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 One’s environmental attitude can predict human behavior toward the 

environment. This study aimed to validate the environmental attitude 

instrument with the science, technology, engineering, and mathematics in 

ethnoscience-integrated (Ethno-STEM) approach. The questionnaire 

consisted of 16 items and was tested on 159 eighth-grade students. Data 

were analyzed using exploratory factor analysis (EFA) and confirmatory 

factor analysis (CFA). The communality value of three instrument items was 

less than 0.5, so they were excluded in EFA stage 1. The EFA stage 2 test 

results showed that the 13 instrument items had a factor loading of more 

than 0.5 and were categorized into five factors. The CFA stage 1 was 

conducted using linear structural relations (LISREL) and obtained the  

t-value for all items in factors 1-4 more than the t-table, so they were 

declared valid. Factor 5 was omitted in CFA test stage 2 due to invalid 

items. The CFA test results showed that the t-count of the four factors was 

more than the t-table. Based on the goodness of fit value, the model and 

measurement matrices were the same (model fit). Thus, the environmental 

attitude instrument items are declared valid, and the model is fit. The 

instrument can be used to measure environmental attitudes. 
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1. INTRODUCTION 

In today’s modern world, it is undeniable that science is an essential culture in improving the quality 

of life. Students’ ability to reason scientifically and have a scientific attitude is laid out by science education 

[1]. Science learning should foster students’ insight and perspective that science is a way of life [2]. 

Scientific attitude has a close relationship with science as a process. Scientific attitudes can be developed 

through curiosity, honesty, respect for others, open-mindedness, and environmental attitudes. 

Over the past several decades, researchers in various fields have attempted to understand 

environmental attitudes, how these attitudes change between individuals over time, and how these attitudes 

influence behaviors. Responses to survey questions are frequently used to assess environmental attitudes [3]. 

Environmental attitudes and behaviors of the younger generation are essential for environmental 

sustainability [4]. A sustainable future may be realized by changing people’s behavior and lifestyle by 

reducing consumption [5]. Therefore, spreading knowledge through sustainable practices is essential to 

preserving social, economic, and environmental harmony [6]. Changing human behavior can cultivate a 

positive attitude toward the environment [7]. Individuals with an excellent environmental attitude are also 

expected to behave positively towards the environment. 

https://creativecommons.org/licenses/by-sa/4.0/
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The science, technology, engineering, and mathematics in ethnoscience-integrated (Ethno-STEM) 

approach is a teaching method that combines science, technology, engineering, and math with the knowledge 

and skills that are part of the local cultural context, implemented in the real world [8]–[10]. Ethnoscience 

investigates, studies, and uses people’s knowledge of the culture, ethics, morals, noble values, and local 

wisdom of ethnic’s groups, including scientific concepts reconstructed into scientific knowledge. Integrating 

ethnoscience and STEM-based science learning can be combined with learning needs in the 21st century. The 

Ethno-STEM approach has a challenge in science learning to bring students closer to issues relevant to their 

lives [11], [12]. Therefore, the Ethno-STEM approach is expected to overcome energy efficiency, resource 

depletion, and environmental quality challenges. 

The Ethno-STEM approach aids students more effortlessly in comprehending science concepts since 

the concepts provided integrate local culture around students in the science information taught in schools 

[12]–[14]. It is possible to integrate scientific concepts into subjects based on indigenous science. STEM 

methods can be used to integrate the scientific concepts from this reconstruction into scientific education 

[15]. Integrating local culture into science learning may solve the issues encountered during the process 

because it will increase students’ enthusiasm for the subject and make learning more meaningful. 

Previous research on the development of environmental attitude instruments was carried out by 

Artvinli and Demir [16]. They developed a 3-point Likert scale instrument to measure the environmental 

attitude of third-grade elementary school students consisting of three sub-factors, namely: i) positive 

environmental attitude; ii) environmental information and awareness; and iii) negative environmental attitude 

[16]. Uzun et al. [17] developed environmental behaviors which consist of three sub-scales: i) environmental 

behavior sub scale (EBSS), ii) environmental opinion sub scale (EOSS), and iii) environmental emotions sub 

scale (EESS) [17]. Orbanic and Covac [18] explored students' environmental attitudes using a five-point 

Likert scale related to attitudes toward nature and responsibility for environmental issues [18]. 

