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 Mathematical creativity instrument is a tool to assess students’ creative thinking 
skills in solving mathematical problems. Mathematical creativity has a pivotal role 
in improving the quality of life, solving problems, making a change, and increasing 
the efficiency and effectiveness of a system. Unfortunately, there is a gap in the 
assessment of mathematical creativity in Indonesia because the instrument used is 
merely confirm teachers’ explanation through mathematical problem which focuses 
on measuring students’ knowledge. Therefore, it is necessary to prove the construct 
validity of the items in the instrument of mathematical creativity assessment. Based 
on the concept, there are 3 aspects used in creating mathematical creativity 
instruments, i.e. fluency, flexibility, and originality. This study aimed at examining 
the construct validity of the instrument. This study used a design and development 
model. The data were obtained from testing 313 junior high school students in 
Indonesia. The data were analyzed using Confirmatory Factor Analysis (CFA), 
using Lisrel 8.80 software through the first-order and the second-order stages. The 
results show that of all items, totally 15 items, are valid or uni-dimensional with T-
Value at the value of the loading factor >1.96. This finding proves that uni-
dimensional data parameters can measure the constructs of mathematical creativity 
and have a significant effect.  

Keywords: construct validity, mathematical creativity, first-order confirmatory factor 
analysis, second-order confirmatory factor analysis 

INTRODUCTION 

Highly creative human resources in STEM (Science, Technology, Engineering, and 
Mathematics) are important for national welfare (National Academies of Science, 2007: 
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91-110). The members of the National Academy of Science developed a list of 
recommended actions needed to ensure that the United States can continue to compete 
globally. The main recommendation is to improve American talent by improving 
Mathematics and science education. Florida & Cities (2012), state that creativity is a 
part of economic development in the United States. Creativity, knowledge, and skill can 
help individual to have innovative ideas which can help the state to achieve its goals 
(Hana, 2013).  

The role of creativity in national welfare is in line with the importance of creativity in 
the world of work. One’s creativity needs to be developed because this ability is one of 
the desired aspects by the world of work (Career Center Maine Department of Labor, 
2004). A person with high creativity can solve a problem of work through various ways. 
Jaarsveld & Lachmann (2017) state that one of the indicators of creativity is the ability 
of solving problems through various ways, therefore, the individual who has a high 
creativity can propose various alternative of problem solving.  

The development of one’s creativity is also a part of learning activities at school. 
Heppell, Chapman, Millwood, Constable, & Furness (2004) state that education is not 
enough to only provide students access to information, but is required to develop 
creativity to face the rapid and complex development of the world of work. 

Nadjafikhah, Yaftian, & Bakhshalizadeh (2012) state that developing students’ 
creativity in schools can be done through solving mathematical problems which are then 
referred to as mathematical creativity. Students can develop creativity through 
constructing new ideas so that mathematical problems that can be solved with new 
answers that are not commonly used by most students. This is in line with the statement 
of Sriraman (2012) that one can develop mathematical creativity through solving 
mathematical problems with new solutions. 

Kiesswetter (1983) states that based on his experience, flexible thinking ability which is 
one of the components of creativity is the most important that individuals must possess 
in solving mathematical problems. This opinion confirms that creativity can also be 
developed through mathematical solutions. Haylock (1997) states that creativity in 
mathematics must be defined in the area of creativity and mathematics. According to 
him, mathematical creativity has the same meaning as creativity in school mathematics.  

The development of students’ mathematical creativity in schools requires an instrument 
of creativity. Some studies on instruments of creativity in mathematics had also been 
carried out by Cho (2003); Cho (2006); Kim, Cho, & Ahn, (2003); Urban (2003); Lin & 
Cho (2011); Mann (2005); Lee, Hwang, & Seo (2003) and Israel Livne & Milgram 
(2006). An instrument which is developed by H. Kim et al., (2003); Lee, Hwang, & Seo 
(2003) and Israel Livne & Milgram (2006) measure three aspects of creativity, i.e. 
fluency, flexibility, and novelty. Fluency reflects the number of correct answers; 
flexibility counts the number of categories of correct answers, and originality means the 
rarity of each correct answer. Fluency is related to speed, accuracy, and effectiveness in 
providing solutions for 6 or 7 minutes per problem encountered (Schoenfeld, 2015). 
Flexibility refers to the number of different types or categories of appropriate solutions 
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and originality refers to the originality of the results of each answer (Schoevers, 
Kroesbergen, & Kattou, 2018). 

