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Abstract

This study explored motivation in mathematics across the transition from
elementary to junior high school in Japan. The purpose of this study was to
develop and assess the modified version of the Mathematics Motivation Scale
(MMS) on a Japanese sample to measure the development of MMS longitudi-
nally. The modified MMS measures four subscales: mastery goal, task value,
mathematics anxiety, and performance goal. 1519 (Time 1) pupils and stu-
dents from the fifth to ninth graders, 1238 (Time 2) in eight elementary
schools and students in six junior high schools in Tokyo participated in self-
reported questionnaire investigation longitudinally. Confirmatory factor ana-
lyses revealed the four-factor structure: mastery goal, task value, mathematics
anxiety, and performance goal as Oie and Fujie (2007a, 2007b) revealed. The
modified MMS exhibited good overall internal consistencies and satisfactory
test-retest reliability over three to four months period. The validity of the
modified MMS was further demonstrated through inter-correlations between
its subscales.

Keywords

Mathematics Motivation, Mastery Goal, Performance Goal, Task Value,
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1. Introduction

Late childhood and early adolescence are faced with many changes in the stage

of development from childhood to adolescence. These challenges are particularly

acute during the school transition from elementary to junior high school,

represented as academic (e.g. Anderman & Midgley, 1997) and as emotional
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(Romero, Master, Paunesku, Dweck, & Gross, 2014). Indeed, motivation de-
clines in academic domains in this period have been the center of researchers’
interests, to understand what underlies the motivational landscape of early ado-
lescence (Wang & Pomerantz, 2009). To this end, educational and developmen-
tal researchers have focused on children’s developing psychological needs,
changes in their environment, and the fit between the two as they enter adoles-
cence (Eccles, Wigfield, Harold, & Blumenfeld, 1993). They have repeatedly ob-
served a decline in students’ motivation as they progress through elementary
school and high school. In spite that a large amount of research in the educational
context has been conducted on motivation, little research has focused on changes
in these motivations across the school years (Otis, Grouzet, & Pelletier, 2005).

The current research investigated the continuity of mathematics motivation in
a longitudinal study from late childhood through early adolescence outside of
the Western cultural context. The major purpose of the current research was to
explore the extent to which school transition from childhood to adolescence ac-
counts for developmental aspects in mathematics motivation. The goal of the
current research was to identify developmental aspects of mathematics motiva-
tion during late childhood and early adolescence. Relatively few longitudinal
studies have examined the development of mathematics motivation over time. In
our research, we examined motivational development in mathematics longitu-

dinally across two school years.

1.1. Mathematics Motivation from Childhood to Adolescence

The purpose of the current study was on the development of mathematics moti-
vation during late childhood and early adolescence. As a related construct to
mathematics motivation, Wigfield, Eccles, MacIver, Reuman and Midgley (1991)
focused on mathematics self-concept and revealed that decrements of mathe-
matics self-concept are partially due to the transition from elementary to middle
school. Similarly, a longitudinal study from the elementary, middle through the
high school years conducted by Gottfried, Fleming, and Gottfried (2001) found
that intrinsic motivation declined substantially for mathematics. As Wigfield et
al. (1991) and Gottfried et al. (2001) investigated, our sample made the elemen-
tary to middle transition between the sixth and seventh grade, including the
fifth, eighth, and ninth grade to explore developmental aspects of mathematics
motivation longitudinally. In a study of the sixth and seventh graders, Eccles,
Wigfield, Flanagan, Miller, Reuman and Yee (1989) identified that the
six-month stability of academic mathematics self-concept decreased during the
transition into middle school. In such ways, mathematics self-concept in the
transition from childhood through adolescence has been theorized by Eccles and
her colleagues over several decades and adopted to motivation theory in educa-

tional research and practice.

