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Summary
o Like whenl gotintoit it (math) waslike kinda hard, but now it’slike, it'seasier
than you think it is. It's much easier, and it makes me feel good. ( Interview with
Don)

e I'dsayit’'s(E.nopi MATH) helped me with my multiplication and

subtraction......... But with the Enopi it showed me step by step, and | got it. |
can do math faster. ...... I’velearned it so well what | like is when your doing it,
when you first do it, like what | said the directions. ...... And like, when you do

that, when you do it step by step you'll learn it and when you do more problems
you'll get faster and faster at it. ( Interview with Miki)

e Um, it helped melearn how to not go so fast. To not make so many mistakes. Um,
it makes me feel better about myself. | don’t make as many mistakes. ( Interview
with Lisa)

The E.nopi MATH program aims at building computational skillsfor elementary and
middle school students. The purpose of this study is to examine the impact of E.nopi MATH, a
program that supports students' computational fluency, on students' mathematical proficiency
and on the development of students’ positive attitudes to learning mathematics.

91 students, 44 experimental and 47 control group students were recruited for the study.
In the fall of 2004, 4 teachers from upstate New Y ork volunteered for the study. One teacher was
assigned to the experimenta group and the other three teachers were assigned to the control
groups.

Intervention was provided for the school year of 2004-2005 using E.nopi MATH asa
supplementary program in addition to regular textbook. Control group teachers were instructed
to follow their usual method instruction without employing E.nopi MATH program.

Students compl eted the grade appropriate District Math Inventory Test and New Y ork

State Math Test as pre and post tests at the beginning and end of the year. A Simplified



Fennema-Sherman M athematics Attitudes Scale was used to test the students' attitudes towards

math |earning.

. Results showed that the fourth grade students who had used E.nopi MATH for a year
showed statistically significant scores on the New Y ork State Math Test and scored higher on

attitudes toward math than the control group.
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Introduction

Improving students' mathematical fluency has been a magjor concern for American
educators during the past years. Several international and national assessments have revealed a
low level of performance in mathematics of American students. Results from assessments, such
asthe Trends in International Mathematics and Science Study (TIMSS) and Programme for
International Student Assessment (PISA), conducted over the past 10 years indicate that
American students tend to have alimited understanding of fundamental mathematical concepts
and have trouble applying mathematical skills even on simple problems (National Research
Council, 2001, p. 55).

Mathematics educators, guided by the National Council of Teachers of Mathematics
(NCTM), expect students to become mathematically proficient; they should to be able to go
beyond the mastery of disconnected facts and procedures, to learn conceptually, to problem solve
and to apply their mathematics knowledge to new situations (NCTM, 2000). This approach
reguires mathematics educators to move away from placing a heavy emphasis on computation,
rote memorization and repeated practice of procedures.

What is mathematical proficiency? The National Research Council (2001) theorized that
mathematical proficiency is composed of five strands. conceptual understanding, procedural
fluency, strategic competence, adaptive reasoning, and productive disposition. These strands are
intertwined and influence each other. Y et, American educators tend to highlight the importance
of computational proficiency over the other strands in primary grades (NCTM, 2000).

Americahas along history of aternating between teaching procedurally and teaching
conceptually, although concepts and procedures are closely interrelated (Griffin, 2003). In the

1950s and 1960s, the “back-to-basics” movement overemphasized computational competency



which was already a mgjor focus during the first half of the twentieth century (National Research
Council, 2001, p.115). In response to this movement, a new reform movement of the 1980s and
1990s pushed the direction toward conceptual learning and the development of thinking
processes such as reasoning, solving problems, connecting mathematical ideas and
communicating ideas of mathematics with others (National Research Council, 2001). According
to Loveless (2003), prioritizing conceptual understanding while reducing the attention on
computational skills has lead to animbalancein students' mathematics education.

The emphasis on conceptua understanding has proved to be somewhat more effective
than the traditional emphasis on computational proficiency in terms of students performancein
the TIMSS and PISA studies. However, the increase in scores has been minimal=

We believethat it isrelevant to investigate the effect of computational fluency on overall
mathematical proficiency. The purpose of this study is to examine the impact of E.nopi MATH
(aprogram that supports students computational fluency) on students' mathematical proficiency

and the development of students' positive attitudes toward learning mathematics.
Review of the Literature

Current state of students' mathematical proficiency. Reports from international
assessments of students' mathematics competency have shown that the performance of American
studentsis low compared to that of students from other developed countries. For example, the
results of the Trends in International Mathematics and Science Study (TIMSS) in 2003 reported
that students from Singapore, Hong Kong, Japan and Chinese Taipel received the top four
rankings while the students from the U.S. were ranked as 12" out of 25 parti cipating countries
(TIMSS, 2004). American fourth graders scored, on average, 518 points while their counterparts
from leading countries scored between 564 and 594 points.

Another important international study on mathematical achievement, Programme for
International Student Assessment (PISA), reported similar results in 2004. The U.S. performance
in mathematics literacy and problem solving was lower than the average performance among
most Organisation for Economic Co-operation and Development (OECD) countries and below
average on each mathematics literacy subscal e representing a specific content area, space and

shape, change and relationships, quantity, and uncertainty (2005, April 19).



National assessments show that a great number of American students perform below
national standards. Inthe past 30 years a series of national assessments have been implemented
to observe American students achievement in mathematics. The overall level of achievement in
mathematics has increased during that period. Between 1990 and 2005, the Nation’s Report Card,
the National Assessment of Educational Progress (NAEP), reported that the percentage of fourth
graders performing at or above Basic level increased from 50 to 80 percent, and the percentage
performing at or above Proficient level increased 13 to 36 percent. However, it is of great
concern that 20 percent of students are still a or below Basic level in math achievement
nationwide (NAEP, 2005).

At the state level, the results of the 2005 New Y ork State Mathematics Test issued by
The New Y ork State Education Department report that 77.4 percent of fourth grade students
attained the grade level standards (Levels 3 and 4) ( 2005, November). While thisisalarge
percentage of success, it al'so means that 22.6% of fourth gradersin the State of New Y ork failed
the expectations for the target grade level mathematics fluency.

Conceptual and Procedural Understanding. The relationship between computational
proficiency and mathematical proficiency iswell theorized in the National Research Council’s
report in 2001. The council describes mathematical proficiency as composed of five intertwined
and interdependent strands: conceptual understanding, procedural fluency, strategic competence,
adaptive reasoning, and productive disposition (p. 116).

The National Research Council suggests that procedural fluency isthe basis for
developing strong conceptua understanding of mathematical ideas. Computational skills such as
knowledge of procedures, knowledge of when and how to use them appropriately, and skill in
performing them flexibly and efficiently, are especially needed to support conceptual
understanding (p.121). The council specifically states that students need to be efficient and
accurate in performing basic computations with whole numbers without needing to refer to a
table or other visual aides (p.121). The council also recommends that students reach an
automatization level of proficiency in computational skillsin order to achieve ahigher level of
overall mathematical fluency.