The instruments for measuring students’ mathematical creativity had been developed in 
Korea (H. Kim et al., 2003; Lee, Hwang, & Seo, 2003) and Israel (Livne & Milgram, 
2006), but these instruments have not been used internationally, either because it is not 
published in English or because the use of these instruments takes time. The instruments 
of students’ mathematical creativity have also been investigated by Lin & Cho (2011), 
but the sample involved was elementary school students who 14.4% of them were 
identified as gifted students. The criteria of the students involved in the study were they 
must come from complete parents, born in Taiwan and speak either Chinese or 
Taiwanese at home. The possible threat to internal validity in this study is the certain 
sample of participants involved so that the construct under this study is not necessarily 
appropriate if applied in Indonesia. 

The instruments for measuring students’ mathematical creativity had been developed in 
Korea (H. Kim et al., 2003; Lee, Hwang, & Seo, 2003) and Israel (Livne & Milgram, 
2006), but these instruments have not been used internationally, either because it is not 
published in English or because the use of these instruments takes time, so it can be said 
that there is no standardized instrument that can be used as a reference. The scarcity of 
the standardized reference requires analysis of the data obtained from the test results 
with these instruments analyzed by Item Response Theory (IRT) to obtain more accurate 
data information. The scarcity of the standardized mathematical creativity test 
instrument also requires that the assessments can be carried out through norms-based 
reference. The norms-based reference assessment uses a reference between values in the 
group being tested. Dealing with this, it is needed a study dealing with a test that can 
describe students’ mathematical creativity efficiently with a valid instrument based on 
analysis with IRT and can be used in assessing students’ mathematical creativity based 
on norms. Therefore, it is also needed a study on the instruments of mathematical 
creativity that can be used by junior high schools in Indonesia. 

CONTEXT AND LITERATURE REVIEW 

Some experts define creativity from various points of view, including Nadjafikhah & 
Yaftian (2013) who state that creativity is the result of one’s ability to generate new 
ideas. These new ideas are related to ideas that have never existed before. A new idea 
produced by a person can also come from the results of the construction of several ideas 
that already exist so it produces ideas that are more complex than before. 

Grieshober (2004) defines creativity as a result of the process of constructing ideas that 
emphasize the aspects of fluency, flexibility, and originality. The same thing was stated 
by McGregor (2007) that creativity is the result of thinking that leads to the acquisition 
of new insights or new ideas in solving a problem that shows fluency, flexibility, and 
originality in thinking. Meanwhile, according to Martin (2009), creativity is the result of 
one’s ability to be fluent, flexible and original to generate new ideas or ways of solving 
problems. 
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Dogan (2011) states that creativity is the skill to express, shape, create and discover new 
or original thoughts, or to produce new products in a fluent, flexible and original way. 
One of the main indicators in creativity is new results. The new results in creativity are 
alternative solutions that have not been taught by teachers or not found in existing 
books. 

Based on some experts’ opinions above, it is concluded that creativity is the result of the 
process of constructing ideas to produce new products in a fluent, flexible and original 
way that describes a person’s skills. 

Livne (2008) explains that mathematical creativity, in a simple way, refers to the ability 
to produce varied solutions that are new to open mathematical problems. The more 
detailed explanation is stated by Torrance (1990) that the domain of mathematical 
creativity is fluency, flexibility, and originality. Furthermore, Kattou, Kontoyianni, Pitta-
Pantazi, & Christou (2011) state that based on the study on predicting mathematical 
creativity concludes that students’ mathematical creativity can be described from the 
solution of fluency, flexibility, and originality domains, while other domains related to 
mathematical creativity but not significant is spatial ability, quantitative ability, 
qualitative ability, causal ability, and inductive or deductive ability. 

One of the most important things in evaluating mathematical creativity instrument is the 
validity of all items to measure mathematical creativity in Indonesia. Dealing with this, 
the proof of construct validity is needed for all instrument items. Based on this, a uni-
dimensional measurement of each indicator is carried out to see the biggest contribution 
that creates the latent variable using CFA (Confirmatory Factor Analysis). 