1.2. Goal Theory and Motivation

The study of motivation has been one of the central research themes in educa-
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tional and developmental psychology. Numerous motivational constructs give
direction to goal-directed activities (Kaplan & Maehr, 2007). As components of
motivational concepts, goal theory and task values (Ames, 1992; Dweck, 1986;
Nicholls, 1984; Eccles et al., 1993; Wigfield & Eccles, 2002) have been investi-
gated in the field. Goal theory addresses why students pursue achievements in a
school and their own learning context (Dweck, 1986; Nicholls, 1984; Kaplan &
Maehr, 2007). Goal theory is initially based on two achievement goals: one is
mastery goals which focused on the acquisition of knowledge and task accom-
plishment; and another is performance goals which focused on the scores and
prizes relative to others (Ames, 1992; Dweck, 1986; Nicholls, 1984). In the cur-
rent study, we pick up mastery and performance goals, because achievement
goals are related to positive motivation when students study mathematics.
Within goal theory, motivation is defined in terms of the goals that give purpose,
meaning, and direction to achievement-related behaviors (Hernandez, Schultz,
Estrada, Woodcock, & Chance, 2013). Preceding studies within the context of
achievement goal orientations have found a decrease in personal task goals and
an increase in personal extrinsic goals during the transition to middle school
(Anderman, Maehr, & Midgley, 1999). Therefore, we suppose two achievement
goals-mastery goals and performance goals-as key components to enhance ma-
thematics motivation in our study during the transition from elementary school

to junior high school.

1.3. Task Value

In addition to goal theory, motivation researchers have assessed other constructs
that may be crucial to children’s achievement choices. One such construct is
children and students’ valuing of task-specific activities in mathematics. Value
beliefs, defined as the perceived importance and interest attached to subjects,
were found to decrease for mathematics across first through 12th grade (Pajares
& Graham, 1999), and for mathematics during the transition to middle school
(Fredericks & Eccles, 2002). Conley (2012) defined that task value is how the
task relates to future goals (e.g., valuing mathematics class because of future util-
ity). The Expectancy-Value Model (Eccles, Adler, Futterman, Goff, Kaczala,
Meece, & Midgley, 1983) has conceptualized subjective task value which com-
bines expectancies and task values to proximal psychological constructs like
goals. Eccles and her colleagues’ works are frequently used to understand stu-
dents’ task value (Eccles et al., 1993; Wigfield & Eccles, 2002). They have devel-
oped an expectancy-value theory of task choices in which children’s subjective
task values within a specific domain are crucial to motivation and to future
achievement choices within that domain. In their model, task value encompasses
students’ perceptions of mathematics utility in their daily life and in future. Task
value refers to the usefulness of a task for students in terms of future aspirations.

Students’ subjective task value has four components: intrinsic or interest val-
ue, attainment value, task value, and cost (Wigfield & Eccles, 2000). It has been

revealed that students’ task value beliefs in mathematics decline across middle
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school (Jacobs, Lanza, Osgood, Eccles, & Wigfield, 2002; Watt, 2004). According
to Wigfield and Eccles (2002), task value is a construct by which individuals
choose to participate in mathematics tasks, because they regard mathematics as
useful to them. So we hypothesized task value as a reason why students study
mathematics. In the current study we focused on task value to compare mastery

and performance goals in mathematics and mathematics anxiety.

1.4. Mathematics Anxiety

Mathematics anxiety is defined as “feelings of tension and apprehension sur-
rounding the manipulation of numbers and the solving of mathematical prob-
lems in academic, private, and social settings (Richardson & Suinn, 1972: p.
551).”According to Ashcraft (2002), math anxiety can be defined as “a feeling of
tension, apprehension, or fear that interferes with math performance” (p. 181).
Mathematics anxiety is not only due to the lack of training or to insufficient
skills, but is also due to misperception about mathematics and negative expe-
riences in previous mathematics classes. A component of subjective task value
(Wigfield & Eccles, 2000) is cost as mentioned above. Cost refers to the accumu-
lated negative emotion of engaging in the task, including anticipated emotional
states such as performance anxiety (Conley, 2012). In mathematics, this negative
emotion is combined with mathematics anxiety. Mathematics anxiety is com-
monly defined as a feeling of tension or fear that interferes with mathematics
performance, and the correlations between mathematics anxiety and variables
such as motivation and self-confidence in math are strongly negative (Ashcraft,
2002). Further, Mastery goal predicted negatively and performance goal did po-
sitively mathematics anxiety (Luo, Hogan, Tan, Kaur, Ng, & Chan, 2014). In the
current study, we posit children and students’ mathematics anxiety which reduce

mathematics motivation.

