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Abstract: By using prefectural data of achievement tests in Japan, we investigate
empirically which factors affect the achievement of elementary school pupils and
junior high school students. In our regressions, we find that the ratio of grandparents
living with their grandchildren has a strong positive effect on achievement. Family
income and the ratio of people having completed university, which is a proxy of the
education level of parents, affect achievement positively. The quality of teachers,
but not the quantity, is important for achievement. Public education expenditure
does not contribute at all.
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1. Introduction

The Japanese government practiced less strenuous school education called yutor:
kyouiku from the second half of the 1990s. It has been implemented thoroughly since
2002. The reform of the education system aimed to reduce the possible negative
effects of examinations, and the number of school days and course content were
also reduced. A special class called sougou gakushuu was also adopted to develop
moral and social skills. However, Kariya (2007) argued that, because this education
reform did not address the state of the actual education system, it increased the gap
between hard working students and other students.! Nishimura (2003) also argued
that less strenuous school education reduced enthusiasm and competition among
students. He pointed out a deterioration of public schools and an increase in the
prosperity of supplementary private schools.

The government recently reviewed this less strenuous school education system. In
2007 and 2008, the Ministry of Education, Culture, Sports, Science and Technology
conducted achievement tests to assess the scholastic ability of elementary school and
junior high school students. Although the results of the achievement test have been
widely examined, there has been little econometric analysis of the results. Thus,
by using prefectural data in our regressions, we examine empirically which factors
affect the achievement of elementary school pupils and junior high school students.

We consider both home and school environments as explanatory variables to

explain achievement scores. We obtain similar results for elementary school pupils

Kariya (2001) explained the appearance of an incentive gap between these students.



and junior high school students. The importance of family income is confirmed
for both groups of students because it can affect supplementary private education.
The importance of family income would be higher for students at junior high schools
than for students at elementary schools. The proportion of households with members
aged 65 years and over influence achievement positively and significantly because
grandparents can watch and help their grandchildren. The proportion of people
having completed university, as a proxy of parental education level, is positively
significant. Moreover, we find weak evidence that the number of universities has an
externality effect on achievement.

Because skilled teachers can decrease the ratio of long-term absentees from
school, the ratio of long-term absentees from school is used as a measure of the
quality of teachers. The quality of teachers is important for achievement as an in-
dicator of school environment. However, the number of teachers per student, i.e.,
the quantity of teachers is not significant. Public education expenditure does not
contribute to achievement at all. We also find a negative effect of the ratio of fe-
male teachers on junior high schools’ achievement, but not on elementary schools’
achievement. Because a high ratio of female teachers implies a high ratio of young
teachers in junior high schools, the result points out the importance of the experience
of teachers.

The rest of the paper is organized as follows. Section 2 examines what factors
affect achievement. We estimate achievement of elementary school pupils in Section

3.1 and junior high school students in Section 3.2. We conclude Section 4 with a



brief summary and a few remarks.

2. What factors affect achievement?

The prefectural data of the achievement of public schools in 2007 and 2008 were
taken from the Japan Students Services Organization. Mathematics and Japanese
both had two types of test. While the ratio of correct answers of prefectures is
available for each type of test, we use the average. As argued widely, the average
scholastic ability of students seems to differ between prefectures. Furthermore, the
differences occur not only in urban areas but also in the provinces. There also seems
to be a close relationship between prefectures and the ranking of achievement. For
example, while in both 2007 and 2008, Akita, Fukui, and Toyama prefectures were
in the top five of elementary school achievement, Okinawa and Hokkaido prefectures
were in the bottom two. Moreover, while the top five junior high schools included
Akita, Fukui, and Toyama prefectures in both years, the bottom five included Ok-
inawa, Hokkaido, and Osaka prefectures. Osaka prefecture was also in the bottom
six elementary schools.

Using Spearman’s rank correlation, we first examine the relationship between
the rankings and prefectures. The results are shown in Table I. The correlations
of both elementary school achievement and junior high school achievement for 2007
and 2008 were highly significantly positive. The correlation between elementary
school and junior high school achievement is also significantly positive in each year.

