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The Effect of Attitude Towards Mathematics and
Mathematics Activities on Mathematics
Achievement in the TIMSS for the United States
and Korea using Structural Equation Modeling

Gyu-Pan Cho'

The purpose of this study is to examine the relationships among attitude towards
mathematics, mathematics activity, and mathematics achievement, and compare the
relationship between the United States and Korea using the Third International
Mathematics and Science Study (TIMSS) database. Since Korea is one of the countries
where performance was among the highest and the United States is one of countries
where performance was among the middle in mathematics, and many previous resear-
chers reported that attitude towards mathematics and class activities are factors that
affect mathematics achievement, the comparison study between two countries would be
very important to analyze how factors are affected by country difference. The major
research questions are as follows: (1) What constitutes attitude towards mathematics and
mathematics activities in the TIMSS database? (2) How do these two variables, attitude
towards mathematics and mathematics activities, affect mathematics achievement differ-
ently between the United States and Korea? The result indicates that the relationship
between the attitude towards mathematics and the mathematics achievement is stronger
for Korea than for the United States; however no country difference is found between
the mathematics activities and mathematics achievement. According to this study high
mathematics achievement is expected when students’ attitude towards mathematics is

positively high.

. Introduction and Literature
Review

The Third
Science Study (TIMSS) is the largest and most

International Mathematics and

ambitious international comparative study of

student achievement to date (Martin, 1996). The
TIMSS is a cross-national survey of student

achievement in mathematics and science that was
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conducted at three levels of the educational

system in 1995 over 45 countries by the
International Association for the Evaluation of
Achievement (IEA) (Gonzalez & Smith, 1997;
Martin, 1996). Student achievement data were
collected in mathematics and science using
instruments designed for the TIMSS and trans-
lated into the appropriate language.

The TIMSS tested more than half a million

students in mathematics and science at three
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separate populations to gain a more in-depth
understanding of how various factors contribute to
the overall outcomes of schooling. Population 1
is a group of students who enrolled in the two
adjacent grades that contained the largest propor-
tion of 9-year-old students at the time of testing
(third- and fourth-grade students in most coun-
tries). Population 2 is a group of students who
enrolled in the two adjacent grades that contained
the largest proportion of 13-year-old students at
the time of testing (seventh- and eighth-grade
students in most countries). Population 3 is a
group of students in their final year of secondary
education (Gonzalez & Smith, 1997). This study
focuses on population 2.
This study is designed
knowledge of

mathematics activities, and mathematics achieve-

to extend current
attitude towards mathematics,
ment using the Third International Mathematics
and Science Study (TIMSS) database. The major
research questions are as follows: (1) What cons-
titutes attitude towards mathematics and mathe-
matics activities in the TIMSS database? (2) How
do these two variables, attitude towards mathe-
matics and mathematics activities, affect mathe-
matics achievement between the United States
and Korea?

One of the purposes of the TIMSS is to
examine factors that impact student
(Martin, 1996).
the attitude towards mathematics affects mathe-

learning

Many previous studies found that

matics achievement (Odell & Schumacher, 1998;
1996; Thomdike-Christ, 1991).
reported that there were

Simich-Dudgeon,
Several researchers
positive or reciprocal relationships between the

attitude towards mathematics and mathematics

achievement (Gallagher & DeLisi, 1994; Kim &
Hocevar, 1998; Ma, 1997, Weinberg, 1995). Few
researchers reported that there is no relationship
between these two variables (Gilson, 1999).

Odell and Schumacher (1998) conducted an
attitude survey of 184 men and 152 women, and
reported that attitude, rather than scholastic
aptitude test scores, was more useful in predicting
Simich-Dudgeon (1996) investigated the

relationship between the mathematics attitude of

grades.

over 32,000 Hispanic and Asian students in the
1992 National Assessment of Educational Progress
(NAEP) Mathematics Trial State Assessment, by
gender and ethnicity, and by their mathematics
performance scores, and found that most of the
attitude variables were significant predictors of
Hispanic and Asian student mathematics achieve-
ment. Thorndike-Christ (1991) examined the rela-
tionship between attitude towards mathematics and
mathematics achievement, and found that attitude
towards mathematics was predictive of final
mathematics course grade and was correlated with
continuation in advanced mathematics courses
once enrollment becomes optional.