1.5. The Present Study

The present study is designed to develop the modified version of mathematics
motivation scale by modifying Japanese version of Mathematics Motivation
Scale (Oie & Fujie, 2007a, 2007b), to explain how mastery goal, performance
goal, task value, and mathematics anxiety develop through transition from ele-
mentary to junior high school. The hypothesized structure of the model was
based on previous Mathematics Motivation Scale (Oie & Fujie, 2007a, 2007b).
We bring up a meaningful modification of this scale, because CFAs (confirma-
tory factor analysis) have not been applied in Oie and Fujie (2007a, 2007b). The
original scale was created only by utilizing EFA (explanatory factor analysis).
Furthermore, in the original scale they adopted the item whose factor loading
was under 0.40. It leads to this scale’s destabilization. Therefore, we decided to
select items carefully by adopting the more rigorous method CFA. Although
students show a decline in school motivation during adolescence on average, a
subset of students shows an increase in school motivation (Eccles, 2013). Given

that researchers have shown the existence of school and age-related differences
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in mathematics motivation, it becomes important to determine not only if they
are in effect distinct but also whether the measurement structure and the corre-
lation between the factors are stable over development and across the transition
from elementary to junior high school. This type of examination can only be ac-
complished using a longitudinal CFA by Vaillancourt, Brendgen, Boivin, &
Tremblay (2003).

Accordingly, in the current study we tested empirically the developmental as-
pects of mathematics motivation over time using CFA. Using a large representa-
tive sample of Japanese children from fifth to ninth grade, we employed a multi-
group modeling procedure with a longitudinal design in which we tested a
four-factor model. We hypothesized that four interpretable factors would be found
and that their measurement structure (i.e., the pattern of factor loadings) would be
stable across school transition, according to Oie and Fujie (2007a, 2007b). The aim
of the present study was to investigate longitudinal developmental change among
mastery goal, performance goal, task value, and mathematics anxiety using the
mathematics motivation scale (Oie & Fujie, 2007a, 2007b).

2. Method
2.1. Participants and Design

The study presented here is based on data collected longitudinally. The first in-
vestment was held in January and February in 200X (Time 1), and the second
one was held in May and June in 200X (Time 2).

Four cohorts of children and adolescents participated in the study. Samples
were drawn from eight public elementary and six public junior high schools in
Tokyo, and were drawn so that they were sufficiently representative of the stu-
dent population of Tokyo. In Time 1, in fifth, sixth, seventh and eighth grades,
we recruited students from fourteen public elementary and junior high schools
in Tokyo to participate in a larger longitudinal study. In all schools, we invited
the four grades to participate in Time 1. This same recruitment strategy was em-
ployed in subsequent times-during each year of the study, we invited all students
in the target grade at all schools to participate. In total, 1519 (Time 1) and 1238
(Time 2) participants were included in the current study (Table 1). All partici-

pants attended national and public schools in Tokyo.

Table 1. Sample Size Broken Down by Grade.

Grad
.ra N n male female Grade (Time 2) n male female
(Timel)
Cohort
1 5 395 194 201 6 354 170 184
Cohort
) 6 399 180 219 7 220 89 131
Cohort
3 7 401 180 221 8 366 161 205
Cohort
4 8 324 186 138 9 298 170 128
Total Independent N 1519 1238
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2.2. Survey Administration

The sample consisted of Japanese students who participated in the Project for
the Classroom Discourse in Science and Mathematics and Cognitive Develop-
ment in Transition from Elementary to Junior High School (Oie, Fujie, Okuga-
wa, Kakihana, Itaka, & Uebuchi, 2013). This project included a longitudinal
study involving assessments for three times during the transition from elemen-
tary to junior high school years (grades 5 to 8) to investigate the development of
mathematics motivation. As the educational system, Japanese pupils graduate
elementary school in the end of grade 6, and then enter into junior high school
in grade 7.

