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A Method for Developing Items to Assess Earth Science Creativity
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Abstract: This study suggests methods of assessing scientific creativity and developing items, which can be achieved
when both earth science knowledge and general creativity are applied at the same time. According to the results of this
study, the cognitive ability gaps between creativity and scientific creativity were clearly defined by the terms’ operational
definition. Four factors in the subcategory of scientific creativity-fluency, flexibility, elaboration, and originality-were
selected, and the possibility of developing items out of these factors was discovered. The operational definitions of the
four factors were given and the criteria for assessment and scoring were set. The validity, reliability, discrimination, and
difficulty, which were the conditions required for the assessment instruments, were verified through three field trials of
inputting the assessment instruments for scientific creativity. The assessment instruments were composed of 8 items with 2
items for each factor. The average item fitness index obtained was 0.99, Cronbach , the item inter-consistency was 0.79,
the inter-rater reliability of each item was 0.78, the inter-rater reliability of each factor was 0.75, the item discrimination
power was 0.19, and the item difficulty was 0.00. Because the results were within the permitted limit of the conditions
required for assessment instruments, the assessment instruments developed for scientific creativity in this study can be said
to be very favorable.

Keywords: scientific creativity, item response theory, item fitness, item inter-consistency reliability, point-biserial
correlation index
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Infroduction

There are three kinds of objectives to pursue in
science education: the educational general objectives
that consist of cognitive, affective, and psychomotor
domain; the peculiar objectives that are mainly
reached by science education; and the objectives that
are needed in educational paradigm shifts.

The following statement from the Ministry of
Education and Human Resources Development back
in 1997 showed the characteristics of science educa-
tion in the 7" curriculum that reflected educational
paradigm shifts: “Pay attention not to conveying
fragmentary knowledge about science to students but
to teaching them to understand the basic concepts in
a correlated and integrated manner and to cultivat-
ing creativity, openness, objectivity, rationality, and
cooperation.”

This ensured that creativity is an axis of educa-
tion required in the 21% century (Woo, 2000). The
test for creativity was also used as an important
factor in adopting test instruments for discriminat-
ing the gifted (Song, 1990). Kim (1998) said that
Renzulli put an emphasis on scientific creativity as
a factor of selecting gifted children with scientific
inclination. Tannenbaum (1986) alternatively used the
terms creativity and giftedness. These observations
show that creativity is an important factor in the

objectives of science education or science education

for the gifted.

While 70% of the studies on creativity were
related to creativity training programs, a few stud-
ies on domain-specific creativity were conducted
(Lee, 1988). According to Cho (2001), most pro-
grams for rearing creativity thinking were focused
on domain-generality, which is content-free, rather
than domain-specificity, which is content-laden.

From these perspectives, it can be seen that most
studies on creativity education had focused on devel-
oping and applying the programs to rearing content-
free creativity. Torrance (1972) reported that subject-
specific approach included in general education had
a good effect on creativity education when 142
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pieces of article related to creativity were divided
into types of education methods and the proportion
of success.

The creativity assessment instrument developed by
Torrance has been the most widely used (Han er
al., 2001). And domestically, the creativity assess-
ment instrument developed by Jeong and Lee in
1993 (Baek, 2002) and Torrance's Korean version
translated by Kim (1999) were mostly preferred.

These creativity assessment instruments were to
assess content-free creativity that had nothing to do
with concepté of specific subjects and the degree of
acquiring knowledge.

Some studies emphasized the basic knowledge-
based approach in specific domains. They also
accentuated knowledge and skills related to creativ-
ity, knowledge and skills in specific domains, char-
acteristics, motivation, and environmental elements,
among others (Amabile, 1983; Simonton, 1990).

Some previous studies indicated that it was more
effective to teach and assess creativity using the
content-laden  approach than the content-free
approach (Han, 2000; Baer, 1998).

On the other hand, some studies put emphasis on
the need for knowledge and skills in general
domains, motivational elements, knowledge and skills
in specific domains, critical thinking, and divergent
thinking in creativity (Kim .et al., 1997). Still, some
studies reported that creativity took a role of a loop
that connected cognitive domains with affective
domains because creative ability came from some
basic frame (Hong, 1999).

Though there was has been no mutual agreement
yet regarding domain-generality and domain-specific-
ity, recent studies on creativity put an emphasis on
behavior characteristics in domain-specificity and
creative problem solving (Han and Marvin, 2002).
In addition, empirical evidences for domain-specific-
ity have been suggested (Han, 2001; Baer, 1991,
1994; Gardner, 1993).