Kim and Hocevar (1998) studied racial differ-
ences in eighth grade mathematics, and found
that attitude towards mathematics was signifi-
cantly correlated with mathematics achievement.
Ma (1997) examined the relationship between the
attitude towards mathematics and mathematics
achievement for high school seniors, and found
that reciprocal relationships existed. Weinberg
(1995) did a meta-analysis of the literature on
gender difference and student attitude, concluding
that there was a correlation between student atti-

tude about science and mathematics and their
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achievements in science and mathematics.

Gallagher and DeLisi (1994) reported a positive
relationship between the attitude towards mathe-
matics and performance on standardized mathe-
matics tests.

However, Gilson (1999) investigated the rela-
tionship between these two variables using
eighth-grade female students attending independent
coeducational middle schools, and reported that
student attitude towards mathematics scores were
not related to mathematics achievement scores or
to quantitative ability scores.

Several researchers conducted studies examining
the relationship between attitude towards mathe-
matics and mathematics achievement using data
from the TIMSS (Gadalla, 1999; Lokan & Green-
wood, 2000, Shymansky, Yore, & Anderson,
2000). Shymansky, Yore, and Anderson (2000)
examined the changes of student science attitude,
awareness and achievement by implementation of
interactive-constructivist teaching strategies using
data from the TIMSS. Results indicated that there
was no significant difference between strategies
and attitude, awareness, or achievement. Lokan
and Greenwood (2000) analyzed results from the
Third Mathematics and  Science

Study (TIMSS) for Australia and noted that the

International

importance of student attitude towards mathe-
matics is reinforced by the TIMSS findings.
Gadalla (1999) analyzed the TIMSS data and
found that attitude factors explain only a very
small percentage of the observed variation in
mathematics achievement at age 9, but attitude
explained more of the variation in mathematics

achievement at age 13.

If education is defined as the interaction
between teachers and students based on curri-
culum, classroom activity is one of the most
important factors that can affect student achieve-
ment. Many previous researchers reported that
classroom activities affect mathematics achieve-
ment (Aksoy & Link, 2000; Brookhart, 1997; de
Jong, Westerhof, & Creemers, 2000; Stegman &
Stephens, 2000). Aksoy and Link (2000) studied
the relationship between amount of time in
learning activities and mathematics achievement,
and found that extra time spent on mathematics
homework increases test scores. de Jong, West-
erhof, and Creemers (2000) studied homework
in mathematics

characteristics and effectiveness

education for secondary school students, and
found that amount of homework was the only
homework variable related to achievement. Steg-
man and Stephens (2000) found that high partici-
pating students of both sexes outperformed less
active counterparts in class rank, mean GPA, and
math GPA. Brookhart (1997) examined effects of
the classroom assessment environment on mathe-
matics and science achievement, and found that
homework affects mathematics achievement.

The US eighth-grade students performed below
the international average in mathematics on the
TIMSS. In the final year of secondary school
(twelfth grade in the United States), the US per-
formance was among the lowest in mathematics,
including the most advanced students. This study
examines the relationships among attitude towards
mathematics, mathematics activity, and mathe-

matics achievement, and compares the relationship

between the United States and Korea. Since
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Korea is one of the countries where performance
was among the highest in mathematics and many
previous researchers reported that attitude towards
mathematics and class activities are factors that
affect mathematics achievement, the comparison
study between two countries would be very
important to analyze how factors are affected by

country differences.

Il. Method

1. Participants

United
States and Korea, in population 2 from the
Study
(TIMSS) have been selected for this study. The
original data file includes 16,800 subjects: 10,973

Two student background files, the

International Mathematics and Science

US subjects and 5,827 Korea subjects. Twenty
items concerning attitude towards mathematics
and twenty items concerning mathematics acti-
vities were extracted from student questionnaire.
Subjects who included missing values in attitude
towards mathematics and class activities were
deleted, and the final data used in the analysis
contain 14, 713 subjects: 9,293 US subjects
(4,765 females and 4,528 males) and 5,420
Korean subjects (2,428 females and 2,992 males).

[FigureII -1]
TIMSS data in 1995.

shows the constitution of the

TIMSS Data

I
Population 1 Population 2 Population 3
(age: 9, grades: 3rd-4th) (age:13, grades:Tth-8th) (final year of secondary
educ.)

