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Abstract

The purpose of this study was to map elementary school students’ creativity in science process
skills (SPS) of life aspects in science subjects viewed from their divergent thinking patterns using
written tests whose items were fitted with Partial Credit Model (PCM). The measurement used a
test validated using the IRT approach published in JEE journal in 2015. The trials employed four
sets of test, each comprising 20 items completed with anchor items which were fitted referring to
PCM. The measurements were performed with larger scale on 14 regional technical implemen-
tation unit (RTIU) in Yogyakarta Special Province in five regencies/cities to students of grades
IV, V, and VI. The findings show that the higher the grade level, the higher of the testees’ scores
would be. There were some testees who did not have divergent thinking ability and they obtained
a score of 0 The divergent thinking ability of the students was not related to the regency/city
where an RTIU was located.
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skills, they are taught the science process skills

Introduction as a unit of scientific method.

The core of teaching natural sciences is

to teach the students to investigate natural Science Process Skills

phenomena to look for a scientific product by According to Rezba et al. (2007),
experiencing a scientific process with refer- science process skills can be divided into two
ence to scientific attitude (Carin & Sund,  agpects, namely  basic skills and integrative
1989). A scientific process involves aspects of skills. Basic skills include observing, commu-
science process skills. A scientific process nicating, classifying, measuring metrically, in-
arranged in a particular order is called scien- ferring, and predicting. Meanwhile, integrative
tific method (Towle, 1989). The teaching that  skillls consist of identifying variables, con-
can enhance learners to master every aspect  strycting a table of data, constructing a graph,
of the science process skills is badly needed in describing relationships between variables, ac-
order that they can master the scientific  guiring and processing data, analyzing investi-
process. The science process skills should be gations, constructing hypotheses, defining
taught to students partially at the beginning.  variables operationally, designing experiments,
After mastering the aspects of science process and experimenting,
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Unlike Rezba etal, Bryce, McCall,
MacGregor, Robertson, and Weston (1990)
divide science process skills into three aspects,
namely basic skills, process skills, and investi-
gative skills. Basic skills comprise of observa-
tional skills, recording skills, measurement
skills, manipulative skills, procedural skills,
and following instruction skills. While process
skills are skills of inference and selection of
procedures. Furthermore, investigative skills
include skills to make plan and carry out a
practical investigation.

In reference to The American Associ-
ation for the Advancement of Science in 1965
(Chiappetta, 1997), science process skills are
categorized into two, namely basic skills and
integrated skills. Basic skills are skills of ob-
serving, classifying space time relations, using
numbers, measuring, inferring, and predicting.
Furthermore, integrated skills include such
skills as defining, formulating models, con-
trolling variables, interpreting data, hypothe-
sizing, and experimenting.

Wenning (2005) says that science pro-
cess skills can be classified into rudimentary
skills, basic skills, intermediate skills, integrat-
ed skills, and advanced skills. Rudimentary
skills comprise of observing, collecting and
recording data; drawing conclusions; commu-
nicating and classifying results; measuring
metrically; estimating; decision making 1;
explaining; and predicting. Basic skills are
skills of identifying variables, constructing a
table of data, constructing a graph, describing
relationships between variables, acquiring and
processing data, analyzing investigations, de-
fining variables operationally, designing inves-
tigations, experimenting, hypothesizing, deci-
sion making 2, developing models, and also
controlling variables. Integrated skills include
skills of identifying problems to investigate,
designing and conducting scientific investiga-
tions, using technology and mathematics
during investigations, generating principles
through the process of induction, and com-
municating and defending a scientific argu-
ment. Advanced skills may consist of solving
complex real world problems, synthesizing
complex hypothetical explanations, establish-
ing empirical laws on the basis of evidence
and logic, analyzing and evaluating scientific

arguments, constructing logical proofs, gener-
ating predictions through the process of de-
duction.