2.3. Measure: Mathematics Motivation Scale (MMS)

The Japanese version of MMS (Oie & Fujie, 2007a, 2007b) is a 20-item instru-
ment on which respondents indicate how descriptive each statement is of them.
Some items translated from Elliot and Church’s (1997) intrinsic motivation scale
were used to assess students’ intrinsic motivation for their math class (sample
item: “I am enjoying class very much”). The MMS is scored on a four-point Li-
kert scale (1—Very undescriptive of me, 2—A little undescriptive of me, 3—A
little descriptive of me, 4—Very descriptive of me). Total scores on this instru-
ment are from 20 to 80. Items assess each of the four components of mathemat-
ics motivation: mastery goal in mathematics (11 items), task value in mathemat-
ics (three items), mathematics anxiety (three items), and performance goal
(three items). Following reverse scoring of the mathematics motivation scale,

higher scores indicate higher degrees of mathematics motivation.

2.4. Procedures

In Time 1 and Time 2, the teachers in each classroom at the 8 elementary and 6
junior high schools administered surveys to pupils and students during each
class. Pupils and students were encouraged to ask questions about items they did
not understand. They were informed that the information they provided would
be confidential, and surveys were removed from the school building immediate-
ly following administration.

In this questionnaire participants were instructed to answer the question:
“How do you think the following items? Please mark the most adequate number

for you from 1 = “Very undescriptive of me’ to 4 = ‘Very descriptive of me™.

3. Results

Prior to data analysis, screening was conducted for missing data. As a result, ini-
tial data 1706 was reduced to 1519 in Time 1. Any completed MMS forms (Time
1 and Time 2) with missing responses were excluded from the final data pool. In
addition, in Time 2 school term changed and grade shifted to next stage. Espe-
cially, six graders in Time 1 who entered into national or private junior high
school dropped in Time 2. This reduced the initial sample of 1, in Time 1 to

1238 in Time 2. Any missing responses on Time 1 and Time 2 forms appeared to
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be random oversights of individual responses in these cases. All responses to
negatively worded statements were reversed prior to the data analysis. The grade

at each wave and sample size for each cohort appears in Table 1.

3.1. Descriptive Statistics and Estimates of Reliability: Factor
Structural Model of the modified Mathematics Motivation
Scale

The advantage of incorporating the two poles of goal theories-mastery goal and
performance goal, task value and mathematics anxiety is clearly visible from the
outcome of exploratory factor analysis of the modified Mathematics Motivation
Scale. The factor structure of the modified MMS was assessed using EFA on
Time 1 and Time 2 participants, following the four factor model by Oie and Fu-
jie (2007a, 2007b). We entered all the items for the motivational constructs into
an exploratory factor analysis and saved the promax rotation factor score. All
items had loadings on the four factors in Oie and Fujie (2007a, 2007b) above
0.40, except four of the 11 mastery goal items. Finally, the 16 items reduced to
these four subscales were analyzed.

Results of the explanatory factor analysis and reliability of the scale are shown
in Table 2. Omega reliabilities (w) for the MMS subscales of mastery goal, task
value, mathematics anxiety, and performance goal in Time 1, were 0.90, 0.75,
0.61, and 0.58, respectively; in Time 2 they were 0.90, 0.72, 0.59, and 0.60, re-
spectively. Then descriptive statistics were calculated. At first, to investigate the
relationships among four subscales, average scores for all scales were calculated.
Pearson’s product-moment correlation coefficients were then calculated using
SPSS 24 and presented in Table 2. Prior to calculating the coefficients, the dis-
tributions of all summed variables were examined. No notable deviations from
normality were detected. The descriptive statistics indicated the variables were
relatively normally distributed and deviated little from expected measures of

central tendency.

