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Abstract This study administered the Scientific Creativity Test for Secondary School Students to 1190 adolescents
aged 11 to 15 from 6 suburban middle schools in England and 1087 adolescents aged 12 tol8 from 2 suburban middle
schools in China. Result indicated that: (1) the age difference of scientific creativity of adolescents is marked. It has
increasing tendency, but decreases at 14. The key periods for the rapid development of adolescents’ scientific
creativity are from 11 to 13 and from 14 to 16 years old. (2) The scientific creativity of adolescents has sex differ-
ence. English females scientific creativity is evidently superior to males’. But Chinese males’ scientific creativity is
superior to females’, and the difference is not remarkable. Based on this result and other studies, we proposed the
culture model of sex difference of scientific creativity. (3) There is marked difference in scientific creativity between
Chinese and English adolescents. Chinese adolescents’ creative problem solving ability is evidently superior to that of
English adolescents. But English adolescents’ other scientific creativity and whole scientific creativity are evidently

superior to that of Chinese adolescents. (4) There is marked difference in scientific creativity among students in dif-

ferent kind of Chinese schools. Key-middle-school-subjects’ scientific creativity is evidently superior to that of ordina-

ry-middle-school-subjects. The authors think school environment and school education are more important than

school type to the development of scientific creativity.

Key words development, scientific creativity, English adolescents, Chinese adolescents, comparison.

1 Introduction

Various creativity studies have been conducted
over the past several decades. However, previous
researches on creativity have mostly focused on
creativity as a general ability or process!!™*. This
general lack of attention to domain-specific compo-
nents does not only limit our understanding of cre-
ativity but may also have serious educational impli-
cations. It is highly unlikely that these research re-
sults as well as instructional methods designed to
increase general creativity levels will be equally ef-
fective when they are used for specific domains,
such as science. With respect to the development

of creativity, although there are some researches a-

:2003—08—10

bout the development of general creativity of ado-

6=81 " few reports about the development

lescents
of their scientific creativity can be found.

There is a general consensus that domain-spe-
cific knowledge and skills are major components of
creativity. Alexander™ and Amabile "'*) emphasized
the need for specific domain or discipline-based
knowledge and skills for creative thinking. This is-
sue was also addressed by Findlay &. Lumsden
and Mumford, Mobley,

Palmon, &. Doares''*) who defined being knowl-

Umlman, Reiter-
edgeable as having a knowledge base that is con-
ceptually well-organized and for which retrieval is
fluent and efficient in relation to demand in a given

problem-solving or creative thinking situation.
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15~ 151 g]so concluded that crea-

Other researchers ©
tivity is domain specific. As Barron & Harring-
ton"'" suggested, more domain-specific aspects of
divergent thought may underlie creative productivi-
ty. According to his research, Sternberg'’™ con-
cluded that the correlation coefficient of creativity
between different areas is only 0. 37. Feldhusen''®
proposed that creative functioning in one domain
may be unique and psychologically different from
creative functioning in another domain. We can
conclude that as a domain-specific creativity, it is
necessary for us to study the development of scien-
tific creativity of adolescents.

As to the development of scientific creativity

~ 2 have been

of adolescents, several researches'’
conducted. Although these researches are useful
for us to understand the development of scientific
creativity of adolescents, they did not give us the
developing trend. We also question their applica-
bility in Chinese and English culture since the sam-
ples were not Chinese and English adolescents.
Culture is a major influential factor on the de-
velopment of mentality in adolescences. Reviewing
the literatures of cross-cultural research in psy-
chology, most of them are perspectives &
methodology, perception, memory, intelligence,
language, thinking, personality and sociality. Few
cross-cultural researches on creativity can be
found. The most systematic cross-cultural research
on creativity between China and other countries
was done by Institute of Psychology, Chinese A-
cademy of Science, and University of Munich,

2. They studied the technical creativity

Germany
of supernormal and normal children from China
and Germany. The results show that two countries
as two variables of culture have impact on the de-
velopment of technical creativity in children. This
indicates that the differences of scientific creativity
between different cultures can be found through
cross-culture research. It is helpful for us to un-
derstand scientific creativity better.

The purposes of this study are to find out the
developing trend, sex difference of scientific crea-
tivity of English and Chinese adolescents, the
school difference of scientific creativity of Chinese
adolescents, and compare the difference of
scientific creativity between English and Chinese

adolescents. The hypotheses is as follows: First,

The age difference of scientific creativity of adoles-
cents is marked. It has increasing tendency. but
does not increase linearly. Second, The scientific
creativity of adolescents has sex difference. Third,
There is marked difference in scientific creativity
between Chinese and English adolescents. Forth,
There is marked difference in scientific creativity a-
mong students in different kind of Chinese schools.
Key-middle-school-subjects’ scientific creativity is
evidently superior to that of ordinary-middle-

school-subjects.

2  Method

2.1 Subjects

The population in this study is suburban mid-
dle school students, and stratified sampling was
used. The sample was made up of 1190 students
from 6 suburban middle schools (They are Chelmer
Valley School, Bishop Walsh Shool, Lipson Com-
munity School, Deford Green School, Mellow
Lane School, and Colfe’s School) with a broad
ability range intake in England, and 1087 students
from 2 suburban middle schools (Fuyang Middle
School, Zhejian Province and Experiment School of
Shanxi Teachers University, Shanxi Province) also
with a broad ability range intake in China. Three
schools in England and one school in China were
"Key" middle schools, and others were "ordinary"
middle schools. The school record of the students
in "Key" schools is better than that in ordinary
schools and which is somewhat better resourced
than normal. The detailed distribution of the sam-
ple can be seen in table 1 and table 2.
2.2 Instrument