Nationa and state learning standards for mathematics suggest that computational fluency
is amajor component of the mathematics curriculum in grades 3" to 5™ (NCTM 2000, National



Research Council 2001, New Y ork State Learning Standards, 2005). The NCTM’s Principles
and Standards of School Mathematics (PSSM) claims:

A major am in 3-5 grades is the development of computational fluency with whole
numbers. Fluency refers to having efficient, accurate, and generalizable methods
(algorithms) for computing that are based on well-understood properties and number
relationships. Some of these methods are performed mentally, and others are carried out
using paper and pencil to facilitate recording of the thought process. Students should
come to view agorithms as tools for solving problems rather than as the goa of
mathematics study (NCTM, 2000, p.143).

For grade levels three to five, NCTM recommends spending a significant amount of
instructional time on conceptual understanding rather than on devel oping computational fluency
(NCTM, 2000, p.153). The council emphasizes the importance of mastering computational skills
in primary grades athough it maintains that computational skills are tools rather than agoal for
mathematics education. The NCTM recommends the use of calculators to support students’
computational abilitiesin enhancing the learning of math (NCTM, 2000, p.153). The use of
calculators can enhance students’ ability to perform computations and to extended problem
accessibility while enabling them to execute routine procedures quickly and accurately.

The New York State Learning Standard 3-Mathematics (2005) aligned with the NCTM
standards and the National Research Council recommendations also identifies computational
fluency as amgor component in devel oping mathematical proficiency.

Critics of the NCTM’ s vision consider that recommendations such as those described in
the previous paragraphs send mixed messages concerning the importance of mastering
computational skillsin primary grades. Some organizations such as the Honest Open Logical
Debate on math reform (H.O.L.D.) and Mathematically Correct (as cited in Ross, 2001) are the
most active in opposing the NCTM’s position of emphasizing conceptua learning over
computational skills. These organizations believe that de-emphasizing accuracy and competence
in computational skillswill produce students who simply cannot do the math that they need to do.
They insist on teaching computational skillsin tandem with conceptual learning in math and
have pressed school boards to adopt curriculathat stress competence in basic computational
skills. H.O.L.D. and Mathematically Correct believe that unless students are taught traditional
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algorithms, they will not be able to develop their full potential for learning mathematics (Ross,
2001).

Employing multiple representations in teaching and learning mathematics. Cognitive
theories of learning claim that young students learn mathematics through physically
mani pulating objects and reflecting on their actions. In order to help young students internalize
and generdize their knowledge, teachers play the role of facilitators while scaffolding their
students work as doers of manipulation. Bruner and Piaget (as cited in Burris.2005, p.9) argued
that knowledge can be represented in three ways. concrete, pictoria and symbolic. For primary
grade students, educators are encouraged to understand the importance of conducting lessons
with hands-on experiences. It is common to observe studentsin the early grades manipulating
blocks to develop the concept of numbers and counting strategies. Afterward the teachers may
use pictorial representations to show, for example, the addition of “2 dots plus 3 dots’ as atotal
of 5 dots. Pictorial representations support the transition from concreteto symbolic
representations. Symbolic representations are apparent in number sentences such as3+2= |
which are usually introduced after concrete and pictorial presentations.

In order to attain conceptua understanding, students should be exposed to the three
forms of representation until they are able to fluently move back and forth between them. The
use of multiple representations is strongly supported by the NCTM particularly for the primary
grade students to make mathematical ideas more concrete and available for later reflection
(NCTM, p.137).

Ross (2001) argued that the construction of concepts is an abstract-cognitive process. To
learn number operations meaningfully, the students should be able to move from the concrete
level to the pictoria and symbolic levels, while devel oping computational algorithms. The
teachers should evaluate students' work, helping students recognize efficient agorithms, and
provide sufficient and appropriate practice so that the students become fluent and flexible in
computing.

The time spent in the mathematics classroom may not provide opportunities for students
to develop conceptua and procedural understanding and for the practice of the procedures. One
possi ble approach to solve this situation is the implementation of a supplementary program to
help students devel op computational competency. As students may differ in the level of
computational abilities, the materia provided in a supplemental program should be
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individualized to meet each student’s need. The E.nopi MATH program is one of a number of
specially designed programs whose intent is to provide conditions to develop and increase

procedural competency.
E.nopi MATH

E.nopi MATH was established in 1975 in Korea as a program to teach mathematics to
students from kindergarten to 8" grade. Currently, it is the most widely used program to
supplement after-school math instruction in Korean homes. By the year 2004, more than 2.4

million students were enrolled in the E.nopi program in Korea.

Parents enroll their child in the program on a monthly basis to support their child's
mathematics competency. The student works on the E.nopi MATH booklets for 10 to 30 minutes
each day. A tutor visits each student once a week. During each visit, the tutor revises and grades
the work the student has done during the week. The tutor hel ps the student with math problems
that the student struggles with and lets him/her do the revision work on their own.

There are basically two aspects of mathematics knowledge reflected in the content of the
E.nopi MATH booklets: Basic Thinking Math and Critical Thinking Math. Basic Thinking Math,
which supports the foundation of a student’s computational competency, is a core program to
learn computational skills. It teaches numbers, number operations, and application of arithmetic
and equations. Critical Thinking Math was designed for students to develop the ability to
recognize patterns, utilize reasoning and perform relational analysis. The program is composed
of 23 levels from pre-kindergarten to the end of elementary grades (5" or 6™), and 9 levels for
middle school students. Each level consists of 24 sets making atotal of 690 sets.

E.nopi Math can be characterized as individualized learning and student initiated learning.
E.nopi was designed to fit each individual student’slevel regardless of age or grade. During
instructional time in the mathematics classroom, it is not easy to give students individualized
support. It is envisioned that ateacher could effectively instruct students with diverse math
ability levels teaching in large or small groups, while E.nopi would support students individualy,

at their own levels.
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The E.nopi MATH curriculum is devel oped based on small steps, prompt responses, and
self checking. Students' progressis based on small steps which allow students to proceed to the
next level without the teacher’ s direct instruction. Each finished booklet is graded and returned

to the student so that the student can check his’her mistakes and make corrections.

E.nopi MATH emphasizes computational skills and pursues the automatization level of
carrying out computations. McDevitt and Ormrod (2005, p.193) define the automatization level
as when aprocedure can be carried out rapidly and efficiently while mentally processing or
physically performing tasks. It is expected that with proper practice of E.nopi MATH, students
can perform mathematics computations with minimal effort and high levels of accuracy.
Psychologists believe that the activities that become automatized take up very little spacein
working memory. Thus, students can devote avail able working memory capacity to other more
complex or higher levels of tasks and problems ( McDevitt & Ormrod 2005, p.193). Without
mastering basic computational skills, students' mathematical problem solving performance can
be slowed down because they use their cognitive ability to review computational procedures

In order to begin using the E.nopi program, an initial diagnostic test is given to each
student. Then, based on the results of the test, the student is provided with abooklet at alevel
where s/he may feel comfortable. It may sometimes be alittle lower than the student’ s actual
capabilities but it helps studentsto learn the format of the program. Students are expected to
make only afew mistakes in order to proceed to the next booklet. With successful mastery of
each level, students are expected to build confidence and develop a positive disposition toward
mathematics.

