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Abstract

Education is now more demanding for students to think more at a higher and more complex level. Mind
map also builds creativity because it is more flexible in expressing ideas. The result of need assessment was
the teachers cannot put on equation about creative thinking in test because the input of heterogeneous
students, but they carried out project and practicum assessments, which required relatively much time,
place and equipment. Therefore, the researchers develop instruments for assessing students' creative
thinking skills at the high-school level trough mind map on valid and reliable biology subjects so that
teachers can use them as a more efficient assessment tool. This research employed research and devel-
opment (R&D) method; adapting ADDIE (Analyze, Design, Development, Implementation, and Evalua-
tion) model. Content validity was achieved using the Lawshe method; CVR formula, while the construct
validity was achieved through exploratory factor analysis with the SPSS program and then confirm with
confirmatory factor analysis using Lisrel program. It is found out that the construct validity was proven by
the significant value of MSA and Loading Factor value. Suitability of the construct model with the data
was indicate with p-value= 0.68 (=20.05); Root Mean Square Error Approximation = 0.00 (£0.08); and
Goodness of Fit Index= 0.94 (>0.90). The reliability of the instrument is 0.774, which means reliable. The
assessment instrument of mind map product to assess creative thinking skill of students at the high school
level in biology subjects has ten fit items in four factors; Flexibility, Elaboration, Originality, and Fluency.
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Introduction

Education is now demanding students
to think at a higher and more complex level,
which is a high level of thinking on Bloom's
taxonomy, namely analysis, evaluation, and
creation. The top three levels of Bloom's
taxonomy are called High Order Thinking
Skills (HOTS). It is in line with the general
objectives of 2013 curriculum which is to
prepare Indonesian people to have the ability
to live as individuals and citizens who are
faithful, productive, creative, innovative and
affective and able to contribute to the life of
the wotld, nation, state, and world civilization.

The ability to think creatively becomes
one of high-level thinking (HOTS). Creative
thinking is generally regarded as gathering
information to produce new understandings,
concepts, or ideas (Moore, 2015, p. 380). The
ability to think creatively creates a creative
generation that has the potential to solve
social problems and environmental issues
(Yusnaeni, Corebima, Susilo, & Zubaidah,
2017). Creative thinking will produce fluency,
flexibility, and originality (Buzan, 2011). Flu-
ency in question will show speed in forming
new ideas. Flexibility will indicate a person's
ability to consider ideas and reverse the ideas
that previously existed. Originality will form
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unique ideas. A creative person can think flu-
ently, flexibly, has flexibility of thinking and
originality, and also elaboration (DePorter &
Henarcki, 2010, p. 292).

Learning assessment has an essential
role in generating students' creative thinking
skills because in general, a person's ability will
be seen if there is an assessment activity aim-
ed at assessing that ability. More specifically,
the assessment or assessment process in edu-
cation includes collecting evidence about stu-
dents' learning achievements both through
tests, observations, and also the work of the
students.

Creative thinking is closely related to
the creativity needed in biology learning be-
cause in biology learning, a student not only
learns concepts, laws, principles, and facts but
also learns about knowledge in the form of
work craze, obtaining information on how
science works and thinking skills (Herlina &
Qurbaniah, 2017). Biology is one of the sci-
ence aspects, so biology learning is demanded
to make students have creativity in science
process skill (Putri, Paidi, & Subali, 2016).
Previous research from Putri et al. (2016) also
stated that there was a relationship between
divergent thinking ability of science process
biology aspect of an elementary student,
where divergent thinking ability is one of the
creativity indicators. According to the creative
ability model of Guilford (1950), someone
creative has the characteristics of fluent think-
ing ability, flexible thinking ability (flexibility),
original ability to think (originality) and elabo-
ration ability.

Preliminary research data was obtained
through interviews with four biology teachers
in three different schools, namely Purbalingga
1 State High School, Purbalingga 2 State High
School, and Purbalingga 1 Muhammadiyah
High School. The four stated that they had
not been able to assess students' creative
thinking ability by conducting tests, both daily
tests, and end semester assessments. They
assess the ability to think creatively through
projects and practicum, which are carried out
1-4 times in one semester, and of course,
require a lot of time and equipment.

