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Low-carbon education, focused on CO2 emission reduction, is crucial for preservice 

teachers to prepare future generations to address climate change. Yet, there is a 

significant gap in research on low-carbon literacy within this group, underscoring the 

need for further studies. This study investigates the score of low-carbon literacy 

among prospective teacher students, addressing the critical role of CO2 emission 

reduction education in preparing future generations to tackle climate change. Despite 

the importance of low-carbon education, research on low-carbon literacy in student 

teachers remains limited. This study employed a survey utilizing a Likert-scale low-

carbon literacy instrument. The survey was administered to 113 sixth-semester 

chemistry education students at Walisongo State Islamic University who had 

completed the Environmental Chemistry course. Results revealed that literacy of 

students across the cognitive, affective, and behavioral domains scored 3.367/4, 

3.317/4, and 3.288/4, respectively. However, the responses in the cognitive, affective, 

and psychomotor domains exhibited inconsistencies, suggesting the presence of 

misconceptions. Robust positive correlations were observed among the three domains; 

however, the cognitive and psychomotor domains exhibited relatively low 

correlations. The study highlighted misconceptions about CO2 emissions related to 

power generation, low confidence in implementing low-carbon activities, and a 

tendency to choose easier emission reduction actions. To enhance low-carbon literacy, 

future research should prioritize addressing and correcting misconceptions related to 

low-carbon concepts. Moreover, strengthening the quantitative literacy of pre-service 

teachers is essential, enabling them to better understand and assess carbon emissions 

from daily activities. 
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Introduction  

Excessive increases in CO2 emissions contribute significantly to global average 

temperatures (Rhodes, 2019). Therefore, education aimed at reducing CO2 emissions is 

critical for mitigating the impacts of global warming. This educational process can be 

implemented through both formal and informal channels (Allison Anderson, 2012). The 

concept of CO2 emission reduction education is commonly referred to as Low Carbon 

Education (LCE) (Hudha & Permanasari, 2020), which emphasizes the importance of 

integrating environmental sustainability into educational frameworks to address climate 

change effectively. 
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Given the widespread consequences of global warming and climate change, it is 

imperative to implement low-carbon education (LCE) for the younger generation, particularly 

students and prospective teachers. LCE is an educational framework designed to cultivate a 

society that is conscious of CO2 emissions, integrating this awareness into science and 

environmental education (Nurramadhani, Riandi, Permanasari, & Suwarma, 2022), and can 

be approached from a multidisciplinary perspective (Yli-panula, Jeronen, Koskinen, & Mäki, 

2022). For LCE to be effective, it must encompass the foundational concepts of global 

warming and climate change, fostering knowledge, attitudes, and behaviors that align with 

low-carbon practices. Solutions to CO2 emission challenges include both mitigation and 

adaptation strategies (Ratinen, 2021). One of the most effective approaches to reducing CO2 

emissions is through energy-saving education in daily activities (Mizuta, 2003). 

Low-carbon education has the potential to significantly reduce individual carbon 

emissions, with estimates suggesting a reduction of 2.86 tons of CO2 per person annually. 

This impact is comparable to that achieved through the adoption of solar panels or electric 

vehicles (Cordero, Centeno, & Todd, 2020). Given its importance, incorporating low-carbon 

behavior into educational institutions, particularly for prospective teachers, is both vital and 

strategic (Nurramadhani et al., 2022). As future educators, teachers play a crucial role in 

instilling low-carbon practices in students. Schools, being structured around a curriculum, 

provide a controlled and directed environment for this education. To effectively teach these 

concepts, teachers must be proficient in Climate Change Education (CCE), which includes 

understanding the causes of climate change, mitigation strategies, and adaptation methods 

(Ferguson, 2022; Y. Wang & Vasques, 2022).  

The effective application of low-carbon knowledge into attitudes and behaviors is 

encapsulated in the concept of low-carbon literacy. Literacy in this context comprises three 

core domains: knowledge, attitude, and behavior (C. Liu & Cheng, 2022). Low-carbon 

literacy is defined as the comprehension of energy conservation and carbon emission 

reduction, along with its practical application in daily life (Hu, Horng, & Teng, 2013). It is 

essential for prospective teachers, including future chemistry educators, to develop low-

carbon literacy. This necessity arises from the didactic model in chemistry education, which 

requires not only the transmission of chemical knowledge but also an emphasis on the 

relevance of this knowledge to everyday life. Furthermore, chemistry education should 

contribute to sustainable practices and address climate change issues (Sjöström, Eilks, & 

Talanquer, 2020). 

The critical role of prospective teachers in combating climate change contrasts with 

existing conditions, as evidenced by several studies indicating inadequate climate change 

literacy among future educators across various countries. Research reveals that prospective 

teachers in Ghana lack a fundamental understanding of climate change concepts (Nyarko & 

Petcovic, 2021), while those in Spain demonstrate similarly low levels of climate change 

comprehension, necessitating significant improvement (Corrochano, Ferrari, López-Luengo, 

& Ortega-quevedo, 2022). Additionally, some prospective teachers doubt the effectiveness of 

education in fostering more environmentally friendly attitudes (Meilinda, Rustaman, & 

Tjasyono, 2017). Beyond knowledge deficits, there is a pressing need to address CO2 

pollution mitigation actions among prospective teachers. For example, prospective teachers in 
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Finland struggle to differentiate between high and low-impact climate change mitigation 

actions and often fail to engage in mitigation efforts, sometimes shifting responsibility to 

others (Tolppanen & Kärkkäinen, 2021). 