Therefore, the rankings were stable between these two years.



Why do differences between prefectures exist? What factors affect achievement?
We assume that achievement is determined by the home environment and school
environment. We first consider the home environment. Because elementary school
and junior high school education are compulsory, all children receive it equally.
However, because of borrowing constraints, students receive private school education
only when their parents can afford private education. Thus, private educational
expenditure, which depends on family income, affects achievement. We also use
the ratio of households with members aged 65 years and over as a measure of the
home environment. As double-income households have increased, it is difficult for
parents to help their children with their lessons at home. Self-study is also difficult
for children. However, grandparents can help and watch their grandchildren when
they live together with their grandchildren.

We use the ratio of people having competed college or university. Although there
are no data about the education level of parents, the ratio of people having com-
pleted college or university may be positively correlated with their education level.
Children benefit from their parent’s education level because of parental teaching.
Moreover, parents with high education levels are eager to improve the education
level of their children.? We consider the number of colleges and universities per one
hundred thousand persons as an externality. When colleges and universities exist

in a neighborhood, it may raise the cultural level of a community and work as an

ZKariya (2001) and Kikkawa (2006) found that the relationship between educational attainments

of parents and their children has recently strengthened.



incentive to study.

Next, we consider the school environment. Education depends heavily on the
human capital stock of teachers. When the human capital stock of teachers is high
and the number of students per teacher is small, the student receives a good quality
education. Thus, we examine both the quantity and quality of teachers.®> However,
there are no data with measures of the quality of teachers. When teachers are skillful
in teaching, their classes have a good atmosphere and they can decrease the ratio
of long-term absentees from school. Thus, we use the ratio of long-term absentees
from school as a proxy of teacher quality.

The ratio of female workers has been increasing in many occupations. The
average ratio of female teachers in elementary schools exceeds 60%. However, the
ratio in junior high schools is less than half. Because experience is required to become
a skilled teacher, its experience has an important influence on the achievement of
students. The ratio of young teachers that are female becomes high in junior high
schools. A high ratio of female teachers implies a high ratio of young teachers and
a low ratio of teachers who have experience. Thus, we examine the ratio of female
teachers as a proxy of experience. Note that we do not suggest that there is any

difference in teaching ability between male and female teachers. We also examine

3By using a production function of education, Nakajima and Nakamura (2008a,b) and Nakamura
and Nakajima (2009) investigated how the price of education affects inequality. In their models,
diminishing returns of teachers are crucial to yield income inequality because of an increasing

education price.



public education expenditure.

The test score is assumed to be subject to the following function:

Y = f(FI, MEM,CMP,UNI, NUM, ABS, FMT,GE), (1)

where Y is the test score, F'I is family income, M EM is the ratio of households
with members aged 65 years and over, C'M P is the ratio of people having competed
college or university, U NI is the number of colleges and universities per one hundred
thousand persons, NUM is the number of students per teacher, ABS is the ratio
of long-term absentees from school (30 days or more in a school year), FMT is the
ratio of female teachers, and G'E' is government school expenditure.

We expect the following signs of the effects:

—8Y >0 765/ >0 oy >0 oy >0
oFI ~ " OMEM ~ " oCcMP " 9UNI "
oY oY oy oY
ovont =" aaBs Y aEar =Y age Y (2)

In our regression, we test the significance of the estimates based on Eq.(2).

3. An econometric analysis of achievement

3.1. Achievement of elementary education

We investigate Eq.(1) using the scores of elementary schools. All explanatory vari-
able data are taken from the Statistical Bureau and the Director General for Policy
Planning. While we examine the test score data in 2007 and 2008, we use the

same explanatory variables because of data availability. We estimate the following



log-linear equation of elementary school achievement:

