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Abstract 

There are many areas of mathematics that are difficult for students to learn. My extensive 

teaching experience tells me that students have difficulty finding the Least Common 

Denominator (L C D). For this reason many students don't like fractions and consequently 

don't like mathematics. In this study, we designed and tested a new method called the 

Ladder Method for finding L C D that can be used for subtracting and adding fractions. To 

evaluate effectiveness of this method and students' improvement of understanding of 

fractions, we designed a pre-test and a post-test. We collected and analyzed data for two 

groups of basic algebra students. The study group used the Ladder Method activities and 

the control group used the prime factorization method for finding L C D. Finally via 

hypothesis testing our results show that the new method significantly improves students' 

performance and understanding of fractions. 
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1 I n t r o d u c t i o n 

Various studies and test results indicate that most of the students don ' t like 

fractions. It fol lows f rom my teaching experience that most students don ' t experience 

issues with multiplying and dividing fractions. The reason that they have difficulty with 

adding or subtracting fractions is that they have trouble calculating the least common 

denominator denoted by the L C D. Since this is a basic skill, our research is very 

important for students' success in their education. W e believe that the Ladder Method 

that we introduced in this study is easier for students to learn and use when calculating 

the L C D than the other current methods used in elementary schools. 

The least common denominator of two or more positive integer denominators is 

equal to the smallest natural number that is divisible by each of them. There are two 

widely used methods for f inding the least common denominator: 

Method 1: To find the least common denominator, simply list the consecutive multiples 

of each denominator (i.e. consecutively multiply by 2, 3, 4, etc.) and then look for the 

smallest number that appears on both lists. This number is the L C D. 

Method 2: To find the least common denominator, factor each of the denominators into 

primes and circle common factors. Then multiply the first number by the factors of the 

second number that are not in common to obtain the L C D. 

Note that Method number 1 works well for small integers only. Method number 2 is the better 

way to calculate the L C D for larger numbers, but the complexity increases very quickly 

and thus calculations become too messy for many students. Additionally, there are many 

steps in both of the above methods that require good record keeping, and that is one of 

the reasons why these algorithms seem complicated and hard to use. 

The Ladder Method that we introduce in this study keeps the calculations organized and 

requires finding only one common factor for two numbers at each step. The consecutive 

steps produce smaller numbers to work with, hence making tasks easier and giving 

students the feeling of progress towards finding the L C D for fractions. 
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F o r e x a m p l e l e t ' s f i n d t h e L e a s t C o m m o n M u l t i p l e ( L C M o r L C D f o r f r a c t i o n s ) 

o f 1 8 a n d 3 0 u s i n g t h e L a d d e r M e t h o d . W e w r i t e t h e n u m b e r s o n t o p o f a l i n e t h e n w e 

s t a r t f i n d i n g t h e f a c t o r o f 1 8 a n d 3 0 . T h e f i r s t c o m m o n f a c t o r w e c a n t h i n k o f i s 2 , w e 

w r i t e t h e 2 i n t h e l e f t c o l u m n a n d d i v i d e b o t h 1 8 a n d 3 0 b y 2 ; w e g e t 9 a n d 1 5 a n d w e 

w r i t e t h e m r e s p e c t i v e l y u n d e r t h e o r i g i n a l n u m b e r s 1 8 a n d 3 0 . N o w w e s t a r t w i t h 9 a n d 

1 5 . T h e c o m m o n f a c t o r i s 3 , w e w r i t e i t i n t h e f i r s t c o l u m n u n d e r 2 ( t h e f i r s t f a c t o r ) a n d 

w e w r i t e t h e q u o t i e n t s r e s p e c t i v e l y u n d e r 9 a n d 1 5 . N o w t h e r e i s n o c o m m o n f a c t o r f o r 3 

a n d 5 e x c e p t 1. W e s t o p t h e p r o c e s s . T o g e t t h e L C M w e j u s t n e e d t o m u l t i p l y t h e c i r c l e d 

n u m b e r s ( L s h a p e c i r c l e d ) w h i c h a r e 2 , 3 , 3 , a n d 5 . 

L C M equals 2 times 3 times 3 times 5 equals 9 0 

S i n c e w e c a n n o t f i n d a c o m m o n f a c t o r m o r e t h a n 3 a n d w e a l r e a d y h a v e 2 a s a 

c o m m o n f a c t o r , w e m u l t i p l y t h e m ( l e f t c o l u m n n u m b e r s i n t h e O v a l ) t o g e t t h e G C F . 

G C F equals 2 times 3 equals 6 

H e n c e w i t h a s i m p l e p r o c e s s w e c a l c u l a t e d L C M a n d G C F . 

1 8 3 0 

2 9 1 5 

3 3 5 L C M equals 2 times 3 times 3 times 5 equals 9 0 

G C F equals 2 times 3 equals 6 

Y o u c a n f i n d m o r e d e t a i l s a n d e x a m p l e s i n t h e A p p e n d i x A . 
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2 Mot iva t ion 

As fractions are a basic skill that is required for all mathematics, science, and 

business courses as well as for other computational fields and everyday life tasks, w e 

have designed and tested new activities for students to learn how to calculate the L C D. 

Since various studies show that finding the least common multiple of two integers is a 

problem for many students (even on collage level), we structured this study to improve 

participants' skills and understanding, especially in the context of fraction operations. 

Specifically, we have three goals for our research: 

1. To show that students will add and subtract fractions better if they know how to 

find the L C D in an easy way. 

2. To show that the performance of students in basic operations with fractions will 

improve; we will study whether the acquired skills of f inding the L C D improves 

as well. 

3. To show that through our learning activities, students' conceptual understanding 

of the concept of common denominator improves. 

Additionally, w e hope that our students' fear of fractions will decrease as their skill in 

f inding the L C D increase. 

3 D a t a Collect ion 

W e collected data f rom two groups of algebra students (the Study Group and the 

Control Group) by administering the pre-test, the post-test, the concept understanding 

quiz, and an opinion survey asking questions about various parameters that could 

influence our study. W e have started our analysis with the following descriptive 

statistical parameters: 

Average grade for pre-test in Study Group: 

Average grade for post-test in Study Group: j d x 

Average grade for pre-test in Control Group class: ^ y 
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A v e r a g e g r a d e f o r p o s t - t e s t i n C o n t r o l G r o u p c l a s s : J d y 

W e h a v e p r o v i d e d t h e r a w d a t a f o r e a c h t e s t i n t h e A p p e n d i x s e c t i o n . W e u s e d 

M S E x c e l a n d M e g a S t a t s o f t w a r e f o r o u r c a l c u l a t i o n s a n d d a t a a n a l y s i s . B o t h g r o u p s o f 

s t u d e n t s w e r e e n r o l l e d i n c o m p a r a b l e c o u r s e s ; b u t t o m a k e s u r e t h a t t h e r e w e r e n o 

s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e s i n s t u d e n t s ' f r a c t i o n - r e l a t e d s k i l l s , w e c o m p a r e d t h e m 

b e f o r e t h e s t u d y . U s i n g u n p a i r e d t - t e s t o n t h e p r e - t e s t s c o r e s w e f o u n d t h a t t h e r e w a s n o 

s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e b e t w e e n t h e t w o g r o u p s , i . e . t h e s t u d e n t s w e r e a t t h e 

s a m e l e v e l r e g a r d i n g t h e i r k n o w l e d g e a n d f r a c t i o n s - r e l a t e d s k i l l s . 

3 . 1 H y p o t h e s i s 

O u r m a i n h y p o t h e s i s f o r t h i s s t u d y w a s f o r m u l a t e d i n t h e f o l l o w i n g w a y : 

I f s t u d e n t s k n o w h o w t o f i n d t h e L C D u s i n g t h e L a d d e r M e t h o d , t h e n t h e i r p e r f o r m a n c e 

o n p r o b l e m s r e q u i r i n g a d d i t i o n a n d s u b t r a c t i o n o f f r a c t i o n s w i l l i m p r o v e . 

T h e r e w e r e t w o g r o u p s o f s t u d e n t s i n t h i s s t u d y . T h e f i r s t g r o u p l e a r n e d h o w t o 

f i n d t h e L C D b y u s i n g t h e L a d d e r M e t h o d ( S t u d y G r o u p ) , a n d t h e o t h e r g r o u p u s e d t h e 

P r i m e F a c t o r i z a t i o n M e t h o d ( C o n t r o l G r o u p ) . T h e r e w e r e 2 0 s t u d e n t s i n e a c h g r o u p o n 

t h e s a m e l e v e l o f m a t h e m a t i c a l d e v e l o p m e n t . 

T o s t a r t , t h e f o l l o w i n g h y p o t h e s i s w a s t e s t e d t o e s t a b l i s h t h a t b o t h g r o u p s w e r e 

c o m p a r a b l e : w e f o u n d t h a t t h e m e a n s o n t h e i r p r e - t e s t s w e r e n o t s i g n i f i c a n t l y d i f f e r e n t 

w h e n w e p e r f o r m e d u n p a i r e d t - t e s t f o r t h e m e a n s o f t w o s a m p l e s a s i n [ G r ] : 

H o : mu sub x equals mu sub y 

H a : mu sub x not equal to mu sub y O . C . ( o r i g i n a l c l a i m ) , t w o t a i l s t e s t 

P - v a l u e = T T E S T ( N 7 : N 2 6 , N 6 1 : N 8 0 , 2 , 2 ) equals 0 . 7 1 5 2 1 6 4 1 3 S i g n i f i c a n t 

S i n c e 0 . 7 1 5 2 1 6 4 1 3 greater than 0 . 0 5 w e a c c e p t H o a n d w e r e j e c t H a . H e n c e t h e s c o r e s i n 

t h e s t u d y g r o u p f o r t h e p r e - t e s t a r e n o t d i f f e r e n t f r o m t h e r e s u l t s i n t h e c o n t r o l 

g r o u p . H e n c e t h e r e w a s n o s i g n i f i c a n t d i f f e r e n c e b e t w e e n t h e f r a c t i o n - r e l a t e d 

s k i l l s o f t h e t w o g r o u p s a t t h e b e g i n n i n g o f t h e s t u d y . 
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L a t e r , t o a n a l y z e t h e i m p r o v e m e n t o f s t u d e n t s ' s k i l l s i n e a c h g r o u p , w e t e s t e d t h e 

f o l l o w i n g h y p o t h e s i s u s i n g p a i r e d t-tests b e t w e e n t h e p r e - t e s t a n d t h e p o s t - t e s t s c o r e s : 

S t u d y g r o u p : 

H o : mu sub x greater than equal to mu sub capital x 

H a : mu sub x less than mu sub capital x 

W e r e p o r t e d t h e s e r e s u l t s i n t h e s e c t i o n 4 . 5 . 

C o n t r o l G r o u p : 

H o : mu sub y greater than equal to mu sub capital y 

H a : mu sub y less than mu sub capital y 

W e r e p o r t e d t h e r e s u l t s o f t h i s t e s t i n g i n t h e S e c t i o n 5 . 5 . 

W e a l s o p e r f o r m e d u n p a i r e d t - t e s t s b e t w e e n t h e t w o g r o u p s ' p o s t - t e s t s t o c h e c k 

w h e t h e r t h e s t u d e n t s u s i n g t h e L a d d e r M e t h o d p e r f o r m e d b e t t e r t h a n t h e o n e s u s i n g t h e 

p r i m e f a c t o r i z a t i o n m e t h o d . 

S t u d y g r o u p a n d C o n t r o l G r o u p : 

H o : mu sub capital x less than equal to mu sub capital y 

H a : mu sub capital x greater than mu sub capital y O . C . ( O r i g i n a l C l a i m ) 

W e r e p o r t e d t h e s e r e s u l t s i n t h e S e c t i o n 6 . 1 . 
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3.2 Methodo logy 

W e started by administering to each participant the pre-test on adding and 

subtracting fractions that required finding the L C D. Next the Study Group learned the 

Ladder method with some examples and class activities. Then the Control Group learned 

how to find the L C D using the prime factorization method (Standard Method) with some 

examples and class activities. After the learning sessions the post-test and the concept 

quiz were administered to all students. The grading rubric for the pre-test and the post-

test was assessed on a scale f rom 0 to 6, with partial credit given where the method was 

correct, but the answer was wrong because the student had made an error in calculation. 

After the post-test, w e asked participants to work on easier but more conceptual problems 

(Concept Quiz) in order to evaluate their understanding of ideas of numerator, 

denominator, graphical representations, and operations on fractions. W e were expecting 

high scores on the quiz because all students were enrolled in college algebra courses. The 

rubric for grading was on the scale 0 to 12. Additionally, we administered a survey 

immediately after the post-test to analyze possible correlations of various parameters that 

may have influenced student learning. There were ten questions on the survey given to 

both groups (Appendix C). 

W e tested for correlations, between each of the survey questions and the pre-test, 

the post-test, and the concept quiz scores for both Study Group and Control Group in 

order to see whether there were some significant relations between them. 

W e computed the coefficient of correlation by the following Pearson formula known as 

Correlation Coefficient (Pearson value), [Gr] r equals sigma parenthesis capital x minus x bar parenthesis parenthesis y minus y bar parenthesis 

divided by parenthesis n minus 1 parenthesis parenthesis s sub x s sub y parenthesis O r t h e s h o r t c u t f o r m u l a : 
r equals n parenthesis sigma capital x capital y parenthesis minus parenthesis sigma capital x parenthesis parenthesis sigma 

captial y parenthesis divided by square root of square bracket n parenthesis sigma capital x 
squared parenthesis minus parenthesis sigma capital x parenthesis squared square bracket square bracket n parenthesis sigma capital y squared 

parenthesis minus parenthesis sigma capital y parenthesis squared square bracket 
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S u m m a r y of S t reng th a n d Direct ion of Coeff ic ient of Cor re la t ion 

F i g u r e 3 . 1 S u m m a r y o f S t r e n g t h a n d D i r e c t i o n o f C o e f f i c i e n t o f C o r r e l a t i o n . 

W e t e s t e d e f f e c t i v e n e s s o f t h e s p e c i a l m e t h o d ( t h e L a d d e r m e t h o d ) o f f i n d i n g t h e 

L C D i n t h e S t u d y G r o u p a n d o f t h e s t a n d a r d m e t h o d ( p r i m e f a c t o r i z a t i o n ) i n t h e C o n t r o l 

G r o u p b y u s i n g s t a t i s t i c a l m e t h o d s ( D a t a a n a l y s i s , C o r r e l a t i o n a n a l y s i s , a n d H y p o t h e s i s 

t e s t i n g ) . W e d i d a l l o f o u r c a l c u l a t i o n s o f c o r r e l a t i o n s , t h e c e n t r a l t e n d e n c y v a l u e s ( M e a n , 

M e d i a n , M o d e , V a r i a n c e , S t a n d a r d D e v i a t i o n ) f o r e a c h d a t a s e t b y u s i n g t h e D a t a 

A n a l y s i s f e a t u r e i n M S E x c e l . 