The results of observations on the grids
and daily repetition questions as well as the

final semester assessment of biology lessons
used by the three schools showed that there
were no questions that measured the ability to
think creatively. Three teachers revealed the
absence of a problem that measures creative
thinking ability because the input of heteroge-
neous students is due, since the enactment of
students admission by using an official letter
stating that a student comes from a finan-
cially-dependent family, in the academic year
of 2017/2018. Further, student admission in
the academic year of 2018/2019 follows the
Regulation of Minister of Education and Cul-
ture, No. 14 of 2018, on Student Admissions,
which states that the zoning system of the
distance between residence and school is the
main criterion. With the existence of these
regulations, the input of the students is in-
creasingly heterogeneous.

From the result of need assessment, it is
known that teacher needs a new way to assess
creative thinking skill. Teachers need an as-
sessment that more efficient; less time and
equipment, and also can assess that heteroge-
neous student.

Mind maps can also be called thinking
maps, which are pattern languages that allow
all learners to have a language of visual-verbal
cognition, to enable a deeper capacity to see,
change, imagine, and improve their thinking
skills (Hyetle, 2012, p. 1). Mind maps can also
be called concept maps. Concept maps are vi-
sual presentations of concept connections and
hierarchical organizations (Santrock, 2014, p.
5). Mind maps can be used as a tool to de-
termine not only what has been studied or
known by someone, but also how someone
thinks about the information. The assessment
using mind maps allows us to know how stu-
dents think in receiving and processing infor-
mation in learning.

Mind map also builds creativity because
it is more flexible in expressing ideas. Present-
ing all relevant or relevant topics in the same
mind map, detailing and connecting them
through images, symbols, and warmth, can
improve memoty, it is easier to understand,
and more effective in time and increase pro-
ductivity (Murley, 2007). Another advantage
of mind maps is that mind maps will provide
a comprehensive view of the subject matter or
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a large area, allowing us to plan routes or
make choices, gather large amounts of data
somewhere, encourage problem-solving by
letting us see the path of creative break-
throughs, and fun to see, read, digest and re-
member (Putri, 2016).

Several previous research concerning
the relationship between mind maps and the
ability to think creatively has been carried out.
A research which is conducted by Sari and
Jarnawi (2008) states that learning through
creative mind maps can improve creativity
and student connections to be better. This
research describes how creative mind map
affects the students’ creativity with pre-test
and post-test control group design. Another
research conducted by Putri (2016) states that
mind maps can be used as an evaluation tool
for students' creative thinking abilities after
learning by mind map concepts in experimen-
tal classes. Other research on mind maps is
carried out by Coban and Tokatlh (2017),
which states that mind mapping techniques
affect a person's creativity, especially in music
lessons. This is experimental research. Three
of those previous researches have not devel-
oped an instrument to measure creative think-
ing skill.

There are also some previous researches
that have developed an instrument to measure
creative thinking skill. Research by Hartati,
Asrial, and Ernawati (2017) develop an instru-
ment to measure students’ creative thinking
skill in chemistry subject; the instrument is a
subjective test instrument. It uses a develop-
ment model proposed by Supardi, Haryanto,
and Suhendri (2014). The construct validity
was not using Exploratory Factor Analysis
(EFA), and the content validity was not using
Lawshe (CVR) either Aiken’s method. Anoth-
er research from Kiristiani, Mayasari, and
Kurniadi (2017) concludes that instrument de-
veloped is a subjective test instrument in the
physics subject. It used a 4-D model. This
research used Lawshe method for content
validity, but it does not use EFA for construct
validity. From the two previous researches
which developed an instrument to measure
creative thinking skill, there were have not
developed a non-test instrument which used
Lawshe method for content validity also EFA
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for construct validity. Whereas, to compile an
instrument, validity of content and construct
based on the existing theory is needed to pro-
duce a truly valid instrument. Both of them
also have not counted the instrument’s esti-
mate of reliability. Therefore, in this research,
EFA was used because the researchers want
to know that the indicators made are included
in the correct factors or latent variables.

Biology is one of the sciences in which,
in its learning process, it needs to be more
than just knowing, but also having to under-
stand. In addition, finding out how students
think in processing information also needs to
be considered.