Knowledge alone does not necessarily translate into corresponding attitudes or 

behaviors. Several studies illustrate this disconnect. For instance, prospective teachers in the 

Philippines exhibit low levels of climate change awareness (Competente Ronnel Joseph T, 

2019). In Malaysia, although prospective teachers demonstrate strong knowledge and 

attitudes regarding climate change, their practical application of mitigation and adaptation 

strategies remains insufficient (Nayan, Mahat, Hashim, Saleh, & Norkhaidi, 2020). 

Additionally, misconceptions about climate change knowledge are thought to influence 

attitudes, highlighting the need for enhanced Climate Change Education (CCE) training for 

science teachers in both America and Finland (Khalidi, Ramsey, Khalidi, & Ramsey, 2020; 

Yli-panula et al., 2022). Furthermore, teachers in western Norway with specific educational 

backgrounds have shown reluctance to teach CCE (Skarstein, 2020). 

The conditions observed in various countries align with previous research indicating 

that only a limited number of higher education institutions have effectively integrated Climate 

Change Education (Y. Wang & Vasques, 2022). Consequently, it is recommended that 

universities enhance their focus on low-carbon education (Nurramadhani et al., 2022). 

Effective low-carbon education should aim to improve knowledge by addressing 

misconceptions (Khalidi et al., 2020; Nyarko & Petcovic, 2021; Tolppanen, Claudelin, & 

Kang, 2021a), utilize contextualized learning resources (Corrochano et al., 2022), and 

enhance awareness of climate change (Nurramadhani et al., 2022). Additionally, it should aim 

to increase awareness of climate change and global warming (Competente Ronnel Joseph T, 

2019; Mashfufah, Nurkamto, Sajidan, & Wiranto, 2018), boost self-efficacy, and intensify 

low-carbon actions (Yli-panula et al., 2022). These educational improvements should also 

consider students' backgrounds (Skarstein, 2020), as well as internal, external, and 

demographic factors (T. Wang, Shen, Han, & Hou, 2021). 

Studies on low-carbon literacy have been conducted across various fields. For 

instance, research has explored low-carbon literacy among tourism and hospitality students 

(Hu et al., 2013). Additionally, an investigation into exhibitors' understanding of low-carbon 

literacy has been carried out (C. Liu & Cheng, 2022). In the educational sector, studies have 

examined low-carbon behaviors among secondary school students by Norkhaidi et al. (2017)  

and assessed the level of low-carbon literacy among elementary school students in the context 

of daily life activities (Amin, Permanasari, Setiabudi, & Hamidah, 2020). 

Prospective teacher students play a pivotal role in delivering low-carbon education to 

future generations; however, there is a notable lack of research on their low-carbon literacy. 

The absence of data on low-carbon literacy impedes the advancement of educational 

strategies. Therefore, it is crucial to investigate the level of low-carbon literacy among 

prospective teacher students at a university in Indonesia to inform and enhance future 

educational initiatives. This research was conducted to assess the low-carbon literacy of 

prospective teacher students who have completed environmental chemistry courses at 

Walisongo State Islamic University. 
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Method  

This study employed a survey to address the research objectives (John W. Creswell, 

2018). The survey was administered to a sample of 113 pre-service teachers, utilizing the low-

carbon literacy instrument for data collection. The data collection was facilitated through an 

online questionnaire, administered via Google Forms. 

 

Respondents  

The study population comprised fifth-semester students enrolled in the Chemistry Education 

program at UIN Walisongo, Semarang, Central Java, Indonesia. To qualify as respondents, 

students were required to have completed environmental chemistry courses. A total of 113 

students responded to the distributed questionnaires. Before participation, students voluntarily 

consented to complete the questionnaire via Google Forms. The collected data were 

subsequently analyzed using statistical methods. Detailed characteristics of the respondents 

who completed the questionnaire are presented in Table 1. 

 

Table 1. Characteristics of Respondents 

  n % 

Semester 

  

5 103 91.15 

7 10 8.85 

 Age(years) 

  

  

  

19 5 4.42 

20 68 60.18 

21 31 27.43 

22 8 7.08 

23 1 0.88 

Type of School 

  

  

  

Alia Madrasah 40 35.40 

Senior high school 55 48.67 

Boarding schools 11 9.73 

Vocational secondary 

school 7 6.19 

Gender identity  

male 15 13.27 

female 98 86.73 

Resident  

  

  

rural settlement 88 77.88 

urban area 11 9.73 

mountain settlement 9 7.96 

coastal settlements 3 2.65 

Income of Parent  

  

  

  

  

  

IDR <1.000.000 40 35.40 

IDR 1.000.000-2.000.000 36 31.86 

IDR 2.000.000-3.000.000 21 18.58 

IDR 3.000.000-4.000.000 9 7.96 

IDR 4.000.000-5.000.000 5 4.42 

IDR >6.000.000 2 1.77 
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Instrument 

The measurement of low-carbon literacy utilized previously established instruments (Hu et 

al., 2013; C. Liu & Cheng, 2022). The instrument comprises 8 dimensions, encompassing a 

total of 28 items (18 positive and 10 negative), as detailed in Table 2. Student responses were 

recorded using a Likert scale with the following options: Strongly Agree, Agree, Disagree, 

and Strongly Disagree. The use of a Likert scale is appropriate for capturing human 

responses, and the selection of a four-point scale was intended to delineate students' 

tendencies towards agreement or disagreement. 

The developed instrument consists of 28 items and was validated by three experts. 