W e d e s c r i b e t h e L a d d e r m e t h o d o f f i n d i n g t h e L C D i n A p p e n d i x A . T h e P r i m e 

F a c t o r i z a t i o n m e t h o d u s e d b y t h e C o n t r o l G r o u p i s d e s c r i b e d i n A p p e n d i x B . T h e s u r v e y 

q u e s t i o n s c a n b e f o u n d i n A p p e n d i x C . T h e p r e - t e s t a n d p o s t - t e s t q u e s t i o n s a r e i n c l u d e d 

i n t h e A p p e n d i x D . T h e F r a c t i o n C o n c e p t s Q u i z q u e s t i o n s a r e i n A p p e n d i x E . T h e 

a n a l y s i s o f d a t a c o l l e c t e d i s d e s c r i b e d i n t h e f o l l o w i n g c h a p t e r s . 
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4 D a t a Analysis f o r S tudy G r o u p 

4.1 Descr ip t ion of d a t a 

W e start this section by presenting the collected data f rom the survey of the Study 

Group in the table below. Each question was graded using a predetermined suitable rubric 

with scores described in the Range row. 

S tudy Group n equals 20 s t u d e n t s 

Survey Questions 
Q 1 
Visual 
Learner 

Q 2 
Gender 

Q 3 
Hours 

Work 

Q 4 
Units 
Passed 

Q 5 
Play 
Game 

Q 6 
Study 
math 

Q 7 
math 
level 

Q 8 
Like 
math 

Q 9 
Op. 
Fracs. 

Q 10 
Math 
Methods 

RANGE 0 to 1 F 0 to M 1 0 to 3 0 0 to 5 0 0 to 3 0 0 to 2 0 0 to 4 1 to 1 0 1 to 1 0 0 to 3 

1 0 0 0 0 2 2 6 10 2 
1 0 0 0 0 4 2 9 5 2 
1 0 0 0 4 0.5 2 4 5 2 
1 0 0 0 0 3 1 2 6 2 
1 0 0 0 8 4 2 3 8 0 
1 1 5 0 0 2 2 8 5 2 
1 0 0 0 0 0.5 2 4 8 2 
1 0 5 0 0 2 3 5 7 1 
1 1 0 0 5 7 2 6 2 2 
1 1 0 0 5 7 3 8 10 2 
1 0 0 0 0 3 0 3 5 0 
1 0 0 0 0 1 2 8 7 2 
1 1 9 0 0 5 2 7 3 0 
1 1 8 0 0 2 3 7 7 0 
1 0 0 0 0 3 3 8 8 1 
1 0 0 0 0 3 4 1 3 0 
1 0 0 0 5 3 1 1 6 2 
1 0 0 6 0 2 1 7 6 2 
1 1 0 0 0 4 2 4 7 2 
1 1 0 0 3 5 3 7 7 2 

Mean 1 0.35 1.35 0.3 1.5 3.15 2.1 5.4 6.25 1.4 
Mode 1 0 0 0 0 2 2 8 7 2 
Median 1 0 0 0 0 3 2 6 6.5 2 
S t dev 0.00 0.49 2.89 1.34 2.50 1.84 0.91 2.50 2.12 0.88 

W e noted that most of the students' preparation was at the college algebra level 

and most of the students didn ' t like to play video games. They typically studied about 3 

hours for their math class each week. Interestingly, only four of them worked, and all 

four worked fewer than 10 hours. Most of them reported at least somewhat liking 
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m a t h e m a t i c s ; a n d e x c e p t f o r t w o , t h e y f e l t t h a t t h e i r f r a c t i o n - r e l a t e d s k i l l s w e r e q u i t e 

s t r o n g . I n S e c t i o n 4 . 2 w e c a l c u l a t e c o r r e l a t i o n s b e t w e e n t h e s u r v e y q u e s t i o n s a n d s t u d e n t 

s c o r e s . 

T h e t a b l e b e l o w d i s p l a y s p r e - t e s t a n d p o s t - t e s t d a t a , a s w e l l a s d a t a c o l l e c t e d o n 

t h e c o n c e p t q u i z . T h e g r a d i n g r a n g e f o r e a c h r u b r i c i s d i s p l a y e d i n t h e f i r s t n u m e r i c a l 

r o w . S t u d e n t s ' c o d e s a r e i n t h e f i r s t c o l u m n . 

P R E - T E S T 

x 

P O S T - T E S T 

X 

C o n c e p t T e s t 

C x 

0 to 6 0 to 6 0 to 1 2 

S y . 5 . 5 6 . 0 9 . 5 

M o n. 3 . 5 6 . 0 1 1 . 0 

A r . 3 . 5 6 . 0 1 0 . 5 

S h. 5 . 5 5 . 5 1 1 . 5 

C h. 3 . 5 5 . 0 1 1 . 0 

F r. 2 . 5 4 . 5 1 0 . 5 

J e . 5 . 0 5 . 5 1 0 . 5 

F e . 3 . 0 5 . 0 1 1 . 5 

A l. 2 . 0 3 . 5 7 . 5 

J a . 2 . 5 4 . 5 7 . 5 

K a . 4 . 5 5 . 0 9 . 0 

I s. 6 . 0 5 . 0 1 1 . 0 

A l x . 4 . 0 6 . 0 1 0 . 0 

c a. 3 . 5 5 . 0 8 . 0 

N a . 4 . 0 5 . 0 9 . 0 

R a . 3 . 0 5 . 0 8 . 5 

C a s. 4 . 5 5 . 5 9 . 5 

L u . 3 . 0 4 . 5 9 . 0 

A n t. 2 . 5 3 . 5 9 . 5 

R o g. 5 . 0 5 . 0 1 0 . 0 

M e a n 3 . 8 3 5 . 0 5 9 . 7 3 

M o d e 3 . 5 5 9 . 5 

M e d i a n 3 . 5 5 9 . 7 5 

S t d e v 1 . 1 5 0 . 7 2 1 . 2 4 
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Note that the mean of the students' test scores increased from 3.83 to 5.05. Hence, 

there was an improvement in their performance. We tested the statistical significance of 

this improvement in Section 4.5. 

The two tables below show the descriptive parameters for pre-test and post-test scores for 

the Study Group. 

Pre-Test 
Column l 

Mean 3.825 
Standard Error 0.257198981 
Median 3.5 
Mode 3.5 
Standard Deviation 1.15022881 
Sample Variance 1.323026316 
Kurtosis negative 0 . 8 9 2 7 4 7 7 6 9 

Skewness 0.333533621 
Range 4 
Minimum 2 
Maximum 6 
Sum 76.5 
Count 20 

Post-Test 
Column l 

Mean 5.05 
Standard Error 0.161815359 
Median 5 
Mode 5 
Standard Deviation 0.723660287 
Sample Variance 0.523684211 
Kurtosis 0.464545607 
Skewness negative 0 . 6 5 5 0 5 4 3 9 5 

Range 2.5 
Minimum 3.5 
Maximum 6 
Sum 101 
Count 20 

Note that the mean increased and the standard deviation decreased, which means 

that the weaker students improved their scores. Note also that for many good students, 

there was not much space to improve. 

Next we searched for correlation between the test scores and answers on survey 

questions to evaluate certain variables outside of the study that might influence the 

collected data. 
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4.2 Results of Correlation Analysis for Study Group 

The table below shows the results of our calculations. 

Study group 
P e a r s o n V a l u e s b e t w e e n s u r v e y q u e s t i o n s a n d p r e - t e s t 
PEARSON (Q 1, x ) undef ined No c o r r e l a t i o n w a s c a l c u l a t e d . 
PEARSON (Q 2, x ) negative 0 . 4 4 6 4 8 4 7 5 6 W e a k n e g a t i v e c o r r e l a t i o n b e t w e e n s u r v e y Q 2 a n d p r e - t e s t . 
PEARSON (Q 3, x ) negative 0 . 1 8 6 5 1 6 2 8 2 A l m o s t n o c o r r e l a t i o n b e t w e e n s u r v e y Q 3 a n d p r e - t e s t . 
PEARSON (Q 4, x ) negative 0 . 1 6 8 8 2 2 8 0 2 W e a k n e g a t i v e c o r r e l a t i o n b e t w e e n s u r v e y Q 4 a n d p r e - t e s t . 
PEARSON (Q 5, x ) negative 0 . 2 3 3 1 1 7 9 2 2 W e a k n e g a t i v e c o r r e l a t i o n b e t w e e n s u r v e y Q 5 a n d p r e - t e s t . 
PEARSON (Q 6, x ) negative 0 . 4 1 6 8 1 7 0 9 M o d e r a t e n e g a t i v e c o r r e l a t i o n b e t w e e n s u r v e y Q6 a n d p r e - t e s t . 
PEARSON (Q 7, x ) negative 0 . 2 8 3 5 0 3 7 8 6 W e a k n e g a t i v e c o r r e l a t i o n b e t w e e n Q 7 a n d p r e - t e s t . 
PEARSON (Q 8 , x ) negative 0 . 1 2 0 7 7 4 3 4 W e a k n e g a t i v e c o r r e l a t i o n b e t w e e n Q 8 a n d p r e - t e s t . 
PEARSON (Q 9, x ) 0.320389938 W e a k p o s i t i v e c o r r e l a t i o n b e t w e e n Q 9 a n d p r e - t e s t . 
PEARSON (Q 10 , x ) 0.098505777 W e a k p o s i t i v e c o r r e l a t i o n b e t w e e n Q 1 0 a n d p r e - t e s t . 

Study group 
P e a r s o n V a l u e s b e t w e e n s u r v e y q u e s t i o n s a n d p o s t - t e s t 
PEARSON (Q 1, X) undef ined No c o r r e l a t i o n w a s c a l c u l a t e d . 
PEARSON (Q 2, X) negative 0 . 4 9 7 8 8 3 3 1 M o d e r a t e n e g a t i v e c o r r e l a t i o n b e t w e e n s u r v e y Q 2 a n d p o s t - t e s t . 
PEARSON (Q 3, X) 0 . 1 2 9 6 6 1 9 5 5 W e a k p o s i t i v e c o r r e l a t i o n b e t w e e n s u r v e y Q 3 a n d p o s t - t e s t . 
PEARSON (Q 4 , X) negative 0 . 1 7 8 8 9 1 3 5 2 W e a k n e g a t i v e c o r r e l a t i o n b e t w e e n s u r v e y Q 4 a n d p o s t - t e s t . 
PEARSON (Q 5, X) negative 0 . 1 4 5 3 0 6 4 8 W e a k n e g a t i v e c o r r e l a t i o n b e t w e e n s u r v e y Q 5 a n d p o s t - t e s t . 
PEARSON (Q 6, X) negative 0 . 4 1 1 9 6 6 8 1 3 W e a k n e g a t i v e c o r r e l a t i o n b e t w e e n s u r v e y Q 6 a n d p o s t - t e s t . 
PEARSON (Q 7, X) negative 0 . 0 8 7 7 3 0 9 0 3 A l m o s t n o c o r r e l a t i o n b e t w e e n Q 7 a n d p o s t - t e s t . 
PEARSON (Q 8 , X) negative 0 . 0 6 9 8 0 5 7 9 6 A l m o s t n o c o r r e l a t i o n b e t w e e n Q 8 a n d p o s t - t e s t . 
PEARSON( Q 9, X) 0 . 0 9 4 1 4 6 4 8 A l m o s t n o c o r r e l a t i o n b e t w e e n Q 9 a n d p o s t - t e s t . 
PEARSON (Q 10 , X) negative 0 . 1 1 5 3 6 8 0 7 3 W e a k n e g a t i v e c o r r e l a t i o n b e t w e e n Q 10 a n d p o s t - t e s t . 
P e a r s o n V a l u e b e t w e e n p r e - t e s t a n d p o s t - t e s t 
PEARSON ( x , X) 0.595948563 M o d e r a t e p o s i t i v e c o r r e l a t i o n b e t w e e n p r e - t e s t a n d p o s t - t e s t . 
P e a r s o n V a l u e b e t w e e n p r e - t e s t , p o s t - t e s t , a n d c o n c e p t t e s t 
PEARSON (C x , x ) 
PEARSON (C x , X) 

0.434801012 
0.470504069 

M o d e r a t e p o s i t i v e c o r r e l a t i o n b e t w e e n c o n c e p t t e s t a n d p r e - t e s t . 
M o d e r a t e p o s i t i v e c o r r e l a t i o n b e t w e e n c o n c e p t t e s t a n d p o s t - t e s t . 

Since there are only weak correlations between the survey questions and either the 

pre-test or the post-test results, we can conclude that learning in our study was not 

influenced by the variables evaluated by the survey. The results are consistent for both 

groups (see the results for the control group in Section 5.2). Hence variables like being a 

visual learner, gender, number of working hours per week, number of units passed, 

playing video games, number of hours studying math per week, the math level, interest in 

math, and self-evaluations of fraction skills did not influence students' performance in 

our study. 
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4 . 3 A n a l y s i s o f r a w d a t a f o r t h e s u r v e y f o r t h e S t u d y G r o u p 

T h e c h a r t b e l o w d i s p l a y s r a w d a t a o f s t u d e n t s ' a n s w e r s t o e a c h s u r v e y q u e s t i o n . 

N o t e t h a t q u e s t i o n s w e r e g r a d e d o n d i f f e r e n t s c a l e s ( s e e f i g u r e 4 . 1 ) . 

R e s u l t s a n d F i n d i n g s i n S u r v e y ( S t u d y G r o u p ) 

F i g u r e 4 . 1 S t u d y G r o u p s u r v e y r e s u l t s . 

I n t h i s g r o u p m o s t o f t h e s t u d e n t s w e r e o n c o l l e g e a l g e b r a l e v e l , a n d m o s t o f t h e 

s t u d e n t s d i d n ' t l i k e t o p l a y v i d e o g a m e s . T h e y s t u d i e d a b o u t 3 h o u r s f o r t h e i r m a t h c l a s s 

e a c h w e e k . N o t e t h a t m a j o r i t y o f t h e s t u d e n t s r e p o r t e d l i k i n g m a t h e m a t i c s a n d f r a c t i o n s . 

Q u e s t i o n 1 - A r e y o u a v i s u a l l e a r n e r ( Y e s equals 1 a n d N o equals 0 ) ? 

F i g u r e 4 . 2 A l l o f t h e s t u d e n t s d e c l a r e d t h e m s e l v e s a s v i s u a l l e a r n e r s . 
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A s w e s e e i n F i g u r e 4 . 2 , a l l s t u d e n t s w e r e a w a r e t h a t t h e y a r e v i s u a l l e a r n e r s . 

S i n c e t h e L a d d e r m e t h o d u s e s v i s u a l d i s p l a y o f f a c t o r s i n a n o r g a n i z e d w a y , i t m a y 

a p p e a l t o t h i s g r o u p o f l e a r n e r s . 

Q u e s t i o n 2 - W h a t i s y o u r g e n d e r ( M a l e equals 1 a n d F e m a l e equals 0 ) ? 

F i g u r e 4 . 3 T h e r e w e r e 7 m a l e s a n d 13 f e m a l e s s t u d e n t s i n t h e s t u d y g r o u p . 