Mind map explanation is the basis that
with mind maps, students' creative thinking
skills can be assessed. The use of mind maps
is expected to be able to see students' creative
thinking abilities in processing biology learn-
ing material. Trough mind map, teacher can
assess the students’ creative thinking skill.

The previous explanation requires as-
sessment tools that do not need relatively
much time and equipment and can measure
the creative thinking skills of heterogeneous
students. This consideration becomes the ba-
sis of the researchers to develop instruments
to assess students 'creative thinking abilities
through mind maps on valid and reliable
biology subjects so that they can be used by
educators or teachers as a more efficient as-
sessment tool for students' creative thinking
skills.

Thus, the objective of this research are:
(1) to develop an instrument to measure stu-
dent’s creative thinking in biology subject, and
(2) to find out the validity and reliability of the
instrument to measure student’s creative
thinking skill in biology subject.

This research is hoped to be a reference
for a teacher who wants to develop an assess-
ment instrument. The instrument produced in
this research can be used by the teacher to
assess students’ creative thinking skill, espe-
cially in biology subject.

Method

The method used in this study is
research and development (R & D) or better
known as research and development. This
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study develops an instrument for assessing
mind map products to assess students' crea-
tive thinking skills, especially the senior high
school level in biology subjects. The develop-
ment model used in this research is ADDIE
(Analyze, Design, Development, Implementa-
tion, and Evaluation). Random purposive
sampling technique was used to choose the
subjects for trying the instrument. The sam-
ples are three classes of XI grade science
students of Madrasah Aliyah Negeri (MAN) 3
Sleman, Yogyakarta.

The data collected are in the form of
quantitative and qualitative data. Quantitative
data were collected from expert validation
questionnaire for content validity and data
from the result of students’ mind map for
validating the construct validity. Qualitative
data were collected from expert recommenda-
tion during content validity.

The analysis (analyze) stage is a stage
where researchers conduct a need assessment
of products, by conducting interviews with
biology teachers as well as observing the grids
and daily test questions as well as the final
semester assessment. Need assessment results
on assessment instruments for mind map
products to assess students' creative thinking
skills at high school level in biology, namely
instruments needed by biology teachers as a
more practical and effective assessment tool

in addition to project appraisal and practicum
to assess thinking skills creative high school
students in biology subjects. The results of
the elaboration of aspects based on concep-
tual and operational definitions are then made
as statement points, arranged in the instru-
ment lattice. There are 21 statement items
arranged in the initial design of this instru-
ment. Scoring technique used is rating scale; 4
(very good), 3 (good), 2 (enough), and 1 (less).
Each statement has its own assessment cti-
teria, which are outlined in the assessment
rubric.

The design phase is the stage where re-
searchers design products in the form of as-
sessment instruments of mind map product
to assess students' creative thinking skills in
biology subjects. The researchers designed the
format of instrument grids, assessment ru-
brics, assessment sheets, and scoring tech-
niques. Instrument design is formed based on
conceptual and operational definitions. Con-
ceptual and operational definitions also deter-
mine indicators that will be developed into
statement items to measure students' creative
thinking ability through mind maps (Table 1).
Also, at this stage, researchers also plan who
will become the instrument validator (rater),
which will validate the contents of the instru-
ment.

Table 1. Aspects, sub-aspects, and indicators of mind map to assess creative thinking skill

Aspect Sub-aspect

Item Indicator

A.  Originality A.1 Making distinctive characteris-
tics

A.2 Add a symbol combination

B. Fluency B.1 Pour ideas

B.2 Work fast

C. Flexibility C.1 Develop the concept of mate-
rial

C.2 Add a solution to the problem

D. Elaboration D.1 Describe the concept in depth

D.2 Describes concepts with rele-
vant components

D.3 Contact line

D.4 Readability of idea relations

between concepts

A.1.1 Using keywords that are their own characteristics
A.1.2 Drawing patterns that are distinctive

A.2.1 Add symbols or images

A.2.2 Add a color combination

B.1.1 Write down all material concepts

B.1.2 Write down problems in daily life

B.2.1 Pour the concept in a relatively short time
B.2.2 Complete a mind map in a relatively short time