When a student completes a booklet with few mistakes and within an assigned time, she
is given the next level booklet. The process continues in this manner, dealing with new concepts
after mastering previous ones. In thisway, each student can progress at his’her own pace and
level. E.nopi MATH emphasizes slow but steady progress and val ues practice as an important

component that supports student’ s progress.
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Methodol ogy

Research Design *

Setting. The study was conducted at Hanes, a public Intermediate school, located in
upstate New Y ork. The school serves approximately 600 students at grade levels 3 to 6. The
majority of students (97%) are Caucasian. Approximately 25% of the school children receive
free or reduced-priced lunch. (New Y ork State Education Department, 2004, 2005)

The performance of the Hanes students on the New Y ork State 4™ grade M athematics test
is higher than the average of the state level. For the year of 2003-2004, 77% percent of Hanes 4"
graders passed the state test while the New Y ork State' s average passing rate was 68.1%.

Participants. A teacher from Hanes Intermediate School volunteered to participate in this
study. Miss Fisher has taught in elementary and intermediate schools for 28 years. The year this
study took place (2004-2005) Miss Fisher taught two 4™ grade math classes. Three other 4™
grade teachers joined the study to provide control groups. Table 1 provides information on how
the groups were selected.

Table1

Participants

Experimental (E.nopi) Group Control Group

— 3 classes taught by 3
2 classes taught by Miss Fisher )
different teachers

44 students 47 students

Due to the exploratory nature of applied educational research and the fact that thiswas a
pilot study of the E.nopi MATH program, this study involved arestricted rather than random
assignment. We do not believe that it changes the direction of results as we discuss later in this
report.

In order to control for selection bias, we verified that both groups of students were
selected randomly when they were originally assigned to their classes in September 2004. All

five participating classes were inclusive classrooms. Miss Fisher and the other control group

! Note that names of people and places have been changed to preserve anonymity.
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teachers were invited to the introduction of the E.nopi MATH program presented by an E.nopi
MATH specialist.

Miss Fisher did team teaching with a colleague, Ms. Jones, for two classes. Ms. Jones
taught social studies while Miss Fisher provided mathemeatics instruction. Miss Fisher
volunteered to be in the experimental group and to use E.nopi MATH in her two 4™ grade math
classes. The parents of participating students from both classes signed a permission dip prior to
the onset of the study.

Implementation. E.nopi MATH was originally developed to be used for after-school
home use. For the purpose of this study, however, we used it within the school setting. E.nopi
MATH was implemented for the entire school year of 2004-2005 with the experimental group of
students using part of their daily time alocation of 45 minutes for the math class.

Ninety one students, 47 in the experimental and 47 in the control groups, were identified.
In Miss Fisher classes (experimenta group) of the 45 minutes assigned for math, the first 20
minutes were allocated for implementing E.nopi MATH with the remaining 25 minutes for
regular classroom instruction, using the curriculum of Klein, Starkey and Ramirez’'s (2004) Scott
Foresman Mathematics textbook. The students in the three control groups were aso taught with
the Scott Foresman textbook. The control group received the regular instruction, based on the SF
textbook for the entire 45 minutes lessons.

A research assistant was hired to be present on adaily basisto help implement the
program and to grade the booklets. Later, a second assistant joined the project because the first
assistant was not able to be at the class every day due to scheduling conflicts.

To determine the initial computation level for each student in the experimental group,
Miss Fisher’ s students took a diagnostic test devel oped by the E.nopi MATH specialist. The test
was scored and sent to E.nopi Headquarters. Initial booklets, adequate for aone month supply of
E.nopi Math for each student, were then delivered by E.nopi America to begin the research in
September 2005.

Based on the initial diagnostic test, every student in the experimental group was assigned
abooklet appropriate to his/her level. When E.nopi MATH booklets were introduced in class, the
students were very excited due to the novelty of the interesting and fancy booklets. It was a new

experience for al of them.



15

Initialy, it was expected that the students would complete 8 pages per day within 25
minutes. However, during the first week, many students finished 16 pages at atime. The students
rushed to complete the booklets. The finished booklets were graded by the teacher assistant and
returned to the students to make corrections. Instead of correcting their mistakes they wanted to
go on to new questions. The classroom teacher explained to the class that they needed to correct
the mistakes before they started on the next level of booklets. Thisis an important feature of the
E.nopi MATH method.

After theinitid excitement faded away, it was observed that many students spent the
E.nopi MATH time to talk with classmates or to draw pictures on the booklets. In the end, they
only finished one or two pages during the assigned time. Their concentration levels declined and
the students often made many careless mistakes on the booklets. The high number of mistakes
restricted them from progressing to the next level. Devel oping concentration and working
efficiently are two other goals of the E.nopi program. At the beginning of the study, thiswas
harder to attain in the classroom setting.

After amonth, the research team thought that some changes were necessary to ensure the
implementation E.nopi in an appropriate manner. At this moment, we need to re-determine the
students’ mathematical abilities and reevaluate their diagnostic test. How long should it take to
solve 8 pages? The E.nopi MATH specialists visited Hanes Elementary School to check the
students’ progress. They found that the students were able to solve the assigned one-day amount

of 8 pages within 8 minutes. We needed to help students improve their concentration.

Starting in January 2005, the research team along with Miss Fisher decided to shorten the
time alotted for E.nopi in order to increase the concentration level and help students focus better.
E.nopi MATH time was drastically reduced from 25 to 12 minutes. Students were then
encouraged to finish their required 8 pages on time. The reduced and more focused time hel ped
the students finish more pages within 12 minutes. Later on, in March, the E.nopi MATH time
was reduced to 10 minutes so that Miss Fisher would have more teaching time to preparing the
students for the New Y ork State 4™ grade Math Test.
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Table 2
Time Line for E.nopi. MATH Study
Date Description E.nopi MATH
September 2004 E.nopi MATH 25 /45 minutes
September 2004 Pre tests taken
January 2005 E.nopi MATH 12/45 minutes
March 2005 E.nopi MATH 10/45 minutes
May, June 2005 Post tests taken

In addition to the E.nopi diagnostic test and the follow up of students' progressin their
booklets, other assessment tools were used to collect data about students' knowledge of
mathematics and their progress throughout the year as well as the students’ attitude towards
mathematics. Pre-tests, inventory and math attitude tests were given to both experimenta and
control groupsin September 2004. Post-tests, the New Y ork State Math Test and the same math
attitude test were given in May and June of 2005.