The Scientific Creativity Test for Secondary
School Students designed by Hu, W. &. Adey, P.
221 is used in this study. We define scientific crea-
tivity as a kind of intellectual trait or ability produ-
cing or potentially producing a certain product that
is original and has social or personal value, de-
signed with a certain purpose in mind, using given
information. This definition may be elaborated
with a set of hypotheses about the structure of sci-

entific creativity:
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Table 1 Distribution of age, sex, and school of English subjects
Age
School Gender
11 12 13 14 15 Total
E1(Ordinary school) m 61 34 33 21 18 167
f 45 37 35 18 15 150
E2(Ordinary school) m 32 9 13 54
f 24 10 15 49
E3(Ordinary school) m 29 26 26 24 27 132
f 26 13 25 21 20 105
E4(Key school) m 16 26 23 15 10 90
f 8 27 21 20 17 93
E5(Key school) m 27 26 23 28 104
{ 22 23 20 14 79
E6(Key school) m 21 37 42 33 24 157
{ 0 10 0 0 0 10
Total 311 278 276 194 131 1190
Note: m: male, f: female
Table 2 Distribution of age, sex, and school of Chinese subjects
School Gender A
12 13 15 16 17 18 Total
C1 (Ordinary m 41 37 29 37 176
school) f 35 33 33 28 173
C2 (Key m 58 56 60 159 55 73 461
school) f 35 41 42 87 37 35 277
Total 76 163 173 164 311 92 108 1087

Note: m: male, f: female

(1) Scientific creativity is different from other
creativity since it is concerned with creative science
experiments, creative scientific problem finding
and solving, and creative science activity.

(2) Scientific creativity is a kind of ability.
The structure of scientific creativity itself does not
include non-intellectual factors, although non-in-
tellectual factors may influence scientific creativi-
ty.

(3) Scientific creativity must depend on scien-
tific knowledge and skills.

(4) Scientific creativity should be a combina-
tion of static structure and developmental struc-
ture. The adolescent and the mature scientist have
the same basic mental structure of scientific crea-
tivity but the latter is more developed.

(5) Creativity and analytical intelligence are
two different factors of a singular function origina-
ting from mental ability.

The test, based on the Scientific Creativity
Structure Model [,

general creativity test,

and referred to existing
especially the Torrance

Tests of Creative Thinking, was designed for

group administration. The time limit is 60 mi-
nutes. Requirements are the same as for other ex-
aminations: the examiner seeks to make the
students feel at ease but also to work hard to com-
plete the tasks. There is a general instruction prin-
ted at the top of the question paper:

"Today we would like you to demonstrate a
very important ability - scientific creativity. You
have 7 different tasks. Each task investigates dif-
ferent scientific skills, giving you the opportunity
These tasks will

enable you to use your creativity, explore new ide-

to excel at what you are best at

as and solve problems. Please try to complete all
the tasks in one lesson (50 or 60 minutes). If you
have questions about the tasks, please raise your
hand and ask the examiner. Please write your
school, year, class, name, sex and today’s date on
the answer sheet before you begin. "

It is suggested that at the outset the teacher or
examiner give the entire class a general orientation

and ask them to keep their answers secret until all
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have handed in their answer sheets.

There are 7 items in the test. They are Unu-
sual Uses, Problem Finding, Product Improve-
ment, Creative Imagination, Problem Solving, Sci-
ence Experiment, and Product Design. Each item
measures one aspect of scientific creativity. For
each of items 1 to 4, one example of an answer is
given to help the students understand what is re-
quired.

The scores of task 1 to 4 are the sums of flu-
ency score, flexibility score, and originality score.
The fluency score is obtained simply by counting
all of the separate responses given by the subjects,
regardless of the quality. The flexibility score for
each task is obtained by counting the number of
approaches or areas used in the answer. The origi-
nality score is developed from a tabulation of the
frequency of all of the responses obtained. Fre-
quencies and percentages of each response are com-
puted. If the probability of a response is smaller
than 5 per cent, we give it 2 points; If the proba-
bility is from 5 to 10 per cent, we give it 1 point;
If the probability of a response is greater than 10
per cent, we give it 0 points.

The score of task 5 is computed again by tabu-
lating all answers of all subjects, and then rating a
particular answer for its rarity value. If the proba-
bility is less than 5 per cent, it gets 3 points; for
probabilities from 5 to 10, it gets 2 points; If the
probability is greater than 10, it gets 1 point. We
only have one score for each method of division in
task 5. Most students can get 3 or 4 points; some
can get 20 to 30 points. Generally, it is impossible
to get 0 points because there are 3 or 4 very simple
divisions.

The score of task six is the sum of the flexibil-
ity score and the originality score. The flexibility
score has a maximum of 9 points for one correct
method (instrument: 3 points ; principle, 3
points; procedure, 3 points). The originality score
is computed as before:; if the occurrence of the
method is less than 5 per cent, it gets 4 points; if
the probability is between 5-10 per cent, it gets 2
points; if the probability is larger than 10 per cent,
it gets O point. We used a different scoring system
in this task because it is more difficult for students
to design an original method in testing the napkins
than to get an original answer in task 1 to 4.

The score of task seven is decided by the func-

tions of the machine. A particular function of the
picking machine could include reaching the apples,
finding the apples, picking the apples, transpor-
ting the apples to the ground, sorting out the ap-
ples, putting the apples in containers, moving on
to the next tree. Each function got 3 points. Ac-
cording to the originality, we give a score of 1 to 5
points based on an overall impression having
marked all the other scripts.

The Cronbach Alpha coefficient of internal
consistency based upon scores of 160 England ado-
lescents is 0. 893. The inter-scorer reliability varies
from 0. 793 to 0. 913 with a median of 0. 875. The
re-test reliability varies from 0. 793 to 0. 913 with
an overall re-test reliability 0. 916. When factor a-
nalysis with principal components was run on the
data from this test, only one factor was obtained.
This suggested that the test has good construct-re-
lated validity. The validity amongst 35 science
education researchers and science teachers from
China and England is high. The result of y* test
indicated that p <C 0. 05 to all of the items. Final-
ly, the test has a satisfactory level of acceptability
by the students. The result of y° test indicated
that p <C0 .01 to all of the items.