C.1.1 Add personal opinion

C.1.2 Add material references

C.2.1 Write down solutions to problems in everyday
life

D.1.1 Write in detail the concept of matter

D.2.1 Write concepts with relevant components

D.3.1 The line can be read cleatly
D.4.1 The relationship between ideas is easy to under-
stand
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Development is the next stage, in which
the researchers start developing the instru-
ment, as well as conducting content validation
on the instrument. The method used to detet-
mine the content validity of mind-map pro-
duct assessment instruments to assess the
ability to think creatively is the Lawshe meth-
od. Rater or Subject Matter Expert who was
involved in the determination of the content
index of the content for this amounted to
nine people. The formula used to determine
the ratio of content validity ratio (CVR) is as
follows:

(Zme)

CVR = 1 (1
n
Notes:
ne : number of rater which states essence
N : the total number of rater

The range of CVR values is -1.00 to
1.00 so that when CVR> 0.00, an item is de-
clared valid because more than half (> 50%)
rater or Subject Matter Expert states that the
item is essential (Azwar, 2012, p. 114). Data
regarding item eligibility through content val-
idation, obtained by validation sheet. Instru-
ments that have been validated in the content
are revised, so they are ready to be tested in
the field. Implementation of the instrument
(implementation), is the next step. The instru-
ment was tested in the field to assess mind
maps by biology teachers. The instrument was
tested to assess the mind map created by 95
remaining XI Science. Determination of the
sample was done by simple random sampling
technique. The results of the field trial then
became the basis for construct validation of
the instrument, as well as testing the reliability
of the instrument.

Construct validity explains the extent of
the consistency of test performance with the
constructs in a particular theoretical consider-
ation (Hudha & Mardapi, 2018). The test of
construct validity and reliability is carried out
at the evaluation stage, the results of which
state the feasibility of the instrument used to
assess mind maps to determine students' crea-
tive thinking ability in biology subjects. Con-
struct validity is done by Exploratory Factor
Analysis (EFA) and then confirmed by Con-
firmatory Factor Analysis (CFA).
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Exploratory factor analysis or principal
component analysis (PCA) is a factor analysis
technique in which several factors will be
formed in the form of latent variables that
cannot be determined before the analysis is
carried out (Yong & Pearce, 2013, p. 79). Ex-
ploratory factor analysis was carried out using
the SPSS program.

This analysis begins by testing the ade-
quacy of the sample used in the analysis
through the KMO (Kaiser-Mayer-Olkin) test.
If the KMO value is between 0.5 to 1, then it
is indicated that factor analysis is appropriate
to use and can be used for further analysis
(Bilson, 2005, p. 123). Then, look at the anti-
image value or see the MSA for each item.
The MSA value for each variable can be seen
diagonally on the anti-image correlation in the
diagonal part of the matrix. If one or several
initial variables individually have MSA values
less than 0.5, the variable is excluded from the
analysis process (Bilson, 2005, p. 123). Calcu-
late the eigenvalue, which is then used to cal-
culate the percentage of variance that is ex-
plained, while drawing the scree plot, and
grouping the items on the factors formed
after the analysis. Factors that have eigen-
values greater than or equal to 1 will be main-
tained, and factors that have eigenvalues less
than 1 will not be included in the model be-
cause variables with values less than 1 are not
better than the original variables (Supranto,
2004).

The reliability testing technique which
was used is Cronbach's Alpha, which is a co-
efficient that describes how well the items in a
set are positively correlated with each other
(Azwar, 2004). Reliability coefficients (Cron-
bach's Alpha) range from a score of 0.00 to
1.00 with the assumption that the closer to
1.00, the more reliable the measuring instru-
ment is (Azwar, 2004, p. 78).

Confirmatory Factor Analysis (CFA) is
a method of factor analysis which is used
when researchers know the structure of a la-
tent factor (Laili & Otok, 2014). CFA was
used to confirm that the estimates model that
was formed during exploratory analysis was
fit. CFA was done using Lisrel program. The
result of the CFA produced a standardized
loading factor (SLF) and was determined as
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the construct validity. When the SLF value of
the indicator is over 0.30, the indicator is then
considered as significant (Igbaria, Zinatelli,
Cragg, & Cavaye, 1997, p. 290). Making it
simpler, the ADDIE-model steps which were
undertaken by the researchers are presented
in Figure 1.