For al participating students two pre and post tests were administered. Table 3 showsthe
list of pre and post tests. All of the pre tests were administered in September 2004 and the post
testsin May of 2005. Grade level appropriate District Inventory Test and the New Y ork State
Math Test were used to measure mathematical fluency and a Simplified Fennema-Sherman

Mathematics Attitudes Scale was used to measure pre and post attitude changes.

Table3
Pre and Post Tests
Pretest Posttest

Mathematics Inventory Hanes New York State 4™ grade
District Test (Sept. 2004) Mathematics test (May 2005)
Math Attitudes Test (Sept. 2004) | Math Attitudes Test

(June 2005)




17

Throughout the school year, the research assistants and the researchers observed the
students when they were working on E.nopi MATH booklets. The observations revealed that
many of the fourth graders were using inefficient strategies to solve addition, subtraction, and
multiplication problems. Many students used their fingers to count up, count back, and skip
count. They mechanically counted with fingers and wrote the answers on the paper. The students
not only spent a great amount of time solving the problems, but they were not aware of possible

mistakes they were making.

After talking to the students in order to investigate their understanding of the operations
and their awareness of inefficient strategies, the research team decided to make an important
intervention. We held two lessons with the students in which we discussed addition and
subtraction strategies. These strategies were not mastered by the studentsin previous grades. We
thought that there was no purpose in having students practice with E.nopi bookletsif they were
just using finger counting to solve the problems. This path would not be conducive to an
automatization level of computation. Our intervention, however, did not come soon enough to
produce long term results. Only a few students began using the strategies taught, and some
students created strategies of their own. Most of the students, however, tended to rely on their

previous inefficient strategy of finger counting.
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Results

The experimental design for this research study was atwo group pretest-posttest design
with an experimental and control group. The dependent variables utilized in thisinvestigation
were fourth grade scores on the New Y ork State Math Test and scores on amath attitude test.
The independent variable was instructional strategy employing either traditiona textbook
instruction supplemented by E.nopi MATH (experimental group) or traditional textbook
instruction aone (control group).

Preliminary analyses indicated that each data set had an approximately normal
distribution with homogeneity of variance. Therefore, data were analyzed using analyses of
variance (ANOVA) and analysis of covariance (ANCOVA). Each ANOVA had 1 df associated
with the test for differences between the groups. (Note that an ANOV A with 1 df isthe same asa
t-test with the calculated F-value being equal to t%.) There were 89 df associated with the error
term in each ANOV A and 88 df associated with the error term in each ANCOVA.

Analysis of pretest math scores and pre-attitude scores showed no statistical differences
between the two groups. For the Pre-Inventory math test (F = 2.135, p = .147, df = 1/89), the
mean and standard error (SE) for the E.nopi group were 21.72 and 1.05, respectively. For the
control group the mean and SE were 23.85 and 1.01. For the pre-attitude test (F = .205, p = .652,
df = 1/89), the mean and SE for the E.nopi group were 118.2 and 2.25, and for the control group
116.8 and 2.18. Therefore, ANOV As were appropriate to examine posttest differences between

the E.nopi math group and the control group.
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The analyses showed significantly higher posttest means for the E.nopi group than for the
control group on the math posttest (NY S scores) and on the math attitude posttest (see the tables
below for means and SEs). The results aso showed significantly higher means on al math
subtests with the exception of the Uncertainty subtest. To be complete, we included results from
Anaysis of Covariance (ANCOVA) for the Uncertainty subtest aswell asfor al other
comparisons. The ANCOVA for the Uncertainty subtest was statistically significant with higher
means (adjusted for the covariate) for the E.nopi group. Otherwise, the two sets of ana yses
yielded the same results and conclusions.

Table 4 summarizes all statistical results of pre- and posttest math comparisons between
the experimental and control groups. The mean posttest score of the experimental group students
who received E.nopi MATH aswell as Scott Foresman math instruction was 679.2; the control
group which received traditional Scott Foresman math instruction had a mean score of 656.8.
The students in the experimental group who received lessons using E.nopi showed greater
achievement gains than did students who received the same content without E.nopi MATH
exercise.

Table 4

Satistics for Math Achievement

Statistical | E.nopi Control | Difference E.nopi Control Fratio
Test Mean Mean Probability Std. Error | Std. Error
Pretest ANOVA | 21.72 23.85 147 (ns) 1.05 101 2.135
NY Sscores ANOVA | 676.6 659.2 .001 3.57 3.45 12.275
NY Sscores ANCOVA | 679.20 | 656.8 .000 2.64 2.55 36.632

~ means adjusted for covariate.
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Statistical results on the seven sub key areas of the New Y ork Math Test (Mathematical
Reasoning, Number and Numeration, Operations, Modeling/Multiple Representation,
Measurement, Uncertainty and Patterns/functions) are summarized in Table 5. For each subtest

the E.nopi group had statistically significant higher means than the control group except for the

ANOVA involving Uncertainty.
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Satistics for Math Achievement-Subscal es
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Statistical E.nopi Control | Difference | E.nopi Control Fratio

Test Mean Mean Probability | Std. Error Std. Error
Mathews ANOVA 77.2 64.0 .000 261 2.53 13.099
Number ANOVA 83.8 75.0 .001 192 1.86 11.049
Operas ANOVA 84.2 73.9 .009 2.66 2.75 7.190
Model ANOVA 79.0 70.6 .008 2.24 217 7.363
Mesa ANOVA 79.3 69.8 .002 217 2.10 9.863
Uncut ANOVA 81.2 73.7 .056* 2.77 2.68 3.759
Pattern ANOVA 80.6 70.1 .002 221 214 10.285
Mathews ANCOVA 78.9 62.4 .000 2.08 201 31.957
Number ANCOVA 85.1" 73.8 .000 1.53 1.48 27.607
Operas ANCOVA 85.9 72.3 .000 2.24 217 18.820
Model ANCOVA 80.2 69.4 .000 1.95 1.89 15.511
Mesa ANCOVA 80.6 68.5 .000 177 171 23.769
Uncut ANCOVA 83.1 72.0 .000 2.16 2.09 13.372
Pattern ANCOVA 81.7 69.8 .000 2.00 1.93 18.153

* near significance at the .05 level of significance, but technically not significant.

" means adjusted for covariate whenever analysis of covariance was used.

Table 6 summarizes pre- and post-math attitude differences between the two

groups. The students in the experimental group achieved a mean score of 138.5, and
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those in the control group achieved a mean score of 115.1, showing the E.nopi MATH

group had better math attitudes after the study.

Table 6

Satistics for Math Attitude

Statistical E.nopi Control | Difference | E.nopi Control Fratio
Test Mean Mean Probability | Std. Error Std. Error
Preattitude ANOVA 118.2 116.8 .652 (ns) 2.25 2.18 0.205
Mathatt ANOVA 138.5 1151 .000 1.81 1.75 87.059
Mathatt ANOVA 138.2» 1154 .000 1.46 141 125.997

~ means adjusted for covariate.
The analyses indicate that the data are consistent with the hypothesis that E.nopi MATH
group produces better math performance and attitudes. Detailed analysisis presented in

Appendix B.