This study is different from the previous studies conducted in Indonesia because those 
previous studies were more focused on studying about the effectiveness of learning on 
improving mathematical creativity (Makmur, 2015) and the description of the profiles of 
students’ mathematical creativity (Novitasari, Rahman, & Alimuddin, 2015), and the 
analysis of the relationship between students’ mathematical creativity (Rahman, 2012). 
This study aims to prove empirically: 1) whether or not all items in each dimension 
measure constructs, where all items in each dimension match one-factor model, 2) 
whether or not all items in each dimension have a significant effect. 

Theoretically, this study can be used as a reference for the development of mathematical 
creativity instruments. Practically, this study can be used to make improvements that are 
able to measure students’ mathematical creativity. 

METHOD 

This study belongs to developmental research, to obtain a construct of dimensions or 
factors in relation to mathematical creativity, especially junior high school students in 
Bojonegoro, East Java, Indonesia. 

Design and Approach 

This study used design dan development (D & D) model, consisting of a) specification 
of the instrument, b) reviewing instruments that once existed, c) definition of constructs 
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and definitions of concepts, d) creating a component specification of the instrument 
construct, e) the development of the ending concept definition for each construct, f) 
building an operational definition, g) choosing a scale and deciding the indicator, 8) 
loading and pairing items to construct, h) reviewing the item of instruments (Expert 
Validity: Focus Group Discussion (FGD)), i) Limited testing–Readability test: senior 
high school, j) Instrument Revision–Initial product, k) making the last assessment 
instrument, j) collecting the data from trial test; k) analyzing the trial result with 
confirmatory factor analysis (CFA).  

Subjects 

The population of this study was the junior high school students, referring to the data 
from the East Java Province Education Office in 2017. The population consisted of 
18,722 junior high school students. The sampling technique in this study used a 
proportional random sampling technique (Cohran, 2010: 85). The researchers 
established a sample of 313 students, consisting of 87 students from high-category 
schools, 110 students from medium-category schools, and 116 students from low-
category schools based on the national examination scores for mathematics subjects in 
2017. The sample size in the CFA analysis was determined by the number of observed 
variables or items. For the sample size, it is recommended to use the estimated 
Maximum Likelihood (ML) at 100-200 (Hair, Black, Babin, & Anderson, 2006). 

Data Collection 

The data in this study were collected using questionnaire and test methods. The 
questionnaire method in this study was used to collect validator’s assessment data on the 
mathematical creativity test instrument for items improvement. The test method was 
used to collect data on students’ mathematical creativity as empirical evidence for 
determining the quality of the instrument and the construct of the instrument of 
mathematical creativity used in junior high schools in Indonesia. The general profile of 
the trial participants was junior high school students (average age 12-15 years old). The 
instrument consists of 15 items with outlines as in Table 1. 
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Table 1 
The Outlines of Mathematical Creativity Instrument 
Dimension Indicator  Indicator of questions 

Fluency the ability 
to produce 
many 
solutions/id

eas to a 
problem 

1. Identifying variuous measurements of cuboid area with wrapping paper. 
2. Designing various measurements of cuboid which has a certain area. 
3. Designing various measurements of prism which has the same volume with 

the cube. 

4. Designing various measurements of side of prism which has a certain area. 
5. Designing various measurements of height of pyramid which has a certain 

area of pedestal and volume.  

Flexibility the ability 
to generate 
different 
types of 
solutions/id
eas 

1. Solving the problems of cube area using various ways.  
2. Solving the problems of cuboid area using various ways.  
3. Solving the problems of added volume from a cube which has a certain 

volume using various ways.  
4. Solving the problems of prism volume based on the pattern of cuboid.  
5. Solving the problems of form of prism fulfilled with water and has a hole 

with certain capacity of water discharge.  

Originality the ability 
to generate 
rare and 
uncommon 
solution/ide
as 

1. Solving the problems of the number of small cubes which could fit into a 
certain measurement of cuboid.  

2. Solving the problems of a cuboid gift area which has the same area with 
cube with certain measurement.  

3. Solving the problems of the area of triangular prism which has certain area.  
4. Solving the problems of how much money is needed to buy snack inserted 

into cuboid with certain measurement using various ways. 
5. Solving the problems of volume of pyramid in the cube with certain 

measurement using various ways.  