Analyze

Revision Revision

A

Figure 1. Steps for research and development
of ADDIE models (Sugiyono, 2015, p. 39).

o Revision
Revision

Findings and Discussion

Findings

The statement items that have been
made subsequently are tested for content val-
idity by the Lawshe method, involving nine
raters. Calculations were done using the CVR
formula. Of the 21 items submitted, there
were three items declared invalid after the
content validity was calculated, namely items
10, 14, and 16 (Table 2). The assessment re-
sults from rater are not just numbers but also
some suggestions for improving grain quality.
After revising, 18 items are valid to be tested.

The results of field trials or implemen-
tation of instruments in the field are used for
the construct validity of the instrument. Con-
struct validity was carried out using explora-
tory factor analysis. The analysis was carried
out with SPSS program.

Table 2. Calculation results of content validity

Rater

Item
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8 9

3 3 1 valid
3 3 0.78 valid
3 3 1 valid
3 3 1 valid
2 3 078 valid
3 3 1 valid
1 3 078 valid
3 3 078 valid
3 3 078 valid
3 2 -0.11 invalid
3 3 078 valid
3 3 1 valid
3 3 078 valid
1 2 -011 invalid
3 3 1 valid
1 2 -011 invalid
3 3 1 valid
3 3 1 valid
3 3 1 valid
3 3 1 valid
1 3 056 valid
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Exploratory Factor Analysis

The first explanation begins with the re-
sults of KMO and Bartlett's test. The results
of the sample adequacy factor analysis show
chi-square values in Bartlett test of 456.795
with a degree of freedom 153 and a p-value of
<0.01. The Kaiser-Meyer-Olkin measure of
sampling adequacy (KMO) was 0.839, which
is greater than 0.5. If the KMO wvalue is be-
tween 0.5 to 1, it means that the factor ana-
lysis is right.

MSA (Measure of Sampling Adequacy)
can be seen from anti-image correlation dia-
gonal matrices of each variable. The anti-
image correlation value is marked by a super-
script of ‘a.” MSA analysis results show that all
items have a relationship with other initial
variables, so there no one item must be re-
moved from the analysis process. It is in line
with the statement of Bilson (2005, p. 123), if
one or several initial variables individually
have MSA values less than 0.5, then the var-
iable is excluded from the analysis process.
The method often used in exploratory factor
analysis for factor formation is the principal
component method with orthogonal rotation.
The specific purpose of the principal com-
ponent analysis method is to know the struc-
ture underlying the initial variables in the ana-
lysis and simplify the structure of the initial
set of variables through data reduction.

Based on the eigenvalues and the com-
ponents of the factor analysis variance with
SPSS, it was found that the data obtained
from the mind map product assessment using
the instruments used contained 5 Eigenvalues
greater than 1, so that it can be said that the
instrument of mind map products contains 5
factors, but only 4 factors were expected. Af-
ter two items that had the lowest MSA values
were issued (item 4 and 11), re-analysis was
carried out to produce the number of expec-
ted factors. The result of the re-analysis of
KMO and Bartlett’s Test is in Table 3.

Table 3. Result of KMO and Bartlett’s Test
KMO and Bartlett’s test

Kaiser-Meyer-Olkin Measure of Sampling .857

Adequacy.

Bartlett’s Test of ~ Approx. Chi-Square 456.795

Sphericity df 120
Sig. .000
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Table 3 shows that the KMO value was
0.857; indicating that it is very good. Bartlett’s
Test Sphericity value was 456.795 at the de-
gree of freedom 120 and signification 0.000,
so it was very good. Based on eigenvalues, re-
analysis produce four eigenvalues that were
greater than 1, so the instrument of mind map
product contains four factors as expected. Of
the four factors, there was 56.116% variance
explained.

Scree plot is a graph that shows the re-
lationship between factors with their eigen-
values. Determining these criteria is done by
plotting the eigenvalue of the number of fac-
tors to be extracted. The eigenvalues are plot-
ted in the vertical direction, while the number
of factors is plotted in the horizontal direc-
tion. The number of factors in this criterion is
determined based on the decrease in the plot
of the eigenvalues. On the scree plot gener-
ated from the analysis (Figure 2), shows four
plot drop points, so that four factors were
formed from 16 variables (items).