To see the influence of teacher’s variable previous school years 2002-2003 and 2003-
2004 New York State Math test results were examined. The conclusion is that, on the basis of the
2002-2003 and 2003-2004 New Y ork State Math test scores, there is no evidence of differences
among teachers in the different groups.

Analyses of NY S scores for the years 2002-2003 and 2003-2004 for the teachers
involved in the study showed no statistically significant differences among teachers, years, or the
interaction between teachers and years. A similar analysis by group (i.e., the E.nopi teacher vs
all control teachers) yielded no significant differences for group, year, or the interaction between

group and year (shown in Table 7 and Table 8).



Table7

Summary for teacher analysis

23

Teacher 2002-2003 mean | 2002-2003 SE 2003-2004 mean | 2003-2004 SE
1 (e. nopi) 659.00 5.98 669.23 5.84
2 (e. nopi) 654.55 6.13 660.27 5.84
3 (contral) 657.95 6.13 650.14 5.84
4 (control) 650.14 5.98 651.95 6.13
5 (control) 661.73 5.84 654.45 6.13
No differences are significant.
Table 8
Summary for group analysis
Group 2002-2003 mean | 2002-2003 SE 2003-2004 mean | 2003-2004 SE
E. Nopi 656.83 4.26 664.75 411
Control 656.67 3.43 652.11 3.46

No differences are significant.
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Discussion

The datain thisinvestigation yielded evidence to support the two initial hypotheses that
E.nopi MATH would support higher gains in achievement of mathematical fluency and better
attitudes towards mathematics. This study isthe first to report the effectiveness of the E.nopi
MATH program on improving mathematical performance and attitudes among fourth grade
studentsin America..

Schools that provide a symbolic level of computational skills exercises, such as E.nopi
MATH, may offer greater opportunities for students to succeed than do schools that do not
provide it. The results of this study support the position of the National Research Council that
improving computational skillsimproves general mathematical fluency.

This research suggests that providing appropriate computational skills exercises to master
the major mathematical concepts in primary grades is essential. The exercises for building
mathematical fluency should not be mere repetition. Instead they should be self-progressing,

educationally meaningful practice.

Limitations of the Research. Despite the positive results of this study, we need to point out
severa limitations. Because education isa complex practice, it is not easy to control all
variablesin order to draw causal conclusions. Though the E.nopi MATH group achieved more
and demonstrated a better attitude toward mathematics, alternative variables. Also, the
participants in the study were volunteers rather than randomly selected teachers and students. To

the extent that the volunteers differ from the target population, results may not be generaizable
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to that population. Despite these limitations, the present study constitutes afirst look at the
effectiveness of E.nopi Math as a supplementary to traditional strategies of teaching.

The sample size was large enough to do a statistical analysis, but was not large enough to
generalize the results. Replications and extensions of this research could clarify the current

findings and extend them with the use of alarger, randomly selected sample.

Final Comments

Considering that this was a pilot study, the results were highly successful in terms of our
goals. First, we found that the E.nopi MATH program can positively affect students
mathematical fluency and attitudes toward mathematics. Based on other observations made
during the study, such as students' lack of efficient strategies for computations, we believe that
the implementation of E.nopi MATH program would have amajor impact if it isdonein first or
second grade. Researching the implementation of E.nopi in a school for two or more consecutive
years would also provide information about long term impact of the program. In addition to the
positive findings aready presented, we have gained practical information about changes we can
make to implement the program during classroom time. For example, we have learned when and
how long the students should work on E.nopi bookletsin order to concentrate and be productive.
We have learned that the differences between E.nopi and regular |essons should be discussed
with the students. We learned that the students should know mental, efficient strategies before
doing repeated practice. Although it was the first time the program was implemented in an

American classroom, the experience gave usinsight on how to implement it more effectively.
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Appendix A

Name

Simplified Fennema-Sher man M athematics Attitude Scale Short Form

(Adapted from Mulhern & Rae, 1998)
Instructions:
Example: | like mathematics.
Asyou read the sentence, you will know whether you agree or disagree. Do not spend
much time with any statement, but be sure to answer every statement. Work fast, but
carefully. There are no “right” or “wrong” answers. The only correct responses are those
that are true for you. Whenever possible, let the things that have happened to you help
you make a choice.

> 8 | >8
()] = Q) =
818 |22 F |SH
| < |23 8 |&BA

1 | Generally, | havefelt secure about 5 4 3 2 1

attempting mathematics.
2 | I amnogood at math. 5 4 3 2 1
3 | For somereason even though, | study, math 5 4 3 2 1

seems unusually hard for me.

4 | Most subjects| can handle OK, but | havea 5 4 3 2 1
knack for messing up math.

5 | I usually have been at easein math class. 5 4 3 2 1

6 | Mathematics usually makes me fed 5 4 3 2 1
uncomfortable, and nervous.

7 | Mathematics makes me feel uncomfortable, 5 4 3 2 1

restless, irritable, & impatient.

8 | I get asinking feelingwhen | think of trying, 5 4 3 2 1
math problems.

9 | Mathematics makes me feel uneasy and 5 4 3 2 1
confused.

10 | | study mathematics because | know how 5 4 3 2 1
useful it is.

11 | Knowing mathematics will help meearn a 5 4 3 2 1
living.

12 | Mathematicsis aworthwhile and necessary 5 4 3 2 1

subject.
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13 | I'll need a firm mastery of mathematicsfor 1
my future work.

14 | 1 will use mathematicsin many ways as an 1
adult.

15 | Mathematics has no relevanceto my life. 1

16 | Mathematics will not beimportant to mein 1
my life' swork.

17 | | see mathematicsasa subject | will rarely 1
usein daily lifeasan adult.

18 | 1I’d be proud to be the outstanding student in 1
math.

19 | I am happy to get good gradesin 1
mathematics.

20 | It would bereally great towin aprizein 1
mathematics.

21 | Being first in a mathematic competition 1
would make me happy.

22 | Beingregarded as smart in mathematics 1
would bea great thing.

23 | If | got the highest gradein math I’d prefer 1
no one knew.

24 | It would make peoplelike melessif | werea 1
really good math student.

25 | | don't like peopleto think | am smart in 1
math.

26 | My teachersthink I’'m the kind of person 1
who could do well in mathematics.

27 | My teachershave made mefed | havethe 1
ability to go on in mathematics.

28 | My teachershave been interested in my 1
progr ess in mathematics.

29 | | havefound it hard to win the respect of 1
math teachers.

30 | Getting a mathematics teacher to take me 1
serioudly usually has been a problem.

31 | | have had a hard time getting teacher to 1

talk seriously with me about mathematics.