2.3 Procedure

First, the

Secondary School Students was administered to the

Scientific Creativity Test for
sample;

Second, we got the valid test paper based on
the accomplishment of the students. The 1087 Chi-
nese students and 1190 English students are the
valid sample after getting rid of the invalid test pa-
per. If students could not take the examination se-
riously or did not work hard to do the tasks, and
only play with it, we deleted them as invalid sub-
jects.

Third, all the test papers were marked accord-
ing to the scoring procedures.

Finally, the data was input and analyzed by
SPSS10.0 for Windows. We investigated the
effects of age, sex, and school on each item score
and whole test score based on a 5X 2 factorial de-
sign for English sample and 7 X 2 X 2 factorial de-
sign for Chinese sample employing MANOVA.
Subsequent analyses investigating the differences
in each item score and whole test score as a func-
tion of age and sex for English sample as well as a

function of age, sex, and school for Chinese sam-
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ple were performed using one-way ANOVA or ¢-
test. At last, the difference of development of sci-
entific creativity between English and Chinese ado-

lescents was compared.

3 Results

3.1 The development of scientific creativity of
English adolescents

3.1.1 The influences of age and sex to the scientif-

ic creativity of English adolescents In order to ex-
plore the influences main effects and interactions of
age and sex to the scientific creativity of secondary
school students, we employed MANOVA based a
5X2 factorial design. The results indicated that x
is 0.767 (p<T0.001) to age, A is 0.948 (p <<
0.001) to sex, and A is 0. 976 (p=>0.05) to age X
sex. The effects of age and sex on each item score

and whole test score are summarized in table 3.

Table 3 Results of MANOVA on effects of age and sex on each item and on the whole test for the UK sample ( F values)

Source of Variance Age (df=4) Sex (df=1) Age x Sex (df=4)
Unusual Uses 31.937* %~ 1. 343 2.110
Problem Finding 28.268* "~ 2. 381 0. 949
Product Improvement 10. 993" * * 0.016 0. 980
Creative Imagination 21.629* * * 15.331% "~ 0. 680
Problem Solving 6.733% %~ 6.126" 0.382
Science Experiment 23.655* * ¥ 34,314+ 1.571
Product Design 7.570" % * 9.038" * 0.533
Whole Test 35.089 " * ¥ 10. 482 * * 0. 609

Note: * p<<0.05,** p<< 0.01,*** p<<0. 001

From table 3., we have the following conclu-
sion. First, age has significant main effects on the
scores of each item and whole test; second. sex
has significant main effects on the scores of Crea-
Problem Solving, Science

tive Imagination,

Experiment, Product Design, and whole test;
third, there is no interaction between age and sex
on the scores of each item and whole test. The re-

sult suggested that age and sex might play an im-

portant role in the development of scientific crea-
tivity of secondary school students.

3.1.2 The age characters of scientific creativity of
English adolescents Because age has significant in-
fluence to the scientific creativity of secondary
school students, we compared the mean score and
standard deviation of subjects in different age on

each item and whole test. It is shown in table 4.

Table 4 Mean scores and standard deviation on each item and whole test

Unusual Problem Product Creative Problem Science Product Whole
Age n Uses Finding Improvement Imagination Solving Experiment Design Test

M SD M SD M SD M SD M SD M SD M SD M SD
11 255 6 4.09 6.23 3.06 5.9 3.38 4.75 2.9 3.66 2.07 4.82 4.79 5.47 4.4 36.94 16.45
12 259 8.48 4.79 7.9 4. 35 8.37 8.88 5.54 3.17 3.56 2.79 5.18 4.75 4.95 4.77 43.6 18.35
13 248 9.87 4.32 9.4 4.29 8.12 3.71 6.71 2.79 4.4 2.52 7.65 6.17 6.26 5.11 52.1 16.92
14 194 9.54 4.41 9.31 4.53 7.87 3.72 5.97 3.62 4.88 4.57 4.83 5.62 3.85 4.62 46.23 18.17
15 131 10.04 3.94 9.79 3.59 9.31 4.32 7.5 3.55 4.66 4.1 9.48 8.15 5.82 4.95 56.57 21.28

In order to explore the age character of scien-
tific creativity of secondary school students, we in-
vestigated age difference and significant level of
subjects on each task and whole test scores with
one-way ANOVA. The result is shown in table 5.

From table 4, table 5, we can conclude that
the scientific creativity and its components of ado-
lescents have significant age difference. Although
they have an increasing tendency with the increase

of age, the scientific creativity and its components

do not increase linearly. The detailed trend is as
following: Fist, from 11 to 13, creative object ap-
plying ability, creative problem finding ability,
creative imagination, creative experiment design a-
bility, as well as whole scientific creativity increase
rapidly with the increase of age. It is a key stage
for the development of scientific creativity of
secondary school students; Second, all components
except creative problem solving ability drop at 14,

