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Introduction 

This research explores memory recall of multiplication facts of students in fifth through 

twelfth grade. Multiplication is a commonly used topic that is seen not only alone in early 

elementary classes but also used with many other topics as students study mathematics later in 

school. The basic knowledge of multiplication facts is first acquired in third grade; however, it is 

not adequate to end the study of multiplication there. Students must be able to recall these facts 

repeatedly throughout their mathematical careers and be able to recall these facts in sufficient 

time. 

I was interested in this topic because I felt that students in general did not have basic 

multiplication facts memorized as they should. While I student taught and substituted in local 

schools, I noticed that my students lacked basic multiplication knowledge. At an early age (third 

through sixth grade) teachers require students to memorize basic multiplication facts and the 

students are expected to recall these facts strictly by memory. However, as students continue 

through school and take more mathematics classes they tend to lose the knowledge of these facts. 

I feel that older students have a higher tendency to use their calculators and forget some of the 

memorized facts that they practiced so much when they first began to learn multiplication. 

My study focused on what school grade level would have the highest accuracy rate on a 

timed multiplication test. 

It is hypothesized that sixth grade students will have a higher accuracy rate on a three

minute timed multiplication test than students in fzfth grade through twelfth grade. 
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I tested this hypothesis by administering a timed multiplication test to 145 students, 

ranging from a fifth grade class through a twelfth grade class. They all took the same test and 

were given three minutes to complete as many of the ninety multiplication facts as they could. 

Following the Memory Multiplication Test, the students answered an in-class survey; this 

examined how well the students thought they did on the exam. I then scored the exams by 

finding the number of correct multiplication facts each student had. Afterward, I calculated the 

average score from each grade level to determine which class received the highest accuracy rate. 

Figure 1. Study Timeline (Note: days may not actually be consecutive) 

Day 1 

Day2 

Day3 

145 students took the same multiplication 
test on the same date 

A survey was completed following the timed 
test 

Each test was graded by fmding the number 
of correct multiplication facts 

Students' survey answers were analyzed 

The average score was calculated for each 
class 

The grade level with the highest accuracy 
rate (highest average score) was determined 
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Literature Review 

Multiplication is a frequently used mathematics operation that is addressed throughout 

the school curricula. Students learn and have to recall multiplication facts in elementary school 

through high school and may possibly continue to need multiplication in college. Starting in 

third grade, teachers' help students learn and remember multiplication facts. There are different 

strategies that teachers and textbooks prefer to use. As of right now, there is no correct answer 

as to 'the best' technique to teach multiplication. However, many researchers have conducted 

experiments and have found the method they believe to be most effective to teach multiplication 

to students. In addition to different teaching strategies, authors of textbooks have unique 

methods that they feel will best teach multiplication to students as they go through different 

grade levels. Finally, to test students' knowledge on multiplication facts, many teachers use 

some variation of 'minute math' to determine their speed and accuracy in learning multiplication. 

Learning Multiplication 

There are many people who have a difficult time learning and understanding 

mathematics. Multiplication is a common mathematics topic that is used throughout a student's 

mathematical career. The New York State Mathematics Core Curriculum offers specific 

performance indicators that have to be taught at each grade level. The first performance 

indicators that relate to multiplication are available for first grade: "l.N.5: Skip count by lO's to 

100, l.N.6: Skip count by 5's to 50, and l.N.7: Skip count by 2's to 20" (New, 2005). Skip 

counting is a mathematical topic that is seen at the elementary level, it helps prepare students' to 

learn multiplication later in school. Performance indicators for skip counting are seen in first, 

second, third, and fourth grade classes on the NYS Core Curriculum. Then in second grade 

teachers help students prepare to learn multiplication by repeated addition: "2.N.20: Develop 
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readiness for multiplication by using repeated addition" (New, 2005). Finally, multiplication as 

a separate operation is first seen in third grade: "3.N.19: Develop fluency with single-digit 

multiplication facts" (New, 2005). Multiplication is studied (alone or within a topic) from third 

grade until high school and possibly will be seen in college. Teachers, schools, and/or textbooks 

have different methods for teaching multiplication. Some strategies that are addressed in the 

following sections of this literature review are root memorization using flash cards and 

mnemonic devices (Brewer, 2004), and drill and practice (Kendrick, 2002; Williams, 2000). 

Strategies and Techniques 

All students learn in different ways, which is why there are so many different strategies 

and techniques that are taught in classes. The William's article states, "Some are visual learners: 

what they see is what they get. Others are auditory learners; what they hear is what they get. 

And still others are kinesthetic learners; what they handle is what they get" (Williams, 2000, p. 

9). Due to students learning styles, teachers use a variety of strategies and techniques to 

accommodate these learning styles. 

A common strategy that many students use for multiplication facts is memorization with 

the assistance of flashcards, the Brewer (2004) article states: "An overwhelming majority of 

teachers have admitted to using this method" (root memorization or flashcards) "simply because 

it works for most of their kids" (Brewer, 2004, p. 5). Root memory has had a great influence on 

traditional teaching methods because it is commonly used by teachers. An advantage of flash 

cards is that they are very inexpensive when purchased and even cheaper if homemade with 

index cards. Although memorization is often used, there are several downfalls to this method: it 

takes practice and repetition with the flash cards, and a large amount of time and commitment is 

needed from the students. It seems teachers are straying away from traditional memorization and 
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flashcards and are moving to mnemonic devices since it has shown great success in the past 

(Brewer, 2004). 

A recent method for learning multiplication is the use of mnemonic devices with pictures 

and stories to recall multiplication facts. An example of a mnemonic device, used in Brewer's 

study, was to have 2 x 3 = 6 with pictures of a shoe, tree, and stick beneath; notice the words of 

the pictures rhyme with the numbers in the equation above. Also, underneath the pictures is a 

short story to help students remember (Brewer, 2004). 

Finally, with the rise in technology, we have to take into consideration the educational 

computer programs and websites that help students learn. These programs have a drill and 

practice method. Kendrick states, "drill and practice and gaming software have been found to be 

most effective when students are practicing a task with which they are familiar with .. .It is also 

best suited for learning basic math facts" (Kendrick, 2002, p. 5). However, there are also some 

negative effects to drill and practice software. Some drill and practice computer software 

programs do not supply students with the correct answers and this may mislead students who are 

unfamiliar with the material. Therefore, in order for the electronic drill and practice to be 

effective, immediate answer feedback must be available (Kendrick, 2002). 

Drill and practice is a useful method for multiplying single digit numbers, however, it is 

not a proper method for multiple digit numbers. So after students have the basic knowledge of 

multiplication facts, they will need to learn how to multiply 2-digit numbers, 3-digit numbers, 

decimals, etc. Two methods (that will not be fully discussed but are worth mentioning) are the 

traditional multiplication method and the lattice method seen in Wenyuan Gu's study The Lattice 

Method Used in Teaching Multiplication with Whole Numbers and Decimals to Students with 

Learning Disabilities (Gu, 2001). 
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Therefore, there are many good teaching strategies teachers use for multiplication; 

however, they are not always the techniques that are seen in textbooks. Textbooks may teach 

multiplication in different ways and also the techniques vary depending on the age and grade 

level of the students. 

Multiplication Material in Textbooks 

As mentioned above, the mathematics curriculum shows some development for 

multiplication as early as first grade; however, students do not actually use the term 

multiplication until third grade. Pearson's 2005 textbook, Mathematics [3rd_grade edition], 

introduced multiplication in Chapter 5: Multiplication Concepts and Facts. Lesson 5-1 (Figure 2 

below) teaches third graders the vocabulary words such as: multiplication, factor, and product; 

this textbook does a great job of highlighting the vocabulary words to show students the 

importance of the words. Also in this lesson students learn that multiplication is actually 

repeated addition, which is first taught in second grade according to the NYS Core Curriculum 

standards. 
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Figure 2. Lesson 5-1 Multiplication as Repeated Addition 
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Next Lesson 5-2 (Figure 3), teaches more vocabulary words [array and commutative 

(order) property of multiplication], and showed how repeated addition can also be viewed as an 

array. Another important concept that this book taught was that order does not matter in 

multiplication. Now that students understand where multiplication comes from, they need to be 

able to learn their multiplication facts. The table of contents in this textbook showed that 

students do not learn the multiplication facts in order from 0 to 10. Chapter 5 explores strategies 

for multiplying by the digits 0, 1, 2, 5, 9, and 10. Then Chapter 6 teaches the rest ofthe single 

digit fact strategies for the numbers 3, 4, 6, 7, and 8. Why would the book choose not to teach 

multiplication facts in order from 0 to 1 0? Most likely the reason was that the digits in Chapter 5 

tend to be easier for students to remember. Surely the author's years of experience with 

multiplication strategies and techniques may have been an influence on the order in which the 

multiplication digits are taught in this textbook. 
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Now we examine where fourth graders start to see multiplication in the Pearson textbook. 