In )/i’et - 6015 + ﬁfi In FIZ + ﬁmem In MEMZ + ﬁcmp In CM]DZ + ﬁum In U]VIZ

+ﬁnum In ]\[UZA4EZ + ﬁabs In ABSEZ + 5fmt In FMTEZ + Bge In GEEZ + €ity (3)

where i = 1,2,---,47, and ¢t = 07,08. (07 and 08 represent 2007 and 2008, re-
spectively.) Y5 is the elementary school test score in prefecture 7 in year ¢, FI;
is the monthly income per household (workers households) in prefecture i in 2006,
M FEM; is the ratio of households with members aged 65 years and over in prefec-
ture ¢ in 2005, C'M P; is the ratio of people having completed college or university
in prefecture ¢ in 2000, U N I; is the number of colleges and universities per one hun-
dred thousand persons in prefecture ¢ in 2006, NU M E; is the number of elementary
school pupils per teacher in prefecture ¢ in 2006, ABSFE; is the ratio of long-term ab-
sentees from elementary school (30 days or more in a school year) per one thousand
pupils in prefecture ¢ in 2005, FMTUFE; is the ratio of elementary school teachers
that are female in prefecture i in 2006, GEE; is the public expenditure (including
expenditure of municipality and prefecture) for elementary school per pupil of pre-
fecture 7 in 2005, and ¢;; is an error term with a mean of zero, which is mutually
independent of all ¢ and ¢.

Assuming that €;; ~ N(0,0?), we first estimate Eq.(3) separately for 2007 and
2008 using ordinary least squares (OLS) estimation. Columns 1 and 2 of Table II
show the results for 2007 and 2008, respectively. We first consider the results for

2007. The coefficient for family income is positively significant. When family income



level is high, children can receive a large amount of supplementary private education.
The ratio of households with members aged 65 years and over is highly positively
significant. This ratio, for example, is high in the Akita prefecture, and low in the
Okinawa prefecture. Grandparents living together with their grandchildren have a
good effect on achievement because they can help their grandchildren. The ratio
of people having completed either college or university is also positively significant.
Children can benefit from the educational levels of their parents. Although the
number of colleges and universities per one hundred thousand persons is positive, it
is not significant. That is, it did not affect the achievement of elementary schools
as an externality.

The effect of the number of elementary school pupils per teacher is close to
zero. While an increase in the number of pupils would make teaching difficult, it
also would enhance competition among students. These two effects will cancel each
other out. Therefore, a small variation from the optimal class size would not be much
of a problem.* However, the ratio of long-term absentees from elementary school is
highly negatively significant. When a teacher is skillful, the atmosphere of a class
improves and the number of long-term absentees decreases. This positively affects
the achievement of pupils. The ratio of female teachers has no affect. Because
the ratio of female teachers is high regardless of age, this ratio does not suggest
the experience of teachers. School expenditure per pupil does not contribute to

achievement. We obtain similar results for the significance of explanatory variables

40Oshio (2003) explained that the optimal class size depends on certain conditions.



for 2008. The constant term for 2008 is smaller than that of 2007. The test would
be more difficult for 2008 than for 2007. As the adjusted R? indicates, the fit of
Eq.(3) is better for 2007 than for 2008.

We use Ramsey’s (1969) regression specification error test [RESET] which tests
for a nonzero mean in the error term. The RESET statistic under the null hypoth-
esis of no missing explanatory variables is distributed as F},_1 ,,—k—p+1, Where p is
the maximum power of the estimated dependent variable in the original regression,
raised in an auxiliary regression, n is the sample size, and k is the number of ex-
planatory variables in the original regression. We examine p = 3. While the RESET
test is weakly rejected for 2007, it is not rejected for 2008.°

Next, pooling the data for 2007 and 2008, we estimate Eq.(3) using OLS estima-
tion. Because the difficulty of the student tests could be different between the two
years, we use different constant terms. We first assume no structural change among

the parameters of the explanatory variables:

Yoz ¢ 0 X B, €07

where

BLE(ﬁCO? BcOS)’ BE(sz Bmem ﬁge)’

5When the residuals are sorted by the score, they have a tendency to decrease with an increase

in the score. Thus, we added dummy variables for the top five and bottom five prefectures. While

they were significant, the conclusion does not change. However, the RESET test is still rejected.
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where