Even though creativity education in domain-speci-
ficity is being emphasized this way, creative factors
in the problem solving process are rarely consid-
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ered in most science education studies. Houtz (1994)
reported that creativity education would fail if teach-
ers did not include precise recognition of creativity
and did not apply strategic effort for developing cre-
ativity. Hong (1999) also presented his view that
developing and teaching creativity as well as stud-
ies on creativity could be improved if scientific cre-
ativity were assessed and evaluated correctly.

As previously mentioned, studies on improving
and assessing creativity were generally inclined
toward content-free. But since a lot of researches
conducted locally and internationally indicated the
limits of the content-free approach, there is defi-
nitely a need for a study on creativity education in
science subject domain and for development of
methods for creativity assessment.

This study thus had the following objectives: 1)
To define clearly the cognitive ability gaps between
creativity and scientific creativity by providing their
operational definitions; 2) To select four factors,
which can be developed as items, in subcategory of
science creativity such as fluency, flexibility, elabora-
tion, and originality, and to give the operational def-
initions of these four factors; 3) To develop
assessment items for scientific creativity to deter-
mine when earth science knowledge and scientific
creativity are applied at the same time; 4) To ver-
ify the developed items through field trials con-
ducted three times for the purpose of meeting the
conditions required for assessment instruments; and
5) To suggest methods of developing assessment
items for scientific creativity.

Methodology

Assessment instruments for scientific creativity
were developed through R&D, which can be solved
when earth science knowledge and general creativ-
ity are applied at the same time. To determine
whether the assessment instruments developed met
the required conditions or not, field trials were per-
formed. The following describe in detail the meth-
ods used in this study.

Analysis of previous studies on creativity
and its subcategory

Creativity and its subcategory were analyzed and
synthesized based on previous studies (Song, 1990;
Jeong and Lee, 1993; Lim, 1993; Hong, 1999; Woo
et al., 2001; Baek, 2002; Torrance, 1972; Perkins,
1988; Ochse, 1990; Lubart, 1994; Baer, 1997; Hen-
nessy and Amabile, 1998, Fishkin et al, 1999;
Sternberg, 1999). The results were used as the basic
data to form the operational definition of scientific
creativity and to select and define the subcategory
factors.

Operational  definition  of
science creativity
Previous studies gave operational definitions of

creativily and

creativity and scientific creativity. A checklist was
made to verify the definitions of creativity and sci-
entific creativity made in this study and 6 science
education experts were asked to examine it thor-
oughly. From the science education experts’ assess-
ments, the concepts of creativity and scientific
creativity were formulated and necessary revisions
were made.

Selecting subcategory in scientific creativity
and operational definition

The four factors selected in the subcategory were
given operational definitions. Some scholars agreed
that items using these factors could be developed.
Likewise, a checklist was made to verify the defini-
tions of these four scientific creativity factors in
subcategory that were given in this study, and 6 sci-
ence education experts were asked to evaluate it,
after which the necessary revisions were made.

Developing assessment items for scientfific
creativity

Four earth science teachers including the author of
this paper developed the assessment items. The
developers majored in earth science education, were
trained in the course of science education for gifted
students, and had more than 10 years of educa-



tional career. A seminar was held to come up with
the operational definitions of scientific creativity and
its subcategory. This was followed by an intensive
workshop held to identify methods in developing
assessment items, determine the conditions required
for assessment instruments, and specify the charac-
teristics of items according to partial crediting.
Because factors in the scientific creativity subcate-
gory were not clearly classified, the ability of each
factor could be assessed by classifying results
responded to one item into related factors specifi-
cally. But items that could be assessed indepen-
dently were developed in this study by verifying
content validity between each item and the subcate-

gory factor. 1

Results and Discussion

The following describe the results of this study.

The operational definitions of creativity and
scientific creativity

After giving the first definitions based on previ-
ous researches on creativity and scientific creativity,
the definitions were revised by 6 science education
experts. After analyzing and synthesizing the charac-
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teristics of the terms, the final operational defini-
tions were given as listed in Table 1.

Selecting subcategory factors of scientific
creativity and their operational definitions

Four subcategory factors of scientific creativity,
which are fluency, flexibility, elaboration, and origi-
nality, were selected. Some scholars agreed that by
using these factors, items could be developed. After
giving the first definitions of subcategory factors of
scientific creativity, the definitions were revised by 6
science education experts. The final operational defi-
nitions of the four subcategory factors of scientific
creativity were formulated after thorough analysis
and synthesis. The following Table 2 lists these def-

initions.