Pearson's 2005 Mathematics (41h-grade edition) first explored multiplication in Chapter 3. Since 

the students already have background knowledge of multiplication, this 4th-grade edition started 

out by recalling the Meanings for Multiplication in Lesson 3-1. Vocabulary is just as important 

in mathematics class as it is in all other subjects. Pearson's 41h-grade edition textbook showed 

the same vocabulary words that were in the 3rd -grade mathematics textbook. In addition, it also 

showed that the authors wanted to review the terms again and hope that the students will use 

them as they work on multiplication problems. Students have to continue to know and remember 

these vocabulary meaning throughout their mathematics classes. As well as vocabulary, pictures 

are a significant part of this lesson. Visualization helps students understand the meaning of 

multiplication. Lessons 3-2 then taught students about patterns they will see in multiplication, 

these patterns may help students learn and memorize their multiplication facts. Finally, this 
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lesson introduced more properties, such as the zero property of multiplication; the identity 

property of multiplication, and the commutative property of multiplication over 

addition/subtraction. These properties are important and students will use and see these 

properties all throughout their high school mathematics classes. 

Lesson 3-3 (Figure 4) was the first time this topic (Using Known Facts to Find Unknown 

Facts) was seen in either the Pearson's 3 rd -grade or the 41
h -grade edition Mathematics textbook. 

Students learn in this lesson that if they are unsure of a multiplication problem, they can use the 

facts that they do know in order to figure out the multiplication fact they are trying to find. 

There are many other important lessons in this book, however, there are too many to fully 

discuss. 
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Finally, Pearson's 2008 Mathematics (5th-grade edition) textbook taught multiplication in 

Chapter 2, (Note that with each higher grade, the multiplication lesson is earlier in the textbook). 



Memory Multiplication 10 

The authors decided the first lesson with multiplication would be Multiplication Patterns, 

possibly because they know that students have had two prior years to learn where multiplication 

comes from and now they are focusing on patterns and memorization. Lesson 2-1 (Figure 5) 

showed a pattern when zeros are in the ones and tens place value. In addition to patterns, 

vocabulary again was a primary focus in this lesson. 

Figure 5. Lesson 2-1 Multiplication Patterns 
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All three of these Pearson textbooks, although they teach different multiplication topics 

based on the grade level of the book, still review topics, methods, vocabulary, etc. from the 

previous year's textbook. The authors realized that it was crucial for students to understand 

where multiplication comes from before they start to memorize multiplication facts. 

Multiplication Facts 

We have already seen in the previous section that students are expected to use 

multiplication facts beginning in third grade, and also we know that they will continue to use 
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multiplication for the majority of their school careers. By using different strategies, students will 

have to memorize and be able to recall multiplication facts in mathematics classes (Caron, 2007). 

In addition to different strategies to learn multiplication, many teachers use some variation of 

'minute math,' a timed mathematical quiz, (Brookhart, 2004; Rhymer, 2002; Williams, 2000; 

Woodward, 2006) to test the students knowledge and determine how much students can 

memonze. 

Memorization 

'Why can't I remember my multiplication facts?' When students are studying their 

multiplication flashcards this question probably runs through many students' minds. Some 

students feel that no matter what they do, they will never learn their multiplication facts: 

"Students who have failed continually for years at remembering multiplication facts soon 

develop a resistance to even try" (Caron, 2007, p. 278). Teachers use different techniques to 

prevent students who want to quit and try to find the method that best fits with that students 

learning style. Some strategies in Caron's (2007) article are: ""attribution retraining," to help 

students learn how to focus their attention better, "efficacy training," designed to help students 

set more realistic goals for learning, and "strategy training," including self-talk and problem

solving strategies to help students become more successful" (p. 278). Caron (2007) believes that 

rote memory is debatable. Although root memory has been successful for many teachers, it is 

actually not a very effective method. Root memory takes a lot of time and effort for the students 

to learn their multiplication facts. Also in Caron's (2007) article, "Memory research 

demonstrated that rote rehearsal alone might not result in actual memory that leads to retrieval 

without clear direction and guidance (p. 279). So therefore, students need to learn how to store 

multiplication facts in their mind and be able to recall these facts on the spot. Once students 
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have their multiplication facts memorized they will then do better and feel more confident when 

it comes to timed multiplication tests that many teachers give in class. 

'Minute Math' 

There is one minute on the clock, you are handed a sheet of paper with more 

multiplication facts than you have ever seen in you life, and your teacher is in front of the class 

and says: you have one minute to compete this- Ready, Set, Go! Timed multiplication tests 

have several different names but they are all alike. Teachers give students a timed multiplication 

test, where the time limit may vary depending on the number of questions and the age group, to 

see how quickly and accurately they can complete the multiplication questions. Examples of 

timed multiplication quizzes are 'minute math' (Brookhart, 2004), 1-minute explicit timing 

intervention (Rhymer, 2002), 'mad minute' (Williams, 2000), and timed practice drill 

(Woodward, 2006). 

The first example given above is 'minute math'; Brookhart's 2004 study deals with 

students memorizing mathematics facts and their self-assessment. This 'minute math' research 

involved student's taking a 5-minute timed test on multiplication facts. There were 100 single 

digit facts from zero to nine and this 'minute math' test was given over a ten week period (once a 

week). Over the ten weeks different strategies (flash cards and partner work) were used and time 

to practice the multiplication table was given to students in class. In order for students to asses 

themselves, they had to complete a prediction and reflection sheet. Below, Figure 6 shows what 

was included on the prediction sheet (Brookhart, 2004, p. 216). 

Figure 6. Prediction Sheet 

GOAL- What did you want to learn? [space provided] 
LOCATION- Right now I can do _/1 00 facts in five minutes. 
PLAN- My goal is go get _/100 facts on my next test. I need to improve in [space provided] 
ACTION- When will you begin? Starting_ I will use these study strategies to improve (study flashcards, 
play multiplication games, study with parents, etc.) [space provided] I will use these problem-solving strategies 
to improve (write a number sentence, use repeated addition, draw a picture make a model, array) [space 
provided] 
RESULTS- Did you follow through with your plan? What happened? Did you see improvements? [space 
provided] 
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After students took and received their scores for the 'minute math' test they had to complete a 

self-reflection sheet which is seen below in Figure 7 (Brookhart, 2004, p. 217). 

Figure 7. Self-Reflection Sheet 

Plan for Learning Multiplication Facts 
My last test score was _/100 
Reflection 
To learn my multiplication facts last week, I [space provided] 
How well did this plan work for me? terrible not well o.k. pretty well great 
Why did or didn't my plan work? 
Prediction 
I want to try to score _/1 00 next week. 
This week to help me improve I will use these strategies: [space provided] 
This face shows how I feel about multiplication: (draw a face below) r space providedl 

While students self-assessed their progress on multiplication facts the results showed that, on 

average, the students predicted their accomplishment well. The researchers' results showed that 

the students tended to 'over-predict' the first week, but had better predictions through the rest of 

the 10 weeks. Also, their average test score rose weekly and leveled off at about 90 percent at 

the end of the experiment. 

Another timed mathematics test is The Mad Minute, "which is a conventional paper-

pencil method of practicing the multiplication facts" (Williams, 2000, p.12). Mad Minute is a 

workbook that was made up of multiplication test worksheets ranging from Level A to Level F, 

where Level F is the highest level. Each Mad Minute test has 60 multiplication problems (from 

zero to ten) and the students have one minute to complete as many of them as possible. Williams 

used the Mad Minute test for the pretest, posttest, and the control group. The mean pretest score 

for the control group was 24.50 (out of 60) and the mean posttest score was 23.25 (out of 60). 

Therefore Williams concluded "that students using pencil-paper with The Mad Minute 

worksheets would have no significant increase in mastering the multiplication facts" (Williams, 

2000, p. 16). 
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Therefore, as we have seen there is not a clear method to tell teachers this is 'the best' 

way to teach multiplication facts. However, there are both positive and negative effects of 

different methods. Teachers teach differently, and students learn differently, so in order to 

effectively teach multiplication a teacher must understand their students and be willing to 

accommodate their needs. Also, students need to continue to try; if a student has failure on their 

mind then they are less likely to learn their facts, they need to work very hard in order to be able 

to memorize and be able to recall multiplication facts. "Memorizing math facts forms a large 

and important part of the third grade curriculum and is not likely to diminish in importance" 

(Brookhart, 2004, p. 213). 'Minute math' exams are a great way to test a student's speed and 

accuracy in multiplication and although they are very basic pencil-paper exams, they are a good 

assessment strategy. 