[ N | I I !
bcg bet blg bsa bsg bsp bsq bsr

beg: school background file in population 2

bet: school performance assessment file in popu-
lation 2

blg: student-teacher linkage file in population 2

 bsa: student written assessment in population 2

bsg: student background file in population 2

bsp: student performance assessment file in pop-
ulation 2

bsq: student performance assessment reliability
file in population 2

bsr: student written assessment reliability file

in population 2

[Figure I1-1] Code description of the TIMSS data for
both the United States and Korea.

2. Measurements

Attitude towards mathematics scale (ATMS),
mathematics activity scale (MAS), and mathe-
matics achievement (MATHACHI) were used in
this study. Items of both the ATMS and the
MAS and standardized mathematics score for
MATHACH! were selected from the student
background file in population 2 by the researcher

for this study.
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Attitude towards Mathematics Scale (ATMS).

A sixteen-item scale was developed among
twenty items for this study to measure attitude
towards mathematics based on item-total statistics
and factor analysis. The response format for the
(2) agree, (3)
disagree, and (4) strongly disagree. It was trans-

ATMS is (1) strongly agree,

posed to (1) strongly disagree, (2) disagree, (3)
agree, and (4) strongly agree for subsequent
analyses in order to maximize the variability of
the total scale scores. Since both countries have
the same factor structure of the ATMS, factor
analysis was conducted using combined data of
the United States and Korea. Its 16 items
measure student attitude towards mathematics in
terms of underlying factors with significant
loadings: (1) math attitude; (2) reason to study
math; (3) importance of studying math; and (4)
student obedience. This four-factor structure acco-
unts for 43.37% of the variance. Factor I (math
attitude) conmsists of five items: 10012 (enjoy
learning math), 10017 (usually do well in math),
10016 (like job involving math), 10014 (math is
easy), and I0013 (math is boring). Factor II
(reason to study math) consists of five items:
10017 (do well to desired job), 10019 (do well to
enter school), 10018 (do well to please parents),
10020 (do well to please myself), and 10015
(math is important in life). Factor IIl (importance
of studying math) consists of four items: 10006 (I
think important), 10001 (mother thinks important),
10005 (friends think important), and 10010 (need
hard work studying). Factor IV (student obedi-
ence) consists of two items: 10004 (students do
as teacher says) and 10003 (students orderly and
quiet). The internal reliability of the total ATMS

of 16
United States and Korea is Cronbach’s a=.8009.
Mathematics Activity Scale (MAS). Twenty

items for combined data between the

items related to mathematics activities were
selected from student questionnaire on TIMSS.

A nineteen-item scale was developed from
twenty items for this study to measure mathe-
matics activities resulting from item-total statistics
and factor analysis. The response format for the
MAS is (1) most lessons, (2) some lessons, (3)
never. It was transposed to (1) never, (2) some
lessons, and (3) most lessons for subsequent ana-
lyses in order to maximize the variability of the
total scale scores. Its 19 items measure mathe-
matics activities for both student and teacher in
terms of underlying factors with significant
loading: (1) homework and class material; (2)
way to teach; (3) way to study; and (4) group
This four-factor structure accounts for

39.51% of the variance.

study.
Factor I (homework and
class material) consists of eight items: 10006 (use
calculators), 10004 (work from worksheets), 10011
(begin homework in class), 10014 (discuss com-
pleted homework), 10003 (have a quiz or test),
10010 (teacher gives homework), 10019 (look at
textbook), and 10012 (teacher checks homework).
Factor II (way to teach) consists of five items:
10016 (discuss a practical problem), I0018 (ask
what students know), 10009 (solve with everyday
life things), I0007 (use computer), and 10013
(check each others homework). Factor III (way to
10015 (teacher

explains rules), 10001 (teacher shows how to do

study) consists of four items:

problems), 10020 (solve a related example), and
10002 (copy notes from the board). Factor IV