Subsequently, the instrument was revised according to the feedback provided by the 

validators. The results were analyzed using the percentage of agreement, and the Aiken Index 

was calculated as 0.8574. Since the Aiken Index exceeds the threshold of 0.75, the instrument 

is deemed valid based on this index (Aiken, 1985). 

Table 2. Low-Carbon Literacy Instrument 

Dimensions of Low-

carbon Literacy 

Indicators Item 

Numbers 

Cognitive domain    

a. Low-carbon knowledge 

(KN) 

Understanding the concept of low carbon as a 

mitigation strategy against climate change effects 

1–7 

b. Ecological cognition (EC) Cognitive understanding of the extensive 

interactions between human activities and the 

environment 

8–14 

Affective domain    

c. Attitude (AT) Positive or negative evaluation of the low-carbon 

phenomenon 

15–21 

d. Value (AV) Valuation of the low-carbon phenomenon as a 

positive perspective 

22–27 

e. Sensitivity (SN)  Susceptibility to the attitudes, emotions, or 

conditions of others and cognition of the impact of 

one's behavior toward others 

28–34 

f. Locus of control (LC) The degree to which individuals perceive 

themselves as having internal control, as opposed to 

attributing outcomes solely to external factors 

beyond their influence, in shaping events in their 

lives. 

35–43 

Behavior domain    

g. Action intention (AI) Ideas or intentions that individuals have conceived 

for execution or creation 

44–52 

h. Action strategy (AS) Action strategies encompassing the specific plans, 

procedures, and practices that individuals or 

communities undertake to adopt and promote low-

carbon lifestyles or behaviors 

53–60 
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Before use, the low-carbon literacy instrument was pretested with 35 chemistry education 

students. Reliability was assessed using Cronbach's alpha cut-off value, which should exceed 

0.7 (Cho & Kim, 2015). The Cronbach's alpha value of 0.90 indicates strong internal 

consistency among the items. Additionally, the Item and Person Reliability scores were 0.87 

and 0.97, respectively, demonstrating that the low-carbon literacy instrument is reliable. 

A factorial analysis was performed to assess the validity of the instrument's internal 

structure, and the results showed that the analysis is available (p <.001). There exists a strong 

correlation between all the variables; the Kaiser-Meyer-Olkin test yielded a value of .70, the 

Chi-square value was 3.545E3, and the Bartlett sphericity test indicated 1770 degrees of 

freedom. The results are presented in Table 3. The KMO value is acceptable when it is more 

than 0.6. Table 3 shows that the KMO value of 0.700 > 0.6, while the significance value of 

Bartlett’s test of sphericity was 0.000. It shows a strong relationship between the test item 

data sets. 

A factorial analysis was performed to evaluate the validity of the internal structure of 

the instrument. The results confirmed its adequacy (p < 0.001). The analysis revealed a strong 

correlation among all variables, with the Kaiser-Meyer-Olkin (KMO) measure yielding a 

value of 0.70. The Chi-squared value was 3.545 × 10³, and Bartlett's test of sphericity 

indicated 1770 degrees of freedom. According to Kaiser (1960), a KMO value greater than 

0.6 is considered acceptable. As presented in Table 3, the KMO value of 0.700 exceeds the 

threshold of 0.6, and Bartlett's test of sphericity has a significance value of 0.000. These 

results indicate a strong relationship among the test item datasets. 

 

Table 3. The Result of KMO and Bartlett’s Tests 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .700 

Bartlett's Test 

of Sphericity 

Approx. Chi-Square 3.545E3 

df 1770 

Sig. .000 

 

Data Analysis 

A descriptive analysis was performed for the data processing and analysis, and the results are 

displayed in tables with the central tendency and standard deviation measurements. The 

correlation between the variables under analysis was found using a Pearson correlation. 

 

Results and Discussion   

A descriptive analysis was conducted for data processing and interpretation, with 

results presented in tables that include central tendency and standard deviation measurements. 

The low-carbon literacy survey data were recorded and analyzed accordingly. Descriptive 

statistical results are detailed in Table 4. Low-carbon literacy is assessed across three primary 

domains: cognition, affective, and behavior. The average score for the cognition domain is 
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3.367 out of 4, which is the highest among the three domains. Conversely, the behavior 

domain received the lowest score, with an average of 3.288 out of 4, compared to the other 

domains. 

 

Table 4. Description of Low-Carbon literacy 

 N Range Min Max Mean Std. Deviation Variance 

Cognition 113 1.86 2.14 4.00 3.367 .4563 .208 

Affective 113 1.54 2.46 4.00 3.317 .3884 .151 

Behavior 113 1.86 2.14 4.00 3.288 .4276 .183 

 

To examine the correlation among the three domains, a correlation analysis was conducted 

using SPSS 21 software. The results indicated a strong correlation between the cognition and 

affective domains (0.759) and between the affective and behavior domains (0.743). However, 

the correlation between the cognition and behavior domains was lower (0.572). These 

findings suggest that high levels of knowledge do not necessarily translate into effective 

implementation of low-carbon behaviors. This observation is consistent with research 

conducted in Malaysia, which found that while prospective teacher students possess 

substantial knowledge and positive attitudes, their practice of climate change mitigation and 

adaptation remains inadequate (Nayan et al., 2020). Similarly, a study of pre-service teacher 

students in eastern Finland revealed that knowledge did not correlate with their willingness to 

engage in climate change mitigation actions (Tolppanen et al., 2021a). 