31

Appendix B

Detailed analyses:

1. Arethe pretest scores approximately normal. Yes.

40

0.4
30 o
103 3
R o
o
E 20 5
) 0.2 ;D
-
Q
101 401

0 0.0

0 10 20 30 40

PRETEST

2. Arethere statistical differences between the groupson the pre-test? No.

Effects codi ng used for categorical variables in nodel
Cat egorical val ues encountered during processing are:
GROUP$ (2 |evels)

c, e

Dep Var: PRETEST N 91 Miltiple R 0.153 Squared multiple R 0.023

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUPS$ 102. 502 1 102. 502 2.135 0. 147
Error 4272. 685 89 48. 008
Least squares neans.
LS Mean SE N
GROUPS$ =c 23.851 1.011 47

GROUPS$ =e 21.727 1.045 44



Least Squares Means

28.0

25.8- -

23.6 -

PRETEST

214+ =

19.2- =

17.0 : :

Dur bi n-Watson D Statistic 1.671
First Order Autocorrelation 0.161

3. Arethe NYY S scores approximately normal and have homogeneity of variance? Yes.
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4. Aretheredifferences between the E. nopi groups when pretest differences are not

removed? Yes, theE. nopi group scores higher than the control group.
Ef fects codi ng used for categorical variables in nodel.
Cat egorical val ues encountered during processing are:
GROUP$ (2 | evels)
c, e
Dep Var: NYSSCORE N 91 Miultiple R 0.348 Squared multiple R 0.121
Anal ysi s of Variance
Sour ce Sum of - Squar es df Mean- Square F-ratio P

GROUPS$ 6882. 140 1 6882. 140 12. 275 0. 001

Error 49898. 607 89 560. 659
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Least squares neans.

LS Mean SE N
GROUPS$ =c 659. 234 3. 454 47
GROUPS$ =e 676. 636 3.570 44

Least Squares Means

748

725+ =

702+ R
679 / |
656 - R

633 =

NYSSCORE

610 -

587 : :

Dur bi n-Watson D Statistic 1.382
First Order Autocorrelation 0. 284

5. Isthere evidence for homogeneity of slopes? Yes. (Thisisanecessary condition for
doing an anaysis of covariance.)

6. Are there differences between the E. nopi groups when pretest differences are removed
even though they pretest differences are not significant? Yes. The E. nopi group does
significantly better than the control group.



Ef fects codi ng used for categorical variables in nodel.
Cat egorical val ues encountered during processing are:
GROUP$ (2 |evels)

c, e

Dep Var: NYSSCORE N 91 Miltiple R 0.728 Squared multiple R 0.531

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUPS$ 11092. 463 1 11092. 463 36. 632 0. 000
PRETEST 23251. 555 1 23251. 555 76. 787 0. 000
Error 26647. 052 88 302. 807

Adj ust ed | east squares neans.

Adj . LS Mean SE N
GROUPS$ =c 656. 839 2.553 47
GROUPS$ =e 679. 195 2. 640 44

Least Squares Means

749.0

716.4

683.8 - =

651.2- =

NYSSCORE

618.6

586.0 : :

Dur bi n-Watson D Statistic 1.380
First Order Autocorrelation 0. 284
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7. Analyses of variance for subtests. All subtest show higher means for E.nopi
groups.

Mathematical reasoning
Ef fects codi ng used for categorical variables in nodel.
Cat egorical val ues encountered during processing are:
GROUP$ (2 | evels)

c, e

Dep Var: MATHREAS N 91 Multiple R 0.358 Squared multiple R 0.128

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUP$ 3936. 882 1 3936. 882 13. 099 0. 000
Error 26749. 074 89 300. 551

Least squares neans.

LS Mean SE N
GROUPS$ =c 64. 043 2.529 47
GROUPS$ =e 77. 205 2.614 44

Least Squares Means

87.0

78.5r- -

70.0- =

MATHREAS

61.5- =

53.0 : :

GROUP



Dur bi n-Watson D Statistic 1.323
First Order Autocorrelation 0. 314

Number and numeration
Ef fects coding used for categorical variables in nodel.

Cat egorical val ues encountered during processing are:
GROUP$ (2 |evels)
c, e

Dep Var: NUMER N 91 Multiple R 0.332 Squared multiple R 0.110

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUPS$ 1793. 386 1 1793. 386 11. 049 0. 001
Error 14445. 801 89 162. 312

Least squares neans.

LS Mean SE N
GROUPS$ =Cc 74. 957 1.858 47
GROUPS$ =e 83. 841 1.921 44

Least Squares Means

94

84

NUMER

741 :

64 ‘ ‘
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Dur bi n-Watson D Statistic 1.424
First Order Autocorrelation 0. 258

Operations
Ef fects coding used for categorical variables in nodel.

Cat egorical val ues encountered during processing are:
GROUP$ (2 |evels)
c, e

Dep Var: OPERS N 91 Miultiple R 0.273 Squared multiple R 0.075

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUPS$ 2396. 142 1 2396. 142 7.190 0. 009
Error 29659. 968 89 333. 258

Least squares neans.

LS Mean SE N
GROUPS$ =Cc 73. 936 2. 663 47
GROUPS$ =e 84. 205 2.752 44

Least Squares Means

95

OPERS

62 | |
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Dur bi n-Watson D Statistic 1.241
First Order Autocorrelation 0. 343

M odeling/M ultiple representation
Effects codi ng used for categorical variables in nodel.

Cat egorical val ues encountered during processing are:
GROUP$ (2 | evels)
c, e

Dep Var: MODEL N 91 Miltiple R 0.276 Squared multiple R 0.076

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUP$ 1621. 416 1 1621. 416 7.363 0. 008
Error 19597. 617 89 220.198

Least squares neans.

LS Mean SE N
GROUPS$ = 70. 553 2.165 47
GROUPS$ =e 79. 000 2.237 44

Least Squares Means

89

79

MODEL

69 -

59 | |

**% WARNI NG ***



Case 28 is an outlier (Studentized Residual = - 3.387)
Dur bi n-Watson D Statistic 1.521
First Order Autocorrelation 0. 208

Measurement

Ef fects coding used for categorical variables in nodel.
Cat egorical val ues encountered during processing are:
GROUP$ (2 |evels)

c, e

Dep Var: MEAS N 91 Miultiple R 0.316 Squared multiple R 0.100

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUPS$ 2034.911 1 2034.911 9. 863 0. 002
Error 18362. 122 89 206. 316
Least squares neans.
LS Mean SE N
GROUPS$ = 69. 787 2.095 47
GROUPS$ =e 79. 250 2. 165 44

Least Squares Means

89

MEAS

69

59 | |

% WARNI NG ***

39
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Case 28 is an outlier (Studentized Residual = -3.451)
Dur bi n-Watson D Statistic 1.318
First Order Autocorrelation 0. 303

Uncertainty
Ef fects coding used for categorical variables in nodel.
Cat egorical val ues encountered during processing are:
GROUP$ (2 | evels)

c, e

Dep Var: UNCERT N 91 Miltiple R 0.201 Squared multiple R 0.041

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUPS$ 1272. 370 1 1272. 370 3. 759 0. 056
Error 30122. 663 89 338. 457

Least squares neans.