Source: Kind & Kind (2007) 

The response scoring based on the indicators of fluency, flexibility, and originality in 
this study was made into polytomous scaling. The scoring on the fluency domain is as 
follows. 

Table 2 
Scoring Rubrics in the Fluency Domain 
Score  Criteria 

1 
 
2 
3 

At least one correct answer or the number of correct answers does not reach the 
minimum set 
The number of correct answers reaches the minimum set 
The number of correct answers exceeds the minimum set 

Table 3 
Scoring Rubrics in the Flexibility Domain 
Score  Criteria 

1 
 
2 
3 

At least one way in giving the correct answer or the number of ways in giving the correct 
answer does not reach the minimum set 
The number of ways in giving the correct answer reaches the minimum limit set 
The number of ways in giving the correct answer exceeds the minimum set 

The scoring against the respondents’ responses for originality domain follows the 
recommended scoring technique by Diakidoy & Constantinou (2001, p.38) i.e. the 
response given by less than 5% of the respondents gets the score of 3, less than 15% of 
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respondents get the score of 2 and less than 50% of respondents get the score of 1. The 
explanation of the number of items of pedagogical competence can be seen in Fig. 1. 

 
Figure 1 
The Number of Items in Mathematical Creativity Test 

Data Analysis 

The data analysis to test the construct validity of mathematical creativity instruments has 
three dimensions: fluency (FLU), flexibility (FLE), and originality (ORI), in which each 
dimension has their own indicators representing FLU, FLE, and ORI. The researchers 
used a factor analysis approach such as confirmatory factor analysis (CFA) to analyze it. 

CFA analysis was chosen because the theoretical model can be tested and the 
relationship among factors can also be observed. Based on CFA analysis, it can be 
known which analysis should be used in measuring mathematical creativity. For this 
reason, uni-dimensional measurements were carried out for each indicator: FLU, FLE 
and ORI on mathematical creativity using the First Order Confirmatory Factor Analysis 
method, which is a latent variable analysis that is measured based on several indicators 
that can be directly measured. 

The data in this study were analyzed using Confirmatory Factor Analysis (CFA) 
consisting of first-order and second order with the software of Lisrel 8.80 was used. The 
evaluation criteria for the model fit were by p-value on Chi-square 2 and the Root Mean 
Square Error of Approximation (RMSEA). (Joreskog & Sorbom, 2003: 128) explain 
that the model was declared fit if the p-value was greater than Chi-square 2; was not 
significant if p-value > 0.05, meaning there is no significant difference between the 
model with the data. The evaluation model with the RMSEA was expected to show the 
RMSEA value of ≤0,05  for the model considered as close to or the RMSEA value of 
≤0,08 for a model declared as a good fit model. Furthermore, the fit instrument construct 
was used to map the level of mathematical creativity, referring to the score of 
mathematical creativity (X): X< μ-1σ (low category), μ-1σ X <μ+1σ  (medium 
category), and μ+1σ≤X (high category). 
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FINDINGS 

Confirmatory Factor Analysis (CFA) is a method of factor analysis used when 
researchers have knowledge of the structure of a latent factor. The structure is obtained 
based on theoretical studies, the results of research on the relationship between variables 
observed with latent variables. CFA is divided into CFA First-Order and CFA Second-
Order. 

The results of CFA analysis by using the First-and Second-Order Confirmatory Factor 
Analysis method in this study were to prove all items in each latent variable such as 
FLU, FLE and ORI measure the construct of mathematical creativity and each item in 
each dimension match to one factor model and also with each item in each dimension 
gives a significant influence. 

The First Order Confirmatory Factor Analysis 

In First-Order CFA, a latent variable is measured based on several indicators that can be 
measured directly. Figure 2 shows the testing of the First Order CFA model which 
consists of one latent variable with p indicator. 