1ant InFIl;, InMEM, ... InGEE;
lnYth InFI, InMEM, ... InGEE,

Yt = ) X = )
In }/467,1& In F]47 In MEM47 ... In GEE47

and ¢ is a 47 X 1 vector in which all elements are 1. We assume that ¢, ~ N (0, o2I).
Iis a 94 x 94 identity matrix.®

While we use the same explanatory variables for 2007 and 2008 because of the
data availability, we investigate the properties of the estimators in the appendix.
The sums of the estimators of the constant terms for the pooled sample and for
the individual year samples are equal. The estimators of explanatory variables
obtained from the pooled sample are equal to the averages of those obtained from the
individual year samples. Furthermore, given the true variance of the error terms, the
variances of the estimators are smaller for the pooled sample than for the individual
year samples.

The results of the pooled sample are shown in column 3 of Table II. Family in-
come, ratio of households with members aged 65 years and over, and ratio of people
having completed university are highly significantly positive. The number of uni-
versities is significant. It might operate as an externality. The quality of teachers,
but not the quantity is important for achievement. We confirm the significant dif-

ference between the constant terms. Thus, the test was more difficult in 2008 than

6We used boldface for vectors and matrices.
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in 2007. The adjusted R? is higher than those for 2007 and 2008. The RESET
test is not rejected. We test for structural change among the parameters of the
explanatory variables, § between 2007 and 2008. The Chow (1960) test shows no
structural change in the parameters between the two years. That is, the effects of
the explanatory variables on achievement were stable.

Using the Goldfeld and Quandt (1965) statistic, we test the equality of variances
of the error terms between 2007 and 2008. The statistic is distributed as Fy7_9 479
under homoscedasticity and equals 2.20, which is rejected at the 5% level of sig-
nificance. This implies different variances between these two years. Thus, allowing
for different variances, we estimate Eq.(4) by applying the Berndt, Hall, Hall, and
Hausman method of maximum likelihood (ML) estimation. By using the likelihood
ratio (LR) test, we examine structural change in the explanatory variables. Column
4 of Table II shows the results. We find that homoscedasticity in the error terms

does not affect the conclusion.”

3.2. Achievement of junior high school
We estimate the following log-linear equation of junior high school achievement:
Y, = Bt + B 0 FL + By I MEM; + By It CM P, + By mUNT,

+6num In NUMJl + 6(1[,5 In ABSJZ + ﬂfmt In FMTJZ + 6ge In GEJz + €ity (5)

"Even when we use White’s (1980) heteroscedasticity consistent estimators, the results do not

change.
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where ¢+ = 1,2,---,47, and t = 07,08. Y;]t is the junior high school test score of
prefecture ¢ in year t, NUM J; is the number of junior high school students per
teacher in 2006, ABSJ; is the ratio of long-term absentees from junior high school
(30 days or more for a school year) per one thousand students in prefecture i in
2005, FMT J; is the ratio of female teachers in junior high schools in prefecture ¢
in 2006, GEJ; is the public expenditure (including expenditure of municipality and
prefecture) for junior high school per student of prefecture ¢ in 2005, and ¢;; is an
error term that has a mean of zero and is mutually independent of all ¢ and t.

Assuming that ¢, ~ N(0,0?2), we first estimate Eq.(5) in both 2007 and 2008
using OLS estimation. Columns 1 and 2 of Table IIT show the results for 2007 and
2008, respectively. We first consider the results for 2007. Family income is highly
significantly positive. Supplementary private education is more important for junior
high school students than for elementary school pupils because learning becomes
more difficult. The ratio of households with members aged 65 years and over is also
highly significantly positive. Grandparents living together with their grandchildren
are important for achievement even for junior high school students. The ratio of
people having completed up to university is positively significant. While the number
of universities is positively significant, it is increasingly effective on achievement as
the education level of students increases.

The quality of teachers represented by the ratio of long-term absentees from ju-
nior high school is important for achievement. Although the quantity of teachers

represented by the number of junior high school students per teacher is positive, it
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is not significant. The ratio of female teachers is negatively significant. The ratio of
female teachers is high for young teachers who do not have significant experience.
This result implies that experience in teaching is important for student achievement.
School expenditure per student does not contribute to achievement at all. We obtain
similar results for the significance of explanatory variables in 2008. While the ad-
justed R? is similar between the two years, they are higher than those of regressions
of elementary school achievement. That is, the explanatory variables explain the
variation in the achievement score of junior high school students better than that of
elementary school pupils.