In 2010, Wenning (2010) revises the
formulation of science process skills by add-
ing one new skill namely culminating skills.
Also, the revision includes the elaboration of
each existing skill. The formulation of science
process skills according to Wenning (2010)
consists of rudimentary skills, basic skills,
intermediate skills, integrated skills, culmi-
nating skills, and advanced skills. Rudimentary
skills are skills of observing, formulating con-
cepts, estimating, drawing conclusions, com-
municating results, and classifying results.
Moreover, basic skills include predicting, ex-
plaining, estimating, acquiring and processing
data, formulating and revising scientific ex-
planations using logic and evidence, recog-
nizing and analyzing alterative explanations
and models. Meanwhile, intermediate skills
comprise measuring, collecting and recording
data, constructing a table of data, designing
and conducting scientific investigations, using
technology and math during investigations,
and describing relationships.

The second aspect is integrated skills
which include measuring metrically, establish-
ing empirical laws on the basis of evidence
and logic, designing and conducting scientific
investigations, using technology and math du-
ring investigations. Furthermore, culminating
skills comprise collecting, assessing, and inter-
preting data from a variety of sources, con-
structing logical arguments based on scientific
evidence, making and defending evidence-
based decisions and judgments, clarifying
values in relation to natural and civil rights,
and practicing interpersonal skills. Advanced
skills are skills of synthesizing complex hypo-
thetical explanations, analyzing and evaluating
scientific arguments, generating predictions
through the process of deduction, revising
hypotheses and predictions in light of new
evidence, and solving complex real-world
problems.

Creativity and Divergent Thinking

Solving problems to find new products
through scientific method is a process of in-
quiry. According to Mayer (1980), all science
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is inquiry. Biology is one kind of science.
Biologists try to answer questions about living
things.

Finding new products is a creative
work. Creative thinking belongs to the high
cognitive level in Bloom's taxonomy referring
to Anderson, Krathwohl, and Bloom (2001)
and Dettmer (2005). This tells that creativity
can be taught to elementary school students.
Meanwhile, Miller (2008) states that some-
thing that is not duplicated/imitated is cate-
gorized as creative.

In addition, Rule, Schneider, Tallakson,
and Highnam (2012) who have quoted several
sources state that elementary and middle
school students who are high-achieving in
science and who exhibit creativity are often
not challenged or given the opportunity to
fully utilize their abilities in regular class-
rooms. Many gifted students drop out be-
cause school is boring, repetitious, and lacks
relevance to real life. They expect more excit-
ing and challenging learning processes. Unfor-
tunately, many classroom teachers lack suffi-
cient background knowledge to design stimu-
lating, advanced science projects for these
students; some avoid science altogether.

In reference to Csikszentmihalyi’s mod-
el of creativity (Peppler & Solomou, 2011),
individuals build on culturally valued practices
and design to produce new variations of the
domain, which, if deemed valuable by the
community (i.e. the field), becomes part of
what constitutes the evolving domain. Each
component of the system continues to in-
fluence one another over time.

The rethinking of design for knowledge
sharing is an important part of creating new
work processes and has to evolve hand in
hand with space planning (Mitchell, Inouye, &
Blumenthal, 2003). Hadzigeorgiou, Fokialis,
and Kabouropoulou (2012) cited the opinion
of Barrow (2010) that the inquiry in science
will be able to develop students’ creativity if
there is an imaginative and divergent thinking
process.

Measuring Creativity and Divergent Thinking
Skills

Students’ mastery of creativity should
be measured. According to Kelly (2004), the
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existing research on creativity aims at mea-
suring the divergent thinking as proposed by
Torrance and creative personality developed
by Gough. There is only little research which
measures creativity as a multidimensional phe-
nomena using self report scales which are
valid and easy to administer.

The main problem in measuring creativ-
ity is ensuring what is measured is really crea-
tivity and is not affected by the measurement
of intelligence (Cramond, 1994). Many studies
regarding the strategies to measure creative
thinking ability are compiled by Kind and
Kind (2007). A detailed explanation about
creativity tests which include a test to measure
divergent thinking process is presented by
Cropley (2000). Viewed from how to measure
creativity, there are many ways and aspects
that are measured. For instance, one of the
strategies to measure the ability of divergent
thinking can be classified based on the con-
tent and the products as reported by Meeker
(1969).

Olivant (2009) says that according to
Guilford (1950), creativity could and should
be studied in non-eminent, ‘everyday’ people
using psychometrics such as divergent think-
ing tasks (or paper and pencil tasks) to mea-
sure creative thinking. Torrance's Tests of
Creative Thinking was created by Torrance
(1979), and they are probably the best-known
and most widely used creativity psychometric
instruments. Sternberg and Lubart (1999) in
Torrance (1979) state that many researchers
viewed the tests as trivial and inadequate mea-
sures, while others charged that the tests,
while possibly measuring aspects of creativity,
failed to capture their essence.

