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6- Longitudinal Study on Science and Mathematics Education
HATSUBARA, Shizuo
Chemistry Education Division.,

National Instituta {or Educational Research of Japan

1. Purpeses of the Study

Generally effects of education do not appear immediately but
mostly they will gradually turn out. In order to study such
effects it 1s necesgary to conduct a longitudinal survey on the
same students for a long period of time.

By making a longitudinal survey on the achievements and
various factors in science and mathematics education for ten and
some Yyears starting at the age of ten, the achievements of
students as well as effects of various factors on thair
attitudes +toward science and changes in them ranging from
elementary school students to adults will be analyzed.

For instance, a list of items for study is made up on the
bagis of such study hypatheses as follows, a serles of analyses
are attempted, and information useful for sducational reform are
affered:

(1) In terms of the relation between marks and interests in
science and mathematics, which is more influential, the macks or
the interests? And do they change according to the levels of
gschool and the grades?

(2) When and how do the learning of scienca and mathematics and
the awareness toward natural selence and technolagy change?

{(3) Do those who are much interested in science and mathematics
in their school days or try ito gain knowledge in and out of
gchool continue to make efforts for the acquisition of knawledge

cn science and mathematics when they become adults?

2. Subject Schools and Dates for Survey

One area in each of seven prefactures is the subject area.
The subject sachools are public scheols or those schools,
national and private, which offer the three  levels of



elementary, lower szecondary and upper secondary education.

Thres hours are spent for the survey during tha thres months
from September through Movember every year. At a few schools
the survey continues to take place in January of the following
year. ’

On the besis ef the number of students going to the upper
seccndﬁry school in each area and their rate of absence from
gchool in pilot surveys the number of subject students for the
longitudinal survey for eight years from fifth grade through
tweltth grade was estimated so as to final more than about one
hundred of tham and the subject areas were sgelected. In the
cases of natiensal schools and private schools, however, it was
decided that the survey would be conducted in big city areas
with lass than one hundred subject students.

3. Survey Instruments
In this study, both of the surveys on students and school

Leachers are being conducted as shown in Tablesg 1-3.

Tabla 1
Table 2
" Table 3

The survey of students is conducted spending three schoal
hours with each sets of the survey given a limited time.
Concerning the questionnaira, moreover, the studenis wers
allowed to have encugh time flexibly in order to reduce no-
answers due to the lack of time. The survey of teachers is

conducted 50 &8s to receive their answers by spending enough

tima.

4. Research Design

This study project was started in October 1986. After the
two=year pilot survey, the main survey was startad. A2 gzhown
in Table 4, the longitudinal survey is under way on two cohorts.



Table d

The survey 1s conducted at school on the students up to the
twelfth grade in upper secondary sSchool. After their
graduation Irom =chool, the survey i1s conducted by mall at tha
intervals of the second, the sixth and the tenth years. But
any achievemént tests are not conducted by mail.

Furthermore, the survey is conducted considering that the
second year after the graduation i the time when most of those
whoe want to have higher education are studying at university er
junicr cellege and the sixth year is the time when many of the
subjects including women are emploved.

Main purpose of this study 1a to conduct a longitudinal
survey on the same students. Az mentioned balow, however, the
gsurvey itself conducted in each of the years is meaningful and
therefore the surveys already conducted can never be meanlngless
even 1f the survey is suspended on the way:

(1) In the survey conducted in each of the years the same itens
are included in the questioennaire for gtudents of alementary,
lgwer secondary and wupper secendary schools and graduates.
Therefora comparison can be made.

{2) After the second year of the study, comparisen can be made
between and among different years. For instance, how the
achievements are improving can be seen.

{3) In the third year effects, if any, of the changes in the
school levaels can be estimated.

{4t After the fourth year, comparison can be made on the
students in the same area and the same grade betwesn in a
cartain year and three years before, and thus changes made in
the pericd can ba seen. .

{5} In the fifth year all re&sults of the surveys conducted in
the pBsame ohe area are Iin order from the fifth grade at
elementary school up to twelfth grade at upper secondary school.

Thus some trends in all the grades of the schools can be =z=een.



{e) After the saventh year, post-graduation effects can be
estimated on graduates from upper secondary school thraugh the

guestionnaire sent out to them by mail.