 

Table 5. Correlations Among Domains of the Low-Carbon Literacy Instrument 

Correlations 

  Cognition Affective Behavior 

Cognition Pearson Correlation 1 .759** .572** 

Sig. (2-tailed)  .000 .000 

N 113 113 113 

Affective Pearson Correlation .759** 1 .743** 

Sig. (2-tailed) .000  .000 

N 113 113 113 

Behavior Pearson Correlation .572** .743** 1 

Sig. (2-tailed) .000 .000  

N 113 113 113 

**. Correlation is significant at the 0.01 level (2-tailed).  

 

 

The descriptive analysis revealed average scores for the cognition, affective, and behavior 

domains of 3.367, 3.317, and 3.288, respectively. While these scores exceed the threshold of 
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3, a more detailed examination of each domain is warranted (see Table 6). An in-depth 

analysis of individual items yielded the following significant findings: 

 

The Cognition domain 

The Cognition Domain is divided into two subdomains: Low Carbon Knowledge (KN) and 

Ecological Cognition (EC). The average scores for all components within this domain exceed 

3. However, one item, specifically KN2, received a lower score compared to the others. The 

results of the descriptive analysis are detailed below. 

 

KN2: "I am aware that conserving electricity can lead to a reduction in CO2 emissions." 

 

Item KN2 has an average score of 2.6991, which is the lowest within the Cognition Domain. 

Detailed analysis reveals that 44.3% of students scored below 3 (Disagree or Strongly 

Disagree) on this item. This indicates that nearly half of the students are unaware that 

conserving electricity can reduce CO2 emissions. Additionally, 48.7% of respondents' answers 

to KN2 were inconsistent with their responses to KN3, which states: "I know that coal-fired 

power plants produce a significant amount of CO2 gas." The discrepancy suggests a lack of 

understanding among some students regarding the predominant use of coal in power plants in 

Indonesia and its associated CO2 emissions. This underscores the need for improved 

education for chemistry students concerning the use of coal as a fuel and its environmental 

impact. Given that CO2 emissions from electricity use in households can be substantial, with 

approximately 6,150 kg CO2 equivalent per year (Nahar & Verma, 2018), it is crucial to 

enhance electricity efficiency to mitigate CO2 emissions and address climate change (Mahi, 

Ismail, Phoong, & Isa, 2021). 

The findings of this study align with existing research indicating that pre-service 

teachers generally exhibit low levels of knowledge regarding climate change education 

(Competente Ronnel Joseph T, 2019; Moshou & Drinia, 2023; Tolppanen, Claudelin, & 

Kang, 2021b) Specifically, pre-service chemistry teachers also demonstrate insufficient 

understanding. Although they possess some knowledge about climate change, their 

comprehension of related concepts such as global warming, the greenhouse effect, and their 

interconnections remains unclear or incorrect (Wan, Ding, & Yu, 2023).  

The characteristics of the climate change phenomenon necessitate tangible action; 

however, the absence of immediate visibility and the difficulty in directly measuring changes 

contribute to widespread misconceptions of the concept (Molthan-hill, Worsfold, Nagy, Leal, 

& Mifsud, 2019). These findings underscore the necessity for the development of courses 

aimed at enhancing both content knowledge and pedagogical content knowledge. Such 

advancements are crucial for fostering a more professional teaching approach and for 

effectively engaging students in climate change education (Beach, 2023; Favier, Gorp, Cyvin, 

& Cyvin, 2021). A comprehensive understanding of low-carbon concepts does not inherently 

translate into low-carbon behaviors. Such a transformation necessitates mediation through 

personal engagement with scientific principles and a strong trust in climate science 

knowledge(Larrain et al., 2024). 
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Table 6: Description of The Cognition Domain 

 N Min Max Mean Std. Deviation 

KN1 113 1.00 4.00 3.6460 .54968 

KN2 113 1.00 4.00 2.6991 1.05123 

KN3 113 1.00 4.00 3.3628 .68220 

KN4 113 1.00 4.00 3.3805 .90946 

EC1 113 2.00 4.00 3.6372 .58343 

EC2 113 1.00 4.00 3.1858 .92146 

EC3 113 2.00 4.00 3.6637 .52798 

 

The Affective domain 

The Affective Domain comprises four subdomains: Attitude (AT), Value (AV), Sensitivity 

(SN), and Locus of Control (LC). Descriptive analysis of each item within this domain 

revealed that three items exhibited lower average scores compared to others. Detailed results 

of the descriptive analysis for the Affective Domain are presented in Table 7. The specifics of 

these items are as follows: 
 

AV2: "I believe that the efficient utilization of fossil fuel-based electricity can contribute to a 

reduction in CO2 emissions." 

 

The average score for AV2 was 2.8230, indicating that 37.2% of students responded with 

scores below 3 (Disagree & Strongly Disagree). This suggests a need to enhance students' 

understanding of how efficient use of electricity can contribute to reducing CO2 emissions. 

Furthermore, 35.4% of student responses to AV2 were inconsistent with responses to KN3: “I 

know that coal-fired power plants produce a lot of CO2 gas.” This discrepancy implies that a 

robust knowledge base does not necessarily translate into corresponding attitudes, 

highlighting the need for targeted interventions to improve attitudes. These findings are 

consistent with research emphasizing the necessity of preparing students to lead sustainable 

development practices (Leal Filho et al., 2020). To effectively translate knowledge into 

action, it is crucial to strengthen self-efficacy, as supported by existing literature (Baldwin, 

Pickering, & Dale, 2022). 

 

LC1: "I believe that increasing the amount of information on the impacts of global warming 

and climate change will enhance individuals' awareness and likelihood of adopting low-

carbon behaviors." 