Research by Winarni et al. [19] on the animal life cycle revealed that by using the project based 

learning (PjBL) and STEM models, elementary school students' environmental attitudes, knowledge, 

competence, and scientific literacy significantly improved. Environmental attitudes show a strong 

relationship with scientific literacy, context components, knowledge, and competence of fourth-grade 

students regarding the animal life cycle [19]. Orhan [20] revealed that even though high school students have 

very positive opinions and emotions towards the environment, they do little positive action towards the 

environment. This result is significant because having positive opinions and emotions toward the 

environment is not enough to solve today's challenging environmental problems [20]. 

Previous research on the Ethno-STEM approach revealed that the Ethno-STEM approach improved 

science process skills [21]. The research results on a project-based integrated learning model with an Ethno-

STEM approach concluded that learning with this model positively improved students' learning abilities [4], 

[10], [11]. Other study findings show that learning natural materials combined with Ethno-STEM can fully 

develop students' mastery of chemical concepts, preservation of national culture, perseverance, and creative 

and innovative thinking [22]. 

Research on masters of chemistry education designed and implemented an integrated Ethno-STEM 

chemistry learning project on water purification using Moringa (Maringo oleifera) seed extract. The findings 

showed that students can reconstruct ethnic-based scientific knowledge in the context of STEM and water 

purification experiments with moringa seed extract bio-coagulants [23]. After using the ethno-STEM 

approach, students' innovative and creative personalities have excellent profiles [13]. STEM activities have 

developed students' perceptions and attitudes in these areas [24]. Therefore, the Ethno-STEM approach is 

expected to overcome energy efficiency, resource depletion, and environmental quality challenges. This 

research is necessary because there is no data on environmental attitudes in Ethno-STEM science learning. 

As a result, this study aims to evaluate environmental attitudes for expressing students' environmental 

attitudes in science learning through an Ethno-STEM approach using factor analysis. 

 

 

2. RESEARCH METHOD 

2.1.  Research design 

This research is instrument development research that, in previous studies, reached the expert 

validation stage with valid results. The questionnaire instrument’s feasibility and relevance were evaluated 

using rational analysis by competent panels or expert judgment to fulfill the theoretical validity test [25]. 

Furthermore, in this study, empirical construct validation of environmental attitudes was carried out in 

science learning with the Ethno-STEM approach using exploratory factor analysis (EFA) and confirmatory 

factor analysis (CFA). 
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2.2.  Research instrument 

Environmental attitudes are very crucial constructs in environmental psychology [26]. It is a way of 

thinking and acting that constantly seeks to protect the local natural environment and works to mitigate any 

damage already done. In this study, the environmental attitude value is measured by students’ concern for the 

environment with indicators adapted from the Environmental Attitudes Inventory (EAI) instrument [26] and 

the North American Association for Environmental Education [27]. The indicators of environmental attitudes 

developed include: i) water management; ii) waste management; and iii) individual conservation behavior. 

Based on this conceptual basis, 16 questionnaire items are produced, as presented in Table 1. Each item has 

four responses: “strongly agree,” “agree,” “disagree,” and “strongly disagree”. The 16 items consist of three 

factors: i) factor 1 (AIR 1, AIR2, AIR3, and AIR4); ii) factor 2 (LIM1, LIM2, LIM3, LIM4, LIM5, LIM6, 

LIM7); and iii) factor 3 (KON1, KON2, KON3, KON4, KON5).  

 

 

Table 1. Questionnaire items 

Construct 
Item 
code 

Item 
number 

Statement 

Water 

management 

AIR1 1 I do not mind if the government regulates the use of water for the batik industry 

AIR2 
2 

Making batik waste processing installations is the government's or company's obligation. If 
not available, batik waste can be thrown into the river. 

AIR3 3 I wash the practicum equipment with water as needed. 

AIR4 4 I can wash the practicum equipment with water flowing in rivers or public waterways. 
Waste 

management 

LIM1 6 If I were a batik entrepreneur, I would dilute the wastewater before throwing it into the river. 