3.2. The Modified MMS Confirmatory Factor Analysis

The four-factor CFA model was estimated with IBM SPSS Statistics Amos 24
using maximume-likelihood estimation to examine the internal structure of the
modified MMS. Several indices were used to assess model fit. As the chi-squared
statistic (%) is strongly dependent on sample size (Hu & Bentler, 1999), y*/dfra-
tios instead of probability values are presented for each model. In general, x*/df
ratios ranging from two to five are considered to represent adequate model fit
(Byrne, 2001). As the various models subjected to CFA were nested designs, the
chi-squared change (Ax®) statistic (Hu & Bentler, 1999) was used to test for dif-
ferences in fit between the models. Two absolute fit indices (the goodness-of-fit
index, GFI, and the adjusted goodness of fit index, AGFI) and two fit indices
(the root mean square error of approximation, RMSEA, the comparative fit in-
dex, CFI) are also presented. Browne and Cudeck (1993) and Byrne (2001) sug-
gest that good model fit is indicated by indices of greater than 0.90 for the GFI
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Table 2. 16 items for Mathematics Motivation Scale (modified version of Oie & Fujie,
2007a, 2007b).

Items F1 F2 F3 F4 M SD

Factor 1 Mastery Goal
(Time 1, @ = 0.90; Time 2, @ = 0.90)
10) When I learn new materials in math

N . 0.91 -0.03 0.10 -0.02 2.85 0.97
class, ’'m motivated a lot.
11) Math is interesting for me because I
find various ways to solve math problems.

13) I want to learn new matters in math

0.86 -0.06 -0.01 -0.06 2.76 1.03

0.76 0.01 -0.03 0.04 2.84 1.03
class.
18) I can try various things when I learn

0.72 0.01 -0.07 0.00 2.67 0.97
math.
6) When I study math, I sometimes find
rules and structures in what I see casually 0.64 0.15 0.13 -0.03 275 0.98

in the usual ways.

8) 'm often interested in figures in math
textbooks.

4) Math class is fun for me. 0.58 -0.07 -0.26 0.04 2.80 1.03
Factor 2 Task Value

(Time 1, @ = 0.75; Time 2, @ = 0.72)

15) I wonder if learning math may not well

0.64 0.05 0.10 0.03 2,66  1.02

£ tical N 0.08 -0.73 0.09 0.02 2.01 1.01
of practical use.

5) I think even if I learn mathematics, it
may not be useful.*
9) Math is helpful for my job in future. 0.23 0.60 0.15 0.08 320 094

Factor 3 Mathematics Anxiety

(Time 1, @ = 0.61; Time 2, w = 0.59)
17) I don’t like math because I have to
consider a lot in math class.

0.00 -0.73 0.06 0.01 1.60  0.81

-0.16 0.00 0.72 -0.02 2.5 1.00

12) 'm not good at memorizing math 0.06 0.03 0.58 009 252 110
formulas and calculation rules. ’ ’ ’ ’ ’ ’
20) When I calculate lengths and sizes, it is
. R 0.11 -0.06 0.44 0.04 2.40 1.00
difficult for me to blow up real image.
Factor 4 Performance Goal
(Time 1, @ = 0.58; Time 2, w = 0.60)
14) I like to succeed in math exams. -0.06 0.13 -0.04 0.74 362 0.70
7) I would like to be better than other stu-

i 0.08 -0.05 -0.09 0.63 2.87 1.10
dents in math exams.
3) I learn math, because I hope to avoid
A -0.03 -0.18 0.26 0.42 2.44 1.05
getting bad grades.

Internal correlation

F1 0.49 -0.45"  0.15"
F2 -0.30" 0.01
E3 0.03

With current sample size, all correlations larger than 0.05 () in absolute size are significant at 0.001 level.

and CFI. RMSEA (Browne & Cudeck, 1993) compares the model optimal para-
meter values with the population covariance matrix as if it was available. Values
less than 0.05 indicate good fit, and values between 0.05 and 0.08 indicate rea-
sonable fit. Table 3 presents the fit indices for the four-factor model on Time 1
and Time 2. The model examining the internal structure of the modified MMS
constructs (Figure 1) met our established requirements, with the RMSEA
slightly below the conventional cut off criteria, x* (98, N = 1519) = 824.94, p <

o
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0.001, CFI = 0.92, RMSEA = 0.07. Examination of other global fit indices indi-
cated the model was consistent with the data: GFI = 0.93, AGFI = 0.91 in Time 1.
In Time 2 this estimated model demonstrated adequate fit to the data, as indi-
cated by the following fit indexes: x* (98, N = 1238) = 789.47, p < 0.001, CFI =
0.91, GFI = 0.93, AGFI = 0.90, RMSEA = 0.08.