5. Some Findings - Relations between Marks and Interests in
Sciencg

Longitudinal surveya were conducted for four vears on two
cohorts, one from the fifth grade at elementdary school through
the eighth g¢grade at lower secondary =chool and the other irom
the eighth grade through the slaventh ¢grada at upper secondary
schaol. Four variables were established as follaows:

(1) INTEREST (variable of interest toward learning of science)
(2} LIKE |(variable of relative liking for science among
diffarent school subjects},

(3} MARK (variable of relative marksa in science as a school
subject}, and

{4) SCORE (variable of scoreg for Science Test}.

These variables were compared to investigate the influence of
the previous year and the mutual influences of the vyear.
Whichever wvariakles might have been taken as a criterion
variable, all the explanatory variables which influences each of
the criterion variables wers almost tha same in any grades, even
if the school lavels differed.

5.1 Subjects of Analysis

The sgubjects of analysis in this report are students aof
public scheals in five areas except the two areas where thase of
naticnal and private schools are the subjects. It is why the
most of schools are public imn Japan, and it was intended to ba
free from influences rendered by their entrance examinations,
which are given for admission to national and private schools.
Cohort 1 consists of students from the fi1fth grade through the
eighth grade. Cohart 2 consista of atudents from the eighth
grade through the eleventh grade. All the students

patrticipated in all the szurveys conducted for four ysars for



each of the cohorts. The number of them in Cohart 1 is 2085
and that of Coheort 2 is 516.

Here, in Cchert 2 there are more than two thousand student
subjects for the survey each year and among them the number of
those who were the sublects for the surveys through both lower
and upper sacondary schools was 516,

The differences of the means and the standard deviatians of
the most ltems in the survey conducted at lower secondary school
betwean for all the student subjectz for the survey and for
those at both lower and upper secondary schools, were less than
0.05,

5.2 Survey Items
INTEREST which indicates the 1interest of students in science

is a composgite variable consisting the six items shown in Table
5.

Table 5

The students select cne of the categaries divided into the
fiva levels Irom the affirmative to tha negative. The scaling
is ta give +2 to the affirmative (desirable answer-on science)
ahnd -2 to the negative (the opposite),

Table &

As shown in Table &, INTEREST in learning of science
decreases in terms of the means as the grade proceeds as a
whole. The means for the answer, "Fisld observation is.
enjoyable.” remaing almost stabilized at +1.0 regardless of the
grades. As far as the other items are¢ concerned, however, each
of the means has a tendency to decline with only a little
difference among them.

The variable LIKE indicates liking for sclence in comparison

with other school subjects, and MARK indicates the marks in



science in ¢omparison with other achool subjects.
The students select one of the categories divided into the
five levels from the most like to the wmost diglike, as far. as

LIKE is c¢oncerned. Concerning MARK, they select ones of the
categories divided inte the five levels from the best to the
worst. The scoring is to give +2 for the most like and the

best fespnctivaly and -2 for the most dislike and the worst.

On each of LIKE and MARK, the dislike and the bad are
increasing at the stage of going from lower secondary school to
upper secondary school r¢latively.

Ag far as the Sclence Test iz concerned, five items from each
subject-area of Physics, Chemistry, Bieclogy and Earth Science,
that is, twenty items in all are givenf The students s&lect
one of the five categories and the scoring is to give one point
{+1) to each of correct answars. Most of the items were chosen
from the IEA study, considering discrimination, facility,
content areas and objective areas.

In ordar to investigate the relation between interests and
marks in science, a path model as shown in Figure 1 was made
with each of the four variables mentioned above as a criterion
variable. and the four varjiables for the previous year and the

three variables for the year as explanatory variables.

Fig. 1

5.3 Results

The path caoefficients estimated by multiple regression

analysis in the basis of the path model are zhown in Table 7.
Takle 7
The values show the path coefficients frem the vartables in

the head row of the table as explanatory wvariables to the

variables in [ ] in the left column as criterion variables. It



is c¢onsldered *%that the g¢greatar the wvalues are, the more
influences are rendered by the explanatory wvariables.

In the table are shown the path coefficients for the students
from the sixth grade at elementary school up to the eighth grade
at lower secondary school under the longitudinal surveys in
Cohort 1 azs well as for those students from the eighth grade at
lower secondary &choeal up to the aleventh grade at upper
secondary school in Cohort 2.

The criterion variables, INTEREST, are influenced in any
grades by INTEREST in the previous year and LIKE in the year.
in addition there are some influences rendersd by SCORE, but
their values are small.