but rise again at 15.
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Table 5 The post hoc test of age differences (Tukey HSD) Table 6 Sex differences in components of scientific
Ttem Age 11 12 13 14 15 creativity in the UK sample
Unusual Uses 1 Ttem Age  Sex n M SD t P
11 m 154 4.591 2.963 —1.088 n.s.
12 * { 101 4.990 2.798
13 « % 12 m 149 5.201 2.973 -2.039 <C0.05
f 110 6.009 3.380
14 * 13 m 147 6.524 2.950 -1.241 n.s.
15 N . Creative f 101 6.970 2.520
imagination 14 m 121  5.504 3.496 -2.327 <C0.05
Problem Finding 11 { 73 6.740 3.723
12 % 15 m 79 7.076 3.478 -1.680 n.s
f 52 8.135 3.603
13 * * Mean m 650 5.640 3.240 -3.621 <<0.01
14 % % Score f 437 6.371 3.297
11 m 154  3.786 2.390 1.335 n.s.
15 x * f 101 3.465 1.439
Product Improvement 11 12 m 149 3.644 2.959 0.540 n.s.
f 110 3.455 2.558
12 * Creative 13 m 147 4.714 3.018 2.676 <0.01
13 « problem f 101 3.951 1.403
solving 14 m 121 5.041 4.583 0.627 n.s.
14 * ability f 73 4,616 4.901
15 % 15 m 79  4.987 4.639 1.204 n. s.
f 52 4.173 3.104
Creative Imagination 11 Mean m 650 4.343 3.497 2.609 <0.01
12 % Score { 437 3.851 2.705
) 11 m 154 4.429 4.532 -1.632 n.s.
13 * * f 101 5.428 5.115
14 * 12 m 149  4.591 4.864 -2.337 <C0.05
f 110  5.973 4.479
15 * * Creative 13 m 147 6.389 5.504 -3.989 <C0.001
Problem Solving 11 experiment f 101 9.475 6.633
design 14 m 121 3.703 5.134 -3.713 <0.001
12 ability f 73 6.699 5.927
13 * 15 m 79 8.620 7.131 -1.407 n.s.
f 52 10.789 9.492
L * Mean m 650 5.283 5.515 -5.498 <0.001
15 * Score f 437 7.350 6.247
. . i 11 m 154  5.149 4.152 -1.632 n.s.
Science Experiment 11 ( 101 5.960 4.741
12 12 m 149 4.711 4.656 -0.922 n.s.
) f 110 5.264 4.913
13 * * < .
Creative 13 m 147  5.619 5.189 -2.414 <C0.05
14 * product { 101 7.198 4.868
design 14 m 121 3.372 4.392 -1.810 n.s.
15 * * * *
ability f 73 4.603 4.901
Product Design 11 15 m 79 5.658 4.682 -0.451 n.s.
12 f 52  6.058 5.363
Mean m 650 4.886 4.681 -3.265 <C0.001
13 * Score f 437 5.856 4.973
14 . . 11 m 154 36.26616.794 -0.804 n.s.
{ 101 37.96015.934
15 * 12 m 149 41.71817.274 -1.933 n.s.
Whole Test 11 . N { 110 46.15519.505
Scientific 13 m 147 50.90517.312 -1.341 n.s.
12 * creativity . f 101 53.83216. 249
13 * * whole 14 m 121 43.71917.832 -2.557 <C0.05
test f 73 50.50718.043
14 * * 15 m 79 55.49421.458 -0.714 n.s.
5« . . f 52 58.21221. 105
Mean m 650 44.55118.923 -3.102 <C0.01
Note: * p<<0.05, other cells p=0. 05 Score { 437 48.19719.113
3.1.3 The sex difference of scientific creativity of lem solving ability, creative experiment design a-
English adolescents Because sex has significant in- bility, creative product design ability, as well as

fluence to the creative imagination, creative prob- whole scientific creativity of secondary school
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the

standard deviation of subjects in different age on

students, we compared mean score and

these items and whole test. Their sex differences
and significant level also be investigated by ¢ test.
These data are shown in table 6.

The results from table 6 indicated that the sci-
entific creativity of secondary school students has
significant sex difference. This difference occurred
between 12 to 14 years old. Generally speaking,
females scientific creativity is evidently superior to
males. But as to its components, the males and fe-
males” have different characters. Boy students have
higher creative problem solving ability. But girl
students have higher creative imagination, creative
experiment design ability, and creative product de-

sign ability.

3.2 The development of scientific creativity of Chi-
nese adolescents

3.2.1
scientific creativity of Chinese adolescents

The influences of age, sex, and school to the
In order
to explore the influences” main effects and interac-
tions of age, sex, and school to the scientific crea-
tivity of adolescents, we employed MANOVA
based a 7X2X 2 factorial design. The results indi-
cated that X is 0. 678 (p<C0. 001) to age, X is 0. 975
(p<<0.001) to sex, Ais 0.929 to school ( p <<
0.001), X is 0.941 (p=>0.05) to age X sex, A is
0. 845 to age X school(p<C0.001), A is 0. 990 to sex
X school(p=>0.05), and X is 0. 977 to age X sex X
school(p>>0.05). The main effects of age, sex,
school and their interactions on each item score and

overall test score are summarized in table 7.

Table 7 Results of MANOVA on effects of age, sex and school on each item

and on the whole test for the Chinese sample ( F values)

Source of X Unusual Problem Product Creative Problem Science Product Whole
Variance df Uses Finding Improvement Imagination Solving Experiment Design Test
Age 6 28.05% * % 11.93* 23.50" ** 17.38* ** 17.66* * * 6.86" " 4.72% 7~ 36.56" " *
Sex 1 0. 389 2.19 2.87 0.001 11.42* > 3.19 0.053 1. 24
School 1 24,49 ¥ 46. 71" 5.45* 35.03" " * 15.30" * * 2. 85 0. 109 53.32" "
AgeX Sex 6 2.33" 0. 56 1.75 0.675 1.52 0. 377 3.37"" 2.09
AgeX school 6 7.18* %~ 3. 84 0.132 2.77" 22,42 % 5.96" 19. 36" ** 15. 556" *
Sex X school 1 1. 84 9.40" " 0. 797 0.679 0.766 0. 699 0.122 5.59*
AgeX sex X school 6 0. 169 0.811 0. 294 0. 234 0.101 3.20" 2.38 1. 81
Note: * p<C0.05, " * p=<C0.01, " ** p<C0.001

From table 7 we have the following conclu-
sions. First, age has significant main effects on the
scores of each item and overall test; second, sex
has significant main effects on the scores of overall
third,

school has significant main effects on the scores of

test and items except Problem Solving;

overall test as well as items except Science Experi-
ment and Product Design; fourth, there are signif-

icant interactions between age and school on the

scores of overall test as well as items except Prob-
lem Finding and Product improvement; fifth, there
are no interactions between age and sex, sex and
school, as well as age, sex, and school on the
The result
suggested that age, sex, and school might play an

scores of each item and overall test.

important role in the development of scientific cre-

ativity of adolescents.