Q u e s t i o n 3 - H o w m a n y h o u r s p e r w e e k d o y o u w o r k ? 

F i g u r e 4 . 4 F o u r o u t o f 2 0 s t u d e n t s u s e d t o w o r k . 

W e w a n t e d t o s e e i f l o n g w o r k i n g h o u r s i n f l u e n c e t h e i r p e r f o r m a n c e . T h e a b o v e 

g r o u p s h o w s t h a t m a j o r i t y o f s t u d e n t s d i d n o t w o r k . T h i s i s n o t s u r p r i s i n g , a s a l l o f t h e m 

w e r e c o l l e g e f r e s h m e n . T w o s t u d e n t s w o r k e d m o r e t h a n 8 h o u r s a n d t w o w o r k e d a b o u t 5 

h o u r s . H e n c e t h e w o r k i n g h o u r s v a r i a b l e c o u l d n o t i n f l u e n c e t h i s g r o u p ' s p e r f o r m a n c e . 
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Q u e s t i o n 4 - H o w m a n y u n i v e r s i t y u n i t s h a v e y o u p a s s e d s o f a r ? 

F i g u r e 4 . 5 O n l y o n e s t u d e n t h a d p a s s e d 6 u n i t s . 

F i g u r e 4 . 5 s h o w s t h a t t h e s t u d e n t s i n t h e S t u d y G r o u p w e r e e n t e r i n g f r e s h m e n 

w i t h o u t c o l l e g e c r e d i t s ( e x c e p t f o r o n e s t u d e n t w h o h a d t a k e n s o m e c o m m u n i t y c o l l e g e 

c o u r s e s c o u n t i n g f o r 6 u n i v e r s i t y c r e d i t s ) . T h e r e f o r e t h e y w e r e o n t h e s a m e l e v e l o f t h e i r 

m a t h e m a t i c a l d e v e l o p m e n t . 

Q u e s t i o n 5 - H o w m a n y h o u r s p e r w e e k d o y o u p l a y c o m p u t e r g a m e s ? 

F i g u r e 4 . 6 M o s t o f t h e s t u d e n t s d o n ' t s p e n d t i m e p l a y i n g c o m p u t e r g a m e s . 

T h e a b o v e g r a p h s h o w s t h a t i n t h i s g r o u p t h e m a j o r i t y o f s t u d e n t s w e r e n o t 

i n t e r e s t e d i n p l a y i n g c o m p u t e r g a m e s . H e n c e t h i s v a r i a b l e d i d n o t i n f l u e n c e t h e i r 

p e r f o r m a n c e . 
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Q u e s t i o n 6 - H o w m a n y h o u r s p e r w e e k d o y o u s t u d y f o r y o u r m a t h c l a s s ? 

F i g u r e 4 . 7 T i m e in h o u r s s p e n t o n m a t h e m a t i c s h o m e w o r k . 

T h e g r a p h i n F i g u r e 4 . 7 d i s p l a y s s e l f - r e p o r t e d h o u r s s p e n t e a c h w e e k o n 

m a t h e m a t i c s h o m e w o r k . N o t e t h a t m o s t o f t h e s t u d e n t s s t u d i e d b e t w e e n 2 t o 4 h o u r s p e r 

w e e k . T h a t i s t h e e x p e c t e d t i m e f o r s t u d e n t s t o s p e n d w o r k i n g o n m a t h a s s i g n m e n t s a t 

t h i s l e v e l . F o u r s t u d e n t s r e p o r t e d m o r e t i m e a n d t h r e e l e s s t i m e s p e n t s t u d y i n g a t h o m e . 

W h i l e w e w o u l d e x p e c t s o m e c o r r e l a t i o n o f t h i s v a r i a b l e w i t h p r e - t e s t a n d p o s t - t e s t 

r e s u l t s , t a b l e 4 . 2 s h o w s n o c o r r e l a t i o n . 

Q u e s t i o n 7 - W h a t i s y o u r h i g h e s t m a t h l e v e l c l a s s ( 0 to 4 ) ? 

P r e - a l g e b r a equals 0 , I n t e r m e d i a t e A l g e b r a equals 1, C o l l e g e A l g e b r a equals 2 , S t a t i s t i c s equals 3 , a n d C a l c u l u s equals 4 

F i g u r e 4 . 8 M o s t o f t h e s t u d e n t s ' m a t h l e v e l w a s c o l l e g e a l g e b r a . 

F i g u r e 4 . 8 c o n f i r m s o u r e x p e c t a t i o n t h a t s t u d e n t s w e r e m o r e o r l e s s o n t h e s a m e l e v e l . 

O n e s t u d e n t h a d t a k e n C a l c u l u s i n h i g h s c h o o l w h i l e f i v e w e r e i n s t a t i s t i c s c o u r s e s . 
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H o w e v e r t h e s e s t u d e n t s w e r e p l a c e d i n t o A l g e b r a c o u r s e s b y t h e u n i v e r s i t y d u e t o 

t h e i r w e a k p e r f o r m a n c e o n t h e s t a n d a r d p l a c e m e n t t e s t s . 

Q u e s t i o n 8 - O n t h e s c a l e o f 1 to 1 0 ( 1 0 b e i n g t h e h i g h e s t ) , h o w m u c h d o y o u l i k e m a t h ? 

F i g u r e 4 . 9 A b o u t 5 0 percent o f t h e s t u d e n t s l i k e d m a t h . 

T h e r e s u l t s i n F i g u r e 4 . 9 a r e q u i t e i n t e r e s t i n g b e c a u s e a c c o r d i n g t o t h e i r s c o r e s o n 

t h e c o l l e g e p l a c e m e n t t e s t , s t u d e n t s i n t h i s s t u d y w e r e n o t r e a d y f o r c o l l e g e l e v e l m a t h 

c o u r s e s a t t h e a g e o f 1 8 . B u t t h e m a j o r i t y o f t h e m r e p o r t e d l i k i n g m a t h e m a t i c s . O n l y t w o 

s t u d e n t s d i s l i k e d m a t h e m a t i c s s t r o n g l y . 

Q u e s t i o n 9 - O n t h e s c a l e o f 1 to 1 0 ( 1 0 b e i n g t h e h i g h e s t ) , h o w g o o d a r e y o u i n a d d i n g a n d s u b t r a c t i n g f r a c t i o n s ? 

F i g u r e 4 . 1 0 M o s t o f t h e s t u d e n t s k n e w o p e r a t i o n s o n f r a c t i o n s . 
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T h e b a r g r a p h i n F i g u r e 4 . 1 0 s h o w s t h a t m o s t o f t h e s t u d e n t s r e p o r t e d t h a t t h e y 

a r e f a m i l i a r w i t h o p e r a t i o n s o n f r a c t i o n s . O n l y t h r e e s t u d e n t s f e l t t h a t t h e y h a d s o m e w h a t 

w e a k s k i l l s i n t h i s a r e a . 

Q u e s t i o n 1 0 - W h a t m e t h o d s d o y o u u s e w h e n a d d i n g o r s u b t r a c t i n g f r a c t i o n s ? L i s t t h e m a n d d e s c r i b e . 

F i g u r e 4 . 1 1 S e l f - r e p o r t e d k n o w l e d g e o f a d d i n g a n d s u b t r a c t i n g f r a c t i o n s . 

T h e m a j o r i t y o f t h e s t u d e n t s r e p o r t e d k n o w i n g v a r i o u s m e t h o d s o f a d d i n g a n d 

s u b t r a c t i n g f r a c t i o n s . T h e c o r r e c t n e s s o f t h e i r d e s c r i p t i o n s w a s g r a d e d o n s c a l e 0 to 3 . 

N o t e t h a t T a b l e 4 . 2 s h o w s t h a t n e i t h e r o n e o f t h e v a r i a b l e s d e s c r i b e d i n t h e a b o v e 

q u e s t i o n s i n c l u d e d i n t h e s u r v e y w a s c o r r e l a t e d w i t h s t u d e n t s ' p e r f o r m a n c e o n t h e 

a d m i n i s t e r e d t h e p r e - t e s t a n d t h e p o s t - t e s t . 
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F i g u r e 4 . 1 2 M o s t o f t h e g r a d e s f o r t h e p r e - t e s t a r e b e t w e e n 3 a n d 4 . 

N o w w e w i l l l o o k a t t e s t s r e s u l t s f o r t h e S t u d y G r o u p . T h e h i s t o g r a m s i n F i g u r e s 

4 . 1 2 a n d 4 . 1 3 s h o w t h e s t u d e n t s ' p e r f o r m a n c e s o n e a c h t e s t . W e c a n c o n c l u d e t h a t 

s t u d e n t s h a d s o m e k n o w l e d g e o f f i n d i n g L C D . H o w e v e r , i n i t i a l l y t h e m a j o r i t y o f t h e m 

w e r e n o t a b l e t o p e r f o r m o n h a r d e r p r o b l e m s . 

F i g u r e 4 . 1 3 M o s t o f t h e g r a d e s f o r t h e p o s t - t e s t a r e b e t w e e n 4 a n d 5. 

W e s e e t h a t t h e m a j o r i t y o f t h e s t u d e n t s w e r e a b l e t o d o w e l l o n t h e p o s t - t e s t . T h e 

b i g g e s t i m p r o v e m e n t w a s m a d e b y s t u d e n t s w h o d i d n o t p e r f o r m w e l l o n t h e p r e - t e s t . 

M o s t o f t h e s t u d e n t s ' g r a d e s o n t h e p r e - t e s t w e r e b e t w e e n 3 t o 4 o u t o f 6 , b u t f o r t h e p o s t -

t e s t t h e g r a d e s w e r e b e t w e e n 4 t o 5 o u t o f 6 . H e n c e w e s e e i m p r o v e m e n t b e t w e e n t h e p r e -

t e s t a n d t h e p o s t - t e s t i n t h e S t u d y G r o u p . T h e r e f o r e i t l o o k s a s i f t h e s p e c i a l m e t h o d i s 

w o r k i n g . 
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F i g u r e 4 . 1 4 C o r r e l a t i o n b e t w e e n p r e - t e s t a n d p o s t - t e s t . 

T h e r e i s s o m e p o s i t i v e c o r r e l a t i o n b e t w e e n p r e - t e s t a n d p o s t - t e s t s c o r e s . S i n c e 

t h e r e w e r e s e v e r a l s t u d e n t s t h a t a c h i e v e d p e r f e c t s c o r e s o n t h e p r e - t e s t , t h e r e s u l t i s n o t a s 

s t r o n g a s i t c o u l d b e . B u t t h e m a j o r i t y o f s t u d e n t s i m p r o v e d t h e i r s c o r e s . 

4 . 4 C o n c e p t Q u i z 

T o e v a l u a t e w h e t h e r s t u d e n t s i n t h e S t u d y G r o u p h a d a c o n c e p t u a l u n d e r s t a n d i n g 

o f f r a c t i o n o p e r a t i o n s , w e a d m i n i s t e r e d a q u i z w i t h c o n c e p t u a l q u e s t i o n s . W e a s k e d t h e m 

t o g r a p h i c a l l y r e p r e s e n t g i v e n f r a c t i o n s a n d t o i d e n t i f y n u m e r a t o r s a n d t h e d e n o m i n a t o r s . 

T h e y w e r e a l s o a s k e d t o p e r f o r m o p e r a t i o n s o n s i m p l e f r a c t i o n s . I n v a r i o u s c o n t e x t s m o s t 

o f t h e s t u d e n t s d i d w e l l o n t h e c o n c e p t q u i z , ( s e e F i g u r e 4 . 1 5 ) . T h i s s h o w e d t h a t t h e y 

w e r e f a m i l i a r w i t h f r a c t i o n - r e l a t e d c o n c e p t s a n d s i m p l e o p e r a t i o n s ; b u t w h e n t h e y u s e d 

l a r g e r n u m b e r s a s d e n o m i n a t o r s o n t h e p r e - t e s t , m a n y s t i l l h a d d i f f i c u l t i e s w i t h a d d i t i o n 

a n d s u b t r a c t i o n ( c o m p a r e r e s u l t s i n F i g u r e 4 . 1 5 w i t h p r e - t e s t s c o r e s f r o m S e c t i o n 4 . 1 ) . 

S i n c e m o s t o f t h e s t u d e n t s a c h i e v e d m a x i m u m s c o r e s i n t h e c o n c e p t q u i z , w e c o n c l u d e d 

t h a t t h e i r d i f f i c u l t i e s w e r e c o m i n g f r o m t e c h n i c a l i s s u e s r e l a t e d t o f i n d i n g t h e L C D . 
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F i g u r e 4 . 1 5 R e s u l t s o n C o n c e p t Q u i z . 

4 . 5 E v a l u a t i o n o f t h e p e r f o r m a n c e f o r S t u d y G r o u p 

T o e v a l u a t e e f f e c t i v e n e s s o f t e a c h i n g t h e L a d d e r m e t h o d f o r f i n d i n g t h e L C D i n 

t h e s t u d y g r o u p , w e a n a l y z e d t h e m e a n o f s t u d e n t s ' p e r f o r m a n c e b y P a i r e d t t e s t b e t w e e n 

t h e i r p r e - t e s t a n d p o s t - t e s t r e s u l t s : 

T e s t s t a t i s t i c s t equals d bar divided by s sub d slash square root of n 

H o: mu sub x greater than equal to mu sux capital X 

H a : mu sub x less than mu sub capital X O r i g i n a l C l a i m ( l e f t t a i l t e s t ) 

P a i r e d t t e s t parenthesis x , capital X parenthesis 

P - v a l u e u s i n g E x c e l : = T T E S T parenthesis N 7 : N 2 6 , O 7 : O 2 6 , 1 , 1 parenthesis 

P - v a l u e = 0 . 0 0 0 0 0 5 2 5 less than 0 . 0 5 ( A l p h a 0 . 0 5 i s s i g n i f i c a n c e l e v e l ) 

H e n c e a t a c o n f i d e n c e l e v e l o f 9 5 % w e r e j e c t t h e N u l l h y p o t h e s i s ( H o ) a n d w e 

a c c e p t t h e a l t e r n a t i v e h y p o t h e s i s ( H a ) . T h e r e f o r e w e c o n c l u d e t h a t t h e m e a n f o r p o s t - t e s t 

s c o r e s i s s i g n i f i c a n t l y g r e a t e r t h a n t h e m e a n f o r p r e - t e s t s c o r e s . T h i s m e a n s t h a t t h e 

L a d d e r m e t h o d w a s h e l p f u l t o t h e p a r t i c i p a n t s i n t h e S t u d y G r o u p i n t h a t t h e i r 

p e r f o r m a n c e o n f r a c t i o n o p e r a t i o n s i m p r o v e d s i g n i f i c a n t l y i m m e d i a t e l y a f t e r t h e y l e a r n e d 

t h e L a d d e r m e t h o d . 
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C o m p a r i n g p r e - t e s t a n d p o s t - t e s t 

F i g u r e 4 . 1 6 P e r f o r m a n c e o n p r e - t e s t a n d p o s t - t e s t b y s t u d e n t s i n t h e s t u d y g r o u p . 