 
Figure 2 
First-order Confirmatory Factor Analysis Model  

The Latent Variable of Fluency 

This latent variable was measured based on 2 indicators, i.e. 1) students solve problems 
with various interpretations, solution, methods or answers (FLU1), 2) students are able 
to express many ideas about a problem in 5 minutes (FLU2). The first indicator (FLU1) 
was developed into 3 items (FLU1.1-FLU1.3), while indicator 2 (FLU2) was developed 
into 2 items (FLU2.4-FLU2.5). For that reason, it is proven that all 5 items have uni-
dimensional characteristics, which means only measuring the latent variable of fluency. 
CFA analysis results of fluency variables by using the First Order Confirmatory Factor 
Analysis is shown in Figure 3 below. 
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Figure 3 
Confirmatory Factor Analysis of Fluency Variable 

Based on the CFA analysis using the First Order Confirmatory Factor Analysis, the 
results obtained the fit model because Chi-Square = 0.31, df = 5, P-value = 0.99743, 
RMSEA = 0,000. This means that by using one factor (uni-dimensional) all items only 
measure one single factor, fluency, as presented in Figure 3. 

The proof of each item contributing significantly to the fluency variable was done by 
checking the T-Value of each loading factor coefficient as in Table 4 below. 

Table 4  
Loading Factor for FLU Items 

Item  Coefficient  Standard error T-Value (>1,96) Criteria  

FLU1.1 0,77 0,45 15,03 Significant  
FLU1.2 0,78 0,42 15,04 Significant 
FLU1.3 0,85 0,40 16,50 Significant 
FLU2.4 0,77 0,36 16,15 Significant 
FLU2.5 0,83 0,34 16,93 Significant 

Table 4 shows the loading factor of all items that have a positive coefficient value and 
each item has T-Value> 1.96 so that it is concluded to be significant. It means that there 
is no item omitted from the model indicator. Furthermore, the value of the variant-
covariance matrix was tested by measuring the suitability of the Goodness of Fit model, 
as shown in Table 5. 

Table 5  
Goodness of Fit Item FLU 

Criteria  Cut of Value Result Conclusion 

Chi-Square  2df 0,31 Fit  

P-Value  5 Fit 

RMSEA  0,000 Fit 

GFI  1,00 Fit 

AGFI  1,00 Fit 

NFI  1,00 Fit 

CFI  1,00 Fit 

IFI  1,01 Fit  
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Table 5 shows the goodness of fit of the corresponding FLU item model. This means 
that this model is suitable and feasible to be used to measure the latent variable of 
fluency. This is also evidenced by the contribution value (R

2
) in each item as shown in 

Table 6. 

Table 6  
Contribution Value (R

2
) 

Item R2 

FLU1.1 0,32 
FLU1.2 0,35 
FLU1.3 0,42 
FLU2.4 0,40 
FLU2.5 0,45 

Table 6 shows that the contribution value (R
2
) gives the largest contribution, which is 

45% by FLU2.5. 

The Latent Variable of flexibility  

The latent variable of flexibility was measured based on 2 indicators with 5 items, i.e. 1) 
students complete (or justify) a question in one way, then they do it in another way from 
various questions (FLE1) with 3 items (FLE1.1-FLE1.3), 2) students are able to solve 
problems based on the number of different ways of relevant answers (FLE2) with 2 
items (FLE2.4 - FLE2.5). For this reason, it is proven that the existing 5 items are uni-
dimensional, meaning that they only measure the latent variable of flexibility. 

The results of the CFA analysis of the variable of flexibility using the First Order 
Confirmatory Factor Analysis is shown in Figure 4 below. 

 

 

 

 

 

 

 

 

 

 
Figure 4 
Confirmatory Factor Analysis of Flexibility Variable 

Based on the results of CFA analysis with the First Order Confirmatory Factor Analysis 
in Figure 4, the results obtained the fit model with Chi-Square = 5.24, df = 5, P-value = 
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0.38714 (not significant), RMSEA = 0.012. This means that by using one factor (uni-
dimensional) all items only measure one single factor, FLE. 

The proof of each item contributing significantly to the FLE variable was done by 
checking the T-Value of each loading factor coefficient as in Table 7 below. 