Table 8 Mean scores and standard deviation for Chinese sample by item and whole test

Unusual Problem Product Creative Problem Science )
Age n Uses Finding Improvement Imagination Solving Experiment Product Design  Test overall

M SD M SD M SD M SD M SD M SD M SD M SD
12 76 5.55 4.92 5.37 4.81 3.5 2.84 2.29 2.16 3.46 2.65 1.34 2.42 3.72 4. 56 25.15  15.09
13 163  5.94 4.07 6.55 4.58 3.96 2.09 3.77 2.53 7.85 4.77 2.68 3.04 4.21 3.9 35. 06 15.58
14 173 8.1 4.95 6.84 4.63 4.21 2.16 3.24 2.09 5.96 2.81 2.99 3.45 3.53 3 34. 99 14. 05
15 164 11.57 5.83 8.92 4.66 5.37 2.06 4.52 2.74 9.85 5.81 3.02 4.47 2. 87 3.51 46. 06 15.8
16 311 12.3 6.65 10.9 5.7 6.5 2.8 5.79 3.47 11.04 6.66 3.9 5.32  3.15 3.94 53.75 18.13
17 92 13.17 5.46 11.4 5.71  6.77 3.05 7.07 3.31 10.8 6.29 4.94 4.71 1.83 3.08 55.97  14.96
18 108 11.46 5.62 10.41 4.68 5.63 2.74 5.81 2.47 11.39 7.64 5.72 4.7 4.28 3.81 54.88  16.99
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Table 9 The post hoc test of age differences (Tukey HSD)

Item

Age

12

13 14

15

16

17

18

Unusual
Uses

12
13
14
15
16
17
18

Problem
Finding

12
13
14
15
16
17
18

Product

Improvement

12
13
14
15
16
17
18

Creative

Imagination

12
13
14
15
16
17
18

Problem

Solving

12
13
14
15
16
17
18

Science

Experiment

12
13
14
15
16
17
18

Product

Design

12
13
14
15
16
17
18

Overall

test

12
13
14
15
16
17
18

*

*

*

*

*

Note: * p<C 0.

05, other cells

: p=>0.05

3.2.2 The age characters of scientific creativity of
Chinese adolescents Because age has significant in-
fluence to the scientific creativity of adolescents,
we compared the mean score and standard deviation
of subjects in different age on each item and whole
test. It is shown in table 12.

In order to explore the age character of scien-
tific creativity of adolescents, we investigated age
difference and significant level of subjects on each
task and whole test scores with one-way ANOVA.
The result is shown in table 9.

From table 8, table 9, we can conclude that

the scientific creativity and its components of ado-
lescents have significant age differences. Although
they have increasing tendencies with the increase of
age, the scientific creativity and its components do
not increase linearly. Overall scientific creativity
increases from 12 to 13 years old, but stagnate
from 13 to 14. It increases again from 14 to 17.
The key periods for the rapid development of ado-
lescents’ scientific creativity are from 11 to 13 and
from 14 to 16 years old. The detailed developing
trends of components are as following: Fist, from
12 to 17, creative object applying ability, creative
problem finding ability, creative product improve-
ment ability, creative experiment design ability in-
crease rapidly with the increases of age; second,
from 12 to 17, creative imagination and creative
problem solving ability have increasing tendencies
but drop at 14; third, the creative product design
ability of Chinese adolescents has a sharp decrease
from 13 to 17 followed by some recovery from 17 to
18 years old.
3.2.3 The sex difference of scientific creativity of
adolescents Table 2 indicated that sex has signifi-
cant influence to creative problem solving ability.
So we compared the mean score and standard devia-
tion of subjects in different age on this item. The
sex differences and significant levels also be investi-
gated by ¢ test. These data are shown in table 10.

The results from table 10 indicated that Chi-
nese male’s scientific creativity is superior to female
s. But there is no significant difference between
male and female on overall scientific creativity. As
to components of scientific creativity, the sex
difference on creative problem solving ability is sig-

nificant.
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3.2.4 The school difference of scientific creativity
of adolescents Because school has significant influ-
ences to scientific creativity, and exist interactions
between age and school., we investigated the school
differences and significant levels of Chinese adoles-
cents on each item and overall test at every age sta-

ges. The results are shown in table 11.

Table 10 Sex difference on creative problem

solving ability, Chinese sample

Age  Sex " M SD . »
12 m 41 3. 90 2.70 1.59 n. s.
{ 35 2.94 2.53
13 m 95 8.39 4.93 1.71 n. s.
f 68 7.10 4.47
14 m 88 6. 41 2.96 2.17 <C0. 05
f 85 5.49 2.58
15 m 89 9.83 6. 26 -0. 053 n. s.
f 75 9.88 5.25
16 m 196 11.76  7.29 2.71 <20. 05
f 115 9.83 5.22
17 m 55 11.26  6.52 0. 84 n. s.
f 37 10.14  5.95
18 m 73 12.89  8.38 3.75 <20. 001
f 35 8. 26 4. 44
Mean m 637 9.83 6.72 5.19 <0. 001
score { 450 7.97  5.06

We got the following conclusions from table
11. First, the scientific creativity of key middle
school students is evidently superior to that of ordi-
nary middle school students at 13, 14, and 16 years
old. But this phenomenon does not occur at 15.
Second, the creative object applying ability, crea-
tive problem finding ability, and creative imagina-
tion of key school students are evidently superior to
that of ordinary school students, and these items
link to divergent thinking. So the results indicated
that divergent thinking ability of key school
students is significantly higher than that of ordinary
school students. Third, there is no significant
difference between key school students and ordina-
ry school students on item Product Improvement.
The score of key school students are significantly
higher than that of ordinary school students at 13
on item Science Experiment, but there are no sig-
nificantly differences at other ages. This indicated
that the technical creativity of key school students

is not higher than that of ordinary school students.