The RESET test is rejected in both years. When the residuals were sorted by
test score, the residuals of Okinawa prefecture had large negative values in both the
years. When we used the dummy variable only for Okinawa prefecture, numerical
convergence of the estimator was not obtained in the maximum likelihood estima-
tion. Thus, the dummy variable is considered for the bottom two, Okinawa and
Hokkaido prefectures. Note that even when we used a dummy variable for Okinawa
prefecture, but not including Hokkaido prefecture, the conclusion obtained from

OLS estimation does not change. Eq.(5) is rewritten as:
Y7, = B+ Bardummige + Bgi 0 FLi+ By 0 MEM; + B 10 CM P+ B M UN

—I—ﬁnum In ]\/vl]]\4jZ + ﬁabs In ABSJZ + ﬁfmt In FMTJZ + 696 In GEJZ + €i,ty (6)

where ¢ = 1,2,---,47, and t = 07,08; dummy, is the dummy variable for Hokkaido

and Okinawa prefectures.
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Columns 3 and 4 of Table III show the results for 2007 and 2008, respectively.
We first consider the results for 2007. While the dummy variable for Okinawa and
Hokkaido prefectures is highly significantly negative, the other results are similar
to those not including the dummy variable. By including the dummy variable, the
RESET test is not rejected and the adjusted R? increases. The significant dummy
variable implies an own negative effect on achievement in the Okinawa and Hokkaido
prefectures. While the number of universities is not significant, the results for 2008
were similar to those for 2007. The dummy variable is highly significantly negative.
The RESET test is not rejected.

Next, allowing different constant terms for 2007 and 2008 and not assuming
structural change among the explanatory variables between the two years, we use the
pooled sample to estimate Eq.(6). While we use the dummy variable for Okinawa
and Hokkaido prefectures, the effect is assumed to be the same between the two
years. That is, we have By7 = Bas = [4.° The results are shown in column
5 of Table III. Family income, ratio of households with members aged 65 years
and over, and ratio of people having completed university are significantly positive.
The number of universities is also significantly positive. Although the quality of
teachers is significant, the quantity of teachers is not significant. The ratio of female
teachers is significantly negative. The dummy variable for Okinawa and Hokkaido
prefectures is highly negatively significant. Because the constant term for 2008 is

smaller than that for 2007, the test was more difficult in 2008 than in 2007. The

8We confirm that By is not different between the two years.
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adjusted R? is higher than those for 2007 and 2008. The RESET test is not rejected.
The Chow (1960) statistic, which tests structural change among the parameters of
the explanatory variables between 2007 and 2008, implies that the effects of the
explanatory variables on achievement are stable.

We tested for homoscedasticity of the error terms variances between 2007 and
2008. The Goldfeld and Quandt (1965) statistic is 1.94. While it is distributed
as Fy7_10.47-10 under homoscedasticity, it is rejected at the 5% level of significance.
Thus, allowing for different variances, we estimate Eq.(6) using ML estimation.
Column 6 of Table III shows the results. We find that homoscedasticity of the

variance of the error terms does not affect the results.

4. Concluding remarks

Using prefectural data of achievement test scores in 2007 and 2008, we empirically
examined what factors affect the achievement of elementary school pupils and junior
high school students. Our regression analysis identified some crucial factors. Fam-
ily income and parental education level positively affect achievement. Grandparents
living together with their grandchildren also influence achievement positively. There-
fore, an increase in the ratio of family nuclei households is not good for achievement.
In addition, the quality of teachers, but not the quantity, was important. No contri-
bution of school expenditure was found. We also found a negative effect of the ratio
of female teachers on junior high school achievement because the ratio of female

teachers is high in young teachers.
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It is difficult for the government to increase the ratio of households living with
grandparents using policy. However, the government should try to raise the quality
of teachers in the process of education reform. Furthermore, the government should
be reminded that the contribution of public education expenditure on achievement

is small.

