanding that order does not matter they will know that 3 x 6 is the same thing as 6 
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x3.  Knowing this simple rule eliminates almost half of the 121 multiplication facts for numbers 

0-10.  

 Non-traditional approach to learning multiplication tables.  Non-traditionalists, 

referred to as “meaning theorists,” disagreed with the drill method traditionally used to teach fact 

fluency.  Their idea was based on students making connections from things they already knew, 

not just memorizing facts (Strother, 2010).  For example, if the students did not know the fact 

8+9, they might know 8+10, and then think to themselves 8+9 is 8+10-1.  Another example is if 

students did not know 4x8.  Many students know the fact 5x8 so they can think of 4x8 as 5x8-8. 

 One problem that non-traditionalists have with the drilling of math facts and timed tests is 

that once a timed test was given and the students’ found out what they  missed, nothing was done 

to teach them how to correct their mistakes other than to study flash cards.  Some non-

traditionalists still have students use flash cards to study facts, but not in a traditional way 

(Strother, 2010).  They refer to them as strategy cards, and they still show a math fact on them.  

Students are to look at the fact and come up with other facts that would help them solve the 

problem (Flowers and Rubenstein, 2010).  For example for the fact 7x9=63, students would think 

(7x10)-7= 63 or (6x9)+9=63. The idea is that there is more than one way to figure out the answer 

as well as more than one way to teach multiplication facts. 

 Interventions. 

 Students learn in a variety of ways.  Being able to adjust and teach the same skills in 

multiple ways can help teachers reach all of the different types of learners that they may have in 

their classrooms.  XtraMath; cover, copy, and compare; and peer-tutoring, are three interventions 
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that students can use to learn their math facts.  The three interventions can assist students in a 

variety of ways.  

XtraMath.  XtraMath is an internet based computer program that is free to use.  It can be 

set up for an entire class or for an individual student.  The program is used to teach math fact 

fluency.  The program can be set to focus on addition, subtraction, multiplication, or division.  

The goal of the program is to teach fluency, which is described as a student being able to recall a 

fact in under three seconds.  The program is set up for students to practice their facts in less than 

ten minutes a day (XtraMath, 2014).  Not only is the program set up for students to use in school, 

but being that it is an internet based program, students are able to access their own personal 

program in their homes to practice independently away from school. 

This program allows for students to work independently and to work at a pace that is on 

par with their individual skill level.  The program displays a math problem on the screen and 

students are to answer as quickly as they can.  Only questions answered in three seconds or less 

count as being fluent.  The program adjusts based on how students answer.  Questions that are 

consistently answered correctly and fluently do not appear as often.  Questions that are not 

answered correctly or on time get asked more frequently until they become mastered.  Whenever 

a student gets a question wrong the program shows the correct answer to help reinforce the fact.  

These three interventions allow for students to improve their overall fluency.  Although they are 

different methods of learning, they are rooted in similar concepts.  

Cover, copy, and compare.  Cover, copy, and compare is an intervention that could be 

used in many areas such as spelling, vocabulary, or math.  This intervention involves the student 

looking at something, covering it up, copying what they saw from memory, and then comparing 
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their results to the original problem.  This is an intervention that students can do independently 

once they are taught the format (Becker, McLaughlin, Weber, & Gower, 2009). 

 For math, several math problems would be listed down the left hand side of a worksheet.  

Doing one problem at a time the student would look at the problem and study it.  They would 

then cover the problem up and then write to problem from memory.  The last step is to check the 

answer to see if it is correct.  If the student gets the problem incorrect then they repeat the 

process for that problem before moving on to the next (Mong and Mong, 2009). 

 Peer-tutoring.  Peer-tutoring is a method used to review items where students take turns 

being the tutor and the tutee.  Using flash cards, students review math facts before being quizzed 

on those same problems.  Students will work in pairs, independent from other classmates for this 

intervention.  They must be taught and have a full understanding of the process in order to do 

peer-tutoring (Menesses & Gresham, 2009). 

 The first part of peer-tutoring lasts for three minutes and is as follows: 

1. The tutor shows the tutee a flashcard with a math fact on it for up to three seconds and 

waits for a response. 

2. On correct responses, praise is given.  If answered incorrectly, or not on time, the tutor 

states the correct response and moves on to the next card. 

3. Once all cards are finished the tutor will start over until the time runs out. 

The next part of the peer-tutoring procedure is the assessment of the math facts: 

1. The tutor will show a flash card and wait for a response, if not answered in less than three 

seconds it is considered incorrect. 
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2. The tutor does not state whether a response is correct or incorrect, they simple separate 

the cards into separate piles of correct and incorrect responses. 

3. At the end, the tutor counts the piles and records the information 

Once this process is complete, the students switch roles and the entire sequence is repeated 

(Menesses & Gresham, 2009). 

Theoretical Framework 

 Interventions being used in classrooms today are not designed specifically for one subject 

or topic.  They may be used for one particular area, but their origins allow for them to be used in 

many areas.  The three interventions that were used in this study were: a computer based 

program from the XtraMath website; cover, copy, and compare; and peer-tutoring. Each of these 

interventions are unique, but the concepts behind them do not limit their use to mathematics. 

 One type of intervention that was used is peer-tutoring.  The idea of peer-tutoring can be 

affiliated with the cooperative learning theory (CLT).  CLT states that students learn best when 

they are highly involved in the learning process and collaborating with their peers.  In CLT the 

teacher is not the center of learning, but rather the student is.  Instead of the teacher leading a 

lesson, students work together on a task to complete it.  This theory recognizes that students do 

have knowledge and allows them to use that knowledge within their groups (Johnson, R., & 

Johnson, D.). 