Developing assessment items for scientific
credtivity

Assessment items for scientific creativity were
developed. Creativity as well as earth science knowl-
edge were both needed for this. Four earth science
teachers including this researcher developed 48
assessment items (four developersXfour subcategory
factors X three items) through a six-month-workshop.
All the developers majored in earth science educa-

Table 1. Operational definitions of creativity and scientific creativity.

Classification Operational Definitions
Ability to produce new things by compounding or combining something, and to solve
Creativity problems based on general domain knowledge, specific domain knowledge, and creative

motivation and environment.

Scientific Creativity knowledge and process.

Ability to creatively solve various scientific problem situations based on basic scientific

Table 2. Operational definitions of subcategory factors of scientific creativity.

Subcategory Factors of
Scientific Creativity

Definitions

Ability to produce as many ideas as possible for solving problems in specific science

Fluency problem situations.
Flexibility Ability to find various solutions in specific science problem situations by changing fixed
thinking methods and the viewpoint itself.
Elaboration Ability to develop old ideas into delicate, exquisite, useful, and valuable ones in specific

science problem situations.

Originality

Ability to produce unique ideas in specific science problem situations.
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Table 3. Criteria of assessment and scoring.

Subcategory Factors of

.- .. Assessment Criteria
Scientific Creativity t Criteri

Scoring Criteria

Fluenc The number of The more items are answered, the higher score received. One point is
Y produced different ideas given to each answer.
i Variety among Answers are grouped by category, and one point is given to each category.
Flexibility . N .
produced ideas The rest is given one point per answer.

. Specific degree of Lo .

Elaboration produced ideas One point is given to each specific factor.
. In comparison with the norm group, 0 point is given to a very normal idea,

Originality Unique degree of one point is given to a normal idea, and 2 points are given to a unique idea.

produced ideas

A very unique idea that others could not produce is given bonus point.

Table 4. Descriptive statistics for the first field trial.

Conditions Fitess Index Inter-Rater Point-Biserial Itemn Difficul c .
Item No. Infit Outfit Reliability Correlation vy ormpanson
1 1.0 1.0 .85 15 -34 adopted
2 0.8 09 20 14 34 cancelled
3 09 1.0 55 23 -36 adopted
4 0.7 0.9 71 12 .80 adopted
5 1.4 0.8 .81 06 52 adopted
6 1.0 1.1 .89 .08 -14 adopted
7 1.5 1.1 78 -06 09 cancelled
8 1.3 0.8 .55 18 31 adopted
9 1.1 14 .68 13 1.70 cancelled
10 1.2 09 78 A2 -73 adopted
11 1.0 1.1 .86 14 -03 adopted
12 21 13 74 .14 -28 cancelled

tion. Of the first developed items, 16 (four subcate-
gory factorsXfour items) selected and
identified by the developers to be suitable for
assessing scientific creativity. Six science education
experts were then asked to evaluate the selected 16

were

items in terms of clarity and in relation to the sub-
category factors of scientific creativity. Of the 16
items, only 12 (four subcategory factorsXthree
items) were found to be equipped with the required
basic conditions and were selected. The order of
items was repeatedly rearranged for fluency, flexibil-
ity, elaboration, and originality.

Sefting the criteria for assessment and
scoring by each subcategory factor

After setting criteria for assessment and scoring
based on previous researches on subcategory factors
of creativity, the criteria were revised and amended

by 6 science education experts. After thorough anal-
ysis and synthesis, the final criteria for assessment
and scoring by each subcategory factor of scientific
creativity were set (Table 3).

The first field frial

After verifying content validity, the test paper that
consisted of 12 items was input to 91 11" grade
students in liberal high school. The FACETS pro-
gram was used to calculate validity and item diffi-
culty by using raw data, while SPSSWIN 10.0
(Windows version) was used to calculate inter-rater
reliability and point-biserial correlation (Table 4).