Table 7  
Loading Factor of FLE Items 

Item  Coefficient  Standard error T-Value (>1,96) Criteria  

FLE1.1 0,71 0,55 13,05 Significant  
FLE1.2 0,68 0,50 12,99 Significant 
FLE1.3 0,80 0,42 15,20 Significant 
FLE2.4 0,74 0,52 13,65 Significant 
FLE2.5 0,76 0,48 14,18 Significant 

Table 7 shows the loading factor of all items that have a positive coefficient value and 
each item has T-Value> 1.96 so that it is concluded to be significant. Furthermore, the 
value of the variant-covariance matrix was tested by measuring the suitability of the 
Goodness of Fit model, as shown in Table 8. 

Table 8  
Goodness of Fit Item FLE 

Criteria  Cut of Value Result Conclusion 

Chi-Square      2df 5,24 Fit  

P-Value  0,3817 Fit 

RMSEA  0,012 Fit 

GFI  0,99 Fit 

AGFI  0,98 Fit 

NFI  0,99 Fit 

CFI  1,00 Fit 

IFI  1,00 Fit  

Table 8 shows the goodness of fit model of the FLE item accordingly. This means that 
this model is suitable and feasible to be used to measure the latent variable of flexibility. 
This is also evidenced by the contribution value (R

2
) as presented in Table 9. 

Table 9  
Contribution Value (R

2
) 

Item R2 

FLE1.1 0,23 
FLE1.2 0,23 

FLE1.3 0,37 
FLE2.4 0,27 
FLE2.5 0,30 

Table 9 shows that the contribution value (R
2
) gives the largest contribution of 37% by 

FLE1.3. 
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The Latent Variable of Originality 

This latent variable was measured based on an indicator of students in examining 
various methods or answers and then compiling other solutions from the usual ones 
(ORI) with 5 items, (ORI1 - ORI5). For this reason, it is proven that the 5 items are uni-
dimensional, meaning that they only measure the latent variable of originality. 

The results of the CFA analysis of the latent variable of originality using the First Order 
Confirmatory Factor Analysis as shown in Figure 5 below. 

 

 

 

 

 

 

 

 

 
Figure 5 
Confirmatory Factor Analysis of Originality Variable 

Based on the results of CFA analysis of originality variables with the First Order 
Confirmatory Factor Analysis in Figure 5, the results obtained the fit model with Chi-
Square = 10.46 df = 5, P-value = 0.06310 (not significant), RMSEA = 0.059. This 
means that by using one factor (uni-dimensional) all items only measure one single 
factor, ORI. 

The proof of each item contributing significantly to the ORI variable was done by 
checking the T-Value of each loading factor coefficient as in Table 10 below. 

Table 10  
Loading Factor of ORI Items 

Item  Coefficient  Standard error T-Value (>1,96) Criteria  

ORI1.1 0,61 0,72 9,92 Significant  
ORI1.2 0,70 0,67 11,20 Significant 

ORI1.3 0,64 0,64 10,47 Significant 
ORI2.4 0,64 0,64 10,46 Significant 
ORI2.5 0,74 0,48 12,12 Significant 

Table 10 shows the loading factor of all items that have a positive coefficient value and 
each item has T-Value> 1.96 so that it is concluded to be significant. Furthermore, the 
value of the variant-covariance matrix was tested by measuring the suitability of the 
Goodness of Fit model, as shown in Table 11. 
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Table 11 
Goodness of Fit Item ORI 

Criteria  Cut of Value Result Conclusion 

Chi-Square  2df 10,46 Fit  

P-Value  0,06310 Fit 

RMSEA  0,059 Fit 

GFI  0,99 Fit 

AGFI  0,96 Fit 

NFI  0,97 Fit 

CFI  0,98 Fit 

IFI  0,98 Fit  

Table 11 shows the goodness of fit model of the ORI item accordingly. This means that 
this model is suitable and feasible to be used to measure the latent variable of flexibility. 
This is also evidenced by the contribution value (R

2
) as presented in Table 12. 

Table 12  
Contribution Value (R

2
) 

Item R
2 

ORI1 0,12 
ORI2 0,18 
ORI3 0,14 
ORI4 0,14 
ORI5 0,23 

Table 9 shows that the contribution value (R
2
) gives the largest contribution of 23% by 

ORI5. 

Second-Order Confirmatory Factor Analysis  

In the second CFA, the latent variable cannot be measured directly through the indicator 
variables. It has several indicators where the indicator cannot be measured directly and 
requires more indicators.  