 In the peer-tutoring intervention, students work in groups of two and use self-created 

flash cards to practice math facts.  Both students have a set of cards specific to the math facts that 

are challenging to them.  Students show the flash cards of the partner they are working with to 

their partner. The partner is then to read the problem aloud and answer the question.  The person 
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showing the flash cards makes corrections where needed by reading the math fact and the answer 

aloud.  The idea is that students will not only be practicing their facts while they are being 

quizzed, but will also be listening to, and correcting the math facts that their partners are reading. 

 Both the computer based program XtraMath and the cover, copy, and compare 

intervention are based on the information processing theory (IPT).  IPT is based on different 

kinds of memory: sensory, short-term, and long-term.  Sensory memory consists of things we 

remember for milliseconds.  The memory of it goes away unless we actively attend to it.  Short-

term memory lasts longer than sensory memory, but does not result in the information being 

stored into the long-term memory without actively reviewing what your mind has just processed.    

IPT is the idea of getting information into your long-term memory by continuing to rehearse it.  

Long-term memory is broken down into two groups: declarative and episodic memory.  

Declarative memory is things that you think about to remember and math facts fall into this 

category (Kandarakis, A., & Poulos, M., 2008). 

 XtraMath displays math fact problems on the screen and requires students to answer them 

quickly to check for fluency.  The program repeats problems that are not answered quickly 

enough to be considered fluent.  If the student gets an answer incorrect, the computer shows the 

correct answer and the student is required to type in that response.  The idea is that students will 

see the problems that are incorrect more often so that they are able to practice them until they 

have mastered them and transferred this knowledge into their long term memory. 

 In the cover, copy, and compare intervention students are shown a math problem with the 

answer.  They then cover up that problem and are to write the problem and answer from 

memory.  Once complete, they look at the original problem to see if they are correct.  If they are 
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correct, they move on to the next question.  If they are wrong, they repeat the process until they 

write down the correct answer.  Students do not move onto the next problem until they have 

successfully copied down the problem with the correct answer from memory.  This strategy also 

uses repetition to move mathematical facts from short term to long term memory.  These three 

interventions were used for the students who were selected to participate in this study. 

Methodology 

This empirical study was developed by a fifth grade elementary school teacher of a small, 

rural school district in Western New York.  This study involved having students complete a 

general baseline assessment using STAR math and a multiplication fact fluency baseline 

assessment.  STAR math is an online diagnostic test used for tracking all district students’ 

progress.  These assessments were used to determine the students with the lowest math scores, 

specifically those who potentially could benefit the most from targeted instructional strategies 

focused on multiplication. The identified students were then provided with interventions to help 

increase their multiplication fact fluency.  Once the interventions were completed, the students 

were then given a post intervention multiplication fluency assessment and tested using STAR 

again.  The information was collected and analyzed to determine the effectiveness of the 

intervention on students’ multiplication fact fluency and their overall achievement in math.  The 

goal of the study was to provide an evidence-based recommendation to teachers about math fact 

fluency, so the teachers could tailor their math instruction based on the findings.  This goal was 

achieved by seeking an answer to the research question, “Does multiplication fact fluency, for 

numbers 0-10, improve fifth grade students’ overall performance on math concepts and 

applications, as measured by STAR math assessments?”   
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Setting 

 The study was conducted at an elementary school in a small, rural school district in 

Western New York.  The district is made up of two buildings; pre-kindergarten through sixth 

grade is in one building and seventh through twelfth grade is in another.  Currently in the 

elementary school there are approximately 250 students who are predominantly Caucasian.  The 

most recent data states that 36% of the student population receives free or reduced lunch (Federal 

education, 2014).  This may be a low estimate of poverty due to the stigma attached with 

accessing this service by rural parents. 

The individual elementary class sizes range from 12-24 students, with an average class of 

18 students.  For each grade level, kindergarten through sixth, there are two sections; optional 

pre-kindergarten has only one section, which takes place during the morning.  The students’ 

school day is six hours and forty minutes in length.  The students remain with their homeroom 

teacher throughout the day except to go for lunch and to go to the special area classes of art, 

music, library, and physical education.  The homeroom teacher is responsible for teaching 

students all of the core area subjects.  Permission was received from the building principal to 

conduct the research at the school.  The study was conducted over seven weeks beginning on 

September 22, 2014 and lasting through November 7, 2014.   

Participants 

 For the purpose of this study, initial assessment data was collected on 16 male and female 

students between the ages of 10 and 11.  All the participants were from one, grade five classroom 

at the elementary school.  Students’ abilities ranged from low to high achieving.  These ability 
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rankings were based off of the New York State Common Core state test results.  Students’ social 

economic status varied greatly as well.  This information was based off of the district’s free and 

reduced lunch percentages.  There were six students who participated in the interventions; five 

boys and one girl.  Of those six participants, one student received resource room assistance five 

times a week for 30 minutes a session.  Another one of the participants was new to the district at 

the start of the current school year.  One of the participants was adopted and has lived with his 

current family since he was a toddler.  Three of the six students participating receive free or 

reduced lunch.  

Design 

 The study was conducted in two parts; the first part involved the entire class of students 

and the second part only included a portion of the class.  The first part was to determine which 

students would participate in the second part of the seven-week study.   

 As scheduled by the district, students all took the STAR math baseline test on September 

16, 2014, nine days after the start of the school year.  STAR math testing is a computer-based 

program which scores students on their mathematical ability.  Sample questions can be found in 

appendix B.  After the completion of the STAR math baseline test, all students took a baseline 

multiplication fact fluency assessment for numbers 0-10.  The students took three five-minute 

timed fluency tests.  Samples of these assessments can be found in appendix C. 