LS Mean SE N
GROUPS$ =c 73.745 2.684 47
GROUPS$ =e 81. 227 2.773 44

Least Squares Means

92

82 =

UNCERT

72 =

62 | |




* k% V\ARNI NG * % %
Case 7 is an outlier (Studentized Residual = -3.787)

Dur bi n-Watson D Statistic 1.492
First Order Autocorrelation 0. 229

Patterns and Functions
Effects codi ng used for categorical variables in nodel.
Cat egorical val ues encountered during processing are:
GROUP$ (2 | evels)

c, e

Dep Var: PATTERNS N 91 Multiple R 0.322 Squared multiple R 0.104

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUPS$ 2214. 659 1 2214. 659 10. 285 0. 002
Error 19163. 759 89 215. 323

Least squares neans.

GROUPS$ =c 70. 787 2.140 47
GROUPS$ =e 80. 659 2.212 44



Least Squares Means

91.0

84.8 =

78.6 =

PATTERNS

724+ =

66.2 - =

60.0 : :
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% WARNI NG ***

Case 69 is an outlier (Studentized Residual = - 3.576)

Dur bi n-Wat son D Statistic 1.745
First Order Autocorrel ation 0. 097

8. Analyses of covariance for subtests.

Mathematical Reasoning

Effects codi ng used for categorical variables in nodel.
Cat egorical val ues encountered during processing are:
GROUP$ (2 | evels)

c, e

Dep Var: MATHREAS N 91 Multiple R 0.679 Squar ed

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square
GROUPS$ 6002. 859 1 6002. 859
PRETEST 10218. 959 1 10218. 959
Error 16530. 115 88 187. 842

multiple R 0.

F-ratio

31. 957
54. 402

461

0. 000
0. 000

Adj ust ed | east squares neans.
Adj. LS Mean SE



Least Squares Means

89.0

81.6- -

74.2 - =

66.8 - -

MATHREAS

59.4+- =

52.0 : :

Dur bi n-Watson D Statistic 1.632
First Order Autocorrelation 0. 159

Number and numeration
Ef fects coding used for categorical variables in nodel

Cat egorical val ues encountered during processing are:
GROUP$ (2 |evels)
c, e

Dep Var: NUMER N 091 Miltiple R 0.668 Squared nultiple R 0.446

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUP$ 2824.131 1 2824.131 27. 607 0. 000
PRETEST 5443. 728 1 5443.728 53. 215 0. 000
Error 9002. 073 88 102. 296

Adj ust ed | east squares neans.
Adj . LS Mean SE N
GROUPS$ =C 73.798 1.484 47



Least Squares Means

95

87 -

NUMER
\‘
©
\
\

71

63 | |

Dur bi n-Watson D Statistic 1.583
First Order Autocorrelation 0.178

Operations

Effects codi ng used for categorical variables in nodel.
Cat egorical val ues encountered during processing are:
GROUP$ (2 | evels)

c, e

Dep Var: OPERS N 91 Miultiple R 0.634 Squared multiple R 0.402

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUPS$ 4101. 606 1 4101. 606 18. 820 0. 000
PRETEST 10481. 224 1 10481. 224 48. 092 0. 000
Error 19178. 743 88 217.940

Adj ust ed | east squares neans.
Adj . LS Mean SE N
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Least Squares Means

97

88 -

791 -

OPERS

70

61 | |

Dur bi n-Watson D Statistic 1.481
First Order Autocorrelation 0.221
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Mbdel i ng/ Mul tipl e representation
Ef fects coding used for categorical variables in nodel.

Cat egorical val ues encountered during processing are:
GROUP$ (2 |evels)
c, e

Dep Var: MODEL N 91 Miul tiple R 0.560 Squared multiple R 0.314

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUPS$ 2566. 149 1 2566. 149 15. 511 0. 000
PRETEST 5038. 615 1 5038. 615 30. 455 0. 000
Error 14559. 002 88 165. 443

Adj ust ed | east squares neans.

Adj. LS Mean SE N
GROUPS =c 69. 438 1. 887 47
GROUPS =e 80. 191 1.951 44

Least Squares Means

90.0

83.8- =

77.6- =

MODEL

71.4- =

65.2 - -

59.0 : :

Dur bi n-Watson D Statistic 1.548
First Order Autocorrel ation 0.197
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Meaur enment
Ef fects coding used for categorical variables in nodel.

Cat egorical val ues encountered during processing are:
GROUP$ (2 |evels)
c, e

Dep Var: MEAS N 91 Miultiple R 0.643 Squared multiple R 0.414

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUPS$ 3229. 499 1 3229. 499 23.769 0. 000
PRETEST 6405. 505 1 6405. 505 47.144 0. 000
Error 11956. 617 88 135.871
Adj ust ed | east squares neans.
Adj . LS Mean SE N
GROUPS$ =c 68. 530 1.710 47
GROUPS$ =e 80. 593 1.768 44

Least Squares Means

90

82

74- E

MEAS

66~ =

GROUP

Dur bi n-Watson D Statistic 1.454
First Order Autocorrel ation 0.234
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Uncertainty
Ef fects coding used for categorical variables in nodel.

Cat egorical val ues encountered during processing are:
GROUP$ (2 |evels)
c, e

Dep Var: UNCERT N: 91 Mul tiple R 0.655 Squared nmultiple R 0.430

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUPS$ 2721. 264 1 2721. 264 13.372 0. 000
PRETEST 12213. 705 1 12213. 705 60. 015 0. 000
Error 17908. 959 88 203.511

Adj ust ed | east squares neans.

Adj. LS Mean SE N
GROUPS =c 72.008 2.093 47
GROUPS =e 83. 082 2. 164 44

Least Squares Means

94
83+ —
|_
a'd
L
@)
Z
)
72+ —
61 | |
C e
GROUP
Dur bi n-Watson D Statistic 1.598

First Order Autocorrelation 0.175
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Patterns and functions
Effects codi ng used for categorical variables in nodel.
Cat egorical val ues encountered during processing are:
GROUP$ (2 | evels)

c, e

Dep Var: PATTERNS N 91 Multiple R 0.536 Squared multiple R 0.287

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUPS$ 3145. 400 1 3145. 400 18. 153 0. 000
PRETEST 3915. 930 1 3915. 930 22.600 0. 000
Error 15247. 829 88 173. 271
Adj ust ed | east squares neans.
Adj . LS Mean SE N
GROUP$ = 69. 804 1.931 47
GROUP$ =e 81. 709 1.997 44

Least Squares Means

92

81 =

PATTERNS

70+ -

59 | |

* % % \MRNI NG * % %
Case 69 is an outlier (Studentized Residual = -4.374)
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Dur bi n-Watson D Statistic 1.776
First Order Autocorrelation 0. 083

9. Preattitudeanalyses. Thereisno difference between the two groups.
Effects codi ng used for categorical variables in nodel.