Scree Plot

5

Eigenvalue
i

2

T T T T T T T T T T
1 2 3 4 5 3 7 8 9 10 1" 12 13 14 15 16

Component Number

Figure 2. Scree plot

Four components or factors have been
formed after the analysis process, then ro-
tating these factors. The main objective of the
rotation process is to achieve simplicity with
factors and increase the ability of interpret-
ation. The method used is the varimax meth-
od, which focuses its analysis on simplifying
the column matrix factor. In this method,
there is a tendency to produce several high
factor loading values (close to -1 or +1) and
some factor loading values close to 0 in each
matrix column — a significant loading factor
if 20.5.

Copyright © 2019, REiD (Research and Evaluation in Education), 5(1), 2019 - 47

ISSN 2460-6995



An assessment instrument of mind map product...
Regina Ratih Fardhila & Edi Istiyono

We will look at the component matrices
in Table 4 that have been rotated by variables
or which items are worth =0.5, which will be
incorporated into the factors or components
that have been formed. Grouping items or

variables in each component are presented in
Table 5.

Table 4. Rotated component matrix*

Component
1 2 3 4
item1 061 .355 703 -.239
item?2 737 202 -.010 -.054
item3 524 108 465 162
Item5 -.607 -.234 -125 -.152
Item6 102 -.089 827 .100
Item7 328 499 113 -.240
Item$8 791 .082 017 -.032
Item9 -.029 759 196 224
Item10  .131 092 013 818
item12  -.637 -.266 -115 -170
item13  -.551 -275 -374 -.080
item14  -.298 -.034 .003 -.067
item15  .185 484 -.017 -.233
item16 481 .585 190 142
item17 387 .609 025 203
item18 561 379 146 -.229

Notes:

Extraction method: Principal component analysis.
Rotation method: Varimax with Kaiser normaliza-
tion.

a. Rotation converged in 5 literations.

Table 5. Grouping items

Factor 1 2 3 4

Item 2,3,8,18 9,10,17 1,6 10

Sixteen items were grouped into four
factors formed during the analysis. Factor 1
consists of four items; factor 2 consists of
three items; factor 3 consists of two items,
and factor 4 consists of one item. There are
six items, points 5, 7, 12, 13, 14, and 15,
which do not belong to any group of factors.
These six items will then be eliminated be-
cause there is no connection with the other
items. Thus, from 16 items after factor ana-
lysis, six items must be removed.

The naming of each factor is the next
step. Factor naming is based on the character-
istics of each item or variable that is 2 mem-
ber of the factor (Table 6). After we have the
item which we will use, the next step is to find
out the reliability of the instrument. Reliability
of the instrument is 0.774.

Confirmatory Factor Analysis

The conceptual construct model design which
had been formed during exploratory analysis
was then analyzed with second-order CFA.
The result is presented in Figure 3. The ana-
lysis result shows that the model designed
complies with the goodness of fit statistics.
The model fit of the instrument is indicated
by the p-value = 0.68 (p>0.05), RMSEA =
0.00 (RMSEA<O0.08) and Goodness of Fit
Index = 0.94. Based on data, p-value and
RMSEA were successfully met, so that it is
indicated that this model was fit with the data.

Table 6. Naming factor

Items Factor Name of Factor
2. Adjust the proportion of the use of keywords and 1 Flexibility
sentences
3. Drawing different pattern from others
8. The concept of the material outlined is easy to
understand
18. Relationship between ideas help understand the
whole contents of the mind map
9. Mention examples of common problems 2 Elaboration
16. Components used in detailing concepts relevant
to the material
17. Write material with many branches
1. Use keywords that are different from others 3 Originality
6. Use various colors in the mind map
10. Explain the concept of the material in a 4 Fluency

maximum of 30 minutes
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Figure 3. Path diagram of second order analysis output

Table 7. Result of second order CFA of the instrument of mind map product with 16 item