Originally, the students were scheduled to take one fluency test a day, starting with “set 

1.”  It was determined prior to the start of the research that a different source would be used to 

test the students’ fact fluency.  The reasoning for this change was based on a piloted run of the 

timed fluency tests at the end of the previous school year.  The teacher gave students the timed 
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tests and during these tests students were able to skip around to different problems as they 

worked. As a result, every student was able to complete the 100 questions in the five-minute 

period with most of the answers correct.  During this testing the teacher observed students 

counting on their fingers to get the correct answer and skipping difficult problems and coming 

back to them at the end.  It was evident from this observation that even though the students were 

getting all the questions done and mostly correct there were students who did not know the facts 

fluently.   

As a result of this, a change was made to the test.  On the new test, the students were not 

allowed to skip problems; they had to work in order.  The thought behind this was that students 

cannot skip part of a problem they are working on if they do not know a fact.  Having to tackle 

each problem in order appeared to be a more accurate assessment of the students’ fluency with 

the multiplication tables. 

Another change was that only math facts from 5-10 were included on the timed test.  

When given the first set of timed test with numbers 0-10 on it, students would answer the easier 

problems so quickly that it allowed them to spend more time on the more difficult ones, giving 

them time to count on their fingers. Counting on their fingers does not show fluency.  Once those 

easier problems were eliminated, they did not have the extra time to spend on more difficult 

problems. This, in turn, resulted in students finishing fewer problems and providing a more 

accurate indication of their multiplication fluency skills. 

 By eliminating the easier problems, having the students work in a prescribed order, and 

requiring them to not skip problems, the results in the trial version of the timed test changed 
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drastically.  There were more students who were unable to finish the test and there were more 

mistakes.  This gave a better representation of the fluency levels of the students. 

The new timed tests were taken from the Math-Aids website.  This website has numerous 

math resources, including timed multiplication tests.  The website allows the teacher to decide 

which facts to focus on and then randomly generates the test to be printed (Math Worksheets, 

n.d.).  After the conclusion of the piloted fluency testing, the tests scores were then averaged 

together to give each student a score. The fluency test from the piloted study and the new ones 

from Math-Aids can be found in appendix D and appendix C. 

Over the course of three school days, all 16 students took three, five-minute timed 

multiplication fluency tests.  Each test consisted of 100 randomized multiplication facts 

(numbers 5-10).  Students were assessed on how many problems they answered correctly; 

incorrect and incomplete questions were considered wrong.  Scores were recorded and then 

averaged to give the students their scores.   

Originally the next three weeks of school were intended to be used for the teacher to re-

teach all of the math facts for numbers 0-10 to the entire class using traditional methods.  Due to 

time constraints, this review was reduced down to one week.   Being that this information is 

something that was taught in previous grades, the review was at a pace that was quicker than 

originally planned and than it would be typically taught if students were being introduced to the 

multiplication facts.  The students were responsible for doing two lessons a day while reviewing 

the facts.  Each day students were given a list of facts to study.  Students used flashcards to help 

them with these facts.  Each day, students had timed tests to assess their knowledge of the 

multiplication facts assigned.  The teacher used the timed fluency sheets found in the workbook 
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Timed Math Drills Multiplication: Math Drills to Help Students Master Basic Facts with Speed 

and Accuracy published by Remedia Publications.  

At the end of the week of re-teaching the facts, students took the STAR test again and the 

multiplication fact fluency test in the same manner that they were originally administered.  The 

results of this group of testing determined which students received interventions for the next four 

weeks.  Students were ranked by these STAR results and were also ranked by the fluency results.  

Students who were in the bottom third of the STAR and/or math fluency results received the 

interventions to help them improve.   

The intervention program was held three school days a week, for approximately 20 

minutes a session.  Students used the following interventions: XtraMath; cover, copy, and 

compare; and peer-tutoring.  XtraMath is an internet-based computer program that allows the 

students to practice math facts independently and tracks the math facts that they were not fluent 

in.  Cover, copy, and compare is a method for students to study the facts that they do not know.  

Students look at a fact, cover it up, and then try to write the problem from memory.  The final 

intervention was peer-tutoring.  In this intervention, students work with partners to quiz each 

other and to study math facts together.   

XtraMath allowed the students to work on all of the math facts, while focusing on the 

ones they found the most difficult.  XtraMath was used to determine the problems that the 

students struggled the most with, which in turn determined what facts the students used in the 

other two interventions: cover, copy, and compare, and peer-tutoring.  More information about 

how XtraMath is set up and used can be found in appendix E. 
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Each session students began by using XtraMath.  Once finished with that they moved on 

to cover, copy, and compare.  Both of these interventions lasted for a total of approximately ten 

minutes each session.  The final part of each session lasted for approximately ten minutes and 

was peer-tutoring.  Students were able to get all three parts of the intervention done in 

approximately 20 minutes each session. 

The last part of the study was the post assessment.  Using the same format as before, 

students took the STAR math assessment and the fact fluency assessment.  The entire class took 

these assessments, regardless if they were or were not in the group that received interventions. 

Data Collection 

 Data was collected from the STAR math testing, fluency testing, and from the data 

collected from the XtraMath internet program.  All participants’ names were de-identified once 

all data was collected and analyzed, prior to the completion of this research.  All participants 

were identified by number only from this point forward. 