Note. Path coefficients in Time 1 are presented to the left of the slash; those in
Time 2 to the right of the slash. MG = mastery goal; TV = task value; MA = ma-

thematics anxiety; PG = performance goal.

3.3. Correlation among Four Subscales

The correlation matrix among four variables in each of Time 1 and Time 2 is
shown in Table 4. The calculations supported the proposed relations between
the variables in our sequence. Mastery goal and task value were significantly and
positively correlated both in Time 1 and Time 2. In contrast, mastery goal and
task value were significantly and negatively correlated with mathematics anxiety
both in Time 1 and Time 2. As shown in Table 4, performance goal had almost

no correlation with other three variables.

Table 3. Results of Confirmatory Factor Analyses of the modified Mathematics Motiva-
tion Scale.

Ve df Pldf CFI GFI AGFI RMSEA
824.94 98.00 8.42 0.92 0.93 091 0.07
789.47 98.00 8.06 091 0.93 0.90 0.08

Note. ¥ = chi-square test; df = degrees of freedom; CFI = comparative fit index; GFI = goodness of fit in-
dex; AGFI = adjusted goodness of fit index; RMSEA = root-mean-square error of approximation.

(.82/.82 When | learn new materials in math class, I'm motivated a lot).(e« .33/.30)
(.82/.78)Math is interesting for me because | find various ways to solve math problems. (e<.36/.41)

(.80/.81)I want to learn new matters in math class. (e < .39/.33)

(.781.77)l can try various things when | learn math. (e« .38/.36)

.63/.68)When | study math, | sometimes find rules and structures in what | see casually in the usual ways.(e«.57/.49)

(.62/.63)I'm often interested in figures in math rextbooks. (e« .65/.65)
(.71/.70)Math class is fun for me. (e«.52/.53)

(.71/.72)I wonder if learning math may not well of practical use.*(e<«.49/.49)
(.74/.70)I think even if | learn mathematics, it may not be useful.* (e« .31/.37)

(.69/.63)Math is helpful for my job in future. (e < .49/.55)

(.90/.86)I don’t like math because | have to consider a lot in math class.(e<«.20/.25)

(.48/.49)'m not good at memorizing math formulas and calculation rules. (e« .93/.86)
(.34/.32)When | calculate lengths and sizes, it is difficult for me to blow up real image. (e« .88/.86)
(.70/.65)l like to succeed in math exams. (e<«.31/.30)

(.70/.72)I would like to be better than other students in math exams. (e «<— .59/.53)

(.29/.38)I learn math,because | hope to aviod getting bad grades. (e<«.93/.84)

Figure 1. Modified four-factor model of the short MMS based on data from Time 1 and Time 2.
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Table 4. Correlations among all study variables.

1. 2. 3. 4.
1. Mastery Goal - 0.49 ” -0.45 ” 0.15
2. Task Value 0.45 - - -0.30 " 0.01
3. Mathematics Anxiety -0.46 ” -0.30 - - 0.03
4. Performance Goal 0.10 - -0.09 ” 0.08

Note. Time 1 : N= 1519, Time 2 : N'= 1238. Correlations in Time 1 are presented in the right side; those in
Time 2 in the left side.”p < 0.01.