LIM2 7 I would build my batik waste processing installations if I were a batik entrepreneur. 

LIM3 
8 

I grow aquatic plants (water hyacinth, kiambang, hydrilla) which reduce heavy metal pollution 
in batik waste. 

LIM4 9 I do not mind if batik producers throw their waste into the river. 

LIM5 
10 

If I were a batik entrepreneur, I would prefer to make batik printing because it is more 
economical, and the colors last longer. 

LIM6 11 I use batik patchwork for other purposes, such as crafts. 

LIM7 12 I reuse the rest of the wax for the batik process. 
Individual 

conservation 

behavior 

KON1 5 I think using kerosene stoves to melt night candles should be replaced with electric stoves. 

KON2 13 I prefer natural batik dyes because synthetic dyes contain heavy metals. 

KON3 14 I prefer synthetic batik dyes because they are cheap. 

KON4 15 Colored river water is an indicator that the batik process is economically running. 

KON5 
16 

In my opinion, batik producers have created rapid economic growth. There is no problem with 

environmental damage. 

 

 

2.3.  Data collection technique 

The questionnaire instrument was validated through a theoretical and empirical validity test. The 

theoretical validity test was fulfilled from the content validity estimated by testing the feasibility and 

relevance of the questionnaire instrument through rational analysis by a competent panel or expert judgment 

[25]. The questionnaire instrument trial respondents were 159 junior high school students. The empirical 

validation of the instrument was analyzed using EFA with SPSS 25 and CFA using LISREL. 

 

2.4.  Data analysis 

Using the data, an EFA analysis was carried out on the study participants. This EFA analysis was 

conducted to determine how item features are arranged under certain factors [28]. The EFA test was carried 

out to determine the number of dimensions and the grain components of each dimension. The EFA test 

includes: i) Determinant of the correlation matrix; ii) Correlation matrix; iii) Kaiser-Meyer-Olkin measure of 

sampling adequacy (KMO); iv) Bartlett test of sphericity; v) Measure of sampling adequacy (MSA)-anti 

image correlation (AIC); vi) Extracted Communalities; vii) Total variance explained; and viii) Factor 

loading. It will be eliminated if the item has less than 0.5 of factor loading. The hypothetical model will be 

validated by CFA using the structural model equation method in the following step. The item’s suitability 

was tested using the CFA test. The model was evaluated using the goodness of fit (GOF) statistical 

information. The standard regression weight (λ) of 0.5 is removed from the data. 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Exploratory factor analysis 

One way to summarize relevant variables is through exploratory factor analysis. This method 

reduces the number of variables by identifying the potential constituents and factors that support the entire set 

of variables [6]. The initial structure of the 16-item underlying measure of Ethno-STEM environmental 

attitudes was obtained through the EFA. The factor scale structure was discovered using the principal 
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component analysis (PCA) and the varimax rotation method. The Bartlett sphericity test and the Kaiser-

Mayer-Olkin (KMO) coefficient were used to determine whether the data fit factor analysis. EFA aims to 

find multiple measurement variables that each factor represents [29]. EFA is carried out in two stages 

because three items are eliminated in stage 1. The results of the EFA stage 1 are presented in Table 2. 

Based on Table 2, it is concluded that items AIR4, LIM1, and KON5 were excluded from the test. 

This is because the community value for these 3 variables<0.5. Furthermore, the EFA test stage 2 was carried 

out, as presented in Table 3. 
 

 

Table 2. Results of EFA test stage 1 
No Test Criteria Analysis result Decision 

1 Determinant of 

correlation matrix 

Determinant close to 0 0.053 The correlation matrix between 

variables is interrelated 
2 Correlation matrix 0.3<correlation coefficient 

value<0.9 (Qualified) 

0.3<correlation coefficient 

value<0.9 (Qualified) 