(group study) consists of two items: 10008 (work
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in pairs or small groups) and 10017 (work in
small groups). The internal reliability of the total
MAS of 19 items for combined data between the
United States and Korea is Cronbach’s a=.86.
Mathematics Achievement (MATHACHI). The
tests for student mathematics achievement are
based on a matrix design whereby blocks of
items were distributed across multiple test book-
lets and the booklets were distributed across
students in a country. Each student completed
only one test booklet. Test booklets for popu-
lation 2 consist of eight booklets and each
booklet consists of 31 multiple-choice items, 2
short answer items, and 4 extended response
items. Because of the difficulty in making any
comparisons across the test booklets using only
the number of raw score points obtained on a set
of items, raw scores were standardized by booklet
to provide a simple score which could be used in
comparisons across booklets in preliminary ana-
lyses. Since one of purposes of this study is to
compare the relationships of three variables
(attitude toward mathematics, mathematics activity,
and mathematics achievement) between the United
States and Korea, students’ standardized mathe-
matics score was used as mathematics achieve-
ment in this study, which has mean of 50 and
standard deviation of 10. The means of mathe-
matics achievement are 50.30 for the United
States (n = 9,293) and 50.46 for the Korea (n =
5,420). The standard deviations of mathematics
achievement are 9.95 for the United States and
9.65 for Korea. The internal reliability of the
mathematics achievement test is Cronbach’s a=.91
(7th grade) and .92 (8th grade) for Korean and
Cronbach’s a=.89 (both 7th and 8th grades) for

the United States.

I1l. Result

1. Preliminary Analysis

Factor analysis and Cronbach’s alpha were run
for both attitude towards mathematics and mathe-
matics activities using combined data file between
the United States and Korea. Using this combined
data file, the Cronbach’s alpha with 16 items on
the attitude towards mathematics scale (ATMS) is
.80, and the Cronbach’s alpha with 19 items on
the mathematics activity scale (MAS) is .86.

These estimates support subsequent analyses.

Exploratory factor analysis using maximum
likelihood with a varimax rotation was conducted
both on the ATMS and the MAS using the
combined data file. According to the factor ana-
lysis, the ATMS consists of four factors that are
(1) math attitude, (2) reason to study math, (3)
importance of studying math, and (4) student
obedience.

The MAS also consists of four factors, which
are (1) homework and class material, (2) way to
teach, (3) way to study, and (4) group study.
The results of this preliminary analysis using the
combined data file were used in subsequent
analyses using separated data files. The percen-
tages of variance accounted for by the explo-
ratory factor solution are 43.37% for the ATMS
and 39.51% for the MAS.

Descriptive statistics and the correlation matrix
for the United States and Korea are presented in

<Tables IMI-1 and M-2>.
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{Table IM-1> Descriptive Statistics and Correlation Matrix for the United States

(n=p,293)

Variable M SD 1 2 3 4 5 6 7 8 9
Attitude towards Mathematics Scale (ATMS)

1. Mathematics attitude 13.56 3.19 1.00

2. Reason to Study Math 1694 247 40 1.00

3. Importance of studying Math 1363 171 31 51 100

4. Student Obedience 480 149 21 .13 21 100

Mathematics Activity Scale (MAS)

5. Homework and Class Material 2594 366 .14 .19 20 15 100

6. Way to Teach 1151 319 20 .19 .13 .16 33 100

7. Way to Study 1345 225 17 23 24 21 44 38 100

8. Group Study 463 180 .13 09 06 .10 23 48 20 100
Mathematics Achievement (MATHACHI)

9. Standardized Math Score 5030 995 .19 03 06 05 07 -21 01" -13 100
Note. All of the correlation coefficients are significant at the .01 level except a marked.
(Table MM-2) Descriptive Statistics and Correlation Matrix for Korea (n = 5,420)

Variable M SD 1 2 3 4 5 6 7 8 9
Attitude towards Mathematics Scale (ATMS)

1. Mathematics attitude 11.53 250 1.00

2. Reason to Study Math 1420 247 24 1.00

3. Importance of studying Math 1387 178 21 33 100

4. Student Obedience 48 115 .09 06 .11 100

Mathematics Activity Scale (MAS)

5. Homework and Class Material 1664 311 .15 .15 .10 .09 100

6. Way to Teach 906 235 .15 .15 08 .13 .50 100

7. Way to Study 1240 222 .14 13 22 12 31 26 100

8. Group Study 281 131 07 07 00a 06 28 .35 .04 100
Mathematics Achievement (MATHACHI)

9. Standardized Math Score 5046 965 36 08 26 -01° -01° -07 .19 -13 100

Note. All of the correlation coefficients are significant at the .01 level except a marked.
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The means of mathematics achievement are
50.30 for the United States and 50.46 for the
Korea. The standard deviations of mathematics
achievement are 9.95 for the United States and
9.65 for

deviations for the United States and Korea look

Korea. These means and standard

similar because they have been changed from law

scores to standardized scores. Deleting many
samples may also influence to decreasing the
differences of scores. All of the correlation
coefficients for the United States are significant
at the .01 level except the correlation coefficient
between way of study and standardized math
score. All of the correlation coefficients for
Korea are statistically significant at the .01 level
except the correlation coefficients between student
obedience and standardized math score, and
homework and class material and standardized
While

between importance of studying math and reason

math score. the correlation coefficient
to study math is the highest one (51) for the
United States, the correlation coefficient between
way of teach and homework and class material is
the highest one (.50) for Korea.