36
Table 11  School differences on each item and overall test
Item Age School n M SD t P
13 ord. 70 5.33 4.12 -2.30 <C0.05
key 93 6.90 3.99
14 ord. 76 5.28 3.51 -7.96 <C0.001
Unusual key 97  10.31 4.80
Uses 15 ord. 62 11.82 6.32 0. 44 n. s
key 102 11.41 5.54
16 ord. 65 10.15 6.98 -2.96 <C0.01
key 246 12.87 6.46
13 ord. 70 5.03 3.56 -3.82 <C0.001
key 93 7.69 4.93
14 ord. 76 5.16 2.71 -4.79 <C0.001
Problem key 97 8.16 3.35
Finding 15 ord. 62 8.40 5.06 -1.10 n.s
key 102 9.23 4.40
16 ord. 65 7.42 4.18 -6.95 <C0.001
key 246  11.82 5.70
13 ord. 70 3.64 2.04 -1.67 n. s
key 93 4.19 2.11
14 ord. 76 3.97 1.97 -1.27 n.s
Product key 97 4.39  2.28
Improvement 15 ord. 62 4.95 2.32 -2.06 n.s
key 102 4.67 2.97
16 ord. 65 6.20 3.51 -0.96 n. s
key 246 6.58 2.66
13 ord. 70 2.94 1.99 -3.92 <C0.001
key 93  4.39 2.72
14 ord. 76 2.61 1.39 -3.87 <C0.001
Creative key 97 3.73  2.40
Imagination 15 ord. 62 4.29 2.32 -0.85 n.s
key 102 4.67 2.97
16 ord. 65 4.03  2.79 -4.77 <C0.001
key 246  6.26 3.49
13 ord. 70 4.59 2.70 -10.07 <<0.001
key 93  10.31 4.52
14 ord. 76 5.74  1.91 -0.98 n.s
Problem key 97 6.13 3.35
Solving 15 ord. 62 8.95 5.77 0.75 n. s
key 102 8.58 5.47
16 ord. 65 7.60 3.55 -4.86 <C0.001
key 246 11.95 6.99
13 ord. 70 1.06 2.04 -7.04 <C0.001
key 93 3.90 3.11
14 ord. 76 3.03 3.20 0.13 n.s
Science key 97 2.96  3.65
Experiment 15 ord. 62 3.73 5.12 1.59 n. s
key 102 2.59 3.98
16 ord. 65 3.31 4.10 -1.21 n.s
key 246 4.06 5.59
13 ord. 70 2.39 3.06 -5.84 <C0.001
key 93 5.58 3.92
14 ord. 76 3.34 2.56 -0.76 n. s
Product key 97 3.68 3.31
Design 15 ord. 62 4.36  3.94 4.14 <C0.001
key 102 1.97 2.88
16 ord. 65 4.29  4.44  2.67 <C0.01
key 246 2.84 3.75
13 ord. 70 24.91 10.77 -9.06 <C0.001
key 93  42.69 14.26
14 ord. 76 29.13 9.28 -5.52 <C0.001
Overall key 97  39.58 15.43
test 15 ord. 62 49.29 18.38 1.93 n.s
key 102 44.09 13.74
16 ord. 65 43.31 18.95 -5.46 <C0.001
key 246 56.51 16.90
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3.3 The Comparisons of Scientific Creativity be-
tween English Adolescents and Chinese Adolescents

In order to explore the difference of scientific
creativity between English and Chinese adoles-
cents, we compared the mean score and standard
deviation of English and Chinese subjects in differ-
ent age on each item and whole test. On the basis
of that, the differences were investigated by emplo-
ying t-test. The result is shown in table 18.

From table 4, table 8 and table 12, we have
the following conclusions. (1) There are similar
developing trend of scientific creativity between

English and Chinese adolescents. The scientific cre-

ativity of adolescents has an increasing tendency,
(2) There are marked

differences in scientific creativity between English

but it decrease at fourteen.

and Chinese adolescents. Chinese adolescents’ crea-
tive problem solving ability is evidently superior to
But English adoles-

cents other scientific creativity and entire scientific

that of English adolescents.

creativity are evidently superior to those of Chinese
adolescents. (3) The standard deviations of Eng-
lish adolescents on most items are larger than those
of Chinese adolescents. This result indicates polari-
zation of English adolescents on scientific creativity

is more obvious than that of Chinese adolescents.

Table 12 ¢ values and significances of differences between English and Chinese samples at four ages
Unusual Problem Product Creative Problem Science Product Overall
Uses Finding Improvement Imagination Solving Experiment Design test
Age ¢ » ¢ » ¢ b ¢ t b ¢ b ¢ b t b

12 4.597 <C0.001 4.118 <C0.001 7.593 <C0.001 10.279 <C0.001 0.297 >0.05 9.478 <C0.001

2.04 <C0.05 8.902 <C0.001

13 9.34 <C0.001 6.335 <C0.001 14.496 <<0.001 11. 052 <C0. 001 -8. 484 =>0. 001 10. 833 <C0. 001 4.605 <Z0.001 10. 479 <C0. 001

14 2.919 <C0.01 5.163 <C0.001 11.684 <C0.001 8.953 <C0.001 -2.756 =>0.01

3.822 <C0.001 0.803 >0.05 6.667 <C0.001

15 -2.685 <0.01 1.82 <C0.05 9.61 <C0.001 7.894 <C0.001 -8.968 >>0.001 8.147 <C0.001 5.758 <<0.001 4.711 <C0.001
1 Di . ers?*). The result of this study is similar to that of
Iscussions Torrance's study. But the drop stage is at 14 years