 

The average score for LC1 is 2.7965, with 36.2% of students responding with "Disagree" or 

"Strongly Disagree." This low score suggests a need to reinforce the belief that disseminating 

information on the impacts of global warming and climate change is crucial for enhancing 

awareness and promoting low-carbon behaviors (Alison Anderson, 2009). Despite this, it is 
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important to recognize that possessing knowledge alone does not necessarily translate into the 

adoption of behaviors aimed at reducing CO2 emissions. 

 

LC3: “I believe that the effectiveness of a low-carbon lifestyle can be enhanced through the 

active participation of all family members.” 

 

The average score for LC3 is 2.8053, indicating that approximately 37.2% of students 

exhibit low confidence in the statement. The adoption of low-carbon behaviors in individuals 

is influenced by various demographic, internal, and external factors (T. Wang et al., 2021). 

Typically, the initiation of low-carbon behaviors is driven by internal factors, which are 

subsequently reinforced by external influences, such as habitual practices. When certain 

habits become normalized, individuals are more likely to emulate a low-carbon lifestyle. 

Effective implementation of a low-carbon lifestyle often requires robust community support, 

with the family unit playing a crucial role in maintaining low-carbon principles (Choi & 

Sung, 2011; R. Liu, Ham, Ding, Jiang, & Zhang, 2022). Families are particularly influential 

in promoting low-carbon practices through everyday activities, such as electricity use. To 

enhance the effectiveness of low-carbon practices within the family, the role of the family 

head is pivotal (Xia, Liu, Han, Gao, & Lan, 2022). 

 

Table 7. Description of The Affective Domain 

 N Min Max Mean Std. Deviation 

AT1 113 1.00 4.00 3.4336 .66650 

AT2 113 1.00 4.00 3.5664 .61056 

AT3 113 1.00 4.00 3.1416 .80030 

AV1 113 1.00 4.00 3.5575 .62590 

AV2 113 1.00 4.00 2.8230 .86839 

AV3 113 2.00 4.00 3.5929 .63579 

SN1 113 2.00 4.00 3.5575 .59669 

SN2 113 1.00 4.00 3.1858 .88185 

SN3 113 1.00 4.00 3.5841 .59350 

LC1 113 1.00 4.00 2.7965 .85731 

LC2 113 2.00 4.00 3.5929 .54506 

LC3 113 1.00 4.00 2.8053 .89501 

LC4 113 1.00 4.00 3.4867 .68289 

 

The affective domain is crucial in fostering low-carbon behavior, necessitating targeted 

reinforcement (Brosch, 2021). A viable approach to strengthening this domain involves 

engaging students in addressing local environmental challenges related to global warming. 

This approach is supported by research indicating that direct involvement in environmental 

problem-solving enhances understanding and application of concepts such as global warming, 
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climate change, and carbon emission measurement and reduction (Nazarenko & Kolesnik, 

2018; Rousell & Cutter-mackenzie-knowles, 2019) Increased student participation in such 

activities not only deepens their knowledge but also boosts their confidence in implementing 

CO2 reduction strategies. Therefore, frequent engagement in practical problem-solving 

activities is likely to enhance students' efficacy and commitment to reducing carbon 

emissions. 

Problem-solving should employ local or contextual issues to enhance the relevance 

and applicability of the solutions developed. This approach aligns with the principles of 

situated learning, which posits that knowledge is inherently context-dependent rather than 

transferable across different situations (Hendricks, 2001). Situated learning asserts that 

knowledge is not merely an abstract entity that can be detached from its original context (e.g., 

classroom) and applied elsewhere (e.g., workplace), but is instead bound to specific 

situations. Effective learning involves engaging with real-world conditions to ensure that 

knowledge is both relevant and practical. Research supports the efficacy of situated learning, 

demonstrating its benefits in various domains: it can enhance learner performance (Zheng, 

2010), improve critical thinking skills (Monroy-licht, Collante-padilla, & González-

hernandez, 2016), and facilitate the acquisition of skills and knowledge (Billett, 1996; 

Hedegaard, 2009; Marsden, Franklin, Newton, & Middleton, 2010). 

 

The Behavior domain 

The Behavior domain encompasses two subdomains: Action Intention (AI) and Action 

Strategy (AS). Within each subdomain, two items were identified with lower average scores 

relative to the other items. A comprehensive overview of the low-carbon literacy scores 

within the Behavior domain is provided in Table 8. Specific items demonstrating lower 

average scores include: 

 

AI4: “I prioritize the use of public transportation for travel.” 

 

The average score for item AI4, which is 2.7611, indicates that 36.3% of students responded 

with "Disagree" or "Strongly Disagree." This result contrasts with item SN2, which has a 

higher average score of 3.1858, indicating agreement with the use of mass transportation (e.g., 

buses, trains) to reduce CO2 emissions. This discrepancy suggests that while students may 

exhibit a certain level of sensitivity to CO2 emissions, factors such as gender, age, income, 

education level, taxation, subsidies, previous behaviors, intrinsic motivation, cost, comfort, 

and infrastructure may influence their actual behaviors, resulting in suboptimal 

implementation of low-carbon activities (T. Wang et al., 2021). This issue highlights the need 

for climate change education to account for the specific context of the community when 

addressing emission reduction. Enhancing students' understanding of low-emission 

transportation options and integrating this knowledge with actionable strategies has the 

potential to improve low-carbon behavior (Moshou & Drinia, 2023). 
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                           Table 8. Description of The Behavior Domain 

 N Min Max Mean Std. Deviation 

AI1 113 1.00 4.00 3.3097 .70811 

AI2 113 1.00 4.00 3.4425 .64001 

AI3 113 1.00 4.00 3.5310 .61340 

AI4 113 1.00 4.00 2.7611 .88916 

AS1 113 1.00 4.00 3.4690 .64186 

AS2 113 1.00 4.00 3.6106 .61866 

AS3 113 1.00 4.00 2.8938 .95770 

 

In addition to AI4, another item with a low average score is AS3: “I care about 

environmentally friendly energy campaigns held by the private sector or the government.” 