 Data was collected after each assessment given and recorded on the “Data Recording 

Chart” found in appendix F.  The STAR data was computer generated from the program used 

and the fact fluency data was hand scored by the teacher.  This data was later transferred to a 

spreadsheet in Microsoft Excel where the program was used to calculate averages.   

 The XtraMath data was checked after each time the students used the program.  The 

teacher used this information to determine what facts would be used for the cover, copy, and 

compare intervention.  When deciding what facts to use from XtraMath for this intervention the 

teacher looked for patterns of facts students answered incorrectly. For example if the student had 

trouble with the facts for the number eight then those facts would be used. 
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Data Analysis 

 Data from the pre-test and mid-test was analyzed to determine which students qualified 

for fluency interventions.  Using the information from the post-test as well, data was used to 

synthesize what effect the chosen math interventions had on the individual students’ math fact 

fluency and their overall mathematic achievement on STAR math testing.  A comparison was 

conducted between the change in multiplication fluency and the overall mathematics 

achievement as tested by STAR math. 

Findings 

 An entire fifth grade class participated in initial, mid, and post-intervention assessments 

of multiplication fact fluency and STAR math.  Of these 16 students, six were selected to receive 

a four-week intervention program. Over this four-week period the lowest achieving math 

students used three separate math interventions to practice multiplication facts.  These six 

students saw significant gains in both STAR and multiplication fluency testing from the initial 

testing to the post testing. 

Selection criteria data 

 This study used a fifth grade class, containing 16 students, to assess and identify students 

to be selected to receive math interventions.  All 16 students participated in three assessment 

sequences that each involved a STAR math assessment and three timed multiplication fluency 

assessments.   For the STAR math test results, the first digit represents what grade level the 

student tested out as and the number after the decimal represents what month of that school year.  

For example, if the student tested out with a score of 5.2 that means that the student is at the fifth 

grade level, second month.  
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 The multiplication fluency test is referred to as “timed.”  The number associated with it 

corresponds to which timed test it was.  Students had five minutes to answer 100 multiplication 

fluency problems.  The number of correct responses out of 100 is listed.  The last column is the 

students’ average score on the timed test.  For the initial assessment the entire class averaged 

answering 78.19 multiplication fluency questions correctly in five minutes and averaged a 6.0 on 

the STAR testing or the equivalent of sixth grade. 

Below is the data for the first sequence of testing. 

Table 1 

Initial testing 

Student 
# 

1st 
STAR 

1st 
Timed 

2nd 
Timed 

3rd 
Timed 

Initial Timed 
Average 

1 6.2 45 84 94 74.33 

2 3.4 46 81 98 75.00 

3 6.1 61 97 100 86.00 

4 8 82 99 100 93.67 

5 6.7 41 45 41 42.33 

6 4.8 38 68 51 52.33 

7 4.3 80 100 100 93.33 

8 7.4 54 89 100 81.00 

9 6.7 53 67 70 63.33 

10 5.6 60 94 100 84.67 

11 7.2 99 100 100 99.67 

12 7.4 100 100 100 100.00 

13 3.5 19 15 23 19.00 

14 4.2 94 99 100 97.67 

15 6.5 84 100 100 94.67 

16 7.3 86 97 99 94.00 
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After the initial sequence of testing the teacher reviewed all of the multiplication facts for 

numbers 0-10 with the students.  Once the review was completed, the students were reassessed 

on the STAR and the timed fluency test.  The results of the second sequence of testing is below. 

Table 2 

Post review of math facts testing 

Student 
# 

2nd 
STAR 

4th 
Timed 

5th 
Timed 

6th  
Timed 

Mid-Timed 
Average 

1 5.7 100 93 100 97.67 

2 4.8 100 94 100 98.00 

3 4.8 96 98 99 97.67 

4 7.9 100 99 100 99.67 

5 7 54 53 54 53.67 

6 7.5 76 72 74 74.00 

7 4.2 100 100 100 100.00 

8 7 100 98 99 99.00 

9 6.6 49 74 54 59.00 

10 5.4 99 98 100 99.00 

11 7.4 100 100 98 99.33 

12 8 100 100 100 100.00 

13 3.8 32 29 25 28.67 

14 4.3 100 97 100 99.00 

15 7.7 99 99 100 99.33 

16 8 100 98 100 99.33 

 

  

For the mid-assessment, after the multiplication fact review, the entire class averaged an 

87.71% on multiplication fluency questions in five minutes and averaged a 6.3 on the STAR 

testing or sixth year, third month. 
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 Students were selected from the second sequence of testing to participate in the math 

intervention portion of the study.  In order to be selected, students needed to score low in either 

the STAR math testing and/or the timed fluency test.  The students who were selected for the 

interventions are indicated in the table below with their scores. 

Table 3 

Students selected for interventions 

Student 
# 

2nd 
STAR 

4th 
Timed 

5th 
Timed 

6th  
Timed 

2nd  Timed 
Average 

2 4.8 100 94 100 98.00 

5 7 54 53 54 53.67 

6 7.5 76 72 74 74.00 

9 6.6 49 74 54 59.00 

13 3.8 32 29 25 28.67 

14 4.3 100 97 100 99.00 

 

Two of the students selected did well with their fact fluency, but were chosen due to 

being below grade level on the STAR testing.  Three other students were above grade level on 

the STAR test, but did poorly with their math facts.  The final student chosen did poorly on their 

math facts and was below grade level on the STAR testing. 