The context dependency of creativity
among students has been elaborated by
Diakidoy & Constantinou in 2000-2001 (Kind
& Kind, 2007) by getting as many responses
as possible from three open ended assignment
forms and scored based on divergent thinking
skills of Guilford, namely: (a) fluency, i.e. the
considerations in a given solution, (b) flexibil-
ity, i.e different types of solutions.

The science process skill measurement
on different thinking aspects in siology sub-
ject of senior high school students in DIY
and Central Java was performed by Subali
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(2009). In this case, the standardization of
instrument utilized Item Response Theory or
the IRT approach. This approach creates a
calibration that puts learners’ ability and item
difficulty on the same scale. Therefore, they
can be compared. The results show that the
average score of creativity ability is much
lower than the item difficulty index of the
item to measure creativity.

Subali (2011) also measured high school
students’ creativity in the science process
skills in biology subjects. The results are also
relatively low. Subali and Mariyam (2013)
have conducted a research concerning the
development of science process skill creativity
related to the aspects of life on science sub-
jects that has been done by elementary school
teachers. Most of the teachers stated that cre-
ativity had been taught to students in science
subjects. However, the student’s mastery on
creativity has not been studied. Therefore, the
creativity mastery of elementary school stu-
dents on life aspects viewed from divergent
thinking skills need to be investigated.

This research aimed at measuring the
students’ creativity in science process skills of
life aspects viewed from divergent thinking
patterns consisting of two aspects namely
basic and process skills. The basic skill aspects
have been published in the Journal of Asia-
Pacific Forum on Science Learning and
Teaching, Volume 17, Issue 1, Article 2 (Jun.,
2016) (Subali, Paidi, & Mariyam, 2016).

The research aimed to map the cre-
ativity in science process skills (SPS) of life
aspects of elementary school students in
sciences subjects viewed from the divergent
thinking pattern using written tests skills of
which test items are fitted based on Partial

Credit Model (PCM).

Method

The research was conducted for three
years and consisted of three stages. The first
stage is divided into two phases. In the first
phase, the blue print of Science Process Skills
(SPS) is developed. The blue print of SPS is
formulated based on SPS blue prints pro-
duced by the research conducted by Subali
(2009) used for measuring divergent thinking
ability of SPS in biology subjects for senior

high school students. In addition, the blue
print is developed referring to several sources
such as Rezba et al. (2007), Bryce et al. (1990),
and Cox (1958). The SPS aspects include (a)
basic skills and (b) process skills. This is con-
sidered as the difficulty to teach investigative
skills to students of grades IV and V.

On the second phase, based on the blue
print of SPS, creativity tests for SPS consist-
ing of 63 items are developed. All items were
judged by experts consisting of three lecturers
--- all holding doctoral degrees --- of Biology
Education Department. Using the divergent
scoring model of Diakidoy and Constantinou
(Kind & Kind, 2007), the items were tested to
637 students of grades V and VI. The report
of the instruments in this research were vali-
dated using the IRT approach in 2015 and
was published in Journal of Elementary Education
(JEE) Vol.25, No. 1 pp. 91-105 by Subali and
Mariyam (2015). Based on the IRT approach,
an item is declared to be able to measure the
ability if it is fitted with the the model, in this
case 1-PL (Rasch model). If all items are fitted
with the model, the instruments can also be
declared as valid (Wright & Masters, 1982).
The testing of fitted items on Rasch Model
was carried out using the Quest program
(Adams & Khoo, 1993). On the third phase,
the instrument was administered in large scale
from elementary schools in Regional Techni-
cal Implementation Unit (RTIU) in DIY
(Yogyakarta Special Province). The sample
was established by using the purposive sam-
pling technique by considering the charac-
teristics of RTIU and school achievement
through national examination. The sample
testees were taken from 10 RTIUs in five
regencies/cities in DIY. Two RTIUs from
each regency/city were selected purposively.
One of the RTIUs was located in the national
capital and another was located far from the
national capital, except for the RTIU in the
city of Yogyakarta because both were in the
city center. Moreover, two private elementary
schools and four public elementary schools
from each RTIU were selected. The test par-
ticipants included students of grades 1V, V,
and VI. There were 2,563 testees of grade IV,
2,085 testees of grade V, and 2,619 from
grade VL.
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Findings and Discussion