2.  Evaluation and
Structural Equation Models of the United
States and Korea

Comparison  of

Structural equation modeling (LISREL 8.31)
(Joreskog & Sorbom, 2000) was used to assess
the relationships among the ATMS, the MAS,
and the mathematics achievement for the United

States and Korea based on the result of factor

analysis of the combined data file. Model fit
determines the degree to which the structural
equation model fits the sample data (Schumacker
& Lomax, 1996). Model fit criteria commonly
used are chi-square (x2), goodness- of-fit index
(GFI), adjusted goodness-of-fit index (AGFI), and
standardized root-mean-square resi- dual (SRMR)
(Joreskog & Sorbom, 1989).

A significant chi-square (x2) value relative to
that the

the degrees of freedom indicates

observed and estimated matrices differ. Since
chi-square (X2) is easily distorted by large sample
sizes (Fassinger, 1987), it is considered as a
minor model fit criteria in this study. The
adjusted goodness-of-fit index (AGFI) adjusts the
GFI for degrees of freedom. The standardized
root mean square residual (SRMR) is a standar-
dized measure of the residuals resulting from the
difference between the sample covariance matrix
and the model-implied covariance matrix (Kenny,
Lomax, Brabeck, & Fife, 1998). Goodness-of-fit
index values, 0 (no fit) to 1 (perfect fit), above
90, AGFI values, 0 (no fit) to 1 (perfect fit),
above .90, and SRMR values below .10 often are
cited as criteria for acceptable fit (Kenny et al,
1998; Schumacker & Lomax, 1996). Structural
equation modeling was conducted to assess the
relationships among the ATMS, the MAS, and
the mathematics achievement for the United
States. Table 3 shows the Maximum- Likelihood
(ML) estimates of model 1, 2, and 3 for the
United States. Structural equation model- ing
latent

consists of latent independent variables,

dependent variables, and observed variables.
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A latent independent variable is any latent
variable that is not influenced by any other latent
variable in the model, which has variance
estimates. A latent dependent variable is any
latent variable that is influenced by some other
latent variable in the model, which has an
equation error variance that indicates the portion
of the latent dependent variable that is not
explained or predicted by the latent independent
and dependent variables in that equation. Obs-
erved variables (indicator variables) are variables
that are directly observable or measured. Each
observed variable has a factor loading estimate
and an error variance. Factor loadings are the
relationship between the observed variables and

latent variables., Path coefficients (or structural

coefficients) indicate the strength and direction of

the relationships among the latent variables.
Error covariance estimate indicates the corre-
lation between the residuals of variables. All the
estimates for the United States are statistically
significant at .05 level.

In model 1 in <Table I-3>, GFI (.94), AGFI
(.89), and SRMR (.07) are pretty good when they
are compared with model fit criteria. However,
chi- square (x2) of model 1 (x2 = 2,738.42 with
25 degrees of freedom, p = .000) does not fit
well, and the modification indices suggest adding
an error covariance between reason to study
(REASTUMA) and importance of studying math

(IMPSTUMA), model 2 has been run.
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(Table M-3) Maximum-Likelihood (ML) Estimates for the United States

Estimates Model 1 Model 2 Model 3
BSMSTDR loading* 1.00 1.00 1.00
ATTITUDE loading* 1.00 1.00 1.00
REASTUMA loading 1.03 63 T
IMPSTUMA loading .65 37 45
STUDOBED loading 24 23 26
HMWKCLMA loading* 1.00 1.00 1.00
WAYTEACH loading 1.26 1.35 .81
WAYSTUDY loading .66 67 71
GROPSTUD loading .51 .55 27
ATMS — MATHACHI 1.24 1.56 141
MAS — MATHACHI -1.30 -1.78 -.88
ATMS variance 3.03 4.70 398
MAS variance 357 327 4.96
MATHACHI equation error variance 92.73 87.15 93.11
BSMSTDR error variance .00 .00 .00
ATTITUDE error variance 7.15 5.48 6.19
REASTUMA error variance 2.87 424 4.03
IMPSTUMA error variance 1.64 2.26 2.12
STUDOBED error variance 2.04 1.98 1.96
HMWKCLMA error variance 9.82 10.13 8.44
WAYTEACH error variance 4.55 4.19 6.92
WAYSTUD error variance 349 3.61 2.60
GROPSTUD error variance 231 2.27 2.88
REASTUMA, IMPSTUMA error covariance - 1.06 .87
WAYTEACH, GROPSTUD error covariance - - 1.66