Cumulative assessment 

 Students who were selected for the interventions received them three days a week for 

four weeks.  The interventions that were used were the online computer program XtraMath; 

cover, copy, and compare; and peer-tutoring.  Only six students out of the class of 16 qualified 

for and received these interventions, but every student in the class was retested using the timed 

fluency multiplication test and the STAR math computer assessment at the conclusion of these 
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interventions.  The entire class averaged answering 94.79 multiplication fluency questions 

correctly in five minutes and averaged a 6.7 on the STAR testing or sixth year, seventh month 

after seven weeks of instruction.   

 The six students who participated in the three interventions had an average total of 

answering 86.61 multiplication fluency questions correctly in five minutes.  They also averaged 

a score of 6.3 on the STAR math assessment, which is equivalent to the sixth grade, third month. 

 Table 4 

 Post-intervention testing- selected students  

Student 
# 

3rd 
STAR 

G 
Timed 

H 
Timed 

I 
Timed 3rd Timed Average 

2 4.6 100 100 100 100.00 

5 8 89 81 99 89.67 

6 7.4 99 100 100 99.67 

9 7 100 100 100 100.00 

13 4.3 28 26 37 30.33 

14 6.6 100 100 100 100.00 

 

 Throughout the duration of the testing and interventions the entire class averaged positive 

gains on both the STAR testing and the timed multiplication fluency tests.  As indicated by an 

increase over the previous assessment.  For the STAR math assessment there was an overall 

increase from the initial test results of 5.8 to the mid-assessment score of 6.2 and to the final 

assessment with a score of 6.4.  There was an average growth score of six months per student.  

The largest increase occurred between the initial assessment and the middle assessment.  There 

was an average increase of four months of growth during this time.  It was during this time 
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between the initial and mid-assessment that the entire class was retaught the multiplication facts 

for numbers 0-10. 

 For the multiplication fluency assessment there was an overall increase from the initial 

test results of answering 76 facts correctly to the mid-assessment score of 81 and to the final 

assessment with a score of 88.  Students had an average increase of answering 12 more facts 

correctly from the initial assessment to the final assessment.  The largest increase occurred 

between the mid-assessment and the post-assessment with a gain of seven more correct facts. 

 Table 5 

 Entire class averaged scores- all three sessions of testing 

Student # 
1st 

STAR 
2nd 

STAR 
3rd  

STAR 
1st Timed 
Average 

2nd Timed 
Average 

3rd Timed 
Average 

Class Average 5.8 6.2 6.4 75.98 80.96 88.24 

 

Students who received the math interventions during this study saw significant positive 

gains.  For the STAR math assessment there was an overall increase from the initial test results 

of 5.0 to the mid-assessment score of 5.7 and to the final assessment with a score of 6.3.  The 

largest gain occurred between the mid-assessments to the post-assessment.  It was during this 

time that the students were receiving the math interventions.  From the start of the study until the 

end the students averaged a gain of 1.3 years of growth on the STAR test, which is equivalent to 

gaining one year and three months.   

For the multiplication fluency assessment there was an overall increase from the initial 

test results of answering 64 facts correctly to the mid-assessment score of 69 and to the final 

assessment with a score of 87.  Again, the largest gain occurred after the students received the 
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math interventions.  Students averaged answering 18 questions more correctly after the 

interventions.  Throughout the course of the entire study students had an increase of answering 

23 more questions correctly. 

 Table 6 

 Students who received interventions averaged scores- all three sessions of testing 

Student # 
1st 

STAR 
2nd 

STAR 
3rd  

STAR 
1st Timed 
Average 

2nd Timed 
Average 

3rd Timed 
Average 

Intervention Students 5.0 5.7 6.3 63.89 68.72 86.61 

 

Intervention vs. non-intervention 

 When looking at the initial and final round of the STAR assessment the students who 

received the interventions had the greatest gains.  The intervention students had an average 

growth of 1.6 or one year, three months compared to the non-intervention students who had an 

average growth of 0.3, or 0 years, three months.  All six of the intervention students showed 

growth on the STAR assessment when comparing the initial assessment to the final assessment.  

This was not the case for the non-intervention students.  Of the 10 non-intervention students, 

only half of them showed growth.  The other half scored less than their original mark. 

 When looking at the timed math fact fluency assessments the intervention students 

showed the largest gains, as well.  When comparing the initial assessment to the post assessment 

the intervention students averaged answering approximately 23 more questions correct.  

Comparing the same assessments, the non-intervention students averaged answering 

approximately 10 more questions correct.  Every student in the class, with the exception of one, 
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showed improvement on the timed fluency test.  The lone exception went from an average score 

of 100 to 99.33.   

 Table 7 

 Intervention students 

Student 
# 

1st 
STAR 

2nd 
STAR 

3rd 
STAR 

1st Timed 
Average 

2nd Timed 
Average 

3rd Timed 
Average 

2 3.4 4.8 4.6 75.00 98.00 100.00 

5 6.7 7 8 42.33 53.67 89.67 

6 4.8 7.5 7.4 52.33 74.00 99.67 

9 6.7 6.6 7 97.00 59.00 100.00 

13 3.5 3.8 4.3 19.00 28.67 30.33 

14 5 6.8 6.6 97.67 99.00 100.00 

Average 5.0 6.1 6.3 63.89 68.72 86.61 

 

  

 As a whole the results of the study were positive as evidenced by the class averages.  The 

average growth score on STAR math and average fluency score per student increased throughout 

the duration of the study.   

Discussion 

Implications of Results 

 Initially, there did not seem to be a correlation between how students did with their math 

facts and how they did on their STAR assessment.  Students who did well with their facts did not 

automatically score higher on the STAR math nor did students who did poorly on their facts 

score poorly on their STAR math assessments.   
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 There did seem to be a correlation on how the students improved in both assessments.  