Experimental Design and Data Collection 

This experiment was designed to test the hypothesis that when students are given a timed 

multiplication test, sixth-grade students' average test score will be the highest out of fifth-grade 

students through twelfth-grade students. During this experiment students were all given the 

same timed multiplication test, after a couple 'test runs' the time limit was decided to be three 

minutes. All the tests were scored by finding the number of correct answers on the 

multiplication test. Then once all the exams were scored, the averages were calculated for each 

class and the results found show which grade level had the highest percent correct. Descriptive 

statistics were also used in this study to fully make sense of the data. Then using the in-class 

surveys, it can be determined whether the students are confident in their multiplication facts and, 

if not, what can be done to help them learn these facts. This experiment was conducted in one 

single day. 
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Subjects 

This study was conducted in the Frewsburg School District, in Frewsburg, New York. 

Located in Western New York in Chautauqua County, Frewsburg has a population of 

approximately 1 ,900 residents. The Frewsburg School district has approximately 900 students in 

grades kindergarten through twelfth. This district consists oftwo schools: Robert H. Jackson 

Elementary School and Frewsburg Central School. The overall class sizes range from 46 

students to 103 students. The predominant population of Frewsburg is white (97 % ); however 

the school does have a small non-white demographic (3 %). Also, to understand the economic 

status of the Frewsburg School District, approximately 17% of the students are eligible for free 

lunches and approximately 8% of students are eligible for reduced lunches. 

There were a total of 145 participants in this study (18 in fifth-grade, 15 in sixth-grade, 

23 in seventh-grade, 15 in eighth-grade, 12 in ninth-grade, 17 in tenth-grade, 29 in eleventh

grade, and 16 in twelfth-grade). The subjects in this study in fifth and sixth grade went to Robert 

H. Jackson Elementary School and the students in seventh through twelfth grade went to 

Frewsburg Central School. The ages of the participants ranged from 10 to 18 years old and any 

of the participants who had I.E.P.s or 504 plans were accommodated during the study. 
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Design 

In Figure 8 are displayed the overall demographics of this study. 

Figure 8. Study Demographics 

• Study Topic: Multiplication 
• Time Frame: One day 
• Number of Students: 145 

o 77 males and 68 females 
• Location: Frewsburg School District 
• Grade Level: 5th through 12th grade (approximately 10 through 18 years old) 
• Number of Classes: 8 classes (one per grade level) 
• What The Students Will Do In This Study: 

o Memory Multiplication- Three-minute timed multiplication test 
o In-Class Survey 

• Memory Multiplication: 
o 90 multiplication facts 
o 78 facts, 12 repeats 
o Digits 1 through 12 (all used equal number of times) 

• Score of Memory Multiplication: Find the number of correct multiplication facts out of90 

All the students in this study participated in this experiment on the same day (note: times 

varied throughout the day depending on when the students had mathematics class). The classes, 

grade five through twelfth, took the timed multiplication test followed by the in-class survey. 

They had three minutes to answer as many problems, of the ninety multiplication facts, that they 

could. There were seventy-eight multiplication facts, with twelve repeats, totaling ninety 

multiplication facts on this test. Every digit (1 through 12) appeared on the test the exact same 

number of times and the questions were randomly placed throughout the test. The Memory 

Multiplication Test that all the students took can be seen in Appendix F -1. 

Following the timed multiplication test, an in-class survey was conducted. Students were 

asked survey questions in order to determine if they thought they did well on the timed 

multiplication test, what can be done to help them better learn multiplication, how often they use 

multiplication in their current mathematics class, and how often they use multiplication in real 

life. 
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Referring to the In-Class Survey (Appendix F-2), question #1 and #2 stated: question #1 

[I think I did (GREAT, GOOD, ALRIGHT, BAD, HORRIBLE) on this Memory Multiplication 

Test] and question #2 [I think I received a/an (A+, A, B, C, D, F)]. Students were asked these 

questions to see how well they though they did on the multiplication test. It is possible that 

mathematics students may not actually know that they are not strong with multiplication facts. 

Or vice versa, maybe students are not confident and guess they did worse than they actually did. 

These questions helped with the analysis and checked if students guessed they did better or 

worse. 

In question #3 [What can teachers do to help you learn multiplication facts?], students 

were given several options (timed tests, flash cards, multiplication practice) and then there was 

an 'other' category, where they wrote in what would help them with multiplication facts. This 

question was to help teachers understand what method students like to use when learning 

multiplication facts. Teacher are well aware that there are many different learning styles, so 

having students' opinions when it comes to learning and understanding multiplication facts will 

let teachers know what method(s) to primarily focus on. 

Finally, question #4 through question #7 were used to ask students how often they use 

multiplication in a mathematics class and in real life, and also asked them to think of examples 

where multiplication is used. Recall the questions stated: question #4 [We use multiplication 

(EVERYDAY, A LOT, SOMETIMES, JUST A LITTLE, NEVER) in mathematics class], #5 

[Can you give several examples when you use multiplication in mathematics class?], #6 [We use 

multiplication (EVERYDAY, A L.OT, SOMETIMES, JUST A LITTLE, NEVER) in real life 

outside of class], and #7 [Can you give several examples when you (or your family) use 

multiplication in real life?]. Multiplication is used throughout all grade levels from when 
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students are first learning mathematics until they take their last mathematics class. Students did 

not have trouble thinking of an example where they used multiplication in class. However, they 

did have trouble giving an example where they or their families use multiplication in real life. 

These questions were intended for students to realize that multiplication is a mathematics 

operation that they need to learn and remember throughout their life. 

As noticed on the multiplication test and in-class survey (Appendix F-1 and F-2), there is 

no space for the student's name; however there is a space for a Student ID. This was to ensure 

that the students' confidentiality was preserved throughout this study. The Student ID was as 

follows: student number I grade level I gender, where the student number was assigned on the 

day of the Memory Multiplication Test by a: teacher (not involved in this study) monitoring this 

test. 

Data Collection 

The data for this experiment was collected and analyzed to determine which class 

acquired the highest average. Each individual student's test was scored by finding the number of 

multiplication facts they answered correctly. Once all the tests were individually scored, their 

class average was calculated. In addition to finding the class average, other descriptive statistics 

were used in order to fully make sense of the data. Then the in-class surveys were assessed to 

determine if the students were confident in their multiplication facts and if not what can be done 

to help them learn these facts. 

Methods of Data Analysis 

The data in this study was analyzed in Minitab, a statistical program. The response 

variable (Score) was quantitative and the explanatory variables (Grade Level and Male or 

Female) are categorical. Since the explanatory variables are categorical, the analysis of variance 
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(ANOVA) method was used to analyze this data and determine the significance of the variables. 

If significance was found in the ANOV A, then a Tukey HSD "Honest Significant Difference" 

test was used to determine significant differences. In addition to the ANOVA, boxplots and 

descriptive statistics were also examined. 

Results 

Results Found From the Memory Multiplication Test 

Following the collection and analysis of the timed Memory Multiplication Test and the in

class survey, six main results emerged: 

• Eleventh-grade students scored the highest average percent on the timed Memory 

Multiplication Test. 

• Overall, the students in this study did not score particularly well on the timed Memory 

Multiplication Test. The overall average was 68.0%. 

• The multiplication facts that the students consistently answered incorrectly on the 

timed Memory Multiplication Test were: 11 x 12, 11 x 11, and 12 x 11. Consistently 

incorrect multiplication facts excluding 11 'sand 12's were: 6 x 8, 4 x 7, 7 x 8, and 

8x 7. 

• The multiplication facts that the students consistently skipped on the timed Memory 

Multiplication Test were: 8 x 12, 7 x 12, 6 x 12, 3 x 12, 6 x 7, and 9 x 12. Consistently 

skipped multiplication facts excluding 11 's and 12 's were: 6 x 7, 4 x 8, 8 x 9, and 

7x 7. 

• Males scored a higher average percent correct than females (males 69.0 %and 

females 66.8%). 
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• Overall, students scored worse on the Memory Multiplication Test than they guessed 

on the survey. 

Result #1: Eleventh-grade students scored the highest average percent on the timed Memory 

Multiplication Test. 