T h e b a r g r a p h i n F i g u r e 4 . 1 6 s h o w s p r e - t e s t a n d p o s t - t e s t s c o r e s f o r i n d i v i d u a l 

p a r t i c i p a n t s . N o t e t h a t a l l s t u d e n t s p e r f o r m e d a t l e a s t a s w e l l o n t h e p o s t - t e s t a s o n t h e 

p r e - t e s t . T h e m a j o r i t y o f t h e l o w s c o r i n g s t u d e n t s i m p r o v e d a f t e r t h e L a d d e r m e t h o d 

a c t i v i t i e s , a n d s o m e o f t h e m e v e n o b t a i n e d a p e r f e c t s c o r e . H e n c e w e c a n c o n c l u d e t h a t 

t h e L a d d e r m e t h o d o f f i n d i n g t h e L C D h e l p e d m a n y o f t h e m i n p e r f o r m i n g f r a c t i o n 

o p e r a t i o n s . 
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5 D a t a A n a l y s i s f o r C o n t r o l G r o u p 

5 . 1 D e s c r i p t i o n o f d a t a 

N o w w e p r e s e n t t h e c o l l e c t e d d a t a f r o m t h e s u r v e y o f t h e C o n t r o l G r o u p i n t h e 

t a b l e b e l o w . E a c h q u e s t i o n w a s g r a d e d u s i n g a p r e d e t e r m i n e d s u i t a b l e r u b r i c w i t h t h e 

s c o r e s d e s c r i b e d i n t h e R a n g e r o w . 

C o n t r o l G r o u p n equals 2 0 s t u d e n t s 

S u r v e y Q u e s t i o n s 
Q 1 -
Visual 
L e a r n e r 

Q 2 -
G e n d e r 

Q 3 - Hours 
Work 

Q 4 -
Units 
Passed 

Q 5 -
P lay 
G a m e 

Q 6 -
S t u d y 
m a t h 

Q 7 -
m a t h 
level 

Q 8 -
Like 
m a t h 

Q 9 -
Op. 
F r a c s . 

Q 10 -
Math 
Methods 

RANGE 0 to 1 F 0 to M 1 0 to 3 0 0 to 5 0 0 to 3 0 0 to 20 0 to 4 1 to 10 1 to 10 0 to 3 
1 0 5 0 0 4 3 6 5 2 
1 0 0 17 0 4 3 0 6 2 
1 1 2 0 0 6 2 7 9 1 
1 1 0 14 0 3 1 2 8 2 
1 0 0 0 0 2 1 8 7 2 
1 0 0 0 0 2 3 5 3 2 
1 1 0 20 0 6 1 5 10 0 
1 1 12 0 0 6 1 7 6 0 
1 0 0 0 7 3 1 3 7 1 
1 0 10 0 0 5 2 7 10 2 
1 0 0 0 0 2 2 4 3 0 
1 0 0 5 0 2 3 6 1 2 
1 0 22 0 0 4 1 3 9 2 
1 0 17 0 0 5 2 7 5 2 
1 0 0 0 0 3 3 4 4 2 
1 0 0 0 0 0 1 7 10 1 

1 0 0 0 0 3 4 7 9 2 
1 0 0 0 0 3 3 3 8 2 
1 0 0 12 0 7 3 4 10 1 
1 0 24 0 0 1 2 3 10 2 

M e a n 1 0.2 4.6 3.4 0.35 3.55 2.1 4.9 7 1.5 
Mode 1 0 0 0 0 3 3 7 10 2 
M e d i a n 1 0 0 0 0 3 2 5 7.5 2 
S t dev 0.00 0.41 7.94 6.58 1.57 1.85 0.97 2.15 2.77 0.76 

T h e m e a n o f t h e m a t h l e v e l o f t h e s t u d e n t s i n t h e C o n t r o l G r o u p w a s 2 ( C o l l e g e 

A l g e b r a ) a n d t h e y t o o d i d n ' t l i k e t o p l a y c o m p u t e r g a m e s . T h e y u s e d t o s t u d y a b o u t 3 . 5 
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h o u r s e a c h w e e k f o r t h e i r m a t h c l a s s . N o t e t h a t s o m e o f t h e m w o r k e d o v e r 2 0 h o u r s p e r 

w e e k , w h i l e n o s t u d e n t i n t h e S t u d y G r o u p w o r k e d t h a t m a n y h o u r s . A s a g r o u p , t h e y d i d 

l i k e m a t h e m a t i c s a s m u c h a s t h e p a r t i c i p a n t s f r o m t h e o t h e r g r o u p , a n d t h e i r s e l f - r e p o r t e d 

k n o w l e d g e o f f r a c t i o n s w e r e o n s i m i l a r l e v e l . W e h a v e c a l c u l a t e d c o r r e l a t i o n s o f t h e 

s u r v e y d a t a w i t h t e s t s c o r e s i n S e c t i o n 5 . 2 . 

T h e t a b l e b e l o w d i s p l a y s p r e - t e s t a n d p o s t - t e s t d a t a , a s w e l l a s d a t a c o l l e c t e d o n 

t h e c o n c e p t q u i z f o r t h e C o n t r o l G r o u p . T h e g r a d i n g r a n g e f o r e a c h r u b r i c i s d i s p l a y e d i n 

t h e f i r s t n u m e r i c a l r o w . S t u d e n t s ' c o d e s a r e i n t h e f i r s t c o l u m n . 

M a t h 9 5 

P R E - T E S T P O S T - T E S T C o n c e p t T e s t 

y Y C Y 

0 to 6 0 to 6 0 to 1 2 

G i. 4 . 0 4 . 0 7 . 5 

A l e. 3 . 0 4 . 0 8 . 0 

J o h. 3 . 0 2 . 5 1 0 . 5 

K e. 4 . 0 3 . 0 9 . 5 

Jen. 2 . 5 3 . 0 7 . 0 

A l i 1 . 0 3 . 0 1 0 . 5 

Bri. 3 . 5 1 .0 1 0 . 0 

Est. 3 . 5 5 . 0 8 . 0 

Jer. 3 . 0 4 . 5 7 . 5 

Sad . 6 . 0 6 . 0 1 1 . 5 

Sha. 3 . 0 5 . 0 6 . 5 

Eli. 3 . 0 3 . 5 8 . 5 

Ver . 3 . 0 4 . 0 1 0 . 5 

Ros . 6 . 0 4 . 0 9 . 5 

P a p . 3 . 5 3 . 5 1 0 . 5 

Ken . 4 . 0 5 . 0 1 1 . 5 

D a i 6 . 0 5 . 5 1 0 . 0 

Mar . 4 . 0 3 . 5 9 . 5 

Dan. 6 . 0 5 . 0 1 0 . 0 

Brea . 1 . 5 2 . 5 9 . 0 

M e a n 3 . 6 8 3 . 8 8 9 . 2 8 

M o d e 3 4 1 0 . 5 

M e d i a n 3 . 5 4 9 . 5 

S t d e v 1 . 4 2 1 . 2 0 1 . 4 6 
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N o t e t h a t t h e m e a n o f t h e s t u d e n t s ' s c o r e s i n t h i s g r o u p w a s i n c r e a s e d f r o m 3 . 6 8 

t o 3 . 8 8 . H e n c e t h e r e w a s a n i m p r o v e m e n t o f t h e i r p e r f o r m a n c e . W e w i l l t e s t t h e 

s i g n i f i c a n c e o f t h i s i m p r o v e m e n t i n S e c t i o n 5 . 5 . 

T h e f o l l o w i n g t a b l e s s h o w t h e p a r a m e t e r s f o r t h e p r e - t e s t a n d t h e p o s t - t e s t f o r t h e 

c o n t r o l g r o u p . 

P r e - T e s t 

Column l 

M e a n 3 . 6 8 

S t a n d a r d E r r o r 0 . 3 2 

M e d i a n 3 . 5 0 

M o d e 3 . 0 0 

S t a n d a r d D e v i a t i o n 1 . 4 2 

S a m p l e V a r i a n c e 2 . 0 1 

K u r t o s i s - 0 . 0 7 

S k e w n e s s 0 . 3 6 

R a n g e 

M i n i m u m 

5 . 0 0 

1 . 0 0 

M a x i m u m 6 . 0 0 

S u m 7 3 . 5 0 

C o u n t 2 0 

P o s t - T e s t 

Column l 

M e a n 3 . 8 8 

S t a n d a r d E r r o r 0 . 2 7 

M e d i a n 4 . 0 0 

M o d e 4 . 0 0 

S t a n d a r d D e v i a t i o n 1 . 2 0 

S a m p l e V a r i a n c e 1 . 4 4 

K u r t o s i s 

S k e w n e s s 

0 . 3 1 

- 0 . 3 8 

R a n g e 5 . 0 0 

M i n i m u m 1 . 0 0 

M a x i m u m 

S u m 

6 . 0 0 

7 7 . 5 0 

C o u n t 2 0 

N o t e t h a t t h e m e a n o n t h e p o s t - t e s t i s l a r g e r t h a n o n t h e p r e - t e s t a n d t h a t t h e 

s t a n d a r d d e v i a t i o n d e c r e a s e d . T h i s m e a n s t h a t t h e w e a k e r s t u d e n t s i m p r o v e d t h e i r s c o r e s 

( a s f o r m a n y g o o d s t u d e n t s t h e r e w a s n o t m u c h s p a c e t o i m p r o v e ) . W e h a v e o b s e r v e d a 

s i m i l a r s i t u a t i o n p r e v i o u s l y f o r t h e S t u d y G r o u p . W e w i l l t e s t t h e s t a t i s t i c a l s i g n i f i c a n c e 

o f t h i s i m p r o v e m e n t l a t e r . 

N e x t w e s e a r c h e d t h e C o n t r o l G r o u p d a t a f o r c o r r e l a t i o n s b e t w e e n t h e t e s t s c o r e s 

a n d a n s w e r s o n s u r v e y q u e s t i o n s t o e v a l u a t e c e r t a i n v a r i a b l e s o u t s i d e o f t h e s t u d y w h i c h 

m i g h t i n f l u e n c e t h e c o l l e c t e d d a t a . T h e f o l l o w i n g t a b l e s h o w s t h e r e s u l t s o f o u r 

c a l c u l a t i o n s . 
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N o t e t h a t b e c a u s e i n t h e c a s e o f t h e S t u d y G r o u p , w e o b s e r v e d o n l y v e r y w e a k o r , 

i n m o s t o f t h e c a s e s , z e r o c o r r e l a t i o n s b e t w e e n s u r v e y q u e s t i o n s a n d t h e p r e - t e s t o r p o s t -

t e s t r e s u l t s , w e c a n c o n c l u d e t h a t l e a r n i n g i n o u r s t u d y w a s n o t i n f l u e n c e d b y t h e 

v a r i a b l e s e v a l u a t e d b y t h e s u r v e y q u e s t i o n s . T h e r e s u l t s a r e c o n s i s t e n t f o r b o t h g r o u p s . 

T h e r e f o r e v a r i a b l e s l i k e v i s u a l l e a r n e r , g e n d e r , n u m b e r o f w o r k p e r w e e k , n u m b e r 

o f u n i t s p a s s e d , p l a y i n g c o m p u t e r g a m e s , n u m b e r o f h o u r s s t u d y i n g m a t h p e r w e e k , m a t h 

l e v e l , i n t e r e s t i n m a t h , a n d s e l f - e v a l u a t i o n s o f f r a c t i o n s k i l l s d i d n o t i n f l u e n c e t h e 

s t u d e n t s ' p e r f o r m a n c e i n o u r s t u d y . 

5 . 2 R e s u l t s o f C o r r e l a t i o n A n a l y s i s f o r C o n t r o l G r o u p 

T h e t a b l e b e l o w s h o w s t h e r e s u l t s o f o u r c a l c u l a t i o n s . 

C o n t r o l g r o u p 
P e a r s o n Va lues b e t w e e n s u r v e y q u e s t i o n s a n d p r e - t e s t 
PEARSON (Q 1, y ) undefined No cor re la t ion w a s ca l cu la t ed . 
PEARSON (Q 2, y ) negative 0 . 0 6 3 3 6 4 6 3 5 Almost no cor re la t ion b e t w e e n s u r v e y Q 2 a n d p r e - t e s t . 
PEARSON (Q 3 , y ) negative 0 . 0 2 8 5 2 8 5 9 3 Very w e a k n e g a t i v e cor re la t ion b e t w e e n s u r v e y Q 3 and p r e - t e s t . 
PEARSON (Q 4 , y ) 0 . 0 7 9 5 9 6 8 4 6 Almost no cor re la t ion b e t w e e n s u r v e y Q 4 a n d p r e - t e s t . 
PEARSON (Q 5 , y ) negative 0 . 1 1 2 1 4 1 3 7 1 very w e a k n e g a t i v e cor re la t ion b e t w e e n s u r v e y Q 5 a n d p r e - t e s t . 
PEARSON (Q 6 , y ) 0.463634795 Modera t e pos i t ive cor re la t ion b e t w e e n s u r v e y Q 6 and p r e - t e s t . 
PEARSON (Q 7 , y ) 0.216851453 Weak posi t ive cor re la t ion b e t w e e n Q 7 a n d p r e - t e s t . 
PEARSON (Q 8 , y ) 0.2825494 Weak posi t ive cor re la t ion b e t w e e n Q 8 a n d p r e - t e s t . 
PEARSON (Q 9 , y ) 0.321631594 Weak posi t ive cor re la t ion b e t w e e n Q 9 a n d p r e - t e s t . 

PEARSON (Q 10 , y ) 0.03661751 Almost no cor re la t ion b e t w e e n Q 10 a n d p r e - t e s t . 