When looking at the entire class, 11 of the 16 students increased their STAR math score as well 

as the number of multiplication facts they could answer correctly.  When looking at the students 

who received the interventions all six of them showed an increase in their STAR math growth as 

well is their fact fluency.   

Table 9 

 Individual students averaged scores-all three sessions of testing 

Student 
# 

1st 
STAR 

2nd 
STAR 

3rd 
STAR 

1st Timed 
Average 

2nd Timed 
Average 

3rd Timed 
Average 

1 6.2 5.7 6.1 74.33 97.67 99.67 

2 3.4 4.8 4.6 75.00 98.00 100.00 

3 6.1 4.8 5.5 86.00 97.67 99.67 

4 8 7.9 7.6 93.67 99.67 100.00 

5 6.7 7 8 42.33 53.67 89.67 

6 4.8 7.5 7.4 52.33 74.00 99.67 

7 4.3 4.2 5.2 93.33 100.00 100.00 

8 7.4 7 6.8 81.00 99.00 98.67 

9 6.7 6.6 7 97.00 59.00 100.00 

10 5.6 5.4 6.8 84.67 99.00 99.67 

11 7.2 7.4 8 99.67 99.33 100.00 

12 7.4 8 6.9 100.00 100.00 99.33 

13 3.5 3.8 4.3 19.00 28.67 30.33 

14 5 6.8 6.6 97.67 99.00 100.00 

15 6.5 7.7 7.9 94.67 99.33 100.00 

16 7.3 8 8 94.00 99.33 100.00 

 

Suggestions for future research 

 For future research, one suggestion would be to have the study last longer.  Even though 

the intervention students all showed growth, it would be interesting to see how much larger the 

gains would be if the interventions lasted longer and if the gains would eventually level off.  For 
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example, if the study lasted for three rounds of four-week interventions students could be tested 

at the end of each four weeks to check their gains. 

 Another suggestion is to test each intervention separately.  This would involve having the 

students do each intervention for a four-week period and assessing them at the end of each set of 

four weeks.  The scores could then be compared to determine which interventions led to the 

greatest gains. 

 This study had only one female participant who received the interventions.  For future 

research more females could be included to get a better idea if these interventions have any 

differentiated effect due to gender. 

 To help the validity of this study, it is suggested that a different assessment be used other 

than the STAR math test.  In general, the results of the STAR math assessment do not appear to 

correlate with how a student did on the New York Common Core state test and tend to fluctuate 

in general.  The teacher involved in the study has seen several cases where a student scored at or 

above grade level on the STAR math assessment, but was not considered proficient (at grade 

level) on the NY state test.  The opposite has occurred as well, students have scored proficient on 

the state test, but not on the STAR math test.   

The variance of the STAR math assessment can be seen in the group of students involved 

in this study.  Seven of the 16 students involved in the initial assessment, but not in the 

interventions regressed from the first STAR math assessment to the mid-assessment.  The time 

between the two assessments was approximately 3 weeks and the average regression during this 

time was 0.4, or minus 4 months. 

Table 10 
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Student regression 

Student # 1st STAR 2nd STAR 

1 6.2 5.7 

3 6.1 4.8 

4 8 7.9 

7 4.3 4.2 

8 7.4 7 

9 6.7 6.6 

10 5.6 5.4 

 

Implications for future practice 

 The teacher involved in the study plans to modify the way the interventions were used for 

future practice.  At the beginning of future school years the teacher will continue to start the year 

with a review of multiplication facts for all students.  Then all students will use the XtraMath 

computer program three days a week.  The teacher will set the program so that it starts with 

addition facts then progresses to subtraction, multiplication, and then division.  All students will 

work at their own pace on this program to help maintain fact fluency. 

 The lowest scoring students will then use the other two interventions to help them learn 

their facts: cover, copy, and compare, and peer-tutoring.  These students will not progress from 

addition until they have achieved a level of mastery on the program.  The students will take 

home their flashcards to study from while trying to master them. 

 Once students have mastered all four of the fluency programs, they will start over on 

them, but with a new goal.  The program can be set to require the students to answer the facts 

quicker.  In the basic program students have three seconds to answer the fluency problem.  The 
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teacher has the option to change that time for individual students from three seconds down to two 

or 1.5 seconds.  Students will progress through the programs in the shorter times.  

Limitations 

 There are limitations present in the current form of this study.  First of all, throughout the 

entire duration of this study, all of the students were receiving daily math instruction.   Math was 

taught daily for approximately 60-75 minutes.  It is unknown if any change, from the baseline to 

the post-intervention assessment, was a direct result of the three interventions used in this study 

as opposed to the effect of daily math instruction.  Although multiplication fact fluency, for 

numbers 0-10, is not what the curriculum focuses on, the STAR math program is testing students 

on all areas of mathematics.  Another limitation is the limited sample size being used in the 

study.  Due to this, it is difficult to surmise that any change from the baseline to the post-

intervention STAR math testing would correlate to the general population. 

Conclusion 

 The study was conducted in a rural school district and focused on 10 and 11 year old 

students in a fifth grade classroom.  It took place in two parts and lasted seven weeks.  The first 

part lasted two weeks and the second part of the study lasted for five weeks.  Initially all the 

students in one fifth grade class participated in the study.  Students who received the 

interventions were identified based on the results of STAR math and multiplication fact fluency 

testing.  Students who fell in the bottom third of the STAR math and/ or multiplication fluency 

testing results received remediation.  Three very specific interventions were used during the 

course of this study: XtraMath; cover, copy, and compare; and peer-tutoring.  Students received 

these interventions three days a week for approximately 20 minutes a day.  Two of the 
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interventions were done independently and the third one involved a partner.  At the conclusion of 

the study, data was analyzed to determine if multiplication fact fluency, for numbers 0-10, 

improve fifth grade students’ overall performance on math concepts and applications, as 

measured by STAR math.  Data was also analyzed to determine if the interventions helped the 

students improve their multiplication fact fluency. 