Goodness-of-fit indices:

X2 2738.42 2338.67 1364.67

df 25 24 23

p value .00 .00 .00
GFI .94 95 97
AGFI .89 .90 94
SRMR 07 06 05

Note. *Observed variables that are fixed. All the estimates are significantly different from zero
(p<.05). The x2 values for Model 1, Model 2, and Model 3 can be checked for significance using X
2 distribution table.
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The error covariance in [Figure IM-1] between
REASTUMA and IMPSTUMA indicates the

correlation between the residuals of those
variables. In other wards, there is relationship
between the in REASTUMA and
IMPSTUMA that is not explained by ATMS.

The chi-square (x2) of model 2 in Table 3 (x2
= 2,338.67 with 24 degrees of freedom, p =

.000) has been improved, but it does not fit well

variance

even though other goodness-of-fit indices indicate
that data have a good fit.

The modification indices in model 2 suggest
adding an error covariance between way of
teaching (WAYTEACH) and group study (GRO-
PSTUD), so that model 3 has been run. The
m-1j
EACH and GROPSTUD indicates the

covariance in between

WAYT-

error [Figure

between the residuals of those

variables. The Model 3 in <Table III-3> has been

correlation

decided as the structural equation model assessing
the relations among the ATMS, the MAS, and
mathematics The
Maximum-Likelihood (ML) estimates, model 3,
detailed M-3> are used in the

achievement. final

in <Table

structural equation model in Figure 2.

Structural  equation modeling was also
conducted to assess the relations among the
ATMS, the MAS, and the mathematics achieve-
ment for <Table III-4>

Maximum- Likelihood (ML) estimates of model

Korea. shows the
1, 2, and 3 for Korea. All the estimates are
statistically significant at the .05 level.

In model 1 in <Table T-4>, GFI (.96), AGFI
(92), and SRMR (.07) are
However, the chi-square (x2) of model 1 (x2 =
1,152.95 with 25 degrees of freedom, p = .000)

pretty good.

does not fit well, and the modification indices

suggest adding an error covariance between
reason to study (REASTUMA) and importance of
studying math (IMPSTUMA), model 2 has been
run.  The emror covariance in [Figure III-1]
between REASTUMA and IMPSTUMA indicates
the correlation between the residuals of those
variables.

In other words, there is a relationship between
the varfance in REASTUMA and IMPSTUMA
that is not explained by ATMS. The chi-square
(x2) of model 2 in <Table m-4> (x2 = 969.52
with 24 degrees of freedom, p = .00) has been

improved.
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(Table I-4) Maximum-Likelihood (ML) Estimates for Korea

Estimates Model 1 Model 2 Model 3
BSMSTDR loading* 1.00 1.00 1.00
ATTITUDE loading* 1.00 1.00 1.00
REASTUMA loading .70 51 S1
IMPSTUMA loading .58 46 47
STUDOBED loading 12 A1 11
HMWKCLMA loading* 1.00 1.00 1.00
WAYTEACH loading 81 82 .68
WAYSTUDY loading .39 .39 38
GROPSTUD loading .26 26 .20
ATMS — MATHACHI 3.88 4.09 4.12
MAS — MATHACHI -1.23 -1.37 -1.18
ATMS variance 217 2.42 2.38
MAS variance 4.56 452 5.34
MATHACHI equation error variance 65.39 5891 59.67
BSMSTDR error variance .00 .00 .00
ATTITUDE error variance 4.08 3.83 3.87
REASTUMA error variance 5.04 5.48 5.48
IMPSTUMA error variance 243 2.66 2.65
STUDOBED error variance 1.29 1.30 1.30
HMWKCLMA error variance 5.12 5.15 4.34
WAYTEACH error variance 2.52 249 3.03
WAYSTUD error variance 4.24 4.26 4.14
GROPSTUD error variance 1.42 1.41 1.51
REASTUMA, IMPSTUMA error covariance - 87 .86
WAYTEACH, GROPSTUD error covariance - b 35