4.1 The developing trend of adolescents’ old for scientific creativity of adolescents. This
scientific creativity may be linked to science knowledge, because

Although there is no research about the devel-
oping trend of adolescents’ scientific creativity,
some researchers explored the development of gen-
eral creativity. The most systematic assessment of
creativity in elementary and adolescents has been
conducted at the University of Minnesota by Tor-
rance and his associates™® , who have administered
the Minnesota Test of Creative Thinking (MTCT)
to several thousands school children. The general
pattern of the developmental curve of most of the
creative thinking ability is as follows: There is a
steady increase from first through third grade.
With one exception, there is a sharp decrease be-
tween the third and fourth grades followed by some
recovery during the fifth and sixth grades. Anoth-
er drop occurs between the sixth and seventh
grades, after which there is growth until near the
end of the high school years. From further resear-
ches, mostly cross-sectional, Torrance (quoted by
Arasteh™) found that people’s creativity has four
drop or stagnation stages, which are 5, 9, 13, and

17 years old. It was confirmed by other research-

knowledge is the basis of scientific creativity. Ele-
mentary school students’ science knowledge is very
limited. Students of secondary school have more
science lessons from the outset. The content is
more profound, and the range is more extensive.
The increase of science knowledge postpones the
decreased time of scientific creativity.

As to the

different opinions

drop’ phenomena, researchers have
247 We think it comes from two
aspects. First, social pressure and conformity in-
herent in the tradition have some their root in the
phenomena involved in these slumps in scientific
creativity of 14 years old adolescents. According to
Harry Stack Sullivan’s child development theory
(quoted by Torrance!®, 1962, pp. 94), pressures
in the transition period toward socialization have
almost invariably resulted in a careful sorting out
of that which is agreed to by authorities. Strong
dependence upon consensual validation develops.,
and unusual ideas are laughed at, ridiculed, and
condemned. The child sees those around him not
so much as enemies but as sources of humiliation,

anxiety, and punishment with respect to that
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which they communicate; and this tends to reduce
the freedom and enthusiasm of communication, es-
pecially of original ideas. Adolescents at 14 years
old are in their transition period from experienced
logical thinking to theoretical logical thinking. So-
cial pressures and conformity appear. These new
demands typically produce feelings of inadequacy
and insecurity, as new roles are imposed. The re-
sultant anxiety restricts awareness and produces
uncertainty, making creative thinking difficult.
Second, schools and teachers do not attach im-
portance to the cultivation of creativity, especially
scientific creativity. This situation lead to that
when logical thinking increase as the function of
education and the development of mentality, diver-
gent thinking, as a key component of creativity,
does not necessarily develop. Education can influ-
enced the development of creativity. This has been

confirmed by many researches!®?°-2,

A recent me-
ta-analysis was conducted to examine the impact of
instructional programs across a wide range of stud-
ies. Rose and Lin (quoted by Isaksen &. Par-
nes'?’) reported that their results suggested that
training does affect creativity. They acknowledge
that creative thinking is both a skill and an innate
ability. The skills can be developed and the innate
abilities can be stimulated and nourished through
education and training. But teachers prefer more
conventional children with high 1Q rather than

[28,29]

those exhibit creative tendencies However,

researcherst"-

stated clearly that teachers are ill-e-
quipped to meet the needs of students in terms of
creativity. They do not know how to initiate, con-
duct or evaluate creativity. They also feel uncom-
fortable with creative students. So present educa-
tional situation does not contribute the develop-
ment of scientific creativity of adolescents. This is
an obvious reason of the decrease of students” sci-
entific creativity.
4.2 The sex difference of adolescents scientific cre-
ativity

We concluded from this study that English fe-
male’s scientific creativity is evidently superior to
male’s in general. But Chinese male’s scientific cre-
ativity is superior to female’s, and the difference is
not remarkable. This result may be explained from
two aspects. First, Different culture have different
sex difference of creativity. The result in this

study may be decided by English and Chinese cul-

ture. Several researches about the sex difference of

students * creativity have been conducted in
secondary schools in the past. But different results
can be found. Torrance ™ studied the development
of students from grade 1 to adult. The results
showed that females superior to males in seconda-
ry stage. Zhen &. Xiao™! administered creative
thinking exercises to 812 high school students and
found that males had higher flexibility scores than
females, but there were no other significant sex
differences. Shukla & Sharma''” studied differ-
ences in scientific creativity in 117 males and 113
females in the middle schools of Raipur and Ra-
jnandgaon districts in India. Results indicated that
males and females do not differ significantly in any
of the measures of scientific creativity. From this
study and previous studies, we think culture
difference must be considered when discussing the
sex difference of creativity. The contradictions of
different researches in the sex difference of creativ-
ity can be solved according to this interpretation;
Second, this result may be caused by sex
In English

secondary schools, most female’s science achieve-

difference of academic achievement.

ments are higher than male’s. Many researchers
think knowledge play an important role in creativi-
ty73~,9~,327

scores are higher than male’s in English secondary

In recent years, female’s GCSE science

schools, and they are often divided in top and mid-
dle band. Solid science knowledge provides the fe-
male with the basis for the development of scientif-
ic creativity. However, most male’s science a-
chievements are higher than female’s in Chinese
secondary school.
4.3 The school difference of Chinese adolescents”
scientific creativity

The research indicated that the scientific crea-
tivity of key middle school students is evidently su-
perior to that of ordinary middle school students at
13, 14, and 16 years old. This may be interpreted
from three aspects. First, the intelligence of key
middle school students is higher than that of ordi-
nary middle school students. They also understand
science knowledge better. Higher intelligence and
solid science knowledge provide them with the ba-
sis of development of scientific creativity. Second,
the key middle school in this study paid attention
to the teaching of science knowledge, offered many

selective courses, and trained divergent thinking.