Qualified 

3 Kaiser-Meyer-Olkin 
measure of sampling 

adequacy 

KMO>0.5 (Close to 1) 0.628 The index of the distance comparison 
between the correlation coefficient 

and the partial correlation coefficient 

is fulfilled 
4 Bartlett Test of 

Sphericity 

Sig<0.05 (5%) Sig: 0.000 Fulfilled 

5 MSA-Anti Image 
Correlation (AIC) 

AIC>0.5 All AIC for 16 variables> 
0.5 

Further testing was carried out 

6 Extracted 

communalities 

i) 95% confidence level, 

communality>0.5;  
ii) Sample size>250 

communality value>=0.6; 

iii) if possible>0.7 

Community value for 3 

variables<0.5 (AIR4, 
LIM1, KON5) 

The three variables (AIR4, LIM1, 

KON5) could not explain the factor 
and were excluded from the 

calculation. 

 

 

Table 3. Results of EFA test stage 2 

 

 

3.2.  Confirmatory factor analysis 

The criteria to test the validity of the item on the latent variable is to use the t-test [30]. The results 

of the CFA test stage 1 are presented in Figure 1. In this test, with 159 cases, the degrees of freedom are 159-

2=157. The value of the t-table at dk=157 and=0.05 is 1.65. Based on the results of the LISREL analysis in 

No Test Criteria Analysis Decision 

1 Determinant of 

correlation matrix 

Determinant close to 0 0.111 The correlation matrix between variables is 

interrelated 
2 Correlation Matrix 0.3<Correlation 

coefficient value <0.9 

(Qualified) 

0.3<Correlation 

coefficient value<0.9 

(Qualified) 

Qualified 

3 Kaiser-Meyer-Olkin 

Measure of sampling 

adequacy 

KMO>0.5 (Close to 1) 0.611 The index of the distance comparison 

between the correlation coefficient and the 

partial correlation coefficient is fulfilled 
4 Bartlett Test of Sphericity Sig<0.05 (5%) Sig: 0.000 Fulfilled 

5 MSA-anti image 

correlation (AIC) 

AIC>0.5 All AIC for 16 

variables >0.5 

Further testing was carried out 

6 Extracted communalities i) 95% confidence level, 

communality>0.5;  

ii) Sample size>250 
communality value 

>=0.6;  

iii) if possible >0.7 

Community value for 

13 variables >0.5 

Further testing was carried out 

7 Total variance explained Total variance 

explained>60% with 

Eigenvalues>1 

Five factors have 

eigenvalues >1 

Five factors can be arranged in this variable 

8 Factor loading Determination of 

variables that are 

included in the factor, 
the minimum number of 

factors in one factor is 
at least three items 

Factor 1: KON1, 

KON2, KON3 

Qualified 

Factor 2: AIR1, AIR2, 
AIR3 

Qualified 

Factor 3: LIM5, LIM6, 
LIM7 

Qualified 

Factor 4: LIM2, LIM3 Unqualified, and variables need to be added 

Factor 5: LIM4, KON5 Unqualified, and variables need to be added 
9 Component 

transformation matrix 

Each component has a 

correlation value>0.5 

Correlation value for 

components 1-5>0.5 

The five factors formed (Factors 1-5) are 

correct in summarizing the 13 existing 

variables 
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Figure 1, the t-count value of all items in factors F1, F2, F3, and F4 has a t-countt-table (1.65) [31]. The F5 

factor contains KON4 items with a t-count value (1.64) <t-table (1.65). The instrument items in the F1 to F4 

factors are valid, while the F5 factor has one invalid item (KON4). Thus, it is necessary to recalculate after 

removing invalid items (KON4). Factor F5 was excluded from the CFA test stage 2 because it only consisted 

of 1 valid item. The results of the CFA test stage 2 are presented Figure 2. 
 