Appendix

This appendix investigates the relationship of the estimators between the two years

and the pooled samples. The OLS estimator of Eq.(4) using the pooled sample is

written as:
R Vyor
BL All A12
- !'yos ) (A1)
B A2l A22
X'(yor + Yos)
where

A = + — §<X,X — ﬁX/LL/X)il X/L X/L 5

12 1 'X 1 ’ 1 /o -1 21/
A = —— §(XX—EXLLX) :A s
X
1 1
A% = (X'X - —X'w'X)™h
2 n

Given the true variance of error terms, the covariance matrix of the estimator
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written in Eq.(A1) becomes:

All A12
o2 : (A2)
A21 A22
The OLS estimator of Eq.(3) using each year’s sample, on the other hand, is

written as:
Bct D' D Uy
= , (A3)
Bt D2 D22 X'y,
where ¢t = 07,08, and B: represents the estimator of B estimated by using y¢. In

addition, we have:

1 1 1
D' = — + —/X(X'X — = X'w'X) /X,
non n

1 1
D'? = ——/X(X'X — =X'u/X)"' = D¥,

n n

1
D?? = (X'X — —X'u/X) 1.
n

The covariance matrix of the estimator written in Eq.(A3) becomes:

Dll D12
o2 : (A4)
D21 D22
Using Eqs.(A1l) and (A3), we have the following relationships between the esti-
mators:

ch + Bcos = ch + Bcosa (A5)

1 -~ N .
§(B07 + Bog) = B. (A6)
That is, the sum of the estimators of the constant terms obtained from samples for

each year is equal to that obtained from the pooled sample. The average of the
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estimators of the explanatory variables obtained from each year’s samples is equal
to the estimators obtained from the pooled sample.
Next, using Eqgs.(A2) and (A4), we have the following relationships between the

covariance matrices of the estimators:
Var(ﬁct) > Var(@ct), (A7)

Var(By) > Var(B), (AS)

where t = 07, 08.

That is, the variance of the constant term for each year’s sample is smaller than
that of the pooled sample. Moreover, the covariance matrix of the explanatory
variable estimators of the pooled sample is also smaller than those of each year’s
samples. The results shown in Eqs.(A5), (A6), (A7), and (A8) come from that
because of limited data availability, we use the same explanatory variables for 2007

and 2008.
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Table 1

Spearman’s Rank Correlation Coefficient

E07 E08 JO7  JO8

EO07 1
E08 0.930"* 1
JO7 0.625"* 0.578"** 1

JO8 0.665"* 0.620*** 0.941** 1

Note.E07 and EO08 are the rankings of elementary school achievement in 2007 and 2008, respec-
tively. JO7 and JO8 are the rankings of junior high school achievement in 2007 and 2008, respec-

tively. *, %%, % % x represent significance at the 10, 5 and 1% levels, respectively. The sample size is

47.

20



Table II

Estimation of Elementary School Achievement

(1)07 (2)08  (3)pool (ML

Bn 0.0735 0.105 0.0892 0.0832
(1.95)  (1.88%)  (2.74™*)  (2.01™)

Bmem 0155 0.165 0.160 0.158
(3.38")  (2.44*)  (4.05"")  (3.04*)

Bemp  0.0727  0.0697  0.0712 0.0717
(2.89*%)  (1.87%)  (3.28"%)  (3.24**)

Buni  0.0134  0.0206  0.0170 0.0156
(1.27) (1.32)  (1.87)  (1.85%)

Bpum  0.0143  0.0707  0.0425 0.0316
(0.20) (0.67) (0.69) (0.42)

Buws —0.0438  —0.0574 —0.0506  —0.0480
(—2.88"%) (—2.54") (—3.84"*) (—3.05")

Bpme  —0.0259  0.0231  —0.00142  —0.0109
(—0.50)  (0.30)  (—0.03)  (—0.21)

Bpe  —0.0289  0.0192  —0.00488  —0.0142

(—0.44)  (0.20)  (=0.09)  (—0.21)
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(1)07 (2)08  (3)pool (4)ML