C o n t r o l G r o u p 
P e a r s o n Va lues b e t w e e n s u r v e y q u e s t i o n s a n d p o s t - t e s t 
PEARSON (Q 1, Y) undefined No cor re la t ion w a s ca l cu la t ed . 
PEARSON (Q 2, Y) negative 0 . 4 2 6 8 8 6 8 0 7 W e a k n e g a t i v e cor re la t ion b e t w e e n s u r v e y Q 2 a n d p o s t - t e s t . 
PEARSON (Q 3, Y) 0 . 0 2 4 8 1 2 2 9 2 Almost no cor re la t ion b e t w e e n s u r v e y Q 3 a n d p o s t - t e s t . 
PEARSON (Q 4 , Y) negative 0 . 3 7 2 7 0 7 9 1 6 Modera t e n e g a t i v e cor re la t ion b e t w e e n s u r v e y Q 4 a n d p o s t - t e s t . 
PEARSON (Q 5, Y) 0.122418188 Very W e a k pos i t ive cor re la t ion b e t w e e n s u r v e y Q 5 a n d p o s t - t e s t . 
PEARSON (Q 6, Y) 0.0088832 Almost no cor re la t ion b e t w e e n s u r v e y Q 6 a n d p o s t - t e s t . 
PEARSON (Q 7, Y) 0.192312122 W e a k posi t ive cor re la t ion b e t w e e n Q 7 a n d p o s t - t e s t . 
PEARSON (Q 8 , Y) 0.178274212 W e a k posi t ive cor re la t ion b e t w e e n Q 8 a n d p o s t - t e s t . 
PEARSON (Q 9, Y) 0.007899895 Almost no cor re la t ion b e t w e e n Q 9 a n d p o s t - t e s t . 
PEARSON (Q 10 , Y) negative 0 . 0 1 4 3 9 0 3 5 1 Almost no cor re la t ion b e t w e e n Q 10 a n d p o s t - t e s t . 
P e a r s o n Value b e t w e e n p r e - t e s t a n d p o s t - t e s t 
PEARSON (y, Y) 0.562243738 Modera t e pos i t ive cor re la t ion b e t w e e n p r e - t e s t a n d p o s t - t e s t . 
P e a r s o n Value b e t w e e n p r e - t e s t , p o s t - t e s t , and c o n c e p t t e s t 
PEARSON (C y , y ) 0.30539576 Weak posi t ive cor re la t ion b e t w e e n c o n c e p t t e s t a n d p r e - t e s t . 
PEARSON (C y, Y) 0.013086051 Almost no cor re la t ion b e t w e e n c o n c e p t t e s t a n d p o s t - t e s t . 
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5 . 3 A n a l y s i s o f r a w d a t a f o r t h e s u r v e y f o r t h e C o n t r o l G r o u p 

T h e f o l l o w i n g c h a r t d i s p l a y s r a w d a t a o f s t u d e n t s ' a n s w e r s t o e a c h s u r v e y 

q u e s t i o n . N o t e t h a t q u e s t i o n s w e r e g r a d e d o n d i f f e r e n t s c a l e s ( s e e F i g u r e 5 . 1 ) . 

R e s u l t s a n d F i n d i n g s i n S u r v e y ( C o n t r o l G r o u p ) 

F i g u r e 5 .1 R e s u l t s f o r S u r v e y Q u e s t i o n s f o r C o n t r o l G r o u p 

M o s t o f t h e s t u d e n t s w e r e a t m a t h l e v e l 2 ( C o l l e g e A l g e b r a ) , a n d m o s t o f t h e 

s t u d e n t s d i d n ' t l i k e t o p l a y c o m p u t e r g a m e s . T h e y t y p i c a l l y s t u d i e d a b o u t 5 h o u r s f o r 

t h e i r m a t h c l a s s e a c h w e e k . T h e y c l a i m e d t h a t t h e i r k n o w l e d g e o f o p e r a t i o n s o n f r a c t i o n s 

w a s a b o v e t h e a v e r a g e , b u t m o s t o f t h e m d i d n ' t k n o w w h i c h m e t h o d t o u s e w h i l e a d d i n g 

o r s u b t r a c t i n g f r a c t i o n s . N o t e t h a t t h i s g r o u p d i d n o t l i k e d o i n g m a t h e m a t i c s a s m u c h a s 

t h e S t u d y G r o u p a n d t h e s t u d e n t s w e r e e m p l o y e d m o r e h o u r s . 

Q u e s t i o n 1 - A r e y o u a v i s u a l l e a r n e r ( Y e s equals 1 a n d N o equals 0 ) ? 

F i g u r e 5 . 2 A l l o f t h e s t u d e n t s d e c l a r e d t h e m s e l v e s a s v i s u a l l e a r n e r s . 
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A s w e s e e i n F i g u r e 5 . 2 , a l l s t u d e n t s w e r e a w a r e t h a t t h e y a r e v i s u a l l e a r n e r s . 

T h e y u s e d p r i m e f a c t o r i z a t i o n o f d e n o m i n a t o r s t o f i n d t h e L C D . S i n c e t h e L a d d e r m e t h o d 

u s e s v i s u a l d i s p l a y o f f a c t o r s i n a n o r g a n i z e d w a y , i t m a y a p p e a l t o t h i s g r o u p o f l e a r n e r s 

a n d t h e y m a y p e r f o r m b e t t e r a f t e r l e a r n i n g i t . 

Q u e s t i o n 2 - W h a t i s y o u r g e n d e r ( M a l e equals 1 a n d F e m a l e equals 0 ) ? 

F i g u r e 5 .3 T h e r e w e r e 4 m a l e s a n d 16 f e m a l e s ' s t u d e n t s i n t h e c o n t r o l g r o u p . 

Q u e s t i o n 3 - H o w m a n y h o u r s p e r w e e k d o y o u w o r k ? 

F i g u r e 5 .4 S e v e n o u t o f 2 0 s t u d e n t s w e r e e m p l o y e d . 

T h e a b o v e g r o u p s h o w s t h a t m a j o r i t y o f s t u d e n t s d i d n o t w o r k . T h i s i s n o t 

s u r p r i s i n g b e c a u s e a l l o f t h e m w e r e f r e s h m a n . T w o s t u d e n t s w o r k e d f e w e r t h a n 5 h o u r s . 

O n l y f i v e s t u d e n t s w o r k e d m o r e t h a n 5 h o u r s ; a n d o f t h e s e t h r e e s t u d e n t s w o r k e d 1 5 t o 2 5 

h o u r s . H e n c e a w o r k i n g h o u r s v a r i a b l e s h o u l d n o t i n f l u e n c e t h i s g r o u p ' s p e r f o r m a n c e . 
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Q u e s t i o n 4 - H o w m a n y u n i v e r s i t y u n i t s h a v e y o u p a s s e d s o f a r ? 

F i g u r e 5 .5 F o u r s t u d e n t s h a d p a s s e d 10 t o 2 0 u n i t s , a n d o n e s t u d e n t h a d p a s s e d 5 u n i t s . 

W h i l e a l l s t u d e n t s w e r e f r e s h m e n , f i v e o f t h e m h a d c o l l e g e e x p e r i e n c e a l r e a d y . 

F o u r o f t h e m h a d c o l l e c t e d u n i t s e q u i v a l e n t t o o n e s e m e s t e r o f u n i v e r s i t y c o u r s e w o r k . 

Q u e s t i o n 5 - H o w m a n y h o u r s p e r w e e k d o y o u p l a y c o m p u t e r g a m e s ? 

F i g u r e 5 . 6 M o s t o f t h e s t u d e n t s d i d n ' t s p e n d t i m e p l a y i n g c o m p u t e r g a m e s . 

E x c e p t f o r o n e s t u d e n t , t h i s g r o u p w a s n o t i n t e r e s t e d i n c o m p u t e r g a m e s . T h i s 

m a k e s i t s i m i l a r t o t h e S t u d y G r o u p . 
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T h e g r a p h i n F i g u r e 5 . 7 d i s p l a y s s e l f - r e p o r t e d t i m e s p e n t o n m a t h e m a t i c s h o m e w o r k . 

Q u e s t i o n 6 - H o w m a n y h o u r s p e r w e e k d o y o u s t u d y f o r y o u r m a t h c l a s s ? 

F i g u r e 5 . 7 M o s t o f t h e s t u d e n t s t y p i c a l l y s t u d i e d a b o u t 4 h o u r s p e r w e e k f o r m a t h . 

T h e m a j o r i t y o f t h e s t u d e n t s i n t h e C o n t r o l G r o u p r e p o r t e d s p e n d i n g a t l e a s t t w o 

h o u r s p e r w e e k s t u d y i n g f o r t h e i r a l g e b r a c l a s s . T h i s w a s a n e x p e c t e d t i m e t o s p e n d o n 

h o m e w o r k . T h e s e r e s u l t s a r e s i m i l a r t o t h e o n e s n o t e d f o r t h e S t u d y G r o u p . 

Q u e s t i o n 7 - W h a t i s y o u r h i g h e s t m a t h l e v e l c l a s s ( 0 to 4 ) ? 
P r e - a l g e b r a equals 0 , I n t e r m e d i a t e A l g e b r a equals 1, C o l l e g e A l g e b r a equals 2 , S t a t i s t i c s equals 3 , a n d C a l c u l u s equals 4 

F i g u r e 5 .8 M o s t o f t h e s t u d e n t s ' m a t h l e v e l w a s C o l l e g e A l g e b r a . 

F i g u r e 5 . 8 c o n f i r m s o u r e x p e c t a t i o n t h a t s t u d e n t s w e r e o n t h e s a m e l e v e l . O n e 

s t u d e n t h a d t a k e n C a l c u l u s i n h i g h s c h o o l w h i l e s e v e n w e r e i n s t a t i s t i c s c o u r s e s . 
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H o w e v e r , t h e s e s t u d e n t s w e r e p l a c e d i n t o A l g e b r a c o u r s e s b y t h e u n i v e r s i t y d u e 

t o t h e i r w e a k m a t h s k i l l s . T h i s d a t a i s s i m i l a r t o t h e S t u d y G r o u p d a t a . 

Q u e s t i o n 8 - O n t h e s c a l e o f 1 to 1 0 ( 1 0 b e i n g t h e h i g h e s t ) , h o w m u c h d o y o u l i k e m a t h ? 

F i g u r e 5 . 9 A b o u t 5 0 percent o f t h e s t u d e n t s l i k e d m a t h . 

N o t e t h a t t h e a v e r a g e f o r t h i s g r o u p w a s s l i g h t l y l o w e r t h a n t h e S t u d y G r o u p ' s 

a v e r a g e . H o w e v e r , m o r e t h a n h a l f o f t h e m l i k e d m a t h e m a t i c s e n o u g h t o a s s i g n a s c o r e o f 

f i v e o r m o r e t o t h i s q u e s t i o n . 

Q u e s t i o n 9 - O n t h e s c a l e o f 1 to 1 0 ( 1 0 b e i n g t h e h i g h e s t ) , h o w g o o d a r e y o u i n a d d i n g 

a n d s u b t r a c t i n g f r a c t i o n s ? 

F i g u r e 5 . 1 0 M o s t o f t h e s t u d e n t s k n e w o p e r a t i o n s o n f r a c t i o n s . 
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T h e b a r g r a p h i n F i g u r e 5 . 1 0 s h o w s t h a t m o s t o f t h e s t u d e n t s r e p o r t e d t h a t t h e y 

w e r e f a m i l i a r w i t h o p e r a t i o n s o n f r a c t i o n s . O n l y t h r e e s t u d e n t s f e l t t h a t t h e y h a d 

s o m e w h a t w e a k s k i l l s i n t h i s a r e a . I n t h i s a s p e c t b o t h g r o u p s w e r e s i m i l a r . 

Q u e s t i o n 1 0 - W h a t m e t h o d s d o y o u u s e w h e n a d d i n g o r s u b t r a c t i n g f r a c t i o n s ? L i s t 

t h e m a n d d e s c r i b e . 

F i g u r e 5 . 1 1 S e l f - r e p o r t e d k n o w l e d g e o f a d d i n g a n d s u b t r a c t i n g f r a c t i o n s . 

T h r e e s t u d e n t s i n t h e C o n t r o l G r o u p c o u l d n o t d e s c r i b e a n y m e t h o d s f o r 

p e r f o r m i n g o p e r a t i o n s o n f r a c t i o n s . T h e s e r e s u l t s a r e s i m i l a r t o t h e r e s u l t s f o r t h e S t u d y 

G r o u p . 

N o t e t h a t t h e t a b l e i n s e c t i o n 5 . 2 s h o w s t h a t v a r i a b l e s i n c l u d e d i n t h e s u r v e y w e r e n o t 

s t r o n g l y c o r r e l a t e d w i t h s t u d e n t s ' p e r f o r m a n c e o n a d m i n i s t e r e d p r e - t e s t s a n d p o s t - t e s t s . 

F i g u r e 5 . 1 2 C o r r e l a t i o n b e t w e e n p r e - t e s t a n d p o s t - t e s t C o n t r o l G r o u p . 
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F i g u r e 5 . 1 2 s h o w s t h a t t h e r e w a s o n l y a m o d e r a t e p o s i t i v e c o r r e l a t i o n b e t w e e n 

p r e - t e s t a n d p o s t - t e s t s c o r e s i n t h e C o n t r o l G r o u p . T h i s i s b e c a u s e m o s t o f t h e s t u d e n t s 

t h a t e a r n e d a p e r f e c t s c o r e o n p r e - t e s t d i d w e l l o n p o s t - t e s t a s w e l l . 

5 . 4 C o n c e p t Q u i z f o r C o n t r o l G r o u p 

A s f o r t h e S t u d y G r o u p , i n o r d e r t o e v a l u a t e w h e t h e r s t u d e n t s i n t h e C o n t r o l 

G r o u p h a d a c o n c e p t u a l u n d e r s t a n d i n g o f f r a c t i o n o p e r a t i o n s , w e a d m i n i s t e r e d t h e s a m e 

q u i z w i t h c o n c e p t u a l q u e s t i o n s . I n v a r i o u s c o n t e x t s m o s t o f t h e s t u d e n t s d i d w e l l o n t h e 

c o n c e p t q u i z ( s e e F i g u r e 5 . 1 3 ) . T h i s s h o w e d t h a t t h e y w e r e f a m i l i a r w i t h f r a c t i o n s , b u t 

m a n y s t i l l h a d d i f f i c u l t i e s w i t h a d d i t i o n a n d s u b t r a c t i o n w h e n d e n o m i n a t o r s w e r e l a r g e . 

F i g u r e 5 . 1 3 R e s u l t s o f t h e C o n c e p t Q u i z . 
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5 . 5 E v a l u a t i o n o f t h e p e r f o r m a n c e f o r C o n t r o l G r o u p 

T o e v a l u a t e t h e e f f e c t i v e n e s s o f t e a c h i n g t h e p r i m e f a c t o r i z a t i o n m e t h o d f o r f i n d i n g 

t h e L C D i n t h e C o n t r o l G r o u p , w e a n a l y z e d s t u d e n t s ' p e r f o r m a n c e b y a p p l y i n g p a i r e d t -

t e s t b e t w e e n t h e i r p r e - t e s t a n d p o s t - t e s t r e s u l t s . 

T e s t s t a t i s t i c s t equals d bar divided by s sub d slash square root of n 

H o : mu sub y greater than equal to mu sub capital y 

H a : mu sub y greater less than mu sub capital y O r i g i n a l C l a i m ( l e f t t a i l t e s t ) 

P a i r e d t t e s t parenthesis y , capital Y parenthesis 

P - v a l u e u s i n g E x c e l : = T T E S T parenthesis N 6 1 : N 8 0 , O 6 1 : O 8 0 , 1 , 1 parenthesis 

P - v a l u e equals 0 . 2 3 9 6 9 9 6 greater than 0 . 0 5 ( A l p h a 0 . 0 5 i s s i g n i f i c a n c e l e v e l ) 

A t a c o n f i d e n c e l e v e l o f 9 5 percent w e f a i l e d t o r e j e c t t h e n u l l h y p o t h e s i s ( H o ) , a n d w e 

a c c e p t e d t h e n u l l h y p o t h e s i s ( H o ) . H e n c e t h e m e a n f o r t h e p o s t - t e s t s c o r e s w a s n o t 

g r e a t e r t h a n t h e m e a n s c o r e s f o r t h e p r e - t e s t s c o r e s . T h i s m e a n s t h a t t h e s t a n d a r d m e t h o d 

w a s n o t h e l p f u l t o t h e s t u d e n t s . E v e n t h o u g h t h e y w e r e e x p o s e d t o e x t r a l e a r n i n g 

a c t i v i t i e s , t h e y d i d n o t p e r f o r m b e t t e r . N o t e t h a t t h e s t u d e n t s w e r e e x p o s e d t o t h e P r i m e 

F a c t o r i z a t i o n M e t h o d i n t h e i r p r e - c o l l e g e l e v e l m a t h e m a t i c s c o u r s e s , b u t t h e y d i d n o t 

r e a l i z e a n y s i g n i f i c a n t i m p r o v e m e n t o f t h e i r s k i l l s e v e n a f t e r o u r a d d i t i o n a l a c t i v i t i e s t h a t 

p r e s e n t e d t h e m e t h o d t h e y w e r e f a m i l i a r w i t h . 
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C o m p a r i n g t h e r e s u l t s i n C o n t r o l G r o u p 

F i g u r e 5 . 1 4 C o m p a r i n g H i s t o g r a m o f p r e - t e s t a n d p o s t - t e s t f o r C o n t r o l G r o u p . 