Following the analysis of this data (using the ANOVA method), there was evidence that 

there was significance in the student' s test scores based on their grade level (with a p-value of 

0.012). Using an alpha value of 0.05, this low p-value shows significance and therefore allowed 

a Tukey HSD test to show the significant differences. Found in the Tukey table (Appendix A-2), 

1oth and 11th graders did significantly better than 5th graders. 

In Figure 9 are listed the class averages arranged from highest average to lowest. Some 

people may assume that the older the student, the better their knowledge of multiplication facts, 

but as seen below that is not the case with this data. The eleventh grade class had the highest 

class average and the fifth grade class had the lowest class average. However, the hypothesis of 

this study was that the sixth grade class would score the highest class average. This is due to the 

opinion that middle school classes have more time to focus on and study multiplication facts 

with flashcards or any other type of multiplication practice. 

Figure 9. Class Average (Highest to Lowest) 

Grade Level 11th lOth 6th 9th 8th 7th 12th 5th Total 

# of students 29 17 15 12 15 23 16 18 145 

Avera2e (# correct I 90) 66.79 66.53 63.40 60.33 59.93 59.70 59.13 50.61 61.19 

Average(%) 74.2% 73.9% 70.4% 67.0% 66.6% 66.3% 65.7% 56.2% 68.0% 

Figure 10 illustrates boxplots ofthe test scores based on students' grade level. As seen 

below, all the classes (except ninth grade) have at least one student who scored a 90% or higher 

on their Memory Multiplication Test. Also, Figure 10 shows the lowest scores to be in fifth, 

seventh, and eleventh grade; these classes had extremely low minimum test scores (30% or 
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lower). Notice the eleventh grader with the lowest test score was considered an outlier. Also, 

the mean value line shows variability across all the boxplots. 

Figure 10. Score Distribution b Class 
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Result #2: Overall, the students in this study did not score particularly well on the timed 

Memory Multiplication Test. The overall average was 68.0%. 

This study was conducted in a small rural school district in Western New York, and 

possibly other school districts in the area may have scored higher, but overall this specific group 

of participants did not score particularly well on this timed Memory Multiplication Test. Figure 

11 provides an organized letter grade distribution by class and also shows the total number of 

students whom received each letter grade. Only 2 out of 145 total participants scored a 100% 

(which is approximately 1.4% ). One would think that a mathematical operation that has been 

taught and used on a regular basis from 3rd grade on, such as multiplication, would be an easy 

mathematics topic for students. However many students failed this test, 65 out of 145 

participants scored a 64% or lower (which is approximately 44.8% of the students). It is 

extremely sad to see that almost half of the students in this study failed this multiplication test. 
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Figure 11. Class Test Scores Organized by Letter Grades 

Grade Level Sth 6th 7th 8th 9th lOth 11th 12th Total 

# of students 18 15 23 15 12 17 29 16 145 

#of A+ (100%) - 1 - - - - 1 - 2 

#of A's (90%- 99%) 1 2 2 1 - 3 4 2 15 

# ofB's (80%- 89%) 2 2 3 2 3 4 8 3 27 

# ofC's (70%- 79%) 1 2 4 4 2 5 6 2 26 

#of D's (65%- 69%) - 2 4 - 1 - 3 - 10 

#ofF's (0%- 64%) 14 6 10 8 6 5 7 9 65 

Average(# correct I 90) 50.61 63.40 59.70 59.93 60.33 66.53 66.79 59.13 61.19 

Average(%) 56.2% 70.4% 66.3% 66.6% 67.0% 73.9% 74.2% 65.7% 68.0% 

In addition, boxplots are a good way to examine the test scores in this study. Appendix B-

4 shows a boxplot of the overall scores of all of the participants in the study. Scores ranged from 

28.9% to 100% which illustrated that there was a wide range of student knowledge and memory 

recall of multiplication facts. The boxplot of the test scores of all participants (Appendix B-4), 

also showed that the median and the mean test scores are fairly close (median= 67.8% and 

mean= 68.0%). Although the median and the mean scores are both a passing score, they are not 

an exceedingly good score on the multiplication test. Therefore, concluding that the participants 

did not score especially well. 

Result #3: The multiplication facts that the students consistently answered incorrectly on the 

timed Memory Multiplication Test were: 11 x 12, 11 x 11, 12 x 11 and 11 x 10. 

Consistently incorrect multiplication facts excluding 11 'sand 12's were: 6 x 8, 4 x 7, 7 

x8, and 8x 7. 

Recall from result #2 that the students in this study did not score particularly well on this 

timed Memory Multiplication Test. This result could possible be due in part to the multiplication 

facts that include 11 'sand 12's. The top four multiplication facts that were missed on this 

multiplication test were 11 x 12, 11 x 11, 12 x 11 and 11 x 10 (see Figure 12). Students typically 

do not have as much time and practice with the 11 'sand 12's (especially from memory); 



Memory Multiplication 23 

however, it was interesting in this study to determine if the students could figure out these 

problems. On the other hand, what were the multiplication facts most frequently answered 

incorrectly that did not include an 11 or 12? As seen in Figure 13, the multiplication facts that 

were most frequently missed (excluding 11 'sand 12's) were 6 x 8, 4 x 7, 7 x 8, and 8 x 7. Note, 

that 4 x 7 is not a multiplication fact that a mathematics teacher would say is commonly missed, 

however it was in this study. The other frequently missed multiplication facts were expected to 

be the top missed facts. Instead of having the possibility of answering the problem incorrectly, 

why did the students just skip the problems they were unsure of? 

F' 1gure 12 F . tl I requen y ncorrec t M lf I" f F t u 1pnca 10n ac s 

Top Multiplication Facts: Number of Students Answering Percent Who Answered 
Incorrect Incorrectly Incorrectly 

(1.) 11 X 12 45 31.0% 
(2.) 11 X 11 42 29.0% 

(3.) 12 X 11 36 24.8% 

_14~}11 X 10 25 17.2 

Figure 13. Frequently Incorrect Multiplication Facts (Excluding 11 'sand 12's) 

Top Multiplication Facts 
(Excluding 11's and 12's): Number of Students Answering Percent Who Answered 

Incorrect Incorrectly Incorrectly 
(1.) 6 X 8 14 9.7% 

(2.) 4 X 7 13 9.0% 

_(3J7x8 11 7.6% 

_14.} 8 X 7 10 7.0% 

Result #4: The multiplication facts that the students consistently skipped on the timed Memory 

Multiplication Test were: 8 x 12, 7 x 12, 6 x 12, 3 x 12, 6 x 7, and 9 x 12. Consistently 

skipped multiplication facts excluding 11 'sand 12's were: 6 x 7, 4 x 8, 8 x 9, and 7 x 7. 

If given the option to skip problems on a timed multiplication test, what facts would one 

guess that students would choose not to answer? This study concluded (in Figure 14) that the 

most frequently skipped multiplication facts were 8 x 12, 7 x 12, 6 x 12, 3 x 12, 6 x 7, and 9 x 

12. Notice that the majority of the skipped problems involved a factor of 12. Next we examined 
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the problems that were most frequently skipped excluding 11 'sand 12's. Figure 15 shows that 

these facts were 6 x 7, 4 x 8, 8 x 9, and 7 x 7. Once again, there is a problem that includes a 4. 

This is a very interesting result because problems with 4's are typically known to be easy 

multiplication facts. So, why did this study conclude that 4 x 7 is a frequently incorrect problem 

and 4 x 8 is a frequently skipped problem? This would be very interesting to investigate further 

in a future study. 

F" 1gure 14 F 0 tl Sk d M 1. r requen ty 1ppe u tip: ICatwn F t ac s 
Top Multiplication Facts: Number of Students Who Skipped Percent Who Skipped 

Skipped Question Question 
(1.) 8 X 12 127 87.6% 
(2.) 7 X 12 124 85.5% 
(3.) 6 X 12 108 74.5% 
(4.) 3 X 12 103 71.0% 
(4.) 6x 7 103 71.0% 
(4.)9x12 103 71.0% 

Figure 15. Frequently Skipped Multiplication Facts (excluding 11 'sand 12's) 
Top Multiplication Facts 

(Excluding 11 's and 12's): Number of Students Who Skipped Percent Who Skipped 
Skipped Question Question 

(1.) 6 X 7 103 71.0% 

(2.) 4x 8 95 65.5% 
(3.) 8 X 9 92 63.4% 
(4.) 7 X 7 82 56.6% 

Result #5: Males scored a higher average percent correct than females. 