  
Figure 6 
Second-order Confirmatory Factor Analysis Model 

Based on the items obtained in each dimension in the first order analysis, the second 
order analysis of CFA was done. The use of Second-order confirmatory factor analysis 
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in this study was to examine the mathematical creativity variable domain consisting of 3 
indicators, fluency, flexibility, and originality. The results of the second-order 
confirmatory factor analysis of mathematical creativity variables are shown in Figure 7. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7 
Path Diagram of Second-order Analysis Output 

Based on the test results conducted with second-order confirmatory factor analysis on 15 
items yielding p-value = 0.28185 (p> 0.05) and RMSEA = 0.016 (RMSEA <0.05). 
Based on the data, p-value and RMSEA can be fulfilled so that it can be concluded that 
this model fit the data. The RMSEA 0.016 value indicates that the model is fit. In other 
words, it is uni-dimensional; all 15 items are valid indicators for measuring constructs of 
mathematical creativity. 

The output of testing the value of the variant-covariance matrix with the measurement of 
the suitability of the Goodness of Fit model is shown in Table 13 below. 

Table 13  
Goodness of Fit 

Criteria  Cut of Value Result Conclusion 

GFI  0,96 Fit 

AGFI  0,95 Fit 

NFI  0,96 Fit 

CFI  1,00 Fit 

IFI  1,00 Fit  

Based on the results in Table 13, it shows that the model is fit. This means that the 15 
items can be used to measure latent mathematical creativity variables. It was concluded 
that mathematical creativity measurement instruments fulfill the assumption of uni-
dimensionality. 
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Table 14  
Results of the Second Order CFA of the Mathematical Creativity Test 

Item Loading factor T-Value R2 Result 

Dimension: FLU 
ItemFLU1.1 
ItemFLU1.2 
ItemFLU1.3 

ItemFLU2.4 
ItemFLU2.5 

Dimension: FLE 
ItemFLE1.1 
ItemFLE1.2 
ItemFLE1.3 
ItemFLE2.4 
ItemFLE2.5 

Dimension: ORI 
ItemORI1 
ItemORI2 
ItemORI3 
ItemORI4 
ItemORI5 

 
0,77 
0,77 
0,64 

0,79 
0,82 
 
0,72 
0,68 
0,77 
0,77 
0,74 
 
0,63 
0,67 
0,69 
0,65 
0,71 

 
- 
13,94 
14,67 

14,82 
15,10 
 
- 
11,70 
12,67 
12,56 
12,23 
 
- 
9,18 
9,60 
9,22 
9,66 

 
0,32 
0,34 
0,41 

0,42 
0,45 
 
0,25 
0,23 
0,32 
0,31 
0,28 
 
0,13 
0,14 
0,18 
0,15 
0,19 

 
Reference Item  
Item fit 
Item fit 

Item fit 
Item fit 
 
Reference Item  
Item fit 
Item fit 
Item fit 
Item fit 
 
Reference Item  
Item fit 
Item fit 
Item fit 
Item fit 

Based on Table 13, it can be explained that each item has a positive loading factor and 
each item T-Value> 1.96 is said to be significant. This means that all items are suitable 
for measuring mathematical creativity because the overall t-value is greater than 1.96. 
The contribution value (R

2
) gives the largest contribution as much as 45% by FLU2.5 or 

can be seen based on the loading factor, the loading factor of 0.82. While the ORI1 item 
gives the smallest contribution to loading factor 0.63 or contribution value (R

2
) of 13%. 

Mapping of Student Mathematical Creativity  

The level of students’ mathematical creativity is obtained from the interpretation of 
scores obtained by the respondents in mathematical creativity test. The mathematical 
creativity test was followed by 313 junior high school students using 15 fit items. The 
students’ scores obtained from the mathematical creativity instrument are raw scores, 
which need to be converted first to z-standard scores, with μ = 0, and σ = 1. However, 
because the z-standard score allows negative scores, then to make it easy for readability 
and interpretation, they need to be changed to t-score, with μ = 50, and σ = 10. The 
results of the conversion scores through a simple MS Excel program, and which refers 
to categorization, as presented in the data analysis, show the mapping obtained from the 
mathematical creativity of junior high school students in Indonesia for each dimension 
as shown in Table 15. Meanwhile, the percentage of respondents in the level of 
mathematical creativity is shown in Figure 8. 
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Table 15  
Frequency Recapitulation of Mathematical Creativity Level for Each Dimension 

Category Dimension/factor 

Fluency  Flexibility  Originality  

Low 
Medium 
High  

82 
193 
38 

94 
169 
50 

98 
195 
20 

 
Figure 8 
Graphic of Percentage of Students’ Mathematical Creativity Level. 