As shown Table 4, the inter-rater reliability of
item 2 was low. For item 7, because its point-biser-
ial correlation was low, discrimination of it meant
very low. And the difficulty of item 9 showed 1.70,
meaning it was a very difficult item. The item fit-



Table 5. Item fitness index for the second field trial.
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Item No. 1 2 3 4 5 6 7 8 sum
Infit 1.0 0.9 1.0 0.8 12 1.2 1.1 1.1 1.00
Outfit L1 1.1 0.9 09 1.1 0.9 1.0 0.7 .98
Table 6. Inter-rater reliability for each item for the second field trial.
Item No. 1 2 3 5 6 7 8
Correlation 84k 87 S55% 82k TJ9H* B4 S57*
*p<0.01, **p<0.001
Table 7. Inter-rater reliability for each subcategory for the second field trial.
Subfactors Fluency Flexibility Elaboration Originality
Correlation 0.78** 0.59** 0.73**
**p<0.001

ness of item 12 represented exceeded 1.2, which
meant its validity was low. As the result, items 2,
7, 9, and 12 were excluded in the final test, while
the other eight items were appointed as assessment
instruments for scientific creativity. The order of
items in the final test was rearranged to be 1 (geol-
ogy), 6 (meteorology), 3 (geology), 4 (meterology),
5 (meterology), 10 (astronomy), 11 (geology), and 8
(meterology). Item 5 is shown below.

Item 5] Make a list of the examples using princi-
ple of convection current in our living surrounding

as many as possible.

The second field tial

Eight assessment items for scientific creativity
were composed of two items for each subcategory
factor after the first field tral. To verify the condi-
tions and the required time for scientific creativity
assessment instrument, the second field trial was
conducted. The subjects were 120 11" grade stu-
dents in liberal high school. The program for calcu-
lating  validity,  reliability,  difficulty,  and
discrimination was the same as the method used to
analyze the results of the first field trial.

Validity
To determine the validity of the assessment instru-
ments, item fitness index was calculated using FAC-

ETS program (Table 5). The item fitness index of
item 5 was 1.2, so items were amended and revised
more clearly. The other items were within permit-
ted limit,

Reliability

To determine the reliability of the assessment
instruments, Cronbach ¢, item inter-consistency was
calculated as 0.71. The inter-rater reliability of the
total score for each item is shown in Table 6 and
inter-rater reliability of the total score for each sub-
category factor of scientific creativity is shown in
Table 7.

As shown in Table 6, the correlation coefficient
of inter-rater reliability of most items was within the
permitted limit. But the reliability of items 3 and 4
were relatively lower. The scoring criteria were spe-
cifically set step by step, and the points for each
step were obviously given.

As shown in Table 7, the inter-rater reliability of
each subcategory factor of scientific creativity was
comparatively satisfying. Inter-rater reliability in flu-
ency and originality factors showed high correlation
cocfficient of more than 0.70. The raters’ view-
points of elaboration particularly showed difference
among four subcategory factors. Classifying catego-
ries of answers to items specifically for elaboration
could raise inter-rater reliability higher.
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Table 8. Point-biserial correlation index for the second field trial.

Item No. 1 2 3 4 5 6 7 8 Sum
Correlation 13 23 .19 22 15 24 .01 .30 18
Table 9. Item difficulty index for the second field trial.
Item no 1 2 3 4 5 6 7 8 Sum
Difficulty Index -0.74 -045 0.28 -0.11 0.02 0.19 0.00 141 0.00
Table 10. Ttem fitness index for the third field trial.
Item No. 1 2 3 4 5 6 7 8 Sum
Infit 09 1.0 0.9 09 1.0 1.1 1.0 1.1 0.99
Outfit 1.0 1.1 1.1 0.8 1.0 0.9 1.1 0.9 0.99
Discrimination the test paper was instructed of them. The time

To find discrimination of the assessment instru-
ments, point-biserial correlation index was calcu-
lated (Table 8).

As shown in Table 8, because there were no
items calculated at negative number in point-biserial
correlation index, it can be said that most items
have the capacity to discriminate higher-group stu-
dents from lower-group students. Because item 7
had near 0 point-biserial correlation index and was
similar to contents already learned in ordinary expe-
rience or science class, it was amended as an item
more focused on assessing scientific creativity.

item Difficulty

To determine item difficulty of the assessment
instruments, the FACETS program was used. The
results are shown in the following Table 9.

As shown in Table 9, the difficulty of item 1
showed that it was an easy item, so it was modi-
fied to become more difficult. On the other hand,
the difficulty of item 8 showed that it was too diffi-
cult, so it was modified to become easier. As the
result, discrimination was adjusted higher.