 Students who struggle with their math facts are often the ones who also struggle with 

math in general.  Math fact fluency is taught in third grade and somewhere along the way its 

priority in the classroom is lost.  Teachers do not seem to stress these facts as much as students 

progress though the intermediate years of school.  Students who may have once known math 

facts fluently can forget these same facts as they move through the grades. 

 Throughout the duration of this study, the lowest achieving math students in the 

classroom showed significant gains in their overall math fact fluency and their overall math 

achievement on the STAR math testing.  There was minimal classroom time devoted to these 

interventions and it did not take significant effort on behalf of the teacher to implement these 

strategies.  The first time students did the peer-tutoring intervention the teacher needed to model 

what was expected of the groups.  Once modeled, the teacher only needed to give students 

reminders of how to do peer-tutoring when needed.  The teacher allowed the students to pick 

who they wanted to work with for this particular intervention.   Once the students were 

comfortable with the interventions, the only thing the teacher needed to do was prepare the 

cover, copy, and compare worksheets for student use.   

The intervention students had an average increase from the first STAR to the third STAR 

test of 1.6 which is equivalent to one year and six months growth.  These same students averaged 
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answering 23 more multiplication facts correctly in five minutes from the first timed test to the 

third.   The interventions were held three days a week for 15-20 minutes each lesson to yield 

these results.  Again, very little effort on the part of the teacher was needed to achieve these 

results.  All of these interventions are student based and once taught can be done without direct, 

active guidance from the teacher.  If teachers practiced these facts throughout the duration of 

intermediate school, students would be much more likely to obtain and remain fluent with math 

facts.  In addition the use of these interventions could lead to growth in students’ overall math 

achievement. 

  



MATH ACHIEVEMENT AND MULTIPLICATION FACT 
FLUENCY  40 
 

 

References 

Adding it up: Helping children learn mathematics. (2001, January 1). 

http://www.mathedleadership.org/docs/coaching/PK-B-ADDING%20IT%20UP.pdf 

Becker, A., McLaughlin, T., Weber, K., & Gower, J. (2009). The effects of copy, cover, and 

compare with and without additional error drill on multiplication fact fluency and 

accuracy. Electronic Journal of Research n Educational Psychology, 7(2), 747-70. 

Changes to New York State standards, curricula, and assessment: Ela and mathematics. (2013). 

www.engageny.org 

Charvat, J. (2012, June 1). Research on the relationship between mental health and academic 

achievement. National Association of School Psychologist. 

http://www.nasponline.org/advocacy/Academic-MentalHealthLinks.pdf 

Cherry, K. (a). Concrete operational stage of cognitive development. 

http://psychology.about.com/od/piagetstheory/p/concreteop.htm 

Cherry, K. (b). Understanding Erikson's stages of psychosocial development. About.com 

Psychology. http://psychology.about.com/od/psychosocialtheories/a/psychosocial.htm 

Common core state standards, fluency in mathematics. (2014). 

http://tncore.org/sites/www/Uploads/2.25.13Additions/fluency documents final.pdf  

Common Core State Standard Initiative, (n.d.). New York State p-12 common core learning 

standards for mathematics. 

http://www.engageny.org/sites/default/files/resource/attachments/nysp12cclsmath.pdf 



MATH ACHIEVEMENT AND MULTIPLICATION FACT 
FLUENCY  41 
 

 

Common core timeline. (2013). http://www.hslda.org/commoncore/timeline.aspx  

Cragg, L., & Gilmore, C. (2013). Skills underlying mathematics: The role of executive function 

in the development of mathematics proficiency. Trends in Neuroscience and Education, 

3(2) 63-68. 

Davidson, B. (2013). Sprints 5A. 

Flowers, J. M., & Rubenstein, R. N. (2010). Multiplication fact fluency using doubles. 

Mathematics Teaching In The Middle School, 16 (5), 296-303. 

Federal education budget project. (n.d.). http://febp.newamerica.net/k12/NY/ 

Gorman, C. (2002, June 10). The science of anxiety. Time, 46-54.  

Johnson, R., & Johnson, D. (1988). Cooperative learning: Two heads learn better than one. 

Transforming Education, winter 1933, 34-34. 

Kandarakis, A., & Poulos, M. (2008). Teaching implications of information processing theory 

and evaluation approach of learning strategies using LVQ neural network. Advances in 

Engineering Education, 5(3), 111-119. 

Math Worksheets. (n.d.). http://www.math-aids.com 

Menesses, K., & Gresham, F. Relative efficacy of reciprocal and nonreciprocal peer-tutoring for 

students at-risk for academic failure. School Psychology Quarterly, 24, 266-275. 

Mixed Multiplication Facts 100 Problems. (n.d.). 

http://www.thecurriculumcorner.com/thecurriculumcorner123/2013/01/04/mixed-

multiplication-facts-100-problems/ 



MATH ACHIEVEMENT AND MULTIPLICATION FACT 
FLUENCY  42 
 

 

Mong, M., & Mong, K. (2009). Efficacy of two mathematics interventions for enhancing fluency 

with elementary students. 19, 273-288. doi: 10.1007/s10864-010-9114-5 

Murayama, K., Pekrun, R., Lichtenfeld, S., & Vom Hofe, R. (2013). Predicting long-term growth 

in students' mathematics achievement: The unique contributions of motivation and 

cognitive strategies. Child Development, 84(4), 1475-1490. 