The average score for AS3 is 2.8938, with 33.6% of students expressing disagreement or 

strong disagreement. This indicates relatively low student engagement with government 

initiatives aimed at addressing the impacts of global warming and climate change. The 

observed disinterest in government programs suggests a need for tailored interventions that 

consider the diverse characteristics of the student population, including educational 

background, economic status, familial circumstances, and geographical location. To enhance 

understanding and support for low-carbon initiatives, it is essential to incorporate quantitative 

literacy (QL) into educational practices. QL involves the use of data to analyze and interpret 

emissions and their impacts, providing a rational basis for increasing low-carbon activities. 

For instance, QL can help in evaluating the effectiveness of various environmental campaigns 

and in making data-driven decisions to optimize carbon reduction efforts. 

 

While watching a YouTube video, 0.2 g of carbon dioxide is being emitted every 

second, which, considering an average 3–4 min video, equals 36 g. While this might 

not seem too much, the yearly total of all videos watched is 252,000 metric tons of 

CO2, which is the same amount that 52,500 cars emit in a year(Dósa & Russ, 2020). 

 

The data indicate that viewing YouTube videos significantly impacts annual CO2 emissions, 

with the cumulative emissions being substantial. This finding highlights the potential for 

increased awareness regarding the emissions associated with various activities(Kováčová, 

Held, & Kotuľáková, 2024). Such data can help elucidate the extent to which everyday 

actions contribute to CO2 emissions. Consequently, this understanding can enhance the 

public's receptivity to government campaigns or educational initiatives addressing climate 

change, as it underscores the pervasive nature of emissions in daily life (Dósa & Russ, 2020).  

Furthermore, the outcomes derived from carbon emission calculation activities can be 

effectively disseminated through social media platforms. This approach aims to foster 

increased awareness and provide valuable insights to a broader audience, encouraging more 

informed responses to activities contributing to CO2 emissions(Stoddart, Koop-Monteiro, & 

Tindall, 2024). 
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Conclusion  

The survey results indicate that students attained mean scores of 3.367, 3.317, and 

3.288 in the cognitive, affective, and behavioral domains of low-carbon literacy, respectively, 

on a scale of 4. However, the analysis identifies several key issues: prevalent misconceptions 

about CO2 emissions from power plants, a lack of student confidence in executing low-carbon 

initiatives, and a propensity to choose emission reduction strategies that, while easily 

achievable, have limited effectiveness. To enhance low-carbon literacy and address 

misconceptions, it is recommended to strengthen the foundational understanding of climate 

change phenomena through project-based activities, such as calculating CO2 emissions from 

household electricity consumption or transportation usage. Implementing such projects can 

reinforce students' quantitative literacy regarding CO2 emissions by providing empirical 

evidence of their contributions to daily life. This approach is expected to inspire informed 

actions aimed at reducing CO2 emissions effectively. 

 

Credit Authorship Contribution Statement  

Eko Yuliyanto: Conceptualization, Methodology, Software, Visualization, Formal analysis, 

Writing–original draft, Writing – review & editing. Atik Rahmawati: Writing–review & 

editing, Supervision, Project administration. 

 

References  

 Aiken, L. R. (1985). Three coefficients for analyzing the reliability, and validity of ratings. 

Educational and Psychological Measurement, 45, 131– 

142.https://doi.org/https://doi.org/10.1177/0013164485451012 

Amin, M. S., Permanasari, A., Setiabudi, A., & Hamidah, I. (2020). Level Literasi Low 

Carbon Siswa Sekolah Dasar dalam Aktivitas Kehidupan Sehari-Hari. Titian Ilmu: 

Jurnal Ilmiah Multi Sciences, 12(2), 49–57. https://doi.org/10.30599/jti.v12i2.653 

Anderson, Alison. (2009). Media, Politics and Climate Change: Towards a New Research 

Agenda. Sociology Compass, 3(2), 166–182. 

https://doi.org/https://doi.org/10.1111/j.1751-9020.2008.00188.x 

Anderson, Allison. (2012). Climate Change Education for Mitigation and Adaptation. Journal 

of Education for Sustainable Development, 6(2), 191–206. 

https://doi.org/10.1177/0973408212475199 

Baldwin, C., Pickering, G., & Dale, G. (2022). Knowledge and Self-Efficacy of Youth to 

Take Action on Climate Change. Environmental Education Research, 29(11), 1597–

1616. https://doi.org/10.1080/13504622.2022.2121381 

Beach, R. (2023). Addressing the Challenges of Preparing Teachers to Teach about the 

Climate Crisis. The Teacher Educator, 58(4), 507–522. 

https://doi.org/10.1080/08878730.2023.2175401 

Billett, S. (1996). Situated Learning : Bridging Sociocultural And Cognitive Theorising. 

Learning and Instruction, 6(3), 263–280. https://doi.org/https://doi.org/10.1016/0959-

4752(96)00006-0 

Brosch, T. (2021). Affect and emotions as drivers of climate change perception and action: a 

review. Current Opinion in Behavioral Sciences, 42, 15–21. 

https://doi.org/https://doi.org/10.1016/j.cobeha.2021.02.001 

Cho, E., & Kim, S. (2015). Cronbach's Coefficient Alpha : Well Known but Poorly 



Pre-Service teachers perceptions on low carbon……………………………………………….…… Yuliyanto, E., Rahmawati, A. 