Findings

After the instrument was administrated
to elementary school students of grades IV,
V, and VI, the findings of the research are
presented as follows. Table 1 shows that there
is a reasonable increase of scores performed
by elementary school students of grades IV to
VI. This means that the higher the grade level,
the greater the creativity score in Science
Process Skill on life aspects mastered by the
students will be. Compared to the fact that
the total score which was achieved by grade 6
was 40 with the average score of 20, it can be
said that the achievement of the average score
of 18.5 with the minimum score of 0 and
maximum score of 38 is still relatively low,
seen from the aspect of competence mastery.
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Table 2 shows that the highest ranking
of the creativity scores of divergent thinking
model on Science Process Skills aspects of the
fourth grade students in the five regencies/
cities is achieved by Sleman Regency. The
score is higher than Yogyakarta City score as
its capital. Meanwhile, the lowest score is a-
chieved by Kulonprogo Regency. This indi-
cates that the test results are not related to the
characteristics of city or non-city regions.

Table 3 shows that the highest score of
creativity in Science Process Skill on life as-
pects of the fifth grade elementary school stu-
dents in five regencies/cities is achieved by
the city of Yogyakarta, and the lowest score is
Bantul Regency. This situation is different
from that in the fourth grade.

Table 1. Creativity scores based on divergent thinking model of science process skill on life
aspects in Natural Sciences subjects based on grades in DIY province.

s N v S scor‘;\/lin Max Total
Grade IV 2563 12.8 6.7 0 37 40
Grade V 2685 15.3 6.5 0 36 40
Grade VI 2619 18.5 6.4 0 38 40

Table 2. Creativity scores based on divergent thinking model of science process skill on life
aspects in Natural Sciences subjects of the fourth grade students based on types of locations in

DIY province
Grade IV N Score
y Min Max Total
Yogyakarta 553 12,6 7.3 0 36 40
Bantul 593 12,6 6.7 0 37 40
Sleman 605 14.0 6.5 0 33 40
Kulonprogo 380 11.4 6.0 0 29 40
Gunungkidul 432 12,9 6.7 0 31 40

Table 3. Creativity scores based on divergent thinking model of science process skill on life
aspects in Natural Sciences subjects of the fifth grade students based on types of locations in

DIY province
Grade V N Score
v S Min Max Total
Yogyakarta 534 16.9 6.6 0 36 40
Bantul 632 13.5 6.3 0 34 40
Sleman 688 16.4 6.3 1 35 40
Kulonprogo 361 14.2 6.0 0 32 40
Gunungkidul 470 15.2 6.5 0 36 40
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Table 4. Creativity scores based on divergent thinking model of science process skill on life
aspects in Natural Sciences subjects of the sixth grade students based on types of locations in

DIY province
Grade VI N Score
y S Min Max Total
Yogyakarta 571 18.72 590 0 36 40
Bantul 603 17.58 6.19 0 33 40
Sleman 620 19.49 7.02 0 38 40
Kulonprogo 335 18.15 6.04 2 34 40
Gunungkidul 490 18.10 622 0 34 40

Table 5. The mean scores and standard deviation of science process skills creativity on life
aspects in Natural Sciences subject based on the types of RTIUs of the fourth grade students in

DIY province
Grade IV N Score
ade y S Min Max Total
Yogyakarta
East Yogyakarta 134 23.2 17.5 0 88 120
West Yogyakarta 419 34.5 18.8 0 88 120
Bantul
Bantul Selatan 140 37.0 20.1 100 120
Banguntapan 240 33.4 18.3 0 84 120
Piyungan 213 25.6 14.9 0 65 120
Sleman
Sleman 182 37.7 18.3 5 84 120
Kalasan 256 34.8 16.7 0 86 120
Ngemplak 167 32.7 16.7 2 88 120
Kulonprogo
Pengasih 105 32.2 16.3 73 120
Kalibawang 127 26.5 16.6 0 71 120
Sentolo 148 27.0 14.1 0 70 120
Gunungkidul
Wonosari 196 37.6 171 3 73 120
Panggang 130 24.0 16.8 0 82 120
Purwosari 106 32.9 15.5 0 71 120

Table 4 shows that the highest score of
Science Process Skills creativity of life aspects
of the sixth grade students in five regencies/
cities is achieved by Sleman Regency, and the
lowest is achieved by Kulon Progo Regency.