Az to LIKE, the influences rendered by MARK in the year are
the greatest 1in any gqrades. Then come the influences by
INTEREST in the year as the second greatast. There are Some
influences rendered by LIKE in the previcus year, but they are
lesg influential than those of MARK and INTEREST.

MARK is dinfluenced greatly by LIKE in the year. The
influences rendared by MARK in the previous year are fairly
small! in compariszon with those by the LIKE.

These twe variables, LIKE and MARK, are mutually related,
while they are liking and wmarks in comparison with other
subjects. There are comparatively large influences rendering
to each other between the twoe wvariables in the year. In
contragt, the influsnces rendersd by the same variables in the
previous yeat are small relatively.

As far as SCORE is concerned, the influences of SCORE in the
previous year are great. This indicates that the influences of
INTEREST in science, MARK in =science at school and LIKE for
science to SCORE on the Science Test are small.

The influences rendered by the different school levels, that
is, by the proceeding from elementary school to lower secondary
gechoal and from lower secandary schaol to upper zscondary school

are almost the same as thoze at the same achoel level for any

variables.



At the stage from the sixth grade at e=lementary school to the
seventh grade at lower gecondary school (the first calumn in
Table 7}, the coefficients to LIKE from the same variables- in
the previous year were small. In other words, the changes in
LIKE of science on thilis stage of each student are indicated to
be big in compatrigon with the other stages. . The values.tram
th¢ sSame¢ wvariableées in previoaus year at this =stage are fairly
small.

However, the influences rendered to threes variables except
SCORE by the other variables in the year become larger from the
seventh grade at Jlower secondary school onward. It is
indicated that at the stage of lower secondary school the
relation between LIKE and MARK becomes closer.

At the stage from the ninth grade at lower secondary school
to the tenth grade at upper secuﬁdary gchool (the celumn for the
tenth grade at upper secondary scheol in Table 7), the
cogfficients from MARK in the previous year to the same
variables are gmall in regard to MARK oan one hand. The values
mutually from the variables of LIKE and MAREK in the tenth grade
{first year of upper secondary schocl) are large and there is
the same tendency as that for the seventh grade (first year of
lower secondary school).

In the eleventh grade at upper secondary schoel, the values
from almost all the variables indicate fairly big change. The
influences from the same wvariables in the previous year are
sEmall except for INTEREST. It is considered that the
influences from the pravious year are small because the subject-
areas of science to be studied in each of the grades at upper

gecondary schocl differ.

Reference
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Table 1. Survey on Students

Survey Instruments

(1)Achievement Tests Sclence, Mathematics

{2¥Questionnaire Background, Teachinx Sclence and Math..
Attltude toward Science

{3yBasic Survey ¥ord Knowledxe,

Understanding 5clence and Math.

Table 2. Time Aflocation for Survey on Students

Survey Time
1  Background + Teachiag Science and Kath., ~15 miputes
Hathematics 25 minutes
2 Attitude toward Science ~15 mlnutas
Science 25 minutes
1 NWord Knowledze 15 minutes
Understanding Science and Math. ~15 miputes

Table 3. Echool and Teachers Questionnaire

Onestionnaire Subjects
{1)5chool f}. Priocipal or someone in place
{2)Teachers {. All teachers of Science and Math. teaching

in the target zrades

Table 4. Yearly Plans of this Study

year Hethod Cohort 1 Cohort 2

1 1939 {1)fifth ¢r. {1}eighth gr.

2 1990 Survey (2)sixth gr. =~ (2)ninth gr.
i 19 at school (3)seventh gr. {3)tenth gr.

& 1992 (4)eighth gr. {4)eleventh gr.
5 1993 {5)ninth gr. (5)ytwelfth gr.
6 1994 (&)tenth gr.

T 1995 (?}eleventh xr. (6)

g 199 (8)twelfth gr.
10 19938 Survey (9)

11 1999 by mail {1}
14 2002 (1a)
15 2003 {§)

Wote, Figures 1n { ) Indicate how many times the survey is
conduocted for each cochorts.



Table 5. Itews on INTEREST in Learning of Sclence

I1 Sclence is interesting.

12*There are too many facis to learn in science.

I3 It 18 enjovable to make experiments in science.

I4 The fleld observation of plants., animals and topography is
enjoyable,

I5%Science is difficult when it involves handilng apparatus.
I6*Science is difficult when it involves calculatlions.