3.4. Longitudinal Development of Mathematics Motivation in the
Transition from Elementary to Junior High School

The longitudinal development of mathematics motivations in the transition
from elementary to junior high school was compared using paired samples
t-tests to identify how each cohort changed. The means, standard deviations,
paired samples t-test results, and effect sizes are summarized for all measures in
Table 5. A paired samples t-test identified a significant decrease of mastery goal
and task value in cohort 1 from 5th grade in Time 1 (mastery goal, M = 3.01, SD
= 0.76; task value, M = 3.47, SD = 0.59) to 6th grade in Time 2 (mastery goal, M
=291, SD = 0.80; task value, M = 3.38, SD = 0.65), mastery goal’s £(367) = 3.20,
P <0.001 (two-tailed) and task value’s £ (378) = 2.58, p = 0.01 (two-tailed), effect
size r = 0.17. Further significant increases of performance goal were found in
cohort 2, 3, and 4, from 6th grade in Time 1 (M = 2.82, SD = 0.71) to 7th grade
in Time 2 (M = 3.01, SD = 0.64), ¢ (228) = —4.33, p < 0.001 (two-tailed), effect
size r=0.28 (large) from 7th grade in Time 1 (M = 3.05, SD = 0.66) to 8th grade
in Time 2 (M= 3.13, SD = 0.62), £ (378) = —2.57, p = 0.01 (two-tailed), effect size
r=0.13, and from 8th grade in Time 1 (M = 3.03, SD = 0.68) to 9th grade in
Time 2 (M= 3.14, SD = 0.68), ¢ (312) = -3.03, p < 0.001 (two-tailed), effect size r
= 0.17. The transition from elementary school to junior high school influenced
the increase of performance goal.

There was also a tendency that mathematics anxiety increase from 6th grade
in Time 1 (M = 2.39, SD = 0.73) to 7th grade in Time 2 (M = 2.47, D= 0.71), t
(279) = -1.70, p = 0.09 (two-tailed) effect size r = 0.11, and a tendency to de-
crease from 7th grade in Time 1 (M = 2.45, D = 0.76) to 8th grade in Time 2 (M
=2.39, SD=0.73), t(379) = —-1.79, p < 0.07 (two-tailed) effect size r = 0.09. Ad-
ditionally, mastery goal in cohort 4 increased significantly from 8th grade in
Time 1 (M = 2.45, SD = 0.76) to 9th grade in Time 2 (M = 2.54, SD = 0.75), ¢
(306) = —2.46, p=0.01 (two-tailed), effect size r=0.14.

The correlation matrix in each variable between Time 1 and Time 2 is
shown in Table 5. As expected, the four subscales on the modified MMS in
Time 1 and Time 2 correlated positively with one another. The calculations
supported the proposed relations between time sequences. Mastery goal, task
value, mathematics anxiety, and performance goal were significantly and posi-
tively correlated with each other in each grade and in total between Time 1 and
Time 2.
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Table 5. Descriptive Statistics for Variables at the grade Group Levels.

Time 1 Time 2 Grade difference Correlation
Variable n between Time 1
M D M SD T P and Time 2
5 graders 6 graders
Mastery Goal 368 3.01 076 291 0.80 3.20 0.00 0.67**
Task Value 379 347 059 338 0.65 2.58 0.01 0.43**
Mathematics Anxiety 379 2.19 0.78 224 0.78 -1.38 0.17 0.46**
Performance Goal 375 285 071 2.83 0.74 0.49 0.63 0.57%*
6 graders 7 graders
Mastery Goal 223 282 075 284 0.71 -0.53 0.60 0.59**
Task Value 229 327 069 322 0.70 1.07 0.29 0.50%*
Mathematics Anxiety 229 239 0.73 247 0.71 -1.70 0.09 0.56**
Performance Goal 228 2.82 0.71 3.01 0.64 -4.33 0.00 0.53%*
7 graders 8 graders
Mastery Goal 375 264 077 267 0.76 -1.12 0.26 0.69**
Task Value 377 3.01 077 298 0.77 0.92 0.36 0.66**
Mathematics Anxiety 379 245 0.76 239 0.73 1.79 0.07 0.61**
Performance Goal 378 3.05 0.66 3.13 062 -2.57 0.01 0.58**
8 graders 9 graders
Mastery Goal 306 245 076 254 0.75 -2.46 0.01 0.66**
Task Value 315 283 083 282 0.74 0.27 0.79 0.53**
Mathematics Anxiety 310 2.55 0.81 249 0.70 1.27 0.21 0.52**
Performance Goal 312 3.03 0.68 3.14 068 -3.03 0.00 0.60**
Total Total
Mastery Goal 1271 273 079 274 0.77 -0.29 0.78 0.67**
Task Value 1299 3.15 0.76 3.10 0.75 2.40 0.02 0.59**
Mathematics Anxiety 1296 2.39 0.78 238 0.74 0.03 0.98 0.54**
Performance Goal 1292 295 0.69 3.02 069 —4.33 0.00 0.58**

T'values larger than 2.33 in absolute value are statistically significant at 0.01 level, and those larger than 3.29
at 0.001 level.