M o s t o f t h e s t u d e n t s ' g r a d e s o n t h e p r e - t e s t w e r e b e t w e e n 3 a n d 4 o u t o f 6 a n d f o r 

t h e p o s t - t e s t w e r e b e t w e e n 3 a n d 5 o u t o f 6 ; h e n c e w e o b s e r v e d s o m e i m p r o v e m e n t . B u t 

t h e r e w a s n o s i g n i f i c a n t d i f f e r e n c e b e t w e e n t h e p r e - t e s t a n d p o s t - t e s t s c o r e s i n t h e 

C o n t r o l G r o u p . T h e r e f o r e , w e c o n c l u d e t h a t e x t r a i n s t r u c t i o n s b a s e d o n t h e S t a n d a r d 

M e t h o d d i d n o t i m p r o v e s t u d e n t s ' s k i l l s o n t h e L C D . 
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F i g u r e 5 . 1 5 R e s u l t s f o r p r e - t e s t a n d p o s t - t e s t f o r t h e C o n t r o l G r o u p . 

W e n o t i c e d t h a t s t u d e n t s i n t h e C o n t r o l G r o u p s h o w e d m i x e d p e r f o r m a n c e o n 

b o t h t h e p r e - t e s t a n d t h e p o s t - t e s t . T h e i m p r o v e m e n t w a s h a r d t o p r e d i c t i n t h i s g r o u p . 

B e c a u s e t h e q u e s t i o n s w e r e c o m p a r a b l e b u t d i f f e r e n t o n e a c h t e s t , b y u s i n g t h e s a m e 

m e t h o d f o r s o l v i n g t h e p r o b l e m s s o m e C o n t r o l G r o u p s t u d e n t s d i d w o r s e o n t h e p o s t - t e s t . 
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6 C o m p a r i n g P e r f o r m a n c e o f t h e t w o g r o u p s . 

W e s t a r t c o m p a r i s o n o f t h e p o s t - t e s t s c o r e s f o r t h e S t u d y G r o u p a n d t h e C o n t r o l 

G r o u p b y c o m p a r i n g t h e g r a p h s b e l o w . 

F i g u r e 6 . 1 H i s t o g r a m s f o r t h e s t u d y g r o u p a n d c o n t r o l g r o u p . 

A q u i c k g l a n c e a t t h e g r a p h s i n F i g u r e 6 . 1 s h o w s t h a t s c o r e s o n p o s t - t e s t w e r e 

b e t w e e n 4 a n d 6 f o r s t u d e n t s i n t h e S t u d y G r o u p a n d b e t w e e n 3 a n d 4 f o r a l l b u t o n e 

s t u d e n t i n t h e C o n t r o l G r o u p . T h e a v e r a g e f o r t h e S t u d y G r o u p w a s h i g h e r t h a n t h e 

C o n t r o l G r o u p ' s a v e r a g e . S i n c e t h e g r o u p s w e r e c o m p a r a b l e a t t h e b e g i n n i n g o f t h e 

s t u d y , w e m a y c o n c l u d e t h a t t h e p e r f o r m a n c e o f p a r t i c i p a n t s ' u s i n g t h e S p e c i a l M e t h o d 

( t h e L a d d e r m e t h o d ) i n c r e a s e d m o r e t h a n t h e p e r f o r m a n c e o f o t h e r s t u d e n t s . 
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6 . 1 C o m p a r i n g p e r f o r m a n c e o f t h e S t u d y G r o u p a n d t h e C o n t r o l G r o u p 

T o e v a l u a t e t h e e f f e c t i v e n e s s o f t h e L a d d e r M e t h o d , w e c o m p a r e d p e r f o r m a n c e o f 

t h e s t u d e n t s i n b o t h g r o u p s b y h y p o t h e s i s t e s t i n g . W e p e r f o r m e d a n u n p a i r e d t - t e s t f o r t h e 

p o s t - t e s t m e a n t e s t s c o r e s ( X , Y ) t o t e s t t h e f o l l o w i n g h y p o t h e s i s f o r t h e m e a n s : 

H o : mu sub capital X less than equal to mu sub capital Y 

H a : mu sub captial X greater than mu sub capital Y O . C . ( o r i g i n a l c l a i m , r i g h t t a i l t e s t ) 

W e o b t a i n e d t h e f o l l o w i n g p - v a l u e : 

P - v a l u e equals T T E S T parenthesis O 7 : O 2 6 , O 6 1 : O 8 0 , 1 , 2 parenthesis equals 0 . 0 0 0 2 9 7 6 , S i g n i f i c a n t 

S i n c e 0 . 0 0 0 2 9 7 6 less than 0 . 0 5 , w e r e j e c t e d H o a n d w e a c c e p t e d H a w i t h a 9 5 percent c o n f i d e n c e 

l e v e l . T h e s c o r e s i n s t u d y g r o u p f o r t h e p o s t - t e s t w e r e s i g n i f i c a n t l y b e t t e r t h a n t h e r e s u l t s 

i n t h e c o n t r o l g r o u p . T h e r e f o r e w e c a n s a y t h a t t h e L a d d e r m e t h o d s i g n i f i c a n t l y i m p r o v e d 

s t u d e n t s ' s k i l l s . N o t e t h a t o u r p - v a l u e i s l e s s t h a n 0 . 0 0 1 , 0 . 0 0 0 2 9 7 6 less than 0 . 0 0 1 , h e n c e w e 

h a v e e x t r e m e l y s t r o n g e v i d e n c e t h a t i s n o t t r u e w i t h a 9 9 percent c o n f i d e n c e l e v e l . 
T h e r e f o r e t h e n e w m e t h o d w a s s i g n i f i c a n t l y b e t t e r t h a n t h e s t a n d a r d m e t h o d . S e e F i g u r e 

6 . 2 f o r g r a p h i c a l r e p r e s e n t a t i o n o f o u r h y p o t h e s i s t e s t i n g r e s u l t s . 

F i g u r e 6 . 2 t - d i s t r i b u t i o n a n d p - v a l u e . 
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6 . 2 C o n f i r m i n g t h e r e s u l t f o r p o s t - t e s t s u s i n g t h e f i v e s t e p s m e t h o d 

I n t h i s s e c t i o n w e p r e s e n t t h e c a l c u l a t i o n s f r o m s e c t i o n 6 . 1 u s i n g f i v e e a s y s t e p s . 

S t e p 1 : Formulation of the null and alternative hypothesis. 

T h e S t u d y G r o u p p e r f o r m e d b e t t e r t h a n t h e C o n t r o l G r o u p o n t h e p o s t t e s t , m e a n i n g 

t h a t t h e a v e r a g e s c o r e i n t h e f i r s t g r o u p ( d e n o t e d b y X ) w a s s i g n i f i c a n t l y b e t t e r t h a n 

t h e a v e r a g e s c o r e i n t h e s e c o n d g r o u p ( d e n o t e d b y Y ) . H e n c e t h e t e a c h i n g a c t i v i t i e s 

u s e d i n t h e S t u d y G r o u p i m p r o v e d s t u d e n t s ' p e r f o r m a n c e s i g n i f i c a n t l y . 

W e t e s t e d t h e f o l l o w i n g h y p o t h e s i s . 

H o : mu sub capital X less than equal to mu sub capital Y 

H a : mu sub capital X greater than mu sub capital Y O . C . ( o r i g i n a l c l a i m , r i g h t t a i l t e s t ) 

S t e p 2 : Finding the rejection region for the confidence level a . 

S i n c e b o t h s a m p l e s w e r e s m a l l ( n less than 3 0 ) , w e u s e d t - t e s t . W e c a l c u l a t e d t h e d e g r e e o f 

f r e e d o m a s f o l l o w s : d f equals parenthesis n sub 1 plus n sub 2 minus 2 parenthesis equals 2 0 plus 2 0 minus 2 equals 3 8 

H e n c e t - c r i t i c a l v a l u e equals 2 . 0 3 f r o m t h e t - t a b l e f o r d f equals 3 8 a n d alpha equals 0 . 0 5 f o r o n e t a i l t e s t . 

F i g u r e 6 . 3 t - d i s t r i b u t i o n a n d t e s t s t a t i s t i c s 
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S t e p 3 : C a l c u l a t i n g t h e t e s t s t a t i s t i c s 

capital S sub P squared equals parenthesis n sub 1 minus 1 parenthesis capital S sub 1 squared plus parenthesis n sub 2 minus 1 parenthesis capital S sub 2 squared divided 

by n sub 1 plus n sub 2 minus 2 equals parenthesis 20 minus 1 parenthesis parenthesis 0.724 parenthesis squared plus parenthesis 20 minus 1 parenthesis parenthesis 1.202 

parenthesis squared divided by 20 plus 20 minus 2 equals 0.9844. t equals parenthesis x bar sub 1 minus x bar sub 2 parenthesis divided by square root capital S sub p 

squared parenthesis 1 divided by n sub 1 plus 1 divided by n sub 2 parenthesis equals 5.05 minus 3.875 divided by square root 0.9844 parenthesis 1 twentieths plus 

1 twentieths equals 3.75 

S t e p 4 : A c c e p t i n g o r r e j e c t i n g t h e h y p o t h e s i s . 

S i n c e t h e t e s t s t a t i s t i c v a l u e t equals 3 . 7 5 greater than 2 . 0 3 , i t f a l l s i n t h e r e j e c t i o n r e g i o n ; h e n c e w e 

r e j e c t t h e H sub 0 ( s e e F i g u r e 6 . 3 ) . 

S t e p 5 : C o n c l u s i o n . 

A t t h e 9 5 percent c o n f i d e n c e l e v e l o u r h y p o t h e s i s H a i s a c c e p t e d , m e a n i n g t h a t t h e n e w 

m e t h o d o f f i n d i n g t h e L C D s i g n i f i c a n t l y i m p r o v e s s t u d e n t s ' p e r f o r m a n c e r e l a t e d t o f r a c t i o n o p e r a t i o n s . 

W e r e p e a t e d o u r t e s t i n g o n c e a g a i n u s i n g M e g a S t a t s o f t w a r e . T h e c a l c u l a t i o n s a r e d i s p l a y e d b e l o w . 

0 to 6 0 to 6 

5 . 0 5 0 3 . 8 7 5 m e a n 

0 . 7 2 4 1 . 2 0 2 s t d . d e v . 

2 0 2 0 n 

3 8 d f 

1 . 1 7 5 0 d i f f e r e n c e ( 0 to 6 to 0 to 6 ) 

0 . 9 8 3 9 p o o l e d v a r i a n c e 

0 . 9 9 1 9 p o o l e d s t d . d e v . 

0 . 3 1 3 7 s t a n d a r d e r r o r o f d i f f e r e n c e 

0 h y p o t h e s i z e d d i f f e r e n c e 

3 . 7 5 t 

0 . 0 0 0 2 9 7 6 4 p - v a l u e ( o n e - t a i l e d , u p p e r ) 

O n c e a g a i n o u r p - v a l u e 0 . 0 0 0 2 9 7 6 4 i s l e s s t h a n alpha equals 0 . 0 5 ; h e n c e w e r e j e c t t h e n u l l 

h y p o t h e s i s a n d a c c e p t t h e a l t e r n a t i v e h y p o t h e s i s H a . T h e r e f o r e , w e c o n c l u d e t h a t t h e 

L a d d e r M e t h o d i m p r o v e s t h e s t u d e n t s ' p e r f o r m a n c e r e l a t e d t o o p e r a t i o n s o n f r a c t i o n s . 
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7 U s i n g M a r k o v C h a i n s t o m o d e l s t u d e n t l e a r n i n g 

M a r k o v C h a i n s a r e m a t h e m a t i c a l s y s t e m s w i t h a f i n i t e o r c o u n t a b l e n u m b e r o f 

p o s s i b l e s t a t e s t h a t u n d e r g o t r a n s i t i o n s f r o m o n e s t a t e t o a n o t h e r w i t h a s s i g n e d 

p r o b a b i l i t i e s . I t i s u s e f u l t o p r e s e n t a M a r k o v C h a i n a s a m a t r i x t o m o d e l a n d t o p r e d i c t 

t h e b e h a v i o r o f a s y s t e m f r o m o n e s t a t e t o a n o t h e r s t a t e a s i n [ G a ] . N o t e t h a t t h e 

c o n s e c u t i v e s t a t e o f t h e s y s t e m d e p e n d s o n t h e c u r r e n t s t a t e o n l y t h e r e f o r e w e h a v e t h e 

c o n d i t i o n f u l f i l l e d f o r t h e c h a i n t o b e M a r k o v . I n o u r s t u d y o f s t u d e n t s ' l e a r n i n g w e h a v e 

a s s u m e d t h a t n e x t t e s t r e s u l t d e p e n d s o n l y o n t h e c u r r e n t t e s t r e s u l t . H e n c e w e w e r e a b l e 

t o c o n s t r u c t t h e M a r k o v C h a i n p r o c e s s r e p r e s e n t i n g c h a n g e s i n t h e s t u d e n t s ' 

p e r f o r m a n c e . 

W e d e f i n e d t h e p o s s i b l e s t a t e s o f o u r l e a r n i n g s y s t e m a s t h e l e t t e r g r a d e r e s u l t s o n 

c o n s e c u t i v e t e s t s o b t a i n e d b y t h e p a r t i c i p a n t s i n t h e s t u d y , s t a r t i n g w i t h p r e - t e s t a n d p o s t -

t e s t g r a d e s a s s i g n e d t o s t u d e n t s i n t h e S t u d y G r o u p . W e u s e d t h e f o l l o w i n g r u b r i c f o r 

t r a n s l a t i n g s c o r e s i n t o g r a d e s ( i . e . t h e s t a t e s o f o u r s y s t e m ) . 

