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Abstract

Environmental pollution is a problem that often occurs in the environment where we live, and requires the
ability to think creatively to be able to solve it. The ability to think creatively in solving environmental
problems is determined by their knowledge related to ecology. Therefore this study aims to create an
instrument that can measure students' misconceptions (EMis-T) in ecological material and an instrument
that can measure students' creative thinking skills (ECTA-T) in solving environmental problems. The
research was conducted with reference to the Research and Development (R&D) method with the Borg &
Gall (2003) development model which was modified into four development steps, including: (1)
Preliminary study stage; (2) Development stage; (3) validation and trial stage; (4) Application Stage. The
type of instrument developed is in the form of an essay type written test by combining the three tier test
type and certainty response index. The objects that were used as targets for the development of this
instrument were class X senior high school. Based on the results of the analysis it is known that the
product that has been developed has valid criteria, medium high reliable value, no discriminating power
which has a negative value, and questions that have an easy level of difficulty do not dominate, so this
product can be used by educators to measure creative thinking skills and students' misconceptions about
environmental material. The identified level of students' creative thinking ability was dominated by
students in the high category. While the level of students' misconceptions that were identified were
dominated by students in the low category.
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INTRODUCTION

In the 21st century knowledge and
technology are growing rapidly in life, so that
everyone is required to have various skills in
order to be able to compete with others
(Suryadi, 2002). Some of these skills include
creativity, critical thinking, collaboration, and
communication (Bialik, 2015). Creativity is
one of the four skills that are needed by a
nation (Susanto, 2011). The Indonesian
education system needs to make efforts to
support the development of the skills of its
citizens, especially the ability to think
creatively. Efforts to develop creative thinking
skills can be carried out if these skills can be
identified (Talango, 2018). An evaluation
instrument is needed that can measure the level
of student development either before or after
learning (Talango, 2018). The ability to think
creatively can be measured using instruments
specifically intended to measure the ability to
think creatively by oriented to the aspects in it.
Aspects of the ability to think creatively
include generating a large number of ideas in
response to open questions, changing the
direction of one's thinking or changing one's
point of view, generating new ideas that are
unusual or statistically rare, and adding details
or expanding ideas (Trefingger, 2012).

The ability to think creatively is
included in the ability to think at a higher
level, as well as critical thinking (Nofiana, et
al., 2014). Kartimi has developed a critical
thinking measuring instrument on
thermochemical material in the form of multi-
tier multiple choice questions where the results
show that the measuring instrument is able to
distinguish students' critical thinking skills
(Kartimi, 2012). Referring to the development
of the form of the instrument, an instrument
was developed in the form of multi-tier
questions to measure students' creative
thinking abilities. Multi-tier questions were
chosen because they can find out how students
think in answering questions or solving
problems (Rosyana, 2019).

Multi-tier test instruments have been
developed such as the Two-Tier Test and the
Three-Tier Test. Bayrak developed a Two-Tier
Test to find out understanding of concepts and
misconceptions in acid-base material (Bayrak,
2013). Eryilmaz and Pesman developed a
Three-Tier Test to find out students'

misconceptions (Pesman & Eryilmaz, 2010).
The Three-Tier Test instrument developed into
a test instrument that can be combined with the
type of certainty response index (Ahmad &
Indana, 2018), which is a question to find out
the quality of the response given by students
who are being detected (Ibrahim, 2019).
Referring to some of these studies, a
development of the FECTA-T (Electronic
Creative Thinking Ability Test) was carried
out with a combination of the Three-Tier
method and the Certainty Response Index on
environmental change material.

Based on the results of research
conducted by Ahmad and Indana, the test
instrument with a combination of the Three-
Tier Test and the Certainty Response Index
can be wused to measure students'
misconceptions about the animal kingdom
material (Ahmad & Indana, 2018). Referring
to this research, the FEMis-T (Electronic
Misconception Test) was also developed with
a combination of the Three-tier method and the
Certainty response index on other material,
namely ecological material. Misconceptions
can occur in various disciplines, one of which
is in the field of science (Gurel et al., 2015).
Ecology material is included in the field of
science where misconceptions often occur
during the learning process (Stamp, 2018).
Several studies have shown that students do
not understand the complexity of ecological
material (D'Avanzo, 2003; Grumbine, 2012).
Focusing research on the wvariable of
misconceptions about ecological material is
necessary because by understanding ecological
material students can increase their resistance
to addressing environmental problems (Stamp,
2018).