The followings are the results of the
creativity measurement of Science Process
Skill on life aspects in RTIUs of each regen-
cy/city ranging from grade IV to VL. Table 5
presents the results of measurements on the
fourth grade.

Table 5 shows that the highest score of
Science Process Skills creativity of life aspects
of the fourth grade students in the five regen-
cies/cities is achieved by the RTIU in Sleman

Regency. It is followed by Wonosari RTIU in
Gunungkidul Regency, and South Bantul
RTIU in Bantul Regency. While the low score
that ranks XII is achieved by Piyungan RTIU
in Bantul Regency, rank XIII is achieved by
RTIU Panggang Gunungkidul and rank XIV
is achieved by RTIU of East Yogyakarta. This
may imply that the mastery of Science Process
Skill creativity of life aspects on the fourth
grade students is not dominated by students
of the elementary school located in the capital
of the province.

Table 6 presents the results of measure-
ments of the grade V. It shows that the high-
est score of Science Process Skills creativity of

6 — REID (Research and Evaluation in Education, 3(1), 2017



RE:D (Research and Evaluation in Education)

life aspects of the fifth graders of elementary XII is achieved by Pengasih RTIU in Kulon
school in five regencies/cities in Yogyakarta Progo Regency, rank XIII is achieved by
RTIUs is achieved by the North Yogyakarta. Banguntapan RTIU in Bantul Regency and
Sleman Regency comes second and the third rank XIV is achieved by Piyungan RTIU in
rank is achieved by RTIU of Ngemplak in Bantul Regency.

Sleman Regency. While the low ranks, i.e rank

Table 6. The average scores and creativity standard deviation of science process skill of life
aspects in Natural Sciences subject based on the types of RTIU of gade V students in DIY

Score

Sz ) y S Min Max Total
Yogyakarta
East Yogyakarta 122 35.8 18.4 0 88 120
West Yogyakarta 412 45.5 17.4 0 98 120
Bantul
Bantul Selatan 135 40.3 18.0 4 89 120
Banguntapan 250 33.1 17.3 0 86 120
Piyungan 247 31.3 15.4 1 72 120
Sleman
Sleman 180 42.9 17.3 7 87 120
Kalasan 297 40.4 18.0 3 93 120
Ngemplak 211 41.6 17.0 6 94 120
Kulonprogo
Pengasih 111 34.2 14.6 0 69 120
Kalibawang 117 354 19.9 0 86 120
Sentolo 133 36,0 12.9 10 81 120
Gunungkidul
Wonosari 227 40.9 16.8 3 89 120
Panggang 131 34.5 16.3 0 78 120
Purwosari 112 37.3 20.3 0 99 120

Table 7. The average scores and creativity standard deviation of science process skill of life
aspects in Natural Sciences subject based on the types of RTIU of grade VI students in DIY

Score

Grade VI N v S Min _ Max _ Total
Yogyakarta
East Yogyakarta 149 43.1 15.8 8 84 120
West Yogyakarta 422 48.7 16.2 0 98 120
Bantul
Bantul Selatan 127 47.2 17.8 10 93 120
Banguntapan 256 43.6 18.7 0 86 120
Piyungan 220 437 14.4 9 78 120
Sleman
Sleman 162 53.6 21.9 10 101 120
Kalasan 277 47.3 19.4 3 108 120
Ngemplak 181 49.4 18.2 0 103 120
Kulonprogo
Pengasih 102 40.5 15.4 11 75 120
Kalibawang 102 52.5 17.1 16 92 120
Sentolo 131 44.2 15.4 4 84 120
Gunungkidul
Wonosari 207 49.4 16.2 4 88 120
Panggang 138 43.6 18.2 0 90 120
Purwosatri 145 41.9 15.9 3 85 120
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The results of the measurements on
grade VI is presented in Table 7 which shows
that the highest score of Science Process
Skills creativity of life aspects of the sixth
grade of elementary school students in five
regencies/cities in Yogyakarta RTIUs is a-
chieved by Sleman RTIU in Sleman Regency,
rank II by Kalibawang RTIU in Kulon Progo
Regency, and rank III by Wonosari RTIU in
Gunung Kidul Regency. While the low ranks,
i.e. rank XII is achieved by East Yogyakarta,
rank XIII is achieved by Purwosari RTIU in
Gunungkidul Regency and rank XIV is a-
chieved by Pengasih RTIU of Kulon Progo
Regency.