 

 
 

Figure 1. The t-count value of the CFA stage 1 of the environmental attitude instrument 
 

 

 
 

Figure 2. The t-count value of the CFA stage 2 of the environmental attitude instrument 
 

 

3.3.  Discussion 

The EFA stage 1 found three items that did not meet the requirements, so they were excluded from 

the calculation. From EFA stage 2, 13 additional questionnaire items from EFA stage 2 have the required 

loading factors, so they are not eliminated. Additionally, these items are broken down into five dimensions, 

Factors 1 to 5. The first dimension consists of three items indicating conservation, the following three 

concerning water management, and the last three concerning waste management. After the EFA test, the CFA 

Chi-square=86.35 

df=55 

p-value=0.00442 

RMSEA=0.060 

Chi-square=45.45 

df=38 

p-value=0.18958 

RMSEA=0.035 
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test was carried out to determine the level of goodness of the data based on the proposed  

model [17], [32]. The results of LISREL analysis in Figure 1 show the t-count value of all items on factors 

F1, F2, F3, and F4 has t-count>t table (1.65). It was concluded that the instrument items in the F1 to F4 

factors were valid. The F5 factor was eliminated because it had invalid items. Thus, it can be confirmed that 

the environmental attitude instrument consists of 11 items with four factors: water management (F1), waste 

management (F2), individual conservation behaviors (F3), and new factors (F4). 

Model checks met goodness-of-fit criteria (p-value>0.05), the root mean square error of 

approximation (RMSEA) 0>0.90, and compliance with requirements was reflected in the CFA results, which 

showed satisfactory psychometrics characteristics [28], [33]. Construct validity also produced satisfactory 

results based on factor loading greater than 0.5 for each proportional element. This condition indicated that 

all statement items of the Environmental Attitude Instrument were significant and could be measured in 

constructed form. Confidence test results based on Cronbach alpha should also meet the criteria of more than 

0.60. Thus, the environmental attitude instrument items are declared valid, and the model is fit. These factors 

can be used to reveal environmental attitudes [34]. 

This result is consistent with the previous research on the connection between knowledge constructs 

and beliefs, practices, and behaviors [35]. The factors crucial for fostering environmental literacy must be 

considered before developing an efficient environmental education program. Environmental education and 

psychology have studied environmental knowledge, attitudes, and behavior differently [17]. Since attitude is 

a construct, it cannot be directly observed. In studies of environmental attitudes, both direct self-report 

methods (such as questionnaires and interviews) and much less frequently implicit techniques (such as 

observation, priming, and response competition measures) are utilized [36]. While students with ecocentric 

attitudes use rational, emotional, and rationalistic-emotional reasoning more frequently, anthropocentric 

students primarily use rational reasoning [37]. It is estimated that students' high level of environmental 

thinking before education impacts their level of environmental thinking, which remains the same after 

education [38]. Students can develop their critical thinking skills and environmental attitudes using problem-

based learning models to solve environmental issues [39]. The more crucial thing a nation can do for the 

environment is to address any issues that arise and try to solve them [6]. 

Other research findings indicate that most teachers incorporate environmental education into 

science, social studies, and value-based instruction. Few also discuss various environmental viewpoints. 

Teachers do not promote students' development of their own opinions and ideas when discussing various 

environmental issues [40]. The results showed that high school students had an environment-centered and 

people-centered attitude towards issues related to sensitive behavior and caring behavior. However, students 

must develop a human-centered attitude towards energy/product conservation and issues such as waste 

sorting, throwing waste in recycling bins, and using products with recycled materials in packaging. 

Everything learned in environmental awareness is applied to life situations [41]. When a problem has an 

economic component, it is advised to conduct environmental education that supports students' environmental 

attitudes and motivates them to recycle applications [37]. 

 

 

4. CONCLUSION 

This study validated the questionnaire used as a tool to measure the environmental attitude of junior 

high school students through science learning with an Ethno-STEM approach. At the initial stage, the 

questionnaire contained 16 statement items. However, after the CFA and EFA verification processes, 11 

statements remained. Additionally, the 11 items were categorized into four dimensions according to the 

factor analysis results. Three items comprised the first dimension, three comprised the second dimension, 

three comprised the third dimension, and two comprised the fourth dimension. Validated instruments can be 

recommended for use in science learning with an Ethno-STEM approach. The findings of this study formed 

the basis for curriculum restructuring to help students deal with global environmental problems. The 

development of attitude-related scales in different cultural settings is becoming increasingly important. 

Efforts are needed to study student involvement in environmental protection activities to shape the 

individual-environment and a more sustainable environmental transformation. This research suggests 

developing teaching materials and training for teachers in teaching and integrating environmental education 

in various subjects. 
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