Goodness-of-fit indices:

2 115295 969.52 893.16

df 25 24 23

p value .00 .00 .00
GFI .96 .96 97
AGFI .92 93 .93
SRMR 07 06 06

Note. *Observed variables that are fixed. All the estimates are significantly different from zero
(p<.05). The x2 values for Model 1, Model 2, and Model 3 can be checked for significance using X
2 distribution table.
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Since the modification indices in model 2
suggest adding an error covariance between way
of teaching (WAYTEACH) and group study
(GROPSTUD), model 3 has been run. The error

covariance between WAYTEACH and GROP-

II-4> has been decided as the structural equation
model assessing the relations among the ATMS,
the MAS,
final Maximum-Likelihood (ML) estimates, model
3, detailed in <Table IHI-4> are used in the

and mathematics achievement. The

STUD indicates the correlation between the  structural equation model in [Figure II-1].

residuals of those variables. Model 3 in <Table

—» ATTITUDE |y 1 00(1.00)
87(86) REASTUMA
—» IMPSTUMA L41(4.12)
.26(.11) A14.12)
—» STUDOBED
BSMSTDR 14—
1.00(1.00)
—» HMWKCLMA a
B8CL18) 7 93 11(59.67)
—» WAYTEACH
1.6—6_’ WAYSTUD ¥71(.38
(.35) .27(.20)
—»| GROPSTUD
[igure MM-1] Structural Equation Model Assessing the Relations Among Attitude Towards Mathematics

Scale (ATMS), Mathematics Activity Scale (MAS), and Mathematics Achievement (MATHACHI) for
the United States and Korea. United States = no parentheses, Korea = in parentheses; All paths are
significant (p<.05). Correlated measurement errors: REASTUMA and IMPSTUMA/ WAYTEACH and
GROPSTUD. x2 = 1364.67 (893.16) (p=.000), df = 23 (23), GFI = .97 (97), AGFI = .94 (93),

SRMR = .05 (.06). *Path coefficients differ by country.
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The structural equation modeling is a method
to build a fit model that explains the best
relationship of latent variables based on the

goodness-of-fit indices. The model can also be

improved by the modification indices. The
difference between the model 1 and 2 is
including the error covariance between the

REASTUMA and the IMPSTUMA in the model
2 based on the modification indices. It means
there is relationship between the variance in the
REASTUMA and the IMPSTUMA that is not
explained by the attitudes toward mathematics.
The difference between the model 2 and 3 is
containing the error
WAYTEACH and the GROPSTUD in the model
3 based on the modification indices. The
goodness-of-fit indices in the model 3 have been

covariance between the

improved comparing to the model 1 and 2. GFI
of 96 in the model 1 and 2 was improved to
97 in the model 3. AGFI of .92 in the model 1
was improved to .93 in the model 3. SRMR of
.07 in the model 1 was also improved to .06 in
the model 3, so that the model 3 is the better fit
comparing model 1 and 2.

Figure 2 presents the Maximum-Likelihood
(ML) solution for the structural equation model
specifying the relation among the ATMS, the
MAS, and (MATH-
ACHI) for the United States and Korea.

mathematics achievement

To analyze the hypothesized structural model,
goodness of fit statistics has been assessed.
Analysis of the hypothesized structural model

with the covariance matrix for the United States

resulted in X2 (df = 23, n = 9,293) of 1,364.67
(p = .00), a goodness-of-fit index (GFI) of .97,
an adjusted GFl (AGFI) of 94, and a
standardized root mean square residual (SRMR)
of .05.
model with the covariance matrix for Korea
resulted in X2 (df = 23, n = 5,420) of 893.16 (p
= .00), a goodness-of-fit index (GFI) of .97, an
adjusted GFI (AGFl) of .93, and a standardized

Analysis of the hypothesized structural

root mean square residual (SRMR) of .06.

All the indices for both the United States and
Korea indicate that data have a reasonable fit.
The standardized coefficients representing factor
loadings between the indicators and the constructs
indicate that each indicator has a positive and
statistically significant (p < .05) loading on the
relevant construct. [Figure I-1] shows x2, GFI,
AGFI, and SRMR for the United States and
Korea.

The pathways linking the ATMS with the
math achievement and the MAS with the math
achievement are statistically significant for both
the United States and Korea even though the
MAS negatively affects to math achievement.
Multiple sample analyses were conducted to
determine whether country differences existed
among path coefficients.