Hote: For items with * the desirable answers are negative ones.

Table 6. Heans and Standard Deviations of Each Items

Cohort 1 Cohort 1
Elementary Lower Sec, Lower Sec. Upper Sec.
TLems Sth bth 1th Bth Ath 9th 10th  11th

INTEREST : e
11 Mean 1.2& 0.9 0.94 0.70 0.6 0.51 0,17 0,08
e e (LHO 119 RodA 25 121 B2l 1.26  1.35
I2* Mean 0.45 0.60 0.28 -0.21  -0.23 -0.09 -0.58 -0.99
orern xR 1233 122 .27 0.26  1.25 V.24 .21 1.39
13 wean 1.70 1.58 .47 1.k2 1229 108 1.7

—
(%, ]
b

5282, 076 083 090 0.97 1,06 0.9 1,03 1,15
I4 wean 1.00 1.00 0.92 0.89 0.B9 0.8 1.01 D.8%
e Bee 120 1,19 1025 1,20 1,20 1,38 113 1009
i5* wmean 0.32 -0.02 0.09 ¢.15 0,16 -0.09 -0.15% -0.0&4
e Be S 1080 1,33 1,32 1.29 .26 1.27 1.33 .21
IB* meanm -0.26 -0.24 -0.70 -0.90 -1.00 -1.310 -=1.3&% -1.3b
B BAT B30 1022 129 126 117 .98 1.06
Total mean 0.74 0.85% 0.51  0.35 0.32 0.23 0.05 -0.Q7
5.6, D0.65 0.63 G.68 0.6% 0.67 D.64% .66 0.7¢
LIKE mean 0.2 0.44 (.51 0.38 0,32 0.2% -0.12 -0.2%
s.d. 0.8§ 0.91 .97 7.01 .95 0.%5 1.04 I.0%
HARK wmean 0.25 0.16 0.17 0.17 d.14  0.14% -0.88 -0.26
s.4. 0.80 0.78 ©0.90 0.93 d.90 0.9 0.9 0.92
SCORE mean 10.34 10.26 9.83% 11.73 12,36 11,33 12.45 10,45

s.4. .20 3.23 3.30 3.86 3.41 3.87 3.39 1.26
Note: 2.00 shows most desirable answer, and -2.00 shows least Ln all
items except SCORE. 20.0D is fnll mark in SCORE.




Table 7. Path Coeificient by Regression Apailysis

previous year the year

Grade INTR. LIEE HMARK  SCORE INTR. LIKE HAREK SCORE
[INTEREST]

bth 0,27 0 ¢ 0.09 - 0.0 n 0
Jth 0.264 0 1] ] - Q.40 0 0
th 0.3& L 0 1] - 0.42 1] 0.1
9th 0.29 0 )] 0 - 0.39 0.08 0
10th 0.34 ] 1] 0 - 0.36 1] a
11th 0.41 D 1] 0 - 0.29 n 0.17
[LIKE]

Gth o 0.3% 0 0 0.26 - 0.32 0
Ith 0 0.1 ] 0 0.35 - 0,39 0
Bth L 0.20 ] ] 0.36 - 0.40 0
Bth ] a.28 0 0 0.3 - 0.3 0
10th a .25 D 0 0.29 - 0.3  0.10
fith 1] .20 ) 0 D.25 - 0.40 1
[MARK)

bth 0 a D.2& 0. n .35 - D.10
Tth 0 0 D16 0.12 i D.&3 - 0.11
Bth ] ] 0,22 0 0 0.44 - 0,43
9th 0 /] 0.37 0 0.07 0.37 - a.0B
10ch 0 L] 0.23 -0.09 0 0.49 - 0
11th L] L 0.18 0 ] D.50 - 0
[SCORE]

ath D.0% D 1] 0.45 L 0 0.10 -
Tth L] D 0 0. 46 0 ] 0.12 -
Ath L] 1] d.15 D.51 0.1 ] 0.1} -
3th D.D& ) 0 0.62 0 0 L -
19th 5 )] 0 D.57 0 0.13 i} -
11th 1] 0 a n.52 D.13 0 0 -

Note: Head row shows explanatory variables, and [ ] shows objective
vartables, Yalues indicate path coefficients more than 0.47 by
regression analysis. 0 indicates the coefficient less than 0.07.

LIRE HARK

previous year

"y

the year . i
INTEREST % — SCORE

Flg.1 Path Diagram
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