Environmental problems such as
drought, floods, forest fires, pollution, a hole in
the ozone layer, and a series of other
environmental problems that are happening
today need to find solutions to handle them
(Munggoro & Armansyah, 2007). Solutions
related to environmental problems can be
obtained through authentic ideas resulting from
creative thinking. This is in line with the
opinion expressed by Meitiyani, Nadhiro, and
Ali Syaban, that creative thinking is one of the
abilities needed to produce various kinds of
authentic and new ideas in overcoming
environmental problems (Meitiyani, 2019).
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METODE

This research was conducted referring to
the Research and Development (R&D) method
with the Borg & Gall (2003) development
model which was modified into four
development steps, including: (1) Preliminary
study stage; (2) Development stage; (3)
validation and trial stage; (4) Application
Stage. Data collection techniques in this study
were questionnaires and tests. The type of data
consists of qualitative and quantitative data.
Qualitative data were obtained from validity

tests by experts, and quantitative data were
obtained from item analysis in the form of
reliability, discriminating power, and the level
of difficulty of the questions, as well as an
analysis of the level of misconceptions and
creative thinking abilities of students in
environmental material.

The validity test was carried out on 4
experts and then the scores obtained were
calculated for the percentage and categorized
according to the table of wvalidity criteria
proposed by Ratumanan & Laurens (2006)
(Table 1).

P=£x100%

Explanation :

P = Product eligibility percentage
f=Total score of the average aspect of the assessment

n = Total maximum score of the assessment aspect

Table 1. Validation Category

Interval Category Criteria

1,75>x>1,00 Invalid
2,50>x>1,75 Less Valid
3,25>x>2,50 Valid

4,00 >x>3,25 Very Valid

Source: Ratumanan & Laurens (2006)

The trial was carried out on students were class XI senior high school. 30 students in the first
trial, and 60 students in the second trial. The scores obtained by students on the EMis-T which were
developed to identify misconceptions were categorized according to the table of criteria proposed by
Arslan, et al. (2012), and scoring scores that refer to the criteria put forward by Firman (2015) (Table
2). Meanwhile, students' responses to the ECTA-T which was developed to measure creative thinking
skills were given a score adjusted to the criteria table put forward by Treffinger (2002) and Hasan, et

al. (1999) (Table 3).

Table 2. Possible student responses to the misconception instrument

First tier Second tier Third tier Categories Score
Correct Correct Certain Scientific knowledge 1
Correct Incorrect Certain Misconception 0

Incorrect Correct Certain Misconception 0

Incorrect Incorrect Certain Misconception 0
Correct Correct Uncertain Lack of confidence 0
Correct Incorrect Uncertain Lack of knowledge 0

Incorrect Correct Uncertain Lack of knowledge 0

Incorrect Incorrect Uncertain Lack of knowledge 0

Source :Arslan, dkk. (2012) & Firman (2015)
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Table 3. Possible student responses to the creative thinking ability instrument

Score

Criteria

If the answers to questions on tier 1-2 contain all aspects of creative thinking
4 (fluency, flexibility, originality, dan elaboration) and responses to tier 3 questions
are included in the "Sure" category

If the answers to questions at tier 1-2 contain 3 aspects of creative thinking, and the

responses to questions at tier 3 are in the "Sure" category

If the answers to questions at tier 1-2 contain 1 aspects of creative thinking, and the

responses to questions at level 3 are in the "Sure" category

If the answers to questions at tier 1-2 contain 1 aspects of creative thinking, and the

responses to questions at level 3 are in the "Sure" category

If you don't answer questions at tier 1-2 or the response at tier 3 is in the "Not Sure"
category

Source : Treffinger (2002) & Hasan, dkk. (1999)

At tier 3 questions included in the question type CRI (Certainty of response index) were used to
determine the category of students' beliefs in answering questions (Hasan et al., 1999) (Table 4).

Table 4. The category of student response confidence uses CRI

Score Categori Confidence

0 Definitely a guess Not Sure

1 Almost guessed Not Sure

2 Guessing but there are elements to consider Not Sure
Answered with a lot of thought, but there is still

3 Sure
an element of guesswork

4 Answer with confidence Sure

5 Answer with absolute confidence Sure

Source : Hasan, dkk. (1999)

After all students' answers were given a score, an analysis of the items was carried out which included
tests of reliability, discriminating power, and level of difficulty. The EMis-T instrument was tested for
reliability with KR20 using the Microsoft Excel program.