Structured means multiple sample models
revealed that (1) The path from ATMS to
MATHACHI was stronger for Korean than for
the United States (p < .05); and (2) The path
from MAS to MATHACHI did not differ by
country (p > .05).
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IV. Conclusion and
Discussion

Cronbach’s alpha was conducted to test the
reliability. Cronbach’s alpha is an internal consis-
tency approach to reliability and is considered to
represent the mean of all possible split-half
coefficients. It is one of the most useful relia-
bility estimates for measures.

The Cronbach’s alphas of the ATMS and the
MAS are .80 and .86 respectively. These esti-
mates support subsequent analyses.

In this study, an exploratory factor analysis
using the combined the US and Korea database
with the principal component method of extrac-
tion and varimax was appropriate. Based on the
eigenvalues greater than one criterion, four factors
were retained and accounted for 43.37% of the
variance for the ATMS, which are math attitude,
reason to study math, importance of studying
math, and student obedience. Four factors in the
MAS which were retained accounted for 39.51%
of the variance, and are homework and class
material, way of teach, way of study, and group
study.

Structural equation modeling was conducted to
analyze the relationships among ATMS, MAS,
and mathematics achievement. = While multiple
regression is used for analyzing the relationships
between observed variables and a latent variable,
structural equation modeling is used for exa-
mining the relationships among latent variables.
Since the purpose of this study is examining the
relationships among the three latent variables,
structural

method.

equation modeling is appropriate

There is support that both the ATMS and the
MAS have an influence on mathematics achieve-
ment. The Structural Equation Modeling (SEM)
analysis with basic indices that are GFI, AGFI,
and SRMR indicate the data have a reasonable
fit. Since chi-square (X2) is easily distorted by
large sample sizes (Fassinger, 1987) as in the
TIMSS, it is considered as a minor fit index.

The pathways linking the ATMS and the MAS
with the mathematics achievement are statistically
significant for both the United States and Korea.

The ATMS has a positive association with the
mathematics achievement for both the United
States and Korea, and this result supports many
previous studies (Gadalla, 1999; Kim & Hocevar,
1998; Lokan & Greenwood, 2000; Ma, 1997,
Odell & Schumacher, 1998;
1996; Weinberg, 1995).
association is found between the MAS and the
for both the United
States and Korea. Since many previous studies

been

Simich-Dudgeon,
However, a negative

mathematics achievement

have reported that there is positive
relationship between class activities and mathe-
matics achievement (Aksoy & Link, 2000; Brook-
hart, 1997; de Jong et al., 2000), this result does
not support the results of previous studies.

The comelation matrix shows that there are
negative or very low correlations between the
MAS and the mathematics achievement, which
that the mathematics activities effects
This
may also be a function of the type of mathe-

means

negatively on mathematics achievement.

matics activities used in the study like item 6
(use calculator at class), item 7 (use computer at
class), item 8 (group discussion), and item 11

(begin homework at class).
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The pathways linking the ATMS with the
mathematics achievement and the MAS with the
mathematics achievement were tested for country
differences and found statistically significant
country differences between the ATMS and the
mathematics achievement. Korean 7th and 8th
grade students out perform the US students in
mathematics on the 1995 TIMSS data. Korean
students have much higher maximum likelihood
estimates relating to mathematics achievement
than the US student, which may help to explain
why Korean students outperform the US students.
indicates that the

ATMS and the

The result relationship

between the mathematics
achievement is stronger for Korea than for the
United States; however, no country difference is
found between the MAS and the mathematics
achievement. The degree of mathematics achieve-
ment influenced by the ATMS for Korea is
larger than for United States. According to this
study, it is obvious that attitude towards mathe-
matics effects on mathematics achievement in
both countries. In other words, high mathematics
achievement is expected when students attitude
towards mathematics is positively high.

Motivating students, explaining the reason to
study mathematics, and understanding importance
of study mathematics will be helpful to raise
mathematics achievement.

A methodological limitation should be consi-
dered to evaluate the study. This study only
includes two latent variables, student attitudes
toward mathematics and mathematics activities as
indicators. Mathematics achievement, however, can

be influenced from many other variables.

Further research is suggested to examine how
other factors like student, home, teacher, and
school effect on student academic achievement.
Since formal education is the process of
interaction between teachers and students using
curriculum in the school environment, these
factors are critical to student achievement in

mathematics.
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