Although the main purpose of this study was to determine which class would have the 

highest accuracy rate, it is also interesting to see which gender would receive the higher average 

score. Figures 16 and 17 illustrate which gender had the higher average percent per class and 

overall which gender had the higher average percent. Females scored better in 5th, 7th, and 9th 

grade and males scored better in 6th, 8th, lOth, 11th, and l21h grade. Also, it was concluded by 

examining the overall means, that the males scored a higher average percent then the females in 

this study. 
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After further investigation, the ANOV A test concluded that this study did not show 

significance in the score based on gender with a p-value higher then alpha (p-value of 0.115). 

Note the p-value is low enough to alpha that it was justified to keep in the model and possibly 

with a larger sample size this p-value could change and show significance. 

Therefore, although there is a higher then alpha p-value, in this study it was conclude 

with the overall mean test scores that males scored better than females on average. 

Figure 16. Males vs. Females by Grade Level 

Grade Level 5th 5th 6th 6th 7th 7th 8th 8th 

Gender M F M F M F M F 
# of each Gender 13 5 5 10 13 10 8 7 

Average(# correct I 90) 50.46 51.00 71.40 59.40 58.77 60.90 60.88 58.86 

Average(%) 56.1% 56.7% 79.3% 66.0% 65.3% 67.7% 67.6% 65.4% 

9th 9th lOth lOth 11th 11th 12th 12th 

M F M F M F M F 
11 I 5 12 16 13 6 10 

59.18 73.00 71.00 64.67 68.31 64.92 69.67 52.80 

65 .8% 81.1% 78.9% 71.9% 75.9% 72.1% 77.4% 58.7% 

Figure 17. Overall, Males vs. Females 

Gender M F 

Total # I Gender 77 68 

Average (# correct I 90) 62.09 60.16 

Average(%) 69.0% 66.8% 

Result #6: Overall, students scored worse on the Memory Multiplication Test than they 

guessed on the survey. 

As seen shortly in the Survey Results section, the students were asked to 'guess' what 

letter grade they thought they would receive on the Memory Multiplication Test. Figure 18 

shows that there were 21 students who guessed they would receive an A+ on the test when 
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actually only 2 students had a perfect score. Therefore, referring to figure 18, it was concluded 

that overall the students in this study scored worse than they guessed on the survey. 

Figure 18. Actual Letter Grades on Memory Multiplication Test Verses Letter Grade 
Students Guessed 
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Using the statistical program, Minitab, it was simple to compute the descriptive statistics 

for this data. As stated before, there were 145 total participants in this study and the statistics for 

this study can be seen in Appendix B. Overall (Appendix B-3) the average number of correct 

problems for all the students was 61.19 and the overall average score was 68.0%. Another 

interesting observation was there was a minimum score of28.9% (which was 26 problems the 

students answered correctly). 

Basic Descriptive Statistics: Class by Class Breakdown 

The descriptive statistics that are included (in Appendix B-1) are a class by class 

statistical breakdown. The total count shows how many students were tested in each class. 

Again, the average number correct and the average scores can be seen for each class. Note we 

can also examine the standard deviation, the minimum, the first quartile (Q1), the median, the 

third quartile (Q3), and the maximum in the descriptive statistics. These statistics were selected 

for this data primarily to be able to examine boxplots for the students test scores (recall Figure 10 
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-Score Distribution by Class and Appendix B-4- Boxplot of Test Scores of All Participants). 

In addition to the boxplots, these descriptive statistics also included the standard deviation to 

determine how much variation there is from the mean. Finally, going back to the minimum score 

found in the overall descriptive statistics (28.9%), see Appendix B-1, which grade level was that 

student in? Reading through the minimum scores found for each grade level, it was determined 

that the student who scored the lowest was in ih grade. So, what about the maximum, which 

grade level(s) received the maximum score on this Memory Multiplication Test? Referring to 

Appendix B-3, the maximum score was a 1 00%; then reading Appendix B-1, it is concluded that 

at least one 6th grader and at least one 11th grader received a 1 00% on this Memory 

Multiplication Test. 

More Statistics 

As stated before, one would expect that the older the student, the better he/she would be 

at multiplication facts. So, in order to see ifthere is actually a pattern, the data was observed by 

combining classes together (5th - 6th, 7th - 8th, 9th - 1oth, and 11th - 12th). After further 

investigating this data, combining the classes' showed that the average test score does tend to 

increase as the students advance through school (refer to Appendix B-2 and Figure 19). This 

curiosity of grouping classes however, after running an ANOV A test, gave a high p-value greater 

than alpha; concluding that there is evidence that this does not have significance on the test 

scores based on the grouped classes. Therefore grouping the classes was not included in the 

results, but was an interesting fact that could possible be examined in a future study. 
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11th and 12th 

In addition to the results and analysis from the timed Memory Multiplication Test, we 

also examined the results found from the survey that followed the multiplication test. Not all the 

students answered all 7 questions so there may be values that do not total145. Also, there is a 

question where students were to check all that apply, so therefore the responses to that question 

could total more than 145. So, here are the results found from each specific question: 

1. Circle one of the following choices: 
I think I did (GREAT, GOOD, ALRIGHT, BAD, HORRIBLE) on this Memory 
Multiplication Test. 

Question 1 was asked to determine how well the student thought they did on the 

multiplication test. The majority of students thought they did 'alright' (see Figure 20) on their 

test. However, recall that almost half of the students failed this test, so it was concluded that 

overall the students thought they did better then they actually did. 
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2. Circle one of the following choices: 
I think I received alan (A+, A, B, C, D, F) 
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II .c=I 
Bad Horrible 

In addition to guessing how well the students did on the test, they were also to guess what 

letter grade they thought they received. Referring to Figure 21, the letter grade that was most 

frequently guessed was a B (58 out of the 142 participants who answered this survey question). 

Once more recall that approximately half of the students failed this test, so again Result #6 

concluded that overall the students thought they did better then they actually did. 



Figure 21. Bar Graph of Question 2 Results 
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3. Make a check next to all that apply: 
What can teachers do to help you learn multiplication facts? 

_ Give timed test more often 
flash Cards 

_ More multiplication practice in class 
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II 
F 

_ Other (please write what you think would help)---------

Question 3 was designed to asses how the students would like to learn multiplication 

facts. As seen below in Figure 22, the students preferred method to learn multiplication is nearly 

equally distributed. However, it was concluded that the best method for learning and teaching 

multiplication facts is with flashcards. This is primarily because when the students who selected 

other and had to write in a way to learn multiplication, 14 out ofthe 30 wrote in "Around the 

World." Around the World is a game that can be played with any type of flashcards, whether it 

is addition, subtraction, multiplication, or division. This is a speed game where there are two 

players and the one who answers correctly the fastest moves on to the next round and continues 

until one student makes it all the way (around the world) back to their starting position. 

Therefore, with the 73 who selected Flashcards and the 14 who selected Other (Around the 
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World), it was concluded that flashcards would be the method that student prefer to learn 

multiplication. 

uestion 3 Results 

Which Multiplication Method do Students Prefer? 
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4. Circle one of the following choices: 
We use multiplication (EVERYDAY, A LOT, SOMETIMES, JUST A LITTLE, 
NEVER) in math class. 

How often is multiplication used in a mathematics class? Well this exact question was 

asked to the 145 participants in this study. The overall result ofthis question was that 

multiplication is used everyday or a lot of the time in mathematics class (Figure 23), which 

seemed right for most mathematics classes. Finally, three students claimed that they only use 

multiplication 'just a little' in mathematics class. 
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Figure 23. Bar Graph of Question 4 Results 
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*Note: Never is not in the bar graph because there were no students that circled that choice. 

5. Can you give several examples when you use multiplication in math class? 

Next, to try to figure out what the students were thinking about when answering question 

4, question 5 was a good survey question so the students would have a chance to write in an 

answer and voice their opinion about multiplication in mathematics class. Examples of the well 

thought out answers student gave were: 

• 5th grader- equivalent fraction 

• 6th grader- multiplying fractions 

• ih grader- order of operations 

8th d 1 . . • gra er- so vmg equatiOns 

• 9th grader- FOIL 

• lOth grader- area 

• 11th grader - distributing 

• 1th grader -law of sine/cosine 
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Listed below are some examples of the entertaining answers the students gave: 

• ih graders- graphs and negative 

• 9th graders - this test and graphing 

• 11th grader - add how many people are in class 

• 12th grader- adding/subtracting 

6. Circle one of the following choices: 
We use multiplication (EVERYDAY, A LOT, SOMETIMES, JUST A LITTLE, 
NEVER) in rea/life outside of class. 

The participants were asked how often they (or their family) see or use multiplication 

outside of school in real life. Overall, Figure 24 shows that these students said they use 

multiplication "sometimes" outside of school. So, when do they use multiplication in real life? 