4. Discussion

The main aims of this study were to develop a modified form of the MMS, and
to assess the reliability and validity of this modified form on pupils and students
in transition from elementary to junior high school in Japan. Results of two
CFAs conducted in this study supported a four-factor model with 16 items, in
which four ‘mastery goal’ items were removed from original MMS (Oie & Fujie,
2007a, 2007b). All four subscales in the modified MMS displayed intermediate
correlations to each other within Time 1 and Time 2, besides, high correlations
within each subscales between Time 1 and Time 2. Furthermore, the modified

MMS showed sufficient internal consistencies and displayed enough omega val-
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ues. These results suggested that the four removed items were effectively redun-
dant.

Subsequently, based on data collected from a Japanese sample, the modified
MMS subscales displayed good internal consistencies and satisfactory test-retest
reliability through the transition from elementary to junior high school. The
correlations among the MMS subscales in Time 1 and Time 2 verified the results
of enormous empirical accumulation and supported the construct validity of the
instrument.

In our longitudinal study, mastery goal decreased from 5th to 6th grade and
increased from 7th to 8th grade. Eccles and her colleagues (Eccles et al., 1989,
1993) insisted that intrinsic motivation sometimes considered as equal to mas-
tery goal decreased and performance goal increased as children grow older. Our
study revealed that the transition from elementary to junior high school influ-
enced the decrease of mastery goal. This result supported Eccles and her col-
leagues’ findings exactly in the transition from 6th to 7th grade. On the other
hand, mastery goal increased from 7th to 8th grade in our study. Covington and
Dray (2002) asked undergraduates to remind their experiences on mastery mo-
tivation in each school stage. They indicated that mastery motivation decreased
once in junior high school stage, recovered again and enhanced in high school. It
seems to lead to enhancement of learning motivation after the transition to high
school. Our study supported Covington and Dray’s result.

Above all, in our research personal goal which is one of a pair of achievement
goals opposite to mastery goal, increased on a continuing basis from 6th through
7th and 8th to 9th grade. Also Covington and Dray (2002) pointed out that stu-
dents become interested in scores as their grades in school advanced. From 8th
to 9th grade, both mastery and performance goal have been enhanced. Our in-
vestigation supported this result.

Further, task value decreased from 5th to 6th grade at elementary school. As
Ames (1992) insisted, learners who are interested in learning and pile up expe-
riences to find meanings and values in task can grow their learning motivation
effectively. In spite of no significant decrease in task value in the transition from
elementary to junior high school, teachers and educators should construct units
by which students are able to feel task utilities and formulate high qualitative
learning.

Although any significant difference between Time 1 and Time 2 in mathe-
matics anxiety was found, a tendency that mathematics anxiety increased from
6th grade to 7th grade and decreased from 7th grade to 8th grade. It should be
influenced by change of school stage from elementary to junior high school in
Japan. 7th grade is just after the transition from elementary to junior high school
in Japan. Additionally, mathematics which is defined as “san-su” (number cal-
culation) at elementary school changes to “suu-gaku” (number studies), which is
located in entrance of science at junior high school. Therefore, contents in ma-
thematics textbooks and lessons in junior high school are more advanced than in

elementary school. It leads to the tendency to mathematics anxiety’s increase in
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the transition from the 6th grade to 7th grade, from elementary school to junior
high school. As a background of this phenomenon, it is notable to pay attention
to ‘stage-environment fit theory’ advocated by Eccles et al. (1993). They sug-
gested that for early adolescence group lessons in classroom, official and relative
evaluation are sometimes dangerous because such study environment and eval-

uation influence motivation in school negatively.

5. Conclusion

In conclusion, our study revealed that mathematics motivation decreased in
school transition from elementary to junior high school partly, but performance
goal was enhanced in junior high school. In future, longitudinal studies which
are set in longer span are necessary to indicate how mathematics motivation will

be increased during adolescence.
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