Discussion

The results of the research show that
the average creativity ability of SPS on life
aspects of the elementary school students of
grades IV, V, dan VI in 14 RTIUs is low. On
the contrary, based on the research conducted
by Subali and Mariyam (2013), most teachers
said that they had taught creativity to the stu-
dents. This is probably because the teachers
do not know well how to develop student’s
creativity. According to Dettmer (2005, pp.
70-78), creativity learning ideally must use an
applied learning and an ideational learning
model. In addition, teachers could encourage
the students to be creative by giving examples
on how to (a) substitute/treplace, (b) combine,
(c) adapt, (d) modify, add, () put something
for another use, (f) eliminate or reduce and
(g) reconstruct or reverse (Michalko, 2000).

Another reason is that the target of the
teaching focuses on concept understanding.
Therefore, creativity is not the main teaching
target. Whereas, according to Burke-Adams
(2007), it is very important to consider the
learning needs of talented students in integrat-
ing creativity into a standard-based system.

Teachers are not aware that the goal
of creativity development in natural sciences
teaching is to direct the students to perform
opened-discovery or inquiry or do the rele-
vant tasks. Meanwhile, teachers are supposed
to develop student’s thinking in order that
they can perform logical thinking creatively
(Kind & Kind, 2007, pp. 1-37). Teachers con-

centrate more on developing students in order
that they can understand the concept and
automatically develop their convergent think-
ing skills. Teachers will rarely give questions
with divergent answers (Croom & Stair,
2005).

The teacher’s worry regarding not to
teach creativity to low academic potential stu-
dents may not happen. The research findings
of Ferrando, Prieto, Ferrandiz, and Sanchez
(2005) tell that smart students are not always
creative. Moreover, Cromie (2003) says that
not all studies tell a correlation between stu-
dents’ 1Q and creativity. In addition, Rawat,
Qazi, and Hamid (2012) state that the devel-
opment of creativity is closely linked to the
development of skills to form a correspond-
ing consideration in different situations. With
regard to this, teachers should develop stu-
dents’ creativity as early as possible.

The findings indicate that there are
two possibilities why elementary schools lo-
cated in a big city are not always showing the
highest scores. The first possibility is that the
children are not potential. Thus, although the
teachers develop creativity, the result may not
be optimal. The second possibility is that chil-
dren are assessed by their parents to be po-
tentials so that they ask their children to go to
elementary schools that are good based on the
society assesment. For example, Ungaran,
Serayu, and Muhammadiyah Sapen Elementa-
ry Schools. However, the score of RTIU in
North Yogyakarta is not always the highest.
Elementary schools in the area of RTIU
Sleman are partially assessed by local people
to be good schools and rank top. However,
elementary schools in Kalibawang RTIU for
grade VI rank second out of 14 RTIUs even-
though Kalibawang RTIU is located in the
remote areas. Therefore, it seems that the
teacher's role in developing the creativity of
learners may not be optimal. Moreover, stu-
dents in the sixth grade of elementary schools
at cities probably more focus on the achieve-
ment of the high score national achievement
in order to be received at junior high schools
that are assessed good by the community
based on the achievement on national exami-
nation.
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Conclusion and Suggestions

Based on the findings of the research, it
can be concluded that a measuring instrument
for Science Process Skills creativity of life
aspects produced and tested in 2015 is rela-
tively low. Recommendations are necessary to
improve the ability of teachers in teaching
Science Process Skill creativity of life aspects
to students. The findings indicate that ele-
mentary schools located in remote areas
RTIU may achieve high score probably be-
cause elementary school teachers in the city
are more focusing on developing students to
reach a high score of UN. It is worth ex-
ploring further using eksposfacto retrospec-
tive approach.
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