KR —20 = (ni 1) (5,2 ;lzzpq)

Explanation :

n = Number of questions

p = The proportion of correct answers on a particular item
q = The proportion of wrong answers on a particular item
St?> = Total score variance

Whereas the ECTA-T instrument was tested for Cronbach's alpha reliability using the SPSS version 22
program. The reliability test was carried out by referring to the category table proposed by Herlanti

(2012) (Table 5).

Table 5. Instrument Reliability Criteria
Reliability Coefficient Reliability Level
0,00 — 0,20 Very Low
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0,21 - 0,40 Low

0,41 -0,70 Medium
0,71 -0,90 High
0,91 -1,00 Very High

Source : Herlanti (2012)

Test the level of difficulty of each item is calculated using the following formula:

Difficullty Level = —n

Score Max

Then the results of these calculations are interpreted using the criteria for the difficulty level
of the items proposed by Sofyan, et al. (2006) (Table 6).

Table 6. Difficulty Level Criteria

Difficulty index Interpretation
0,00 - 0,25 Hard
0,26 — 0,75 Medium
0,76 — 1,00 Easy

Source : Sofyan, dkk. (2006)

The discrimination test is known by calculating the difference between average of the upper group
students and average of the lower group students, divided by the ideal maximum score.

%4—%B  The Discrimination =
SMI
Explanation :
XA = Average upper group students
XB = Average lower group students
SMI  =Ideal maximum score

The discrimination coefficient of the calculation is interpreted using the criteria put forward by
Arikunto (2012) (Table 7).

Table 7. Criteria for Discriminating Power

Discrimination Value Interpretation
0,00 — 0,20 Bad
0,21 - 0,40 Moderate
0,41 -0,70 Good
0,71 - 1,00 Very Good
Negatif Very Bad

Source : Arikunto (2012)

Furthermore, an analysis of the level of misconceptions and students' creative thinking abilities
was carried out by first calculating the percentage of scores obtained and then categorizing them
according to the criteria table adopted from Suharsimi Arikunto's book (2009) with modifications as
necessary (Table 8).

P=£x100%
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Explanation :

P = Percentage of students' creative thinking skills/misconceptions
f = Average score

n = Maximum Score

Table 8. Criteria for Level of Creative Thinking Ability/Student's Misconceptions

Answers Percentage CTA Category Misconception Category
81-100 Very High Very Low
61 —80 High Low
41 - 60 Medium Medium
21-40 Low High
00-20 Very Low Very High

Source : Arikunto (2009)

RESULT AND DISCUSSION

The purpose of this research and development is to produce a product in the form of an
evaluation instrument by combining the three-tier method and certainty response index to measure
students' creative thinking abilities and misconceptions about environmental material. The
development of the test instrument is carried out through a series of stages starting from the
preliminary study stage, the development stage, the validation and trial stages, and the application
stage.

The preliminary study stage is the initial stage in the development activities carried out aiming
to find out the problems that are happening in the field. Then narrowed it down to a particular area.
Preliminary studies are carried out in two ways, namely literature studies and field studies. Based on
the results of the literature study it is known that the ability to think creatively is the main skill needed
by Indonesian people in this century and is very important for solving environmental problems. In
addition, it is also known that misconceptions are the main component that needs to be considered in
the learning process, especially in ecological material, because understanding ecological material can
increase resistance to addressing environmental problems (Stamp, 2018). It is also known that multi-
tier questions can find out how the thinking process of students is in answering questions or solving
problems.

Based on the results of field studies, it is known that there are still many teachers who have not
developed a special tiered evaluation instrument to determine the level of students' creative thinking
abilities in learning. Multi-tier questions are often made only as a measuring tool to determine
students' cognitive abilities in achieving basic knowledge competence mastery. In addition, efforts to
find out misconceptions with special instruments have also received little attention.

At this stage an analysis of environmental material is also carried out in accordance with the
basic competencies determined by the Indonesian education curriculum for high school level. This
analysis was carried out with the aim of being able to design problem indicators on the instrument by
integrating indicators of creative thinking ability and indicators of measurement of misconceptions
without leaving the material components set by the curriculum for the high school level.