A f o r s c o r e s b e t w e e n 5 a n d 6 

B f o r s c o r e s b e t w e e n 4 a n d 4 . 9 

C f o r s c o r e s b e t w e e n 3 a n d 3 . 9 

D f o r s c o r e s b e t w e e n 2 a n d 2 . 9 

F f o r s c o r e s b e l o w 2 

T o m o d e l o u r l e a r n i n g , w e a s s u m e d t h a t t h e n e x t s t a t e o f t h e g r o u p t e s t s c o r e s 

d e p e n d s o n l y o n t h e c u r r e n t t e s t s t u d e n t s a r e t a k i n g a s i n [ G a ] . W e u s e d t h e f o l l o w i n g 

m a t r i x a s a t r a n s i t i o n m a t r i x f o r o u r l e a r n i n g s y s t e m r e p r e s e n t i n g t h e p r o b a b i l i t i e s o f 

t r a n s i t i o n f r o m e a c h s t a t e t o a n y o t h e r s t a t e . T h e m a t r i x P , b a s e d o n t h e S t u d y G r o u p 

p a r t i c i p a n t s ' g r a d e s ( s e e t a b l e o n p a g e 1 4 ) , r e p r e s e n t s t h e a c t u a l p r o b a b i l i t i e s o f t h e 

c h a n g e s b e t w e e n s t a t e s ( g r a d e s ) a s d e f i n e d a s f o l l o w s : 
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P equals 

A B C I ) F 

A 0 . 9 8 0 . 0 2 0 0 0 

B 0 . 9 1 0 . 0 8 0 . 0 1 0 0 

C 0 . 7 5 0 . 2 1 0 . 0 3 0 . 0 1 0 

I ) 0 . 1 7 0 . 4 5 0 . 3 5 0 . 0 3 0 

F 0 . 0 1 0 . 3 6 0 . 5 3 0 . 0 9 0 . 0 1 

F o r e x a m p l e , t h e p r o b a b i l i t y t h a t a s t u d e n t w i t h a n A g r a d e o n p r e - t e s t w i l l g e t a 

B o n t h e p o s t - t e s t i s 2 percent, a n d t h e p r o b a b i l i t y t h a t s o m e o n e w i t h a B g r a d e o n t h e p r e - t e s t 

w i l l g e t a n A o n t h e p o s t - t e s t i s 9 1 percent. N o t e t h a t t h e s t u d e n t s h a d a l e a r n i n g s e s s i o n 

b e t w e e n e a c h t e s t . 

T o m o d e l t h e l e a r n i n g p r o c e s s a f t e r n - s t e p s , w e c a n c a l c u l a t e t h e P superscript n t h a t w i l l b e 

r e p r e s e n t i n g t h e s t a t e o f t h e l e a r n i n g s y s t e m ( i . e . t e s t g r a d e s o f t h i s p a r t i c u l a r g r o u p o f 

s t u d e n t s a f t e r n l e a r n i n g s e s s i o n s ) . H e r e a r e t h e c a l c u l a t i o n s f o r t h e f i r s t r e p e t i t i o n s . 

P squared equals P times P equals 

0 . 9 7 8 6 0 . 0 2 1 2 0 . 0 0 0 2 0 0 

0 . 9 7 2 1 0 . 0 2 6 7 0 . 0 0 1 1 0 . 0 0 0 1 0 

0 . 9 5 0 3 0 . 0 4 2 6 0 . 0 0 6 5 0 . 0 0 0 6 0 

0 . 8 4 3 7 0 . 1 2 6 4 0 . 0 2 5 5 0 . 0 0 4 4 0 

0 . 7 5 0 3 0 . 1 8 4 4 0 . 0 5 6 3 0 . 0 0 8 9 0 . 0 0 0 1 

P cubed equals P squared times P equals 

0.97847 0.02131 0.00022 0.00000 0.00000 

0.97780 0.02185 0.00034 0.00001 0.00000 

0.97504 0.02405 0.00083 0.00008 0.00000 

0.96172 0.03432 0.00357 0.00039 0.00000 

0.94684 0.04562 0.00670 0.00084 0.00000 

P to the fourth power equals P squared times P squared equals 

0.97846 0.02132 0.00022 0.00000 0.00000 

0.97838 0.02138 0.00023 0.00000 0.00000 

0.97806 0.02164 0.00029 0.00001 0.00000 

0.97646 0.02290 0.00059 0.00005 0.00000 

0.97458 0.02437 0.00095 0.00009 0.00000 

N o t e h e r e t h a t i f y o u r o r i g i n a l t e s t g r a d e w a s B , a f t e r 4 s t e p s y o u r g r a d e w i l l b e A w i t h 

t h e p r o b a b i l i t y o f 0 . 9 7 8 3 8 . 



4 7 

P to the fifth power equals P to the fourth power times P equals 

0 . 9 7 8 4 6 0 . 0 2 1 3 2 0 . 0 0 0 2 2 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

0 . 9 7 8 4 5 0 . 0 2 1 3 3 0 . 0 0 0 2 2 0 . 0 0 0 0 0 0 . 0 0 0 0 0 
0 . 9 7 8 4 1 0 . 0 2 1 3 6 0 . 0 0 0 2 3 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

0 . 9 7 8 2 2 0 . 0 2 1 5 1 0 . 0 0 0 2 6 0 . 0 0 0 0 1 0 . 0 0 0 0 0 

0 . 9 7 8 0 0 0 . 0 2 1 6 8 0 . 0 0 0 3 0 0 . 0 0 0 0 1 0 . 0 0 0 0 0 

P to the sixth power equals P to the fifth power times P equals 

0 . 9 7 8 4 5 0 . 0 2 1 3 2 0 . 0 0 0 2 2 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

0 . 9 7 8 4 5 0 . 0 2 1 3 2 0 . 0 0 0 2 2 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

0 . 9 7 8 4 5 0 . 0 2 1 3 3 0 . 0 0 0 2 2 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

0 . 9 7 8 4 3 0 . 0 2 1 3 4 0 . 0 0 0 2 3 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

0 . 9 7 8 4 0 0 . 0 2 1 3 6 0 . 0 0 0 2 3 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

P to the seventh power equals P to the sixth power times P equals 

0 . 9 7 8 4 5 0 . 0 2 1 3 2 0 . 0 0 0 2 2 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

0 . 9 7 8 4 5 0 . 0 2 1 3 2 0 . 0 0 0 2 2 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

0 . 9 7 8 4 5 0 . 0 2 1 3 2 0 . 0 0 0 2 2 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

0 . 9 7 8 4 5 0 . 0 2 1 3 2 0 . 0 0 0 2 2 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

0 . 9 7 8 4 5 0 . 0 2 1 3 3 0 . 0 0 0 2 2 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

N o t e t h a t d u e t o t h e r o u n d - o f f p r o c e d u r e i m p l e m e n t e d b y t h e c o m p u t e r , i f w e 

m u l t i p l y t h e P to the seventh power b y P w e g e t t h e s a m e r e s u l t . H e n c e w i t h t h e g i v e n a c c u r a c y w e c a n 

a s s u m e t h a t P to the seventh power equals P to the nth power f o r n greater than 6 . T h i s w i l l g i v e u s a w a y t o c a l c u l a t e e x p e c t e d g r a d e s o f 

t h e s t u d e n t s a f t e r n s t u d y s e s s i o n s o n t h e n - t h t e s t s u s i n g t h e i n i t i a l d i s t r i b u t i o n v e c t o r o f 

t h e g r a d e s . 

L e t v e c t o r pi sub 0 r e p r e s e n t t h e I n i t i a l D i s t r i b u t i o n s o f g r a d e s A , B , C , D , a n d F o n 

t h e p r e - t e s t ( t h e f i r s t t e s t ) . T h i s m e a n s t h a t t h e p r o b a b i l i t y o f s o m e o n e g e t t i n g A o n t h e 

f i r s t p o s t - t e s t i s 2 3 percent, a n d t h e p r o b a b i l i t y o f s o m e o n e g e t t i n g B i n t h e f i r s t p o s t - t e s t i s 

2 5 percent, a n d s o o n . N o t e t h a t t h i s d a t a w a s o b t a i n e d f r o m s a m p l e s i n o u r s t u d y ( s e e t a b l e o n 

p a g e 1 4 ) , 

pi sub 0 equals square bracket 0 . 2 3 0 . 2 5 0 . 3 2 0 . 2 0 0 square bracket 

N o w w e c a n c a l c u l a t e t h e pi sub n equals pi sub 0 P superscript n ( t h e f i n a l g r a d e d i s t r i b u t i o n ) a f t e r n -

r e p e t i o n s o f t h e l e a r n i n g a c t i v i t y . 
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pi sub n equals square bracket 0 . 2 3 0 . 2 5 0 . 3 2 0 . 2 0 0 square bracket 

0 . 9 7 8 4 5 0 . 0 2 1 3 2 0 . 0 0 0 2 2 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

0 . 9 7 8 4 5 0 . 0 2 1 3 2 0 . 0 0 0 2 2 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

0 . 9 7 8 4 5 0 . 0 2 1 3 2 0 . 0 0 0 2 2 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

0 . 9 7 8 4 5 0 . 0 2 1 3 2 0 . 0 0 0 2 2 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

0 . 9 7 8 4 5 0 . 0 2 1 3 3 0 . 0 0 0 2 2 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

B y m u l t i p l y i n g , w e o b t a i n : 

pi equals pi sub n equals 
A B C D 

0 . 9 7 8 4 5 0 . 0 2 1 3 2 0 . 0 0 0 2 2 0 . 0 0 0 0 0 0 . 0 0 0 0 0 

Pi i s c a l l e d t h e S t e a d y S t a t e D i s t r i b u t i o n . T h i s m e a n s t h a t i f w e c o n t i n u e w i t h t h e 

s t u d y s e s s i o n s f o l l o w e d b y t e s t i n g b e y o n d s e v e n t e s t s a b o u t 9 7 . 8 4 5 percent o f s t u d e n t s w i l l g e t 

a n A , a b o u t 2 . 1 3 2 percent o f t h e s t u d e n t s w i l l g e t a B ; a n d o n l y a b o u t 0 . 0 2 2 percent w i l l g e t a C . 

H e n c e a l l s t u d e n t s w i l l p a s s . T h i s r e s u l t s h o w s t h a t r e p e a t i n g l e a r n i n g a c t i v i t i e s w i l l 

i m p r o v e s t u d e n t s ' p e r f o r m a n c e s t o a n a t l e a s t s a t i s f a c t o r y l e v e l . 

8 R e s u l t s a n d f i n d i n g s 

W e c o m p a r e d t w o g r o u p s o f s t u d e n t s i m p r o v i n g t h e i r s k i l l s i n v o l v i n g o p e r a t i o n s 

o n f r a c t i o n s . T h e g r o u p s w e r e s i m i l a r , o n t h e s a m e l e v e l o f m a t h e m a t i c a l d e v e l o p m e n t 

w i t h n o s i g n i f i c a n t s t a t i s t i c a l d i f f e r e n c e s . T h e S t u d y G r o u p , i n v o l v e d i n l e a r n i n g c o m m o n 

d e n o m i n a t o r s u s i n g t h e v i s u a l a n d o r g a n i z e d L a d d e r m e t h o d , p e r f o r m e d s i g n i f i c a n t l y 

b e t t e r o n t h e p o s t - t e s t t h a n t h e C o n t r o l G r o u p t h a t u s e d t h e p r i m e f a c t o r i z a t i o n m e t h o d . 

T h e r e f o r e w e c o n c l u d e t h a t t h e L a d d e r m e t h o d i s m o r e e f f e c t i v e a n d s h o u l d b e a d o p t e d 

a s a t e a c h i n g t o o l . W e a g r e e w i t h t h e f o l l o w i n g s t a t e m e n t m a d e b y L i n d , M a r c h a l , 

M a s o n , a n d C o o p e r i n [ L M M C ] " G o o d r e s e a r c h g e n e r a t e s d e p e n d a b l e d a t a , b e i n g 

d e r i v e d b y p r a c t i c e s t h a t a r e c o n d u c t e d p r o f e s s i o n a l l y a n d t h a t c a n b e u s e d r e l i a b l y f o r 

m a n a g e r i a l d e c i s i o n m a k i n g " (page 9 ) . D a t a f r o m o u r s t u d y s h o w e d s i g n i f i c a n t 

i m p r o v e m e n t o f s t u d e n t p e r f o r m a n c e i n t h e S t u d y G r o u p . T h e r e f o r e w e c a n a d v o c a t e f o r 

u s i n g t h e L a d d e r M e t h o d f o r t h e t e a c h i n g o f f i n d i n g l e a s t c o m m o n m u l t i p l e s . E v e n 

t h o u g h f o r o u r e x p e r i m e n t w e t r i e d t o s e l e c t o u r s u r v e y q u e s t i o n s t o a c c o u n t f o r v a r i o u s 

o u t s i d e v a r i a b l e s i n f l u e n c i n g s t u d e n t s ' l e a r n i n g , a f t e r w e a n a l y z e d s t a t i s t i c a l c a l c u l a t i o n s , 
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w e f o u n d t h a t o u t s i d e v a r i a b l e s p r o v e d t o b e i r r e l e v a n t t o t h e s t u d y . H e n c e o u r m a i n 

r e s u l t s a r e b a s e d s o l e l y o n t h e e f f e c t i v e n e s s o f o u r n e w m e t h o d r a t h e r t h a n o n o t h e r 

v a r i a b l e s t h a t m a y h a v e b e e n r e l e v a n t t o s t u d e n t s ' l e a r n i n g . 

9 F u t u r e P l a n s 

I r e a l l y e n j o y e d w o r k i n g w i t h r e a l l i f e d a t a a n d e d u c a t i o n a l s e t t i n g s . I w o u l d l i k e 

t o d o m o r e r e s e a r c h f o r o t h e r s p e c i a l t o p i c s t h a t a r e d i f f i c u l t f o r s t u d e n t s . S i n c e t h e 

L a d d e r m e t h o d w a s s u c c e s s f u l i n t h i s s t u d y , w e m a y w a n t t o d o a l o n g t e r m f o l l o w - u p 

w i t h a s t u d y o n k n o w l e d g e r e t e n t i o n . T e s t i n g t h e s p e c i a l m e t h o d ( t h e L a d d e r m e t h o d ) 

w i t h l a r g e r g r o u p s o f s t u d e n t s a t v a r i o u s l e v e l s s h o u l d f o l l o w u p t h i s s t u d y a s w e l l . 

F o r t e a c h i n g e f f e c t i v e l y a n d s u c c e s s f u l l y i n t o d a y ' s r a p i d l y c h a n g i n g w o r l d a n d 

e c o n o m y , w e n e e d t o e n s u r e t h a t w e c o n t i n u e t o u t i l i z e t e a c h i n g t e c h n i q u e s t h a t a r e t e s t e d 

f o r e f f e c t i v e n e s s . T h e t e a c h i n g m u s t a l s o b e i n v o l v i n g a n d a c c u r a t e i n o r d e r t o i m p r o v e 

s t u d e n t s ' s k i l l s a n d u n d e r s t a n d i n g s i n a n e f f i c i e n t w a y . I h o p e t o a p p l y m y s t a t i s t i c a l 

k n o w l e d g e a n d v a r i o u s r e s e a r c h m e t h o d s t o a l l m y e d u c a t i o n a l e n d e a v o r s i n t h e f u t u r e . 