Beor 4.358 1048  4.168
(7.12°) (7.65)  (6.91°)
Beos 3551 3860  3.980

(3.91*)  (7.30*) (6.59"*)

62.(6%)  0.0225 0.0275%  0.02042

62 0.03332 0.03062
RYL.L.F.)  0.469 0.404 0.927 299.8
RESET  2.96* 1.12 1.41 4.44

Chow 0.32 3.06

Note. ~are the estimates. The number in () is the t-value. *,#x,x % * represent significance
at the 10, 5 and 1% levels, respectively. While RESET is distributed as Fb,_j_24+1 under the
assumption of no missing explanatory variables, it is distributed as a x2 distribution with two
degrees of freedom for the LR test. While the Chow test is distributed as Fgg4_15 under the
assumption of no structural change, it is distributed as a x? distribution with eight degrees of
freedom for the LR test. R? is the adjusted R? and L.L.F. is the maximum log of the likelihood

function. The sizes of the individual year and pooled samples are 47 and 94, respectively.
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Table III

Estimation of Junior High School Achievement

(1)07 (2)08 (3)07 (4)08  (5)pool  (6)ML
B;  0.0904  0.0935  0.0810  0.0858  0.0834 0.0826
(2.327) (2.04™)  (2.74*%)  (2.08%)  (3.45"%)  (3.52")
Bem  0.244 0.286 0.159 0.217 0.188 0.179
(4.807%)  (4.78"%)  (3.83™%)  (3.74™*)  (5.53%%)  (4.94**)
Bemp  0.0700  0.0878  0.0387  0.0621  0.0504 0.0466
(2.42%)  (258%)  (L71%)  (1.977)  (2.727)  (2.217)
Buni  0.0255  0.0236  0.0180  0.0176  0.0178 0.0179
(2.14%)  (1.69%)  (1.97%) (1.38)  (2.38")  (2.22")
Bowm  0.0941 0.120 0.0764 0.106 0.0911 0.0863
(1.04) (1.14) (1.12) (1.11) (1.63) (1.35)
Buws —0.0827 —0.0796 —0.0628 —0.0634 —0.0631  —0.0630
(—2.83"%) (—2.32") (—2.80"") (—2.03*) (—3.44"*) (—3.16***)
Bime  —0.121  —0123  —0.0569 —0.0705 —0.0637  —0.0615
(=2.67%) (—=2.31**) (=1.56) (—1.39) (=2.14*) (=1.70%)
B, —0.0581 —0.0474 —0.0011 —0.0006 —0.0009  —0.0009
(—0.86)  (—0.60)  (—0.02)  (=0.01) (—0.02)  (—0.02)
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(1)07  (2)08 (3)07 (4)08 (5)pool  (6)ML

Beor 4.435 3.989 3.981 3.984
(6.70%*) (7.84%*%) (9.57*%)  (7.96**)
Buos 4.191 3.825 3.834 3.836
(5.38**) (5.39%%)  (9.22*%)  (7.66™*)
Baor(Ba) —0.0922 —0.0840  —0.0866
(—5.38**) (—6.00%**)  (—=5.14**)
Baos —0.0757
(—3.17%*)
52.(6%)  0.02362 0.01792 0.02072  0.0160?
62 0.02772 0.02492 0.02242
RYL.L.F) 0666  0.631 0.808 0.702 0.942 326.0
RESET  17.61*  8.00** 1.20 1.25 0.25 4.57
Chow 0.13 1.32

Note. ~are the estimates. The number in () is the t-value. *,#*, % * x represent significance
at the 10, 5 and 1% levels, respectively. While RESET is distributed as Fb,_g_24+1 under the
assumption of no missing explanatory variables, it is distributed as a x2 distribution with two
degrees of freedom for the LR test. While the Chow test is distributed as Fgsg4_19 under the
assumption of no structural change, it is distributed as a x? distribution with eight degrees of
freedom for the LR test. R? is the adjusted R? and L.L.F. is the maximum log of the likelihood

function. The sizes of the individual year and pooled samples are 47 and 94, respectively.
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