Aspects Item SLF R? Notes
Flexibility B2 0.67 0.01 reference item
(FLEX) B3 0.60 0.35 item fit
B8 0.59 0.35 item fit
B18 0.64 0.41 item fit
Elaboration B9 0.54 0.29 reference item
(ELA) B16 0.79 0.62 item fit
B17 0.67 0.45 item fit
Originality B1 0.78 0.39 reference item
(ORI) Bo 0.43 0.18 item fit
Fluency (FLUEN) B10 1.00 1 reference item
The result of the CFA produced a stan- Discussion

dardized loading factor and was determined as
the construct validity. When the loading fac-
tor value of the indicator is over 0.30, the in-
dicator is considered as significant (Igbatia et
al., 1997, p. 290). Table 7 shows that all of the
items have a loading factor value >0.30. Item
16 has the highest contribution to the mea-
suring instrument with a loading factor of
0.79, while item 6 gives the smallest contri-
bution with a loading factor of 0.43.

All results of the analysis show that the
sample size of 95 (3 of science classes) used in
this factor analysis is sufficient. It can be seen
from KMO value >0.5 (0.857). This is rein-
forced by the theory stated by Gable (1980)
that the sample size or the number of re-
spondents is 5 to 10 times the number of
items. The item number or item in the trial is
18, so the minimum sample size is 90. In
other words, a sample size of 95 is sufficient.
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The approach used to determine the
number of factors obtained in this study is
based on eigenvalues, variance percentages,
and scree plots. Eigenvalues show the number
of variations related to a factor. Factors that
have eigenvalues greater than or equal to 1
will be maintained and factors that have
eigenvalues less than 1 will not be included in
the model because variables with values less
than 1 are not better than the original vari-
ables (Supranto, 2004). From the result of the
eigenvalues, it is known that those variables in
the instrument can explain 56.116% the vari-
ances. It means that the instrument has al-
ready been able to measure the aspect that
will be measured.

Based on the findings, it is indicated
that after construct validity was done, the
items of the instrument were reduced, from
18 items to 10 items. The selected items are
grouped into five factors. Every factor is
named base on the same between items and
aspect that will be measured.

Factor 1 is called flexibility because the
variables incorporated in these factors consist
of variables that show a person's ability to
adjust keyword and picture that are in accor-
dance with the students' own understanding
to explain the material, and able to relate the
whole material so the people who read it will
understand. Factor 2 is called elaboration be-
cause the variables incorporated in these fac-
tors show how student able to detail a main
idea of the material as detailed as possible so
that all things about the material can be con-
tained in the mind map and still relevance.

Factor 3 is called originality because it
consists of variables which indicate the au-
thenticity of the idea in making mind maps by
using the keywords that are their own char-
acteristic and using various colors which fit
with their creativity. Factor 4 is called fluency,
which is seen from using time in making a
mind map.

From the findings, it is found out that
to assess the ability to think creatively through
mind map creation, we can see it by judging
from the originality of ideas, fluency in pour-
ing and connecting ideas and the speed of
expressing ideas, how to elaborate a material,
and flexibility in displaying ideas with their

own approach. Those are same with previous
research that creative thinking skill can be
measured from originality, fluency, flexibility,
and elaboration (Hartati et al., 2017; Kristiani
et al., 2017; Putri, 2016).

Several items are not incorporated in
the initial aspect or factor. This is the purpose
of the construct validity with EFA. EFA is
grouping the variables (items) that have the
same correlation to measure the same con-
struct (Hair, Black, Babin, & Anderson, 2010).

Half of the initial items in the instru-
ment are not used after the construct validity
test. Out of it all of the items have anti-image
value >0.5. It can occur due to the lack of
variants in the data collected. To construct
validity test with EFA, every item has a min-
imal ideal value of factor loading, which is
0.55 for small scale test, and 0.35 for big scale
test (Hair et al., 2010). The factor loading 0.55
if the trial subjects are 100 and 0.35 need 250
subjects. It is the shortcoming of the research.
The research still needs more trial subject. Fu-
ture research is suggested to use more subject
trial to do the construct validity with EFA.

Reliability calculation of assessment in-
struments of mind-map product to measure
students' creative thinking ability is done after
conducting content validity and construct
validity. The items that have been selected
through the validity process are the estimated
reliability estimates. Reliability calculations use
the SPSS program with the Cronbach's Alpha
technique. Cronbach's Alpha was chosen to
estimate the instrument’s reliability with a
polytomous score (Retnawati, 2015, p. 91).
The results of the reliability calculation of the
mind-map product assessment instrument
with ten items, using Cronbach's Alpha in the
SPSS program amounted to 0.774. It shows
that the reliability of the instrument is good or
the instrument has been reliable.