Cat egorical val ues encountered during processing are:

GROUP$ (2 | evels)

c, e

Dep Var: PREATT N: 91 Miul tiple R 0.048 Squared multiple R 0.002

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUPS$ 45. 743 1 45. 743 0. 205 0. 652
Error 19901. 004 89 223. 607
Least squares neans.
LS Mean SE N
GROUPS$ =c 116. 809 2.181 47
GROUPS$ = 118. 227 2.254 44

Least Squares Means

133

125 -
|_
|_
5 117+ H .
@
o

109 -

101 | |

Cc e
GROUP

* % % V\ARNI NG * % %
Case 35 is an outlier (Studentized Residual = - 3.457)
Dur bi n-Watson D Statistic 1.489
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First Order Autocorrelation 0. 253

10. Math attitude analyses. ANOVA. TheE. nopi group hassignificantly higher
SCOr es.

Ef fects coding used for categorical variables in nodel.
Cat egorical val ues encountered during processing are:
GROUP$ (2 |evels)

c, e

Dep Var: MATHATT N: 91 Miltiple R 0.703 Squared multiple R 0.494

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUPS$ 12485. 040 1 12485. 040 87. 059 0. 000
Error 12763. 377 89 143. 409

Least squares neans.

LS Mean SE N
GROUPS$ =c 115. 106 1.747 47
GROUPS$ =e 138. 545 1.805 44

Least Squares Means

154

143 -

132 =

121+ =

MATHATT

110+ =

99 | |
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* % % \MRNI NG * % %

Case 35 is an outlier (Studentized Residual = - 3. 655)
Dur bi n-Wat son D Statistic 1.908

First Order Autocorrelation 0. 046

11. Math attitude analyses with preattitude as covariate. The E. nopi group has
higher scores.

Ef fects coding used for categorical variables in nodel.
Cat egorical val ues encountered during processing are:
GROUP$ (2 |evels)

c, e

Dep Var: MATHATT N 91 Miltiple R 0.822 Squared multiple R 0.675

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P
GROUPS$ 11745. 011 1 11745. 011 125. 997 0. 000
PREATT 4560. 285 1 4560. 285 48.921 0. 000
Error 8203. 092 88 93. 217
Adj ust ed | east squares neans.
Adj . LS Mean SE N
GROUPS$ =C 115. 435 1. 409 47

GROUPS$ =e 138. 195 1. 456 44



153.0

142.4

131.8

121.2

MATHATT

110.6

100.0

Least Squares Means
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Dur bi n-Wat son D Statistic 1.886
First Order Autocorrelation 0. 056



Preliminary considerations
NY S scores are approximately normal by teacher and by year.
Variances are homogeneous.
Teachers 1 and 2 are E.nopi teacher, Miss Fisher.

ANOVA by teacher and year

Ef fects codi ng used for categorical variables in nodel.

Cat egorical val ues encountered during processing are:
YEAR (2 | evels)

2002- 2003, 2003- 2004
TEACHNUM (5 | evel s)
1, 2, 3, 4, 5

Dep Var: NYS N 210 Miltiple R 0.210 Squared multiple R 0.044

Anal ysi s of Variance

Sour ce Sum of - Squar es df Mean- Square F-ratio P

YEAR 14.901 1 14.901 0. 020 0. 888
TEACHNUM 4050. 284 4 1012. 571 1.349 0. 253
YEAR* TEACHNUM 2677. 302 4 669. 326 0. 892 0. 470

Error 150145.553 200 750. 728
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Least squares neans.

LS Mean SE N
YEAR =2003 656. 674 2.688 104
YEAR =2004 657. 207 2. 664 106

Least Squares Means

726.0

698.2

670.4

NYS

642.6 - -

614.8 - =

\ \
2003 2004
YEAR

587.0



TEACHNUM
TEACHNUM
TEACHNUM
TEACHNUM
TEACHNUM

664. 114
657. 411
654. 043
651. 046
658. 089
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NYS

735

Least Squares Means

704

673

642

611

580

S SR

1 2 3 4 5
TEACHNUM



YEAR
TEACHNUM
YEAR
TEACHNUM
YEAR
TEACHNUM
YEAR
TEACHNUM
YEAR
TEACHNUM
YEAR
TEACHNUM
YEAR
TEACHNUM
YEAR
TEACHNUM
YEAR
TEACHNUM
YEAR
TEACHNUM

21

20

20

21

22

22

22
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Dur bi n-Wat son D Statistic
First Order Autocorrelation

=2003

= 659. 000 . 979
=2003

= 654. 550 . 127
=2003

= 657. 950 . 127
=2003

= 650. 143 . 979
=2003

= 661. 727 . 842
=2004

= 669. 227 . 842
=2004

= 660. 273 . 842
=2004

= 650. 136 . 842
=2004

= 651. 950 127
=2004

= 654. 450 . 127

Least Squares Means
1 2 3
VE4A’R VE§H YEAR
1.958
0. 009



ANOVA by group and year

Ef fects coding used for categorical

vari abl es in nodel.

Cat egorical val ues encountered during processing are:
YEAR (2 | evel s)
2003, 2004
GROUP$ (2 Ievels)
control, enopi
Dep Var: NYS N 210 Miultiple R 0.162 Squared multiple R 0.026
Anal ysi s of Variance
Sour ce Sum of - Squar es df Mean- Square F-ratio P
YEAR 143. 283 1 143. 283 0. 193 0. 661
GROUPS$ 2070. 692 1 2070. 692 2.790 0. 096
YEAR* GROUP$ 1966. 808 1 1966. 808 2. 650 0. 105
Error 152916. 265 206 742.312
Least squares neans
LS Mean SE N
YEAR =2003 656. 748 2.733 104
YEAR =2004 658. 431 2.685 106

Least Squares Means

727

707 - =

687 =

667 - =

NYS

647 - =

627 - =

607 - -

587

\
2003
YEAR

2004



GROUPS$ =cont r ol 654. 390 2. 437 125
GROUPS$ =enopi 660. 790 2. 957 85

Least Squares Means

730

701+ -

672 =

NYS

643 =

614 - =

585 ‘ L
control enopi

GROUP
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YEAR =2003
GROUPS$ =control 656. 667 3.433 63
YEAR =2003
GROUPS$ =enopi 656. 829 4. 255 41
YEAR =2004
GROUPS$ =control 652. 113 3. 460 62
YEAR =2004
GROUPS$ =enopi 664. 750 4.107 44
Least Squares Means
control enopi
735 735
713 - 7131 —
691 - 691 —
o 6691 4 o 6691 B
E 647 §\§ e E 647 I/X 4
625 - 625 —
603 - 603 =
581 L L 581 L L
2003 2004 2003 2004
YEAR YEAR
Dur bi n-Watson D Statistic 1.940

First Order Autocorrelation 0.017