Figure 24. Bar Gra h of Question 6 Results 

Multiplication In Real Life 
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7. Can you give several examples when you (or your family) use multiplication in real 
life? 
This question again gives the students the opportunity to voice their opinion on when 

they (or their family) use multiplication in real life. Listed below, are some of the well thought 

out examples the student gave: 
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• 5th grader - buying multiples of something 

• ih graders- finding how much 12 packs of hotdogs cost, 65 mph and 320 miles 

to go, how long on road?, area of room, and gas station 

• 91
h grader- how much money someone makes per week 

• 1oth graders- cooking, construction, carpenter (area) 

• 11th graders -tips, car rental (price times 7 days), and taxes on cloths 

• 12th grader- budgeting/financing 

Now, here are some ofthe entertaining examples students said: 

• ih grader - checks 

• gth grader- years of things 

• 9th grader- reloading bullets and balancing a check book 

• 1oth grader - video games 

• 11th grader - add up a bill 

Therefore, this survey helped discover what the participants in this study were thinking. 

It was concluded that students consider themselves to be better at multiplication than they 

actually are. Overall students felt flashcards were the best method to learn multiplication, 

students use multiplication most of the time in class, and students and/or their families use 

multiplication sometimes in real life. 

Implications for Teaching 

This study examined the knowledge of multiplication facts of students in fifth grade 

through twelfth grade. During the course ofthis study a Memory Multiplication Test was given 

to the students and scored to conclude which grade level had the highest accuracy rate. Also, the 

in-class study was analyzed to determine how confident students were when answering 
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multiplication facts, which methods worked well while learning multiplication facts, and how 

frequently they used multiplication. This study, along with the results of the study, has lead to 

several implications that teachers could do in classrooms to help and improve students' 

knowledge of multiplication facts. 

Classroom Implications 

Implication #1: Educators could spend time ensuring that students can recall multiplication 

facts by memory (specifically, without depending on a calculator). 

The first implication that resulted from this study was that students need to be able to 

recall multiplication facts strictly from memory. Students first learn multiplication in third grade 

and teachers could spend time re-enforcing the importance of multiplication and could remind 

students that they will need to recall multiplication facts strictly from memory all through school. 

Students will continue to use multiplication throughout their mathematics career and if they 

maintain the facts by memory the later, more complex topics will not seem so difficult. 

Implication #2: Educators could focus on the use of flashcards (and flashcard games) when 

teaching multiplication facts. 

The second implication that resulted from this study was that educators could focus on 

using flashcards, and flashcard games, when teaching students multiplication. The drill and kill 

(flashcard) method has been used for many years and has had success for many teachers. While 

the students took the in-class survey, many students said that they would like it if teachers used 

flashcards while teaching multiplication facts. These students checked the 'flashcard' option or 

the 'other' option, and wrote in Around the World Game, a flashcard game. Flashcards are a 

good teaching technique for multiplication facts, or any basic mathematics facts; they force 
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students to have the drill and kill of the facts and allow students to study and work on 

multiplication outside of school with their families. 

Implication #3: Educators could give students Memory Multiplication Tests repeatedly 

throughout the school year and across different grade levels. 

The third implication that resulted from this study was that teachers could give their class 

multiplication test throughout the school year to determine how well students are at 

multiplication and if they continue to improve as the year progresses. This would allow teachers 

to know where the students are at and if they should recommend that they continue to practice 

their multiplication facts as homework. With better knowledge of multiplication facts this would 

then help students with later mathematical topics in the class. In addition, this implication could 

be helpful across different grade levels to ensure that students continue to recall multiplication 

facts from memory. 

Suggestions for Future Research 

While this research determined which grade level scored the highest accuracy rate, there 

are several factors that future researchers could use to further investigate memory recall of 

multiplication facts. First, one may consider the number of participants in the study, a larger 

sample size per class may result in a different outcome. In addition to having a larger number of 

participants, that could show significance on the score based on the gender (because recall that 

the p-value was not significant but low enough that it could change with a larger number of 

participants in the study). Also, another factor would be the school district. This study was 

conducted in a rural school district in western New York, and a possible suggestion would be to 

test this research in multiple school districts or in a larger urban school district. 
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Several problems arose with this research; they were the given a time limit and the 

multiplication facts that included 11 'sand 12's. Time was very difficult to balance for all the 

classes. While watching the students take the test, it was quite obvious that the younger students 

had a difficult time answering all these questions at such a fast pace (however, these students 

also had a lower number of incorrect problems). On the other hand, the higher grade levels had 

more problems attempted and yet they had more incorrect answers. This was an interesting 

observation and therefore a suggestion for future researchers would be; rather then the three

minute timed test, researchers could give the participants different time limits. The second 

problem was that there were a large number of students who missed and/or skipped the 

multiplication facts that included 11 'sand 12's. These facts were difficult for many students but 

were placed in the study to examine if the student knew their 11 'sand 12's or if they could 

figure them out. Excluding these facts (or possibly just reducing the number of problems) may 

also be another interesting suggestion for future research. 

These are all possible suggestion that future researchers could try on the topic memory 

multiplication. In addition to possible suggestions for multiplication, what about other basic 

mathematical operations such as addition, subtraction, and division? Researchers could 

incorporate this study idea into elementary level classes by testing timed addition or subtraction 

tests. Or on the other hand, researcher could consider including division problems on a timed 

memory test. These potential ideas may help researchers expand this memory recall study to 

other topics and age groups. 

Concluding Remarks 

The inspiration behind this study was to determine which grade level would score the 

highest accuracy rate on a three-minute timed Memory Multiplication Test. In addition to 
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highest average by class, the gender with the highest mean and students' opinions about 

multiplication were used to hopefully inform teachers how to help students learn and recall 

multiplication facts from memory. Based on the results from this study, there is evidence that 

there is significance in the score based on the student's grade level. The grade level that scored 

the highest mean on the three-minute Memory Multiplication Test was the 11th graders (74.2%). 

Furthermore, the results concluded that overall the participants as a whole did not score 

particularly well on this multiplication test and the males in this study scored a higher average 

than the females. Also, the in-class survey in this study helped to determine that students would 

like to use flashcards (and flashcard games) when learning multiplication. Finally, multiplication 

is seen in the mathematics curriculum from third grade on and is an important operation that 

students will use in their everyday life. Students should be able to recall multiplication facts 

strictly from memory and retain this knowledge as they continue through school and into 

adulthood. 

This study has been very interesting to conduct and analyze, I strongly believe that 

multiplication (as well as all basic operations) are important to know in order to successfully 

continue to more difficult mathematics topics. Students do not have to have all basic 

mathematics facts memorized; however, they should be able to figure out basic mathematics 

facts without the assistance of a calculator. In order to incorporate what I have learned into a 

classroom, I will have a part one and a part two in my chapter exams. This way the part one will 

be completed without the use of a calculator so the students will have to know their basic 

mathematics facts. In addition, I will have the students take a Memory Multiplication Test at the 

beginning of the school year to know where they are at and what I will be working with 

throughout the school year. 
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Appendix 
Appendix A: Minitab Files 

A-1: ANOV A (General Linear Model: Score versus Grade Level, Male or Female) 

Results for: all data 
General Linear Model: Score versus Grade Level, Male or Female 

Factor Type 
Grade Level fixed 
Male or Female fixed 

Levels 
8 
2 

Values 
5, 6, 7, 8, 9, 10, 11, 12 
f,m 

Analysis of Variance for Score, using Adjusted SS for Tests 

Source DF Seq SS Adj SS AdjMS F 
Grade Level 7 4487.5 4987.8 712.5 2.69 
Male or Female 1 666.3 666.3 666.3 2.51 
Error 136 36085.7 36085.7 265.3 
Total 144 41239.5 

S = 16.2891 R-Sq = 12.50% R-Sq(adj) = 7.35% 

Unusual Observations for Score 

Obs Score 
17 98.889 
43 28.889 
118 32.222 

Fit 
57.508 
68.322 
71.685 

SE Fit 
3.923 
3.622 
3.420 

Residual 
41.381 

-39.433 
-39.463 

St Resid 
2.62R 
-2.48 R 
-2.48 R 

R denotes an observation with a large standardized residual. 

p 

0.012 
0.115 

Residual Plots for Score 
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A-2: Tukey HSD Method (Significance Test for Grade Level) 