729

Third, teachers in the key middle school took part
in teaching research. These promoted the develop-
ment of divergent thinking. But this phenomenon
does not occur at 15. This maybe caused by the en-
trance examination of senior middle school. Inten-
sive revision before the examination brings higher
pressure to key school students than to ordinary
school students. This pressure results in the drop
of scientific creativity.

The second conclusion from this study is that
although divergent thinking ability of key school
students is significantly higher than that of ordina-
ry school students, there is no significant differ-
ence between key school students and ordinary
school students on technical creativity. Because
key middle school and ordinary middle school in
this study have not offer extracurricular science ac-
tivities, this lead to that there is no significant
difference on technical creativity between the two
schools.

From the discussions above, we can conclude
school environment is more important on the devel-
opment of scientific creativity than school type. In
this study, key middle school paid attention to the
knowledge teaching and divergent thinking train-
ing, so the divergent thinking of their students de-
veloped quickly. However, they neglected extra-
curricular science activities, so there is no signifi-
cant difference on technical creativity between the
two schools. In general, psychology only consider
the school type when discuss the difference of cog-
nition between different kinds of schools. We think
school environment should be discussed when
study the difference of cognitive ability between
different kinds of schools, so that we can do more
profound research and understand this phenomenon
better.

4.4 The comparisons of scientific creativity be-
tween English and Chinese adolescents

Because adolescents have common law and
characters of physical and mental development, the
developing trend of scientific creativity of adoles-
cents in different cultures are similar. But because
scientific creativity is influenced by culture, social
environment, family education, school education,
etc. , it also has different characters in different
cultures and education systems. This study indica-
ted that there are marked differences in scientific

creativity between English and Chinese adoles-

cents. But English adolescents other scientific cre-
ativity except creative problem solving ability and
entire scientific creativity are evidently superior to
those of Chinese adolescents. This may be inter-
preted from following aspects. (1) Culture influ-
ences the development of scientific creativity.
British culture advocates independent and respects
individual character. Individualism is the central
value viewpoint of British culture. This is benefit
to the development of scientific creativity. But
Chinese culture advocates dependents and does not
respect individual character. Collectivism is the
central value viewpoint of Chinese culture. This
prevents the development of scientific creativity.
(2) Social environment is another factor influen-
cing the development of scientific creativity. There
are more natural museums, science museums, and
library in Britain than in China. Secondary school
students visit these places very often. They also
take part in more science activities than Chinese
students. These activities are also benefit to the
(3) The
parenting style of British family is different from
divided the

parenting style into authority, autocracy, and let

development of scientific creativity.
that of Chinese family. Baumrind“*

things drift. Authority parenting style is benefit
the development of creativity, and other parenting
styles are not benefit the development of creativi-
ty. According to the investigations by Chinese Sci-

B9 most Chinese

ence and Technology Association
families use autocracy and let things drift parenting
styles. This prevents the development of scientific
creativity. (4) Education notion of Chinese teach-
ers is different from that of English teachers. The
conceptions of Chinese teachers that prevent the
development of scientific creativity are as follows:
First, teachers are supervisors of students;
Second, teachers can not respect the interests and
likes of students; Third, good students should got
high score of achievement; Forth, the main tasks
of teachers are instruction of knowledge and the
main target of teachers are that most students can
enter high school. (5) Teachers knowledge is a in-
fluencing factor of adolescents’ scientific creativity.
English teachers have good knowledge structure.
However, Chinese teacher lack educational and
psychological knowledge, especially pedagogical
knowledge. This prevents the development of ado-

lescents’ scientific creativity. (6) Educational con-
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tent of Chinese school differs from that of English
school. Compare to Chinese school, English school
puts higher value on the cultivation of students ex-
ploring ability, the application of knowledge, un-
derstanding of science nature, students’ communi-
cation, development of creativity. This benefit to
the advancement of adolescents” scientific creativi-
ty. (7) Science teaching also influences the
development of scientific creativity. Compared to
Chinese science teaching, British science teaching
emphasizes inquiry, process, synthesis, and offer
many opportunities for students to take part in va-
rious science activities. All these are benefit to the
development of scientific creativity.

This study also found that Chinese adolescents
* creative problem solving ability is evidently supe-
rior to that of English adolescents. Two aspects
may cause it. First, Chinese students do more sci-
ence exercises than British students, which can in-
creases problem solving ability. Second, problem-
solving item relates to geometric figure, which is a
part of mathematics. The mathematics achieve-
ment of Chinese adolescents is higher than that of
British adolescents. Chinese character is also bene-
fit to the development of space imagination. So the
result of this study is reasonable.

From the analyses above, we can conclude
that culture, social environment, especially educa-
tion influence the development of adolescents” sci-
entific creativity. The core of quality education is
the foster of creativity. Basic education reform
should raise the quality of teachers, renew educa-
tional contents, improve teaching methods, so as
to a lot of high quality person with creativity and

practical ability can been cultivated.

5 Conclusions

(1) The age difference of scientific creativity
of adolescents is marked. It has increasing tenden-
cy, but decreases at 14. The key periods for the
rapid development of adolescents scientific creativi-
ty are from 11 to 13 and from 14 to 16 years old.

(2) The scientific creativity of adolescents has
sex difference. English females' scientific creativity
is evidently superior to males’. But Chinese males’
scientific creativity is superior to females’, and the
difference is not remarkable. Based on this result
and other studies, we proposed the culture model

of sex difference of scientific creativity.

(3) There is marked difference in scientific
creativity between Chinese and English adoles-
cents. Chinese adolescents’ creative problem sol-
ving ability is evidently superior to that of English
adolescents. But English adolescents” other scien-
tific creativity and whole scientific creativity are
evidently superior to that of Chinese adolescents.

(4) There is marked difference in scientific
creativity among students in different kind of Chi-
nese schools. Key-middle-school-subjects’ scientific
creativity is evidently superior to that of ordinary-
middle-school-subjects. The authors think school
environment and school education are more impor-
tant than school type to the development of scien-

tific creativity.
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