Multiplication Worksheets. (n.d.). http://www.math-

aids.com/Multiplication/Advanced_Times_Tables_Drill.html 

Piaget's 4 stages of cognitive development. Retrieved from http://www.ling.ohio-

state.edu/~swinters/371/Piaget.html  

Ojose, B. (2008). Applying Piaget's theory of cognition development to mathematics instruction. 

The mathematics Educator, 18(1), 26-30. 

Rameirez, G., Gunderson, E., Levine, S., & Beilock, S. (2013). Math anxiety, working memory, 

and math achievement in early elementary school. Journal of Cognition and 

Development, 14(2), 187-202. 

Renaissance Learning. (2014, January 1). STAR Enterprise. 

http://www.renaissance.com/Products/Star-Assessments 

Stress in children: Tips for parents. (2012). National Association of School Psychologist, 

Retrieved from www.nasponline.org 

Strother, S. (2010). Developing fact fluency in mathematics. The Educator, 5, 1-3. 

Timed math drills: Multiplication. (2000). Scottsdale, AZ: Remedia Publications. 



MATH ACHIEVEMENT AND MULTIPLICATION FACT 
FLUENCY  43 
 

 

XtraMath. http://www.xtramath.org 

Wong, M., & Evans, D. (2007). Improving basic multiplication fact recall for primary school 

students.  Mathematics Education Research Journal, 19(1), 89-106. 

  



MATH ACHIEVEMENT AND MULTIPLICATION FACT 
FLUENCY  44 
 

 

 

 

 

 

 

 

 

Appendices 



MATH ACHIEVEMENT AND MULTIPLICATION FACT 
FLUENCY  45 
 

 

Appendix A 

Sample Sprint 
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Appendix B 

Sample STAR Math Questions 
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Appendix C 

Fluency Testing-New 

The following is from the piloted version of the timed fluency test. 

The five minute fluency test can be found at the following website: 

 http://www.math-aids.com/ 

 

The pre-test, mid-test, and post-test will all consist of the same three timed fluency sheets.  The 

assessments will be generated from this site using the timed multiplication fluency test consisting 

of numbers 5-10. 
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Appendix D 

Fluency Testing-Original 

The following is from the piloted version of the timed fluency test. 

The five minute fluency test can be found at the following website: 

 http://www.thecurriculumcorner.com/thecurriculumcorner123/2013/01/04/mixed-

multiplication-facts-100-problems/ 

 

The pre-test, mid-test, and post-test will all consist of the same three timed fluency sheets.  From 

this website students should be assessed on Set 1, 2, and 3. 
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Appendix E 

XtraMath Directions 

The classroom using this intervention has wireless internet access, as well as enough 

Ipads for the students to use.  The directions for using the program can be found on the website 

below.  The teacher will create the students usernames and passwords to access their own 

accounts.  Prior to beginning the intervention, the students will need to take a baseline screening 

through this web program to begin.  This should be done on the first day of interventions. 

 Website to use: www.xtramath.org  

 

  



MATH ACHIEVEMENT AND MULTIPLICATION FACT 
FLUENCY  56 
 

 

Appendix F 

Data Recording Chart 

Date                  

Student S1 F1 F2 F3 FA1  S2 F4 F5 F6 FA2  S3 F7 F8 F9 FA3 

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

 

Key: 

S1- Pre STAR Test F1-Pre Fluency 
Test 

F2- Pre Fluency 
Test 

F3- Pre Fluency 
Test 

FA1- Pre Fluency 
Test Average 

S2- Mid STAR 
Test 

F4-Mid Fluency 
Test 

F5- Mid Fluency 
Test 

F6- Mid Fluency 
Test 

FA2- Mid Fluency 
Test Average 

S3- Post Start 
Test 

F7-Post Fluency 
Test 

F8- Post Fluency 
Test 

F9- Post Fluency 
Test 

FA3- Post Fluency 
Test Average 
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Appendix G 

Cover, Copy, and Compare 

 Cover, copy, and compare is an independent intervention for students to practice their 

math facts.  Students will read a math problem and study it; they will then cover that problem up 

and try to write that problem from memory.  Once complete, students will check the original 

answer to see if they are correct.  If they are not right, they will repeat the process until they get 

that problem correct. 

 The teacher will use information from the XtraMath website to determine the problems 

that the individual student is having difficulties with.  The teacher will be able to look at student 

reports to see which problems they get incorrect most often, or that they are not answering in less 

than three seconds.   Before each session, the teacher will choose up to ten of these problems that 

the student struggles with and write them, with their answers, on the cover, copy, and compare 

worksheet that follows this page.  The teacher will need to continue to update the worksheet used 

as the students becomes fluent with the facts.   
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Name: ___________________________________________________Date:________________ 

Cover, Copy, and Compare 

Directions: Starting at the top and working your way to the bottom read the problem and answer, 

cover it using an index card, then copy the problem and answer from memory.  Once finished 

with the first problem, check your work with the original problem.  If correct move on to the next 

problem; if incorrect repeat the same process in the additional spaces until you answer correctly. 

Problems 1 2 3 4 

Ex.      8 

         x7 

         56 

    

 

 

 

    

 

 

 

    

 

 

 

    

 

 

 

    

 

 

 

    

 

 

 

    

 

 

 

    

 

 

 

    

 

 

 

    

 

 

 

    

 