 

 
Thabiea : Journal of Natural Science Teaching 

-148- 

Understood. Organizational Research Methods, 18(2). 

https://doi.org/10.1177/1094428114555994 

Choi, Y., & Sung, M. (2011). The Low Carbon & Green Growth Policy and Green Life-Style, 

The Practical Implication and Vision on Family. J. Korean Home Econ. Assoc, 49(1), 

79–91. https://doi.org/10.6115/khea.2011.49.1.079 

Competente Ronnel Joseph T. (2019). Pre-service teachers ’ inclusion of climate change 

education. International Journal of Evaluation and Research in Education, 8(1), 119–

126. https://doi.org/10.11591/ijere.v8.i1.pp119-126 

Cordero, Ie. C., Centeno, D., & Todd, A. M. (2020). The Role of Climate Change Education 

on Individual Life time Carbon Emissions. PLoS ONE, 15(2), 1–23. 

https://doi.org/10.1371/journal.pone.0206266 

Corrochano, D., Ferrari, E., López-Luengo, M. A., & Ortega-quevedo, V. (2022). Educational 

Gardens and Climate Change Education : An Analysis of Spanish Preservice Teachers ’ 

Perceptions. Education Sciences, 12(275). 

https://doi.org/https://doi.org/10.3390/educsci12040275 

Dósa, K., & Russ, R. S. (2020). Making sense of carbon footprints : how carbon literacy and 

quantitative literacy affect information gathering and decision-making. Environmental 

Education Research, 26(3), 421–453. https://doi.org/10.1080/13504622.2019.1569205 

Favier, T., Gorp, B. Van, Cyvin, J. B., & Cyvin, J. (2021). Learning to teach climate change : 

students in teacher training and their progression in pedagogical content knowledge. 

Journal of Geography in Higher Education, 45(4), 594–620. 

https://doi.org/10.1080/03098265.2021.1900080 

Ferguson, T. (2022). Envisioning low-carbon futures : possibility and hope as part of climate 

change teacher education. Environmental Education Research, 28(8), 1191–1208. 

https://doi.org/10.1080/13504622.2022.2099532 

Hedegaard, M. (2009). Situated Learning and Cognition : Theoretical Learning and 

Cognition. Mind, Culture, and Activity, 5(2), 114–126. 

https://doi.org/10.1207/s15327884mca0502 

Hendricks, C. C. (2001). Teaching Casual Reasoning Trough Cognitive apprenticeship: What 

are Results from Situated Learning? Journal Education Research, 94(5), 302–311. 

https://doi.org/https://doi.org/10.1080/00220670109598766 

Hu, M. M., Horng, J., & Teng, C. C. (2013). Assessing Students ’ Low Carbon Literacy by 

Ridit IPA Approach. Journal of Hospitality, Leisure, Sport & Tourism Education, 13, 

202–212. https://doi.org/10.1016/j.jhlste.2013.09.006 

Hudha, M. N., & Permanasari, A. (2020). Low Carbon Education: A Review and Bibliometric 

Analysis. European Journal of Educational Research, 9(1), 319–329. 

https://doi.org/https://doi.org/10.12973/eu-jer.9.1.319 

John W. Creswell. (2018). Research Design : Qualitative, Quantitative, and Mixed Methods 

Approaches (Fifth edit). Los Angeles: SAGE. 

Kaiser, H. F. (1960). The Application of Electronic Computers to Factor Analysis. 

Educational and Psychological Measurement, 20(1), 141–151. 

https://doi.org/https://doi.org/10.1177/001316446002000116 

Khalidi, R., Ramsey, J., Khalidi, R., & Ramsey, J. (2020). A comparison of California and 

Texas secondary science teachers ’ perceptions of climate change teachers ’ perceptions 

of climate change. Environmental Education Research, 27(5), 1–18. 

https://doi.org/10.1080/13504622.2020.1838447 

Kováčová, L., Held, Ľ., & Kotuľáková, K. (2024). The influence of inductive activities on 

pupils’ conceptualization and attitudes to the greenhouse effect and climate change. 

International Research in Geographical and Environmental Education, 1–18. 



Thabiea : Journal of Natural Science Teaching, 7(2);135-151, 2024 

 

Thabiea : Journal of Natural Science Teaching 

 
-149- 

https://doi.org/10.1080/10382046.2024.2358678 

Larrain, A., Freire, P., Cofré, H., Andaur, A., Tolppanen, S., Kang, J., … Arenas, A. (2024). 

Willingness to mitigate climate change: the role of knowledge, trust, and engagement. 

Environmental Education Research, 1–12. 

https://doi.org/10.1080/13504622.2024.2386630 

Leal Filho, W., Wolf, F., Lange Salvia, A., Beynaghi, A., Shulla, K., Kovaleva, M., & 

Vasconcelos, C. R. P. (2020). Heading towards an unsustainable world: some of the 

implications of not achieving the SDGs. Discover Sustainability, 1(1), 2. 

https://doi.org/10.1007/s43621-020-00002-x 

Liu, C., & Cheng, J. (2022). Low-Carbon Literacy of Exhibitors in the Exhibition Industry in 

China. Sustainability, 14(4), 2262. https://doi.org/https://doi.org/10.3390/su14042262 

Liu, R., Ham, J., Ding, Z., Jiang, X., & Zhang, H. (2022). Sustainable family development: 

How changes in family life cycle influence household low-carbon use behavior through 

changing motivations. Sustainable Production and Consumption, 34, 271–284. 

https://doi.org/https://doi.org/10.1016/j.spc.2022.09.010 

Mahi, M., Ismail, I., Phoong, S. W., & Isa, C. R. (2021). Mapping Trends and Knowledge 

Structure of Energy Efficiency Research : What We Know and Where We Are Going. 