Model Fit testing Goodness of Fit
(GOF) is obtained to test whether the initial
model has fitness with the sample data or not.
The model fit of the instrument is indicated
by the p-value = 0.68 (p>0.05), RMSEA=0.00
(RMSEA<0.08) and Goodness of Fit Index =
0.94. Chi-square value is 28.66 (y"2=28.66 )
with a degree of freedom is 33 (0 = ™2 =
2df).
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Chi-square and p-value are to test the
structural equation model fitness. Root Mean
Square Error of Approximation (RSMEA), a
measure of approximate fit of a model in the
population, is related to differences in esti-
mates (Riadi, 2018). Browne and Cudeck in
Riadi (2018) classify 'close fit' if RSMEA value
between 0.05 until 0.08 as 'adequate fit', and
RSMEA between 0.08 until 0.10 as 'mediocre
fit', but if RSMEA >0.10 could not accept.
Hu and Bentler (1998) suggest that RSMEA
value <0.06 as a cutoff criterion. Based on the
result, RSMEA value for this instrument is in
'close fit' category.

The goodness of Fit Index (GFI) has a
value between 0 until 1. GFI > 0.90 is 'good
fit', 0.80 < GFI < 0.90 is 'marginal fit' or it
can be accepted. Based on the result, GFI
value is 0.94, so it means that it is in the 'good
fit' category. Another evidence that the model
is fit with the data is all of the items has
loading factor value >0.3. Item 16 has the
highest contribution to the measuring instru-
ment with a loading factor of 0.79, while item
6 gives the smallest contribution with a load-
ing factor of 0.43.

Item 16 is included in elaboration fac-
tor. Elaboration is an ability to develop an
idea and add or detailing from an object, idea,
or situation, so it makes it more interesting
(Munandar, 2009). In other words, to know
the creative thinking skill, it can be seen from
how to elaborate an idea in a mind map.

The instrument developed can be one
of way to assess student’ creative thinking skill
in biology subject, because that was a reliable
instrument. This instrument also can be a ref-
erence for a teacher who wants to develop a
product of assessment instrument.

Limitation in this research are as fol-
lows. (1) The use of classic tests compared to
item response theory (IRT) due to the limited
number of samples used does not allow the
use of an IRT. (2) The use of EFA (explora-
tory factor analysis) and CFA (confirmatory
factor analysis) is because the researchers
formed new item indicators so that they did
not know the latent variables where the indi-
cators would group. CFA was also used to
test whether the indicators that have been
grouped based on the latent variable (con-
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struct) are consistent in the construct or not.
(3) The try out of the instrument was not
conducted in the school observed by the re-
searchers when need analysis was done. The
researchers tried out the instrument in MAN
3 Sleman, because of limited time. However,
before the researchers do the tryout, they
have interviewed the biology teacher in that
school, who stated the same problems with
the schools observed before.

Conclusion

From the findings and discussion, some
conclusions are drawn. (1) Content validity
results in the range number of CVR is 0.56—
1.00, construct validity results to five factors
that can assess students’ creative thinking skill
in biology subject, and the reliability estimate
of the instrument is 0.774. Therefore, it is
concluded that the instrument which is de-
veloped in this research is valid and reliable to
assess students’ creative thinking skill in bio-
logy subject. (2) The p-value = 0.68, RMSEA
=0.00 and Goodness of Fit Index = 0.94. (3)
This instrument can be tried out for future
research with more subjects (100-250 sub-
jects) to know how valid and reliable this in-
strument is in large scale subjects. (4) The
shortcoming of this research is the instrument
was tried out just in one school. It is better if
it is tried out in more than one school. (5)
This instrument can be a reference for a
teacher who wants to develop a product of
assessment instrument. The instrument pro-
duced in this research can be used by the
teacher to assess students’ creative thinking
skill with the heterogeneous students as a for-
mative assessment in biology subject. Because
the instrument contains statements to mea-
sure the creative thinking skill in general, then
this instrument can be used in all the material
in biology subject.
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