Grouping Information Using Tukey Method 
and 95.0% Confidence 

Grade 
Level N 
10 17 
11 29 
6 15 
8 15 
12 16 
7 23 
9 12 
5 18 

Mean 
74.9 
74.0 
71.2 
66.4 
66.3 
66.0 
65.1 
55.2 

Grouping 
A 
A 
AB 
AB 
AB 
AB 
AB 

B 
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Appendix B: Class Statistics 
B-1: Individual Class Statistics 

Results for: 5th data 
Descriptive Statistics: No. Correct, Grade (%) 
Total 
Variable Count Mean StDev Minimum Q1 Median Q3 Maximum 
No. Correct 18 50.61 17.38 27.00 36.75 46.00 59.50 89.00 
Score 18 56.23 19.31 30.00 40.83 51.11 66.11 98.89 

Results for: 6th data 
Descriptive Statistics: No. Correct, Grade(%) 
Total 
Variable Count Mean StDev Minimum Q1 Median Q3 Maximum 
No. Correct 15 63.40 15.52 38.00 54.00 60.00 78.00 90.00 
Score 15 70.44 17.25 42.22 60.00 66.67 86.67 100.00 

Results for: 7th data 
Descriptive Statistics: No. Correct, Grade(%) 
Total 
Variable Count Mean StDev Minimum Q1 Median Q3 Maximum 
No. Correct 23 59.70 14.30 26.00 50.00 59.00 68.00 87.00 
Score 23 66.33 15.89 28.89 55.56 65.56 75.56 96.67 

Results for: 8th data 
Descriptive Statistics: No. Correct, Grade(%) 
Total 
Variable Count Mean StDev Minimum Q1 Median Q3 Maximum 
No. Correct 15 59.93 12.67 43.00 48.00 58.00 71.00 86.00 
Score 15 66.59 14.08 47.78 53.33 64.44 78.89 95.56 

Results for: 9th data 
Descriptive Statistics: No. Correct, Grade(%) 
Total 
Variable Count Mean StDev Minimum Q1 Median Q3 Maximum 
No. Correct 12 60.33 12.38 38.00 53.25 60.00 71.25 79.00 
Score 12 67.04 13.75 42.22 59.17 66.67 79.17 87.78 

Results for: lOth data 
Descriptive Statistics: No. Correct, Grade(%) 
Total 
Variable Count Mean StDev Minimum Q1 Median Q3 Maximum 
No. Correct 17 66.53 13.23 47.00 51.50 69.00 79.50 83.00 
Score 17 73.92 14.70 52.22 57.22 76.67 88.33 92.22 

Results for: 11th data 
Descriptive Statistics: No. Correct, Grade(%) 
Total 
Variable Count Mean StDev Minimum Q1 Median Q3 Maximum 
No. Correct 29 66.79 14.80 29.00 59.50 70.00 79.50 90.00 
Score 29 74.21 16.44 32.22 66.11 77.78 88.33 100.00 

Results for: 12th data 
Descriptive Statistics: No. Correct, Grade (%) 
Total 
Variable Count Mean StDev Minimum Q1 Median Q3 Maximum 
No. Correct 16 59.13 16.12 37.00 47.25 53.50 73.50 87.00 
Score 16 65.69 17.92 41.11 52.50 59.44 81.67 96.67 
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B-2: Grouped Class Statistics 

Results for: 5-6 Data 
Descriptive Statistics: No. Correct, Grade(%) 

Total 
Variable Count Mean StDev Minimum Q1 Median Q3 Maximum 
No. Correct 33 56.42 17.54 27.00 42.00 54.00 71.00 90.00 
Score 33 62.69 19.49 30.00 46.67 60.00 78.89 100.00 

Results for: 7-8 Data 
Descriptive Statistics: No. Correct, Grade(%) 

Total 
Variable Count Mean StDev Minimum Q1 Median Q3 Maximum 
No. Correct 38 59.79 13.51 26.00 48.75 59.00 68.75 87.00 
Score 38 66.43 15.01 28.89 54.17 65.56 76.39 96.67 

Results for: 9-10 Data 
Descriptive Statistics: No. Correct, Grade(%) 

Total 
Variable Count Mean StDev Minimum Q1 Median Q3 Maximum 
No. Correct 29 63.97 13.03 38.00 53.50 65.00 74.50 83.00 
Score 29 71.07 14.48 42.22 59.44 72.22 82.78 92.22 

Results for: 11-12 Data 
Descriptive Statistics: No. Correct, Grade (%) 

Total 
Variable Count Mean StDev Minimum Q1 Median Q3 Maximum 
No. Correct 45 64.07 15.55 29.00 49.00 67.00 78.00 90.00 
Score 45 71.19 17.28 32.22 54.44 74.44 86.67 100.00 

B-3: Overall Statistics of All Participants 

Descriptive Statistics: No. Correct, Score 
Total 

Variable Count Mean StDev Minimum Q1 Median Q3 Maximum 
No. Correct 145 61.19 15.23 26.00 48.00 61.00 73.00 90.00 
Grade(%) 145 67.98 16.92 28.89 53.33 67.78 81.11 100.00 
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B-4: Boxplot of Test Scores of All Participants 

Boxplot of Test Scores of All Participants 
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AppendixC 
C-1: Separated By Class: Most Incorrect and Most Skipped 

5th Grade 
Most Incorrect 6x8 4 X I2 3 times 
Most Skipped 7 X I2 8 X I2 I2 x II I6 times 

6th Grade 
Most Incorrect II x II 5 times 
Most Skipped I2 X I2 I4 times 

7th Grade 
Most Incorrect II x I2 8 times 
Most Skipped 7 X I2 22 times 

8th Grade 
Most Incorrect I2 X II 11 X I2 6 times 
Most Skipped 7 X I2 6 X I2 8 X I2 I4 times 

9th Grade 
Most Incorrect II X I2 8 times 
Most Skipped 7 X I2 8 X I2 6x I2 II times 

lOth Grade 
Most Incorrect II x II IO times 
Most Skipped 7 X I2 I4 times 

11th Grade 
Most Incorrect II x 11 I4 times 
Most Skipped 8 X I2 27 times 

12th Grade 
Most Incorrect 6x8 11 X I2 4 times 
Most Skipped 8 X I2 I5 times 
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C-2: Separated By Class: Most Incorrect and Most Skipped (Excluding 11 'sand 12's) 
5th Grade 
Most Incorrect (Excluding ll's and 12's) 6'x 8 3 times 
Most Skipped (Excluding ll's and 12's) lx4 7x7 4x8 15 times 

6th Grade 
Most Incorrect (Excluding ll's and 12's) 4x7 2x9 6x6 8x7 4x6 6x7 1 time 
Most Skipped (Excluding ll's and 12's) lx4 7x7 2x2 3x5 12 times 

7th Grade 
Most Incorrect (Excluding ll's and 12's) 8x8 3 times 
Most Skipped (Excluding 11's and 12's) 6x7 4x8 17 times 

8th Grade 
Most Incorrect (Excluding ll's and 12's) 4x7 4 times 
Most Skipped (Excluding 1l's and 12's) 6x7 13 times 

9th Grade 
Most Incorrect (Excluding 11's and 12's) 7x7 8x7 4x9 2 times 
Most Skipped (Excluding 11's and 12's) 6x7 10 times 

lOth Grade 
Most Incorrect (Excluding 11's and 12's) 6x8 7x9 3 times 
Most Skipped (Excluding 11's and 12's) 8x9 11 times 

11th Grade 
Most Incorrect (Excluding 11's and 12's) 7x8 5 times 
Most Skipped (Excluding 11's and 12's) 6x9 17 times 

12th Grade 
Mostlncorrect (Excluding 11's and 12's) 6x8 4 times 
Most Skipped (Excluding 11's and 12's) 4x8 14 times 

Appendix D: Survey Results 
D-1: Survey Question 1 Results 

I Think I Did ... 5th 6th 7th 8th 9th lOth 11th 12th Total 

Great 6 8 5 - 1 2 2 2 26 

Good 6 2 11 4 4 9 9 5 50 

Alright 6 5 5 10 6 6 13 7 57 

Bad - - 2 - - - 1 I 4 

Horrible - - - 1 1 - I - 3 
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D-2: Survey Question 2 Results 