Environmental Science and Pollution Research, 28, 35327–35345. 

https://doi.org/https://doi.org/10.1007/s11356-021-14367-7 

Marsden, T., Franklin, A., Newton, J., & Middleton, J. (2010). Sustainability in Practice : 

Situated Learning and Knowledge for The Evolving Eco-economy. Planning Skills and 

Learning for Sustainable Communities, 81(5), 541–562. Retrieved from 

https://www.jstor.org/stable/27975971 

Mashfufah, A., Nurkamto, J., Sajidan, & Wiranto. (2018). Environmental Literacy Among 

Biology Pre-Service Teachers : A Pilot Study. In AIP Conference Proceedings (Vol. 

2014, pp. 1–10). https://doi.org/https://doi.org/10.1063/1.5054444 

Meilinda, Rustaman, N. Y., & Tjasyono, B. (2017). The Perceptions Of Pre-Service Science 

Teachers And Science Teachers About Climate Change. Jurnal Pendidikan IPA 

Indonesia, 6(2), 292–297. https://doi.org/10.15294/jpii.v6i2.9490 

Mizuta, Y. (2003). A case study on energy saving and new energy services in Japan. 

Management of Environmental Quality, 14(2), 214–220. 

https://doi.org/10.1108/14777830310470431 

Molthan-hill, P., Worsfold, N., Nagy, G. J., Leal, W., & Mifsud, M. (2019). Climate change 

education for universities : A conceptual framework from an international study. Journal 

of Cleaner Production, 226, 1092–1101. https://doi.org/10.1016/j.jclepro.2019.04.053 

Monroy-licht, A., Collante-padilla, A., & González-hernandez, R. (2016). An Environmental 

Management Project : Situated Learning to Enhance Critical Thinking Skills in College 

Students. Transformative Dialogues: Teaching & Learning Journal, 8(3), 1–13. 

Retrieved from https://journals.psu.edu/td/article/view/1125 

Moshou, H., & Drinia, H. (2023). Climate Change Education and Preparedness of Future 

Teachers — A Review : The Case of Greece. Sustainability, 15, 1177. 

https://doi.org/https:// doi.org/10.3390/su15021177 

Nahar, D., & Verma, P. (2018). Shaping public behavior and green consciousness in India 

through the ‘ Yo ! Green ’ Carbon Footprint Calculator. Carbon Management, 9(2), 127–

144. https://doi.org/10.1080/17583004.2018.1435960 

Nayan, N., Mahat, H., Hashim, M., Saleh, Y., & Norkhaidi, S. B. (2020). Climate Literacy 

Awareness Among Preservice Teachers In Malaysia. Cakrawala Pendidikan, 39(1), 89–

101. https://doi.org/10.21831/cp.v39i1.26873 

Nazarenko, A., & Kolesnik, A. I. (2018). Raising Environmental Awareness of Future 



Pre-Service teachers perceptions on low carbon……………………………………………….…… Yuliyanto, E., Rahmawati, A. 

 

 
Thabiea : Journal of Natural Science Teaching 

-150- 

Teachers. International Journal of Instruction, 11(3), 63–76. 

https://doi.org/https://doi.org/10.12973/iji.2018.1135a 

Norkhaidi, S. B., Mahat, H., Hashim, M., Nayan, N., & Saleh, Y. (2017). Carbon Literacy 

Knowledge Element among Secondary School Students : Confirmatory Factor Analysis 

Approach (CFA). Geografi, 5(1), 1–11. Retrieved from 

https://ejournal.upsi.edu.my/index.php/GEOG/article/view/2022 

Nurramadhani, A., Riandi, R., Permanasari, A., & Suwarma, R. (2022). Low Carbon 

Education : Students' S Understanding, Applications In Daily Life, And Science 

Learning. Journal of Engineering Science and Technology, 101–109. Retrieved from 

https://jestec.taylors.edu.my/Special Issue ICMScE2022/ICMScE2022_13.pdf 

Nyarko, S. C., & Petcovic, H. L. (2021). Ghanaian preservice science teachers ' knowledge of 

ozone depletion and climate change, and sources of their knowledge knowledge. 

International Journal of Science Education, 43(10), 1–22. 

https://doi.org/10.1080/09500693.2021.1922779 

Ratinen, I. (2021). Students ' Knowledge of Climate Change, Mitigation and Adaptation in the 

Context of Constructive Hope. Education Sciences, 11(3). 

https://doi.org/https://doi.org/10.3390/educsci11030103 

Rhodes, C. J. (2019). Only 12 years left to readjust for the 1.5-degree climate change option – 

Says International Panel on Climate Change report : Current commentary. Science 

Progress, 102(1), 73–87. https://doi.org/https://doi.org/10.1177/0036850418823397 

Rousell, D., & Cutter-mackenzie-knowles, A. (2019). Children s Geographies A systematic 

review of climate change education : giving children and young people a ' voice ' and a ' 

hand ' in redressing climate change change. Children’s Geographies, 0(0), 1–18. 

https://doi.org/10.1080/14733285.2019.1614532 
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