The second stage is the development stage. At this stage it begins with compiling an initial draft,
namely in the form of a grid arranged based on what competencies must be assessed. There are two
types of instruments developed, namely the misconception instrument (Figure 1) and the instrument
for creative thinking skills (Figure 2).
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Figure 1. (a), (b), (c), (d), (e), (f), (g) Appearance EMis-T (Electronic Misconception Test)
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Figure 2. (a), (b), (c), (d), (e), (f), (g) Appearance ECTA-T (Electronic Creative Thinking
Ability Test)

The type of instrument developed is in the form of an essay type written test by combining the
three tier test type and certainty response. The E-Test consists of 3 tier of questions, the first is the
presentation of first-tier questions that require students to be able to identify the questions presented,
then analyze and draw conclusions by choosing one of the answers that have been presented. Second,
students are presented with second-tier questions which are a continuation of first-tier questions. In
this second tier question students are asked to provide reasons for the answers given to the questions in
the first tier. Third, students are presented with questions that ask them to determine their level of
confidence in answering tier 1 and 2 questions according to the scale presented on the instrument
sheet. Scale (1) means students answer by guessing; Scale (2) students answer by guessing but there
are elements that are considered; scale (3) means students answer with a lot of consideration, but there
is still an element of guessing; Scale (4) means that students answer confidently correctly; Scale (5)
means that students answer very confidently correctly. The assessment indicators used in the
instrument are not only based on the competency indicators of the material being taught, but are also
linked to aspects of creative thinking ability.

Assessment instruments can be said to have good quality if they meet the requirements listed in
Permendiknas Number 20 of 2007 concerning Assessment Standards. So to find out whether the
assessment instrument meets the requirements or not, two events are carried out, namely the analysis
of questions theoretically and empirically (Sukiman, 2012). The theoretical method is carried out
through validity testing on several experts and the empirical method is carried out by means of trials
on student. Based on the validation test in terms of material, it was found that the developed ECTA-T
and EMis-T media were in the "valid" category with a value of 3.25 for ECTA-T media, and 2.87 for
EMis-T media (Table 9).

Table 9. ECTA-T Validation Test Results by Media Experts

Assessment of instrument items ECTA-T EMis-T

Proportional layout of text and images 3,5 3
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Selection of the appropriate background 3 3
Correct color proportions 4 4
Choose the appropriate font size 3 3
Backsound appropriate / not disturbing 3 3
Interesting pictures/animations 3 3
The images presented are in accordance with the material 4 3
Attractive navigator shape 3 3
Consistent navigator display 3 3
Ease of use of the program 3,5 3
Button reaction accuracy 3,5 3
Speed button function 2,5 2
Average 3,2 3

While the results of media validation that has been carried out show that the two media that
have been developed are in the "valid" category with a value of 3.2 for ECTA-T media, and 3.01 for
EMis-T media (Table 10). Based on the trials, it was found that the ECTA-T and EMis-T had medium-
high reliability values, no discriminating power had a negative value, and questions with easy

difficulty did not dominate (Table 11).

Table 10. ECTA-T Validation Test Results by Material Experts

Assessment of instrument items

ECTA-T  EMis-T

Components of questions in accordance with KD 3 3
The components of the questions correspond to the learning indicators 3 3
Instruments represent each learning indicator 3 3
Instrument items can measure misconception skills 3 3
The presentation of the items is written systematically 3 3
The instrument was made according to the conditions of high school 3 3
students
Instruments are presented in a clear and easy to understand manner 3 3
The information presented in each item is very accurate 3 3
The use of language is in accordance with the level of maturity of 4 2
students
Use of communicative language 3 3
Use of clear and understandable language 3 2
Use of the EYD (Enhanced Spelling) rule for each item 4 3
Average 3 3
Table 11. Analysis of Instrument Trial Results
Question Number 1 2 3 4 5 6
. 0,72 0,77 0,72 0,77 0,67 0,75
ECTA- Difficulty level Medium Easy Medium Easy Medium Medium
T Discriminating 0,35 0,15 0,25 0,25 0,35 0,3
First power Moderat Bad Moderat Moderat Moderat Moderat
Trial Difficulty level 0,12 0,10 0,10 0,10 0,10 0,11
EMis- Hard Hard Hard Hard Hard Hard
T Discriminating 0,25 0,20 0,20 0,20 0,20 0,22
power Bad Bad Bad Bad Bad Moderate
Difculy level 000 060 D6l Dot 051066
Second ECTA- Medium Medium Medium Medium Medium Medium
Trial T Discriminating 0,35 0,50 0,41 0,47 0,22 0,47
power Moderat  Good Good Good  Moderat Good
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0,11 0,12 0,11 0,11 0,12 0,11