I Think I Received alan •.• 5th 6th 7th 8th 9th lOth 11th 12th Total 

A+ 9 5 4 - I - 2 - 21 

A 5 5 3 3 - 9 7 4 36 

B 3 3 13 IO 7 5 II 6 58 

c I 2 2 2 3 3 4 5 22 

D - - I - - - I - 2 

F - - - - 1 - 2 - 3 

D-3: Survey Question 3 Results 

Grade Level 5th 6th 7th 8th 9th lOth 11th 12th Total 

Timed Tests 9 9 I2 8 5 II IO 7 71 

Flashcards 10 11 I2 5 5 8 14 8 73 

In-class Practice 11 3 I3 4 4 I2 18 I2 77 

Other 4 6 9 - 2 I 4 4 30 

D-4: Survey Question 4 Results 

Grade Level 5th 6th 7th 8th 9th lOth 11th 12th Total 

Everyday 5 6 6 2 T 4 7 7 44 

A lot 13 9 I2 10 4 8 18 4 78 

Sometimes - - 5 1 1 5 2 3 17 

Just A Little - - - I - - 1 1 3 

Never - - - - - - - - 0 

D-5: Survey Question 6 Results 

Grade Level 5th 6th 7th 8th 9th lOth 11th 12th Total 

Everyday - 3 3 1 2 4 6 2 21 

A lot 3 3 7 3 2 4 7 5 34 

Sometimes 5 8 7 5 4 7 10 8 54 

Just A Little 5 1 6 4 4 2 5 - 27 

Never 5 - - 2 - - 1 - 8 
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TO: Parents/Guardians of Students in Frewsburg School District Participating in the Study 
FROM: Ashley Myers 
DATE: 
RE: Consent Forms 

Purpose, Procedure, and Benefits: 

• The purpose ofthis study is to examine student's knowledge ofbasic math facts that they will 
use all throughout their math classes. 

• Your son/daughter will be assessed on math facts followed by a survey. This study will only 
take one day and will be conducted in all classes that are participating on the same day. 

• The goals of this study are to analyze students on their basic math facts and check the variation 
of understanding in different grade levels. Beneficially, this research will inform teachers on 
what can be done to help improve the students understanding of these math facts. 

Related Information: 

• Your student has been asked to participate because he/she is in the Frewsburg School District 
and their teacher has agreed to allow his/her class to be in this study. 

• To maintain confidentiality, neither your student's name nor yours will be used in any way, 
shape, or form. Any name or identification will not be used with any materials related to the 
study. 

• There is no cost (nor any compensation) to participate in this study. 

• Participation in this study is voluntary. Students may withdraw at any time. No penalty can or 
will be assessed to the student or yourself for declining participation. 

• All students in the class must participate in the lesson on the chosen day for the study whether 
they agree to sign the consent form or not. Failure to turn in or sign the consent for will just 
disregard the analysis and data taken from that student during the class period. 

• Please read over and discuss the information with your student to make sure everyone is fully 
aware of everything involved in this study. 

• For additional information or questions you might have, please feel free to contact Miss Myers 
by e-mail: myer3235@fredonia.edu 

• You may also contact Miss Myers' college advisor, Dr. Keary Howard, at SUNY Fredonia by 
phone: 716-673-3873 or by e-mail: keary.howard@fredonia.edu 
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Thank you in advance for your participation in this important study. Please complete the 
attached consent form and return with your student. Remember, this form authorizes the use of 
data from your student's results that class period for the purpose of research. All students must 
participate in class. 

Parental Consent Form 
SUNY Fredonia 

Your participation in this important study is greatly appreciated. Please print and sign your name 
below to indicate your agreement for your son/daughter to participate in the study. Feel free to 
retain a copy of this letter for your files. Thank you for your full consideration regarding this 
request. Once again, please be advised that your consent authorizes the use of your student's 
results as data required in the study. All students are required to participate in class. 

Voluntary Consent: I have read this memo and have been fully apprised of this study and all 
that it entails. My signature indicates that I agree to allow my son/daughter to participate in this 
study. If I withdraw my son/daughter from this study, I understand that there will be no penalty 
assessed to him/her. I understand that my son' s/daughter's confidentially will be maintained. I 
understand that ifl have any questions about the study, I may contact Ashley Myers by e-mail: 
myer3 23 5@fredonia.edu 

Please return this original, completed consent form as soon as possible. Thank you for your 
cooperation. 

Students Name (please print):------------------------

Parent/Guardian Name (please print):----- - - --- -----------

Parent/Guardian Signature: - --------- - ---------------

Date: ----- - ---

Parent/Guardian Contact Information (not required): 

Phone: - ------- ----- --------
E-mail: - ----------- ----- - ---



E-2: Student Consent Form 

TO: Students in Frewsburg School District Participating in the Study 
FROM: Ashley Myers 
DATE: 
RE: Consent Forms 

• You are being asked to participate in a research project. 

Memory Multiplication 50 

• To participate, you must simply come to class and participate in the same way you normally 
would. 

• By signing the consent form, you are allowing Miss. Myers to use your results as data in the 
study. If you do not sign, you are still required to participate in all classroom activities. 

• This study will only take one day. 

• Your name will never be used in any way. The study will not identify you personally. Only 
your results will be used in the study. 

• There is minimal (if any) risk involved in this study. There may not be any risk to you at all. 
However, if there is a problem that you would like to discuss with someone other than Miss. 
Myers, your teacher and principal are both well aware of the study. 

• Please remember that this study is an attempt to make learning easier and help improve student 
understanding of basic math facts. 

• There is no penalty for not signing the consent form. 

• You will not be paid or receive any sort of reward for your participation. 

Please discuss this with your parents/guardians. If you or they have any questions, please feel 
free to ask. 

**Please sign and return the original consent form to your teacher as soon as possible** 



Student Consent Form 
SUNY Fredonia 
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Thank you for being a part of this study. Please print and sign your name in the space provided 
to show that you agree to participate. Remember that signing this form allows Miss. Myers to 
use your results as data for the research project. All students must participate in class whether 
they sign this form or not. 

Voluntary Consent: I have read this memo and I am fully aware of all that this study involves. 
My signature below shows that I freely agree to participate in this study. I understand that there 
will be no penalty for not participating. I understand that I may withdraw from the study at any 
time, also without penalty. I understand that my name and any other personal information will 
be kept out of the study. I understand that ifl have any questions about this study, I may contact 
Miss. Myers by e-mail: myer3235@fredonia.edu 

Please return this original, completed consent form as soon as possible. Thank you for your 
cooperation. 

Student Name (please print):------------------- ----

Student Signature: ______________________________________________________ _ 

Date: ---------------

Parent/Guardian Signature: ------------------------------------------------
(Witness) 

Date: ---------------
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Appendix F: Research Materials 
F-1: Memory Multiplication Test 

Student ID: -------- Memory Multiplication 

2 1 6 4 8 11 10 2 5 1 
x10 x2 x8 x7 x8 X 12 x9 x5 x7 X 12 

2 5 3 4 6 2 5 7 3 8 
x6 X 12 x6 x9 x11 x9 x8 x11 x3 x11 

5 1 7 1 11 5 1 3 7 3 
X 10 x11 x8 x8 x10 x4 x6 x8 x6 x4 

9 6 2 4 3 6 1 9 2 6 
x11 x5 X 12 x11 x7 x10 x3 x10 x8 x6 

1 7 3 8 9 4 5 11 1 12 
x5 x9 x11 x10 X 12 x3 x6 x11 x10 x11 

3 4 10 2 8 9 3 1 5 4 
x9 X 12 X 12 x4 x7 x8 x10 x7 x9 x6 

7 5 9 6 1 2 10 4 1 8 
x10 x11 x9 X 12 _K_! x3 x11 x5 x9 X 12 

6 2 4 10 3 7 5 12 4 3 
x9 x7 x4 x10 x2 X 12 x5 _K_! x8 x5 

2 8 6 2 12 4 3 2 7 1 
x1 x9 x7 x11 X 12 X 10 X 12 x2 x7 x4 

*Note: Test shrunk to fit in Appendix. 
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F-2: In-Class Survey 

StudentiD: __________________ __ In-Class Survey 

1. Circle one of the following choices: 

I think I did (GREAT, GOOD, ALRIGHT, BAD, HORRIBLE) on this Memory Multiplication 
Test. 

2. Circle one of the following choices: 

I think I received a/an (A+, A, B, C, D, F) 

3. Make a check next to all that apply: 

What can teachers do to help you learn multiplication facts? 
Give timed test more often 
Flash Cards 

__ More multiplication practice in class 
__ Other (please write what you think would help), __________________ _ 

4. Circle one of the following choices: 

We use multiplication (EVERYDAY, A LOT, SOMETIMES, JUST A LITTLE, NEVER) in 
math class. 

5. Can you give several examples when you use multiplication in math class? 

6. Circle one of the following choices: 

We use multiplication (EVERYDAY, A LOT, SOMETIMES, JUST A LITTLE, NEVER) in 
real life outside of class. 

7. Can you give several examples when you (or your family) use multiplication in real life? 
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