To verify the time required to complete the
instrument

When examinees solved the assessment items for
scientific creativity assessment instrument, indicating
the starting and finishing time on the right top of

required for the test was appointed as the average
time for 120 students to solve all items. Therefore,
the time required for completing assessment instru-
ments for scientific creativity developed in this study
was set at 120 minutes (Zhours).

The third field trial

Based on the results of the second field trial, the
final scientific creativity assessment instrument was
revised and improved. To verify the conditions
required for the instruments, the third field trial was
conducted. The subjects were 124 11th grade stu-
dents in liberal high school. The following show the
analyses of the results.

Validity

To know the validity of the assessment instru-
ments, item fitness index was calculated (Table 10).
The item fitness index of most items was within
permitted limit.

Reliability

To know the reliability of the assessment instru-
ments, Cronbach , item inter-consistency, was calcu-
lated as 0.79. The inter-rater reliability of total score
for each item is shown in Table 11. The inter-rater
reliability of total score for each subcategory factor
of scientific creativity is shown in Table 12.

The table shows that the inter-rater reliability of
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Table 11. Inter-rater reliability for each item for the third field trial.

Item No. 1 2 3 5 6 7 8

Correlation 83** B8** 70* T1xE B3** 78** B5** 72*
*p<0.01, **p<0.001
Table 12. Inter-rater reliability for each subcategory factor for the third field trial.

Factors Fluency Flexibility Elaboration Originality
Correlation TOR* JO** TR 81**

**p<0.001
Table 13. Point-biserial correlation index for the third field trial.

Item No. 1 2 3 4 5 6 7 8 Sum

Correlation 12 24 20 19 16 25 11 28 19
Table 14. Item difficulty index for the third field trial.

Item No. 1 2 3 4 5 6 7 8 Sum
Difficulty index -0.28 -0.51 -0.17 -0.12 -0.08 0.28 0.0 0.87 0.00

each item was comparatively satisfying. The results
among inter-raters of each item developed in this
study can be said to agree.

As shown in Table 12, the inter-rater reliability of
each subcategory factor of scientific creativity was
comparatively satisfying. The results among inter-rat-
ers of each subcategory factor of scientific creativ-
ity can also be said to agree.

Discrimination

To determine discrimination of the assessment
instruments, point-biserial correlation index was cal-
culated (Table 13).

As shown in Table 13, because no item was cal-
culated to have negative point-biserial correlation
index, it can be said that most items have the
capacity to discriminate higher-group students from
loWer—group students.

ltem Difficulty

To identify item difficulty of the assessment
instruments, the FACETS program was used(Table
14).

As shown in Table 14, because the item diffi-
culty index of most items was within the permitted

limit, there will be few difficulties to solve the
items developed in this study.

Conclusion

The purpose of this study is to suggest a scien-
tific creativity assessment instrument that can be
solved when both earth science knowledge and gen-
eral creativity are applied at the same time. The
results of the experiments indicate that the cogni-
tive ability gaps between creativity and scientific
creativity were clearly defined by the operational
definitions based on analysis of previous researches
and studies on creativity.

Four subcategory factors-fluency, flexibility, elabo-
ration, and originality were selected to develop items
for assessment of scientific creativity. The opera-
tional definitions of these factors were formulated
and the criteria for assessment and scoring were
also set.

The assessment instruments for assessing scien-
tific creativity were developed. They were com-
posed of 8 items with two items for each
subcategory factor of scientific creativity.

The basic conditions required for the assessment
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instruments were verified on three field trials. The
FACETS program based on item response theory
was used to verify validity and difficulty while
SPSSWIN 10.0 (Windows version) was used to ver-
ify reliability and discrimination.

The average item fitness index was 0.99, Cron-
bach «, the item inter-consistency, was 0.79, the
inter-rater reliability of each item was 0.78, the
inter-rater reliability of each factor was 0.75, the
item discrimination power was 0.19, and item diffi-
culty was 0.00.

Because the results were within permitted limit of
the conditions required for assessment instruments,
the assessment instruments developed for scientific
creativity in this study can be said to be very favor-
able.

The scientific creativity assessment instrument
developed in this study can be a reliable alternative
method to assess the students’ achievement profi-
ciency of ecarth science creativity. It can also be
used as a material to test to what degree creativity
is reflected in developing a training program for
teachers focusing on scientific creativity education,
scientific creativity curriculum, and educational mate-
rials. In addition, they can be used as a useful
guide to develop the instruments for discriminating
gifted students with scientific inclination and design-
ing the curriculum and teaching-learning materials
for them.
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