DISCUSSION 

The procedures of construct validation start from identification and limitation regarding 
the mathematical creativity variable which will be measured and expressed in the form 
of the logical construct based on the mathematical creativity variable theory. If the 
results are in accordance with the expected model, the instrument is considered to have 
good construct validity (Retnawati, 2016). 

The findings prove that the construct validity of the instrument of students’ 
mathematical creativity using the first-order confirmatory factor analysis and second-
order confirmatory factor analysis approach indicates that the item is uni-dimensional. 
Uni-dimensional assumptions can only be shown if the test contains only one dominant 
component that measures the achievement of a subject (Retnawati et al., 2015). One 
component of the object measured in the instrument is mathematical creativity. There 
are 15 items in each dimension that measure mathematical creativity, where each item in 
each dimension is fit with the one-factor model and each item in each dimension 
contributes significantly. 

Based on the previous studies, especially in Indonesia, it has been developed the 
mathematics creativity instruments for junior high school students, but the construct 
validation was not done, only content and appearance validation (Moma, 2015). The 
study developed an instrument to measure junior high school students’ mathematical 
creativity, but to prove its validity, it only focused on content validity and the validity of 
the appearance by the expert team in terms of material to show valid instruments. 
Furthermore, these instruments were tested and analyzed quantitatively using product 
moment tests to measure item validity. The use of the product moment to measure item 
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validity is incorrect. This is explained by (Kumaidi, 2004) that item-score correlation 
coefficients with total scores should not be interpreted as validity but as a discriminating 
power or part of item reliability. Based on this, the research on first-order and second-
order confirmatory factor analysis can be used as an improvement instrument before. 

In addition, Pitta-Pantazi, Sophocleous, & Christou (2013) also use variables of fluency, 
flexibility, and originality as mathematical variables of research creativity by 
investigating the relationship between mathematical creativity and cognitive styles. This 
is in accordance with the first-order and second-order confirmatory factor analysis 
research that mathematical creativity can be measured based on fluency, flexibility, and 
originality domains. 

The existing studies are generally limited to the development of mathematical creativity 
instruments. The development of mathematical creativity instruments has been carried 
out, but it does not clearly describe the construct validity of mathematical creativity 
competency instruments in proving items in each dimension fit (according) to one-factor 
model in making a significant contribution, so these research findings differ from 
previous studies. As a research conducted by Kesumawati (2010) which focuses on 
construct validation done by the validator without field testing. Retnawati (2008) 
explains that construct validity can be done through field trials rather than through 
validators. The weakness of this research is the construct validity of mathematical 
creativity instrument is tested on junior high school students who come from high, 
medium and low school categories based on the national exam. Therefore, to get better 
results it is advisable to conduct experiments on a larger scale based on the entrance test 
score of junior high school so that those involved in testing are students who have 
certain categories. The use of students’ ability categories based on the scores of the 
national exams enables different students’ ability categories for testing. 

CONCLUSION 

The proof of construct validity of mathematical creativity instrument was based on three 
latent variables, fluency, flexibility, and originality. The instrument is composed of 15 
items from the fluency, flexibility, and originality indicators which show that the loading 
factor has a significant effect as uni-dimensional on the latent variable on first-order and 
second-order confirmatory factor analysis; the T-Value at the loading factor value> 
1,96. However, the limited number of items and the tight control of time allows the 
scores obtained by the respondents to be influential. The subjects testing which involves 
the categories based on national exams held by the Indonesian government rather than 
based on school entrance test scores also enables a bias categorization. Therefore, it 
would be better to take measurements by controlling time and involving the subjects 
testing based on the subject’s initial ability. 
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