5 0 

R e f e r e n c e s : 

[ B O O M ] B o w e r m a n , B . L . , O ' C o n n e l l , R . T . , O r r i s , J . B . , a n d M u r p h r e e , E . ( 2 0 1 0 ) . 

Essentials of Business Statistics ( 3 r d e d . ) . N e w Y o r k , N Y : M c G r a w - H i l l . 

[ C o ] C o o n e y , T . J . , M a t h e m a t i c s E d u c a t i o n , J o u r n a l o f M a t h e m a t i c s T e a c h e r E d u c a t i o n , 

P u b l i s h e d b y S p r i n g e r , f i r s t a p p e a r e d i n 1 9 9 8 . 

[ C S ] C o o p e r , D . R . & S c h i n d l e r , P . S . ( 2 0 0 6 ) . B u s i n e s s R e s e a r c h M e t h o d s ( 9 t h e d . ) . N Y : 

M c G r a w - H i l l / I r w i n . 

[ D S ] D o a n e , D . , a n d S e w a r d , L . , ( 2 0 0 7 ) . Applied Statistics in Business and Economics. 

M c G r a w - H i l l , N e w Y o r k , N e w Y o r k . 

[ E ] E s t y , W W , ' T h e l e a s t c o m m o n d e n o m i n a t o r ' , Arithmetic Teacher, 3 9 , 4 , p . 6 , ( 1 9 9 1 ) . 

A c a d e m i c S e a r c h P r e m i e r , E B S C O h o s t , v i e w e d 1 6 D e c e m b e r 2 0 1 1 . 

[ G a ] G a r c i a , J . ( 2 0 1 2 ) . M T H 5 8 7 L e c t u r e s a n d c l a s s n o t e s . C a l i f o r n i a S t a t e 

U n i v e r s i t y , C h a n n e l I s l a n d s . 

[ G W ] G r a v e t t e r , F . , J . & W a l l n a u , L . , B . ( 2 0 0 8 ) . Essentials of statistics for the 

behavioural science. B e l m o n t , C A : T h o m s o n W a d s w o r t h . 

[ G r ] G r z e g o r c z y k , J . ( 2 0 1 1 ) . M T H 5 6 5 L e c t u r e s a n d c l a s s n o t e s . C a l i f o r n i a S t a t e 

U n i v e r s i t y , C h a n n e l I s l a n d s . 

[ H P S ] H o e l , P . G . , P o r t , S . C . a n d S t o n e , C . J . ( 1 9 8 7 ) . I n t r o d u c t i o n t o S t o c h a s t i c 

P r o c e s s e s , W a v e l a n d P r e s s , I N C . 

[ L M W ] L i n d , D . A . , M a r c h a l , W . G . , & W a t h e n , S . A . ( 2 0 0 8 ) . S t a t i s t i c a l T e c h n i q u e s i n 

B u s i n e s s & E c o n o m i c s , 1 3 t h e d i t i o n . N e w Y o r k , N Y : M c G r a w - H i l l . 



5 1 

[ 4 M ] M c K n i g h t , C . , M a g i d , A . , M u r p h y , T . , a n d M c K n i g h t , M . ( 2 0 0 0 ) . A g u i d e f o r t h e 

R e s e a r c h M a t h e m a t i c i a n , A M S ( A m e r i c a n M a t h e m a t i c a l S o c i e t y ) . 

i d n m u s i c . c o m . ( 1 9 9 9 ) . t h e _ l o w e s t _ c o m m o n _ d e n o m i n a t o r . R e t r i e v e d f r o m 

h t t p : / / w w w . i d n m u s i c . c o m / e d u c a t i o n / t h e _ l o w e s t _ c o m m o n _ d e n o m i n a t o r . h t m l 

h e l p w i t h f r a c t i o n s . c o m . ( 2 0 1 2 ) . L e a s t _ c o m m o n _ d e n o m i n a t o r . R e t r i e v e d f r o m 

h t t p : / / w w w . h e l p w i t h f r a c t i o n s . c o m / l e a s t - c o m m o n - d e n o m i n a t o r . h t m l 

S o f t w a r e u s e d : M S E x c e l a n d M e g a S t a t 

http://www.idnmusic.com/education/the_lowest_common_denominator.html
http://www.helpwithfractions.com/least-common-denominator.html


5 2 

A p p e n d i x A 

A c t i v i t y : H o w t o f i n d L C M ( o r L C D f o r f r a c t i o n s ) ? 

T h e L a d d e r M e t h o d c a n b e u s e d t o f i n d t h e G C F a n d L C M ( L C D f o r f r a c t i o n s ) . 

E x a m p l e 1, l e t ' s u s e t h e L a d d e r M e t h o d t o f i n d t h e G C F a n d L C M f o r t w o n u m b e r s 7 2 

a n d 8 4 . 

1 - W e w r i t e t h e n u m b e r s o n t h e t o p o f a l i n e a s f o l l o w s : 

7 2 8 4 

2 - W e n e e d t o f i n d a n u m b e r t h a t i s a f a c t o r o f b o t h 7 2 a n d 8 4 . F o r e x a m p l e , l e t ' s u s e 4 a s 

t h e f a c t o r . W e w r i t e 4 o u t s i d e i n t h e l e f t c o l u m n , a n d w e w r i t e t h e c o r r e s p o n d i n g 

q u o t i e n t s o n t h e s a m e r o w a s f o l l o w s : 

7 2 8 4 

4 1 8 2 1 

3 - I n t h e n e x t s t e p w e n e e d t o i d e n t i f y a f a c t o r o f 1 8 a n d 2 1 . I t i s c l e a r t h a t 3 i s a g o o d 

c h o i c e . H e n c e w e w r i t e 3 i n t h e l e f t c o l u m n a n d t h e q u o t i e n t s o n t h e s a m e r o w a s 

f o l l o w s : 

7 2 8 4 

4 1 8 2 1 

3 6 7 

4 - N o w w e c h e c k i f t h e r e i s a c o m m o n f a c t o r f o r 6 a n d 7 . S i n c e t h e r e i s n o n e ( o t h e r t h a n 

1) , w e h a v e r e a c h e d o u r r e s u l t . T h e G C F c a n b e f o u n d b y m u l t i p l y i n g t h e n u m b e r s i n t h e 

l e f t c o l u m n b e c a u s e t h e r e i s n o o t h e r c o m m o n f a c t o r , a s f o l l o w s : 

7 2 8 4 

4 1 8 2 1 

3 6 7 

G C F equals 4 times 3 equals 1 2 
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5 - W e f i n d G C F o f 7 2 a n d 8 4 i s 1 2 equals 4 times 3 . T h i s m e t h o d w o r k s r e g a r d l e s s o f t h e f a c t o r s 

c h o s e n a t e a c h s t e p . W e c o u l d h a v e s t a r t e d w i t h a 2 a s a c o m m o n f a c t o r r a t h e r t h a n 4 , a n d 

w e w i l l e n d u p w i t h t h e s a m e r e s u l t . 

T o f i n d t h e L C M ( o r L C D f o r f r a c t i o n s ) w e m u l t i p l y t h e n u m b e r s i n t h e l e f t 

c o l u m n a n d t h e l a s t r o w ( i n s i d e t h e c i r c l e d L ) . W e g e t L C M equals L C D equals 4 times 3 t imes 6 times 7 equals 5 0 4 

a n d G C F equals 4 times 3 equals 1 2 

7 2 8 4 

4 1 8 2 1 

3 6 7 L C M equals L C D equals 4 times 3 times 6 times 7 equals 5 0 4 

E x a m p l e 2 , l e t ' s u s e t h e L a d d e r M e t h o d t o f i n d t h e G C F a n d L C M f o r t h r e e n u m b e r s 1 2 , 

1 8 , a n d 2 4 o r t o f i n d t h e L C D ( L C M ) f o r t h e f o l l o w i n g f r a c t i o n s : 

13 divided by 24 plus 7 divided by 18 minus 1 divided by 12 

1 2 1 8 2 4 
2 

6 9 1 2 
3 

2 3 4 

G C F equals 2 times 3 equals 6 

C o n s i d e r i n g t h e r e i s n o c o m m o n f a c t o r f o r 2 , 3 , a n d 4 ( o r n o t h i n g g o e s i n 2 , 3 , 

a n d 4 e x c e p t 1) , t h e G C F i s 2 times 3 equals 6 b u t t h e r e i s a c o m m o n f a c t o r f o r 2 a n d 4 w h i c h i s 2 . 

W e w r i t e 2 i n t h e l e f t c o l u m n u n d e r 3 , t h e n d i v i d e o n l y 2 a n d 4 b y 2 a n d b r i n g d o w n 3 . 

1 2 1 8 2 4 

2 6 9 1 2 

3 2 3 4 

2 1 3 2 L C M equals L C D equals 2 times 3 times 2 times 1 times 3 times 2 equals 7 2 

W e j u s t n e e d t o m u l t i p l y t h e c i r c l e d n u m b e r s i n t h e L s h a p e t o g e t t h e L C M o r L C D . 
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A p p e n d i x B 

F i n d i n g t h e L C M ( o r L C D f o r f r a c t i o n s ) b y p r i m e f a c t o r i z a t i o n . 

W e s t a r t b y f i n d i n g p r i m e f a c t o r i z a t i o n f o r e a c h n u m b e r a n d w r i t i n g e a c h n u m b e r 

a s a p r o d u c t o f i t s f a c t o r s . 

T h e n w e c i r c l e f a c t o r s i n c o m m o n a n d m u l t i p l y t h e f i r s t n u m b e r b y a l l n o t c i r c l e d f a c t o r s 

i n t h e s e c o n d n u m b e r . 

E x a m p l e : f i n d i n g L C M ( o r L C D i n f r a c t i o n s ) o f 1 8 a n d 6 0 . 

W e f i n d t h e p r i m e f a c t o r i z a t i o n f o r e a c h n u m b e r . 

6 0 equals 2 times 2 times 3 times 5 

1 8 equals 2 times 3 times 3 

H e n c e o n e 2 a n d o n e 3 a r e c o m m o n f a c t o r s . 

W e m u l t i p l y 6 0 b y 3 ( t h e o n l y n o t c o m m o n f a c t o r i n 1 8 ) t o o b t a i n 1 8 0 equals L C M ( L C D ) . 

L C M equals L C D equals 2 squared times 3 squared times 5 equals 1 8 0 
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A p p e n d i x C 

S u r v e y Q u e s t i o n s : 

P l e a s e b e h o n e s t w i t h y o u r r e s p o n s e s . Y o u w i l l g e t e x t r a c r e d i t n o m a t t e r w h a t y o u r 

a n s w e r s a r e . 

1 - A r e y o u a v i s u a l l e a r n e r ( Y e s equals 1 a n d N o equals 0 ) ? 

2 - W h a t i s y o u r g e n d e r ( M a l e equals 1 a n d F e m a l e equals 0 ) ? 

3 - H o w m a n y h o u r s p e r w e e k d o y o u w o r k ? 

4 - H o w m a n y u n i v e r s i t y u n i t s h a v e y o u p a s s e d s o f a r ? 

5 - H o w m a n y h o u r s p e r w e e k d o y o u p l a y c o m p u t e r g a m e s ? 

6 - H o w m a n y h o u r s p e r w e e k d o y o u s t u d y f o r y o u r m a t h c l a s s ? 

7 - W h a t i s y o u r h i g h e s t m a t h l e v e l c l a s s ( 0 to 4 ) ? 

( P r e - a l g e b r a equals 0 , I n t e r m e d i a t e A l g e b r a equals 1, C o l l e g e A l g e b r a equals 2 , S t a t i s t i c s equals 3 , a n d 

C a l c u l u s equals 4 ) 

8 - O n t h e s c a l e o f 1 to 1 0 ( 1 0 b e i n g t h e h i g h e s t ) , h o w m u c h d o y o u l i k e m a t h ? 

9 - O n t h e s c a l e o f 1 to 1 0 ( 1 0 b e i n g t h e h i g h e s t ) , h o w g o o d a r e y o u i n a d d i n g a n d 

s u b t r a c t i n g f r a c t i o n s ? 

1 0 - W h a t m e t h o d s d o y o u u s e w h e n a d d i n g o r s u b t r a c t i n g f r a c t i o n s ? L i s t t h e m a n d 

d e s c r i b e . 
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A p p e n d i x D 

P r e - t e s t q u e s t i o n s : F i n d t h e L C D f o r t h e f o l l o w i n g f r a c t i o n s . T h e n s o l v e t h e p r o b l e m s . 

1 - 3 eigths plus 5 twelfths L C D equals 

2 - two fifths minus 3 sevenths L C D equals 

3 - 3 fifteenths plus 5 thirty-fifths 
L C D equals 

4 - 3 twenty-eighths plus 5 fourteenths minus 2 twenty-first L C D equals 

P o s t - t e s t q u e s t i o n s : F i n d t h e L C D f o r t h e f o l l o w i n g f r a c t i o n s . T h e n s o l v e t h e p r o b l e m s . 

1 - 7 twenty-fourths minus 5 thirty-sixths L C D equals 

2 - 7 ninths plus 2 fifths L C D equals 

3 - 9 twentieth minus 7 twenty-fifth L C D equals 

4 - 13 twenty-fourth plus 7 eighteenths minus 1 twelfths L C D equals 



5 7 

A p p e n d i x E 

F r a c t i o n C o n c e p t s Q u i z 

N a m e : 

P l e a s e a n s w e r t h e f o l l o w i n g q u e s t i o n s ( e x t r a c r e d i t , e a c h q u e s t i o n 1 p o i n t ) : 

1 - I n t h e f r a c t i o n 5 eighths 

a - W h a t d o e s t h e 5 s t a n d f o r ? P l e a s e e x p l a i n . 

b - W h a t d o e s t h e 8 s t a n d f o r ? P l e a s e e x p l a i n . 

c - D r a w a p i c t u r e r e p r e s e n t i n g 5 eighths 

2 - P l e a s e a n s w e r t h e f o l l o w i n g q u e s t i o n s f o r 3 and two-fifths 

a - W h a t d o w e c a l l t h i s t y p e o f f r a c t i o n ? 

b - C o n v e r t t o i m p r o p e r f r a c t i o n . 

c - D r a w a p i c t u r e r e p r e s e n t i n g 3 and two-fifths 

3 - C o n v e r t t h i s f r a c t i o n t o a m i x e d n u m b e r 23 fourths 

4 - E x p l a i n w h y d o w e n e e d t h e L e a s t C o m m o n D e n o m i n a t o r ( L C D ) t o a d d o r s u b t r a c t 

f r a c t i o n s ? 

5 - P l e a s e a d d t h e f o l l o w i n g f r a c t i o n s . 

a - 2 thirds plus 5 sevenths 

b - a seconds plus b thirds 

c - 1 divided by a plus 2 divided by b 

d - a divided by b plus c divided d 

6 - E x p l a i n i f y o u c a n , w h y m o s t o f t h e s t u d e n t s d o n ' t l i k e u s i n g t h e L e a s t C o m m o n d e n o m i n a t o r ( L C D ) ? 