EMis- Difficulty level Hard Hard Hard Hard Hard Hard
T Discriminating 0,22 0,25 0,22 0,22 0,25 0,22
power Moderat Moderat Moderat Moderat Moderat Moderat

Then the last stage, namely the application stage. At this stage the instruments that have met the
requirements listed in Permendiknas Number 20 of 2007 concerning Assessment Standards, include
having valid criteria, medium-high reliable values, no discriminating power which has a negative
value, questions that have an easy difficulty level do not dominate, then these questions can be used by
educators to measure creative thinking skills and students' misconceptions about environmental
material. Here I apply the instruments that have been developed to class X students senior high school.

Based on the measurement results, it is known that class have high creative thinking skills in
solving various kinds of environmental problems (Figure 3), and it is also known that students'
misconceptions in understanding ecological material are included in the low category (Figure 4). This
proves that students' ability to think creatively in solving various kinds of environmental problems is
inversely proportional to the level of misconceptions in understanding ecological material. The higher
students' misconceptions in understanding ecological material, the lower students' creative thinking
abilities. Vice versa, the lower students' misconceptions in understanding ecological material, the
lower the level of students' creative thinking skills in solving various kinds of environmental
problems.

Hlow M Medium ™ High

Figure 3. Creative Thinking Ability Percentase

B low M Medium M High

Figure 4. Misconception Percentase

The results of this study are in et al. (2014) that one's understanding of
accordance with those presented by Lewinsohn ecology contributes to one's ability to solve
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environmental problems. Sucia, A.H. et al.
(2018) in his research entitled "The Influence
of Learning and Ecoliteracy Models on
Students' Environmental Problem Solving
Ability", the researcher said that a person's
knowledge related to ecology has an important
role in improving environmental problem
solving. The results of this study are also in
accordance with those described by Lenny, P.
et al. (2020) in his research journal entitled
"Relationship between Ecological Literacy and
the Ability to Solve Environmental Problems
at the Adiwiyata School in Tangerang City",
the researcher stated that ecological literacy
contributes to the ability to solve
environmental problems due to internal factors
that exist within students such as their
knowledge. Law Number 32 of 2009
concerning Environmental Protection and
Management also explains that the concept of
ecology in a subject can encourage students to
increase awareness of environmental issues
(Purnami, W., Utama, W.G., & Madu, F.J,
2016).

Environmental problems such as water,
soil and air pollution, which often occur in the
environment where students live, need to find
a solution, and creative thinking is one of the
skills needed to deal with this. Creative
thinking is the ability to find original,
aesthetic, and constructive ideas or results
related to concepts where the emphasis is on
aspects of intuitive and rational thinking,
especially in using information and materials
to bring up or explain them with the
perspective of original thinkers (Putri, et al. al.,
2017). Creativity is one of the abilities that can
make a person able to face increasingly
complex problems as changes occur from time
to time (Munandar, 2012).

CONCLUSION

The development of the FECTA-T
(Electronic Creative Thinking Ability Test) and
EMis-T (Electronic Misconception Test) was
carried out by referring to the Research and
Development (R&D) method with the Borg &
Gall (2003) development model which was
modified according to conditions into four
development steps, including namely: (1)
Preliminary study stage; (2) Development
stage; (3) validation and trial stage; (4)
Application Stage. Based on the results of the
analysis it is known that the product that has

been developed has valid criteria, medium-
high reliable value, no discriminating power
which has a negative value, and questions that
have an easy level of difficulty do not
dominate, so this product can be used by
educators to measure creative thinking skills
and students' misconceptions about
environmental material.

The level of students' creative thinking
abilities identified by ECTA-T with a
combination of the three-tier method and the
certainty response index on environmental
material is dominated by students in the high
category. While the level of students'
misconceptions identified by EMis-T with a
combination of the three-tier method and
certainty response index in environmental
material is dominated by students in the low
category. This proves that students with low
misconceptions can have high creative
thinking skills.
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