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Abstract

:

In contributing towards the discourse on developing teachers’ capabilities for Education for Sustainable Development (ESD), this study examines the relationships between sustainability knowledge, readiness, and self-efficacy for teaching sustainability concepts among vocational teachers in Malaysian colleges. Grounded in Bandura’s self-efficacy theory, the research assesses the combined effect of teachers’ sustainability knowledge and readiness on their ability to teach sustainability effectively. Using a cross-sectional survey design, a sample of three hundred and seventy-five (375) vocational college teachers and structural equation modeling (SEM), the results indicate no significant link between teachers’ sustainability knowledge and their readiness for ESD. However, a positive relationship between teachers’ readiness and their self-efficacy was found. The study shows that while sustainability knowledge does not directly enhance readiness for ESD, it is a strong predictor of self-efficacy in teaching sustainability. Moreover, readiness has a greater effect on self-efficacy than sustainability knowledge alone, highlighting the importance of conceptual understanding in building teachers’ confidence and competence in sustainability education. Despite focusing specifically on Malaysia and using self-reported data, which to some extent limits the study’s findings, the outcomes offer practical insights for educational policymakers, vocational institutions, and educators. They underscore the need for a comprehensive educational approach beyond just knowledge transfer. This research contributes to the sustainability education discourse and suggests areas for future studies, including exploring contextual differences and adopting longitudinal study designs to better understand the dynamics between sustainability knowledge, readiness, and teaching self-efficacy in vocational education.
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1. Introduction


Education for Sustainable Development (ESD) stands as an imperative in today’s educational landscape, addressing the urgent need to equip individuals with the knowledge, skills, and values essential for a sustainable future [1,2]. As ESD continues to gain recognition, educators find themselves facing fundamental questions such as “What should we teach about sustainable development?” and “How might we approach teaching for sustainability, especially within the context of technical and vocational education?” These questions become even more complex when considering the varying levels of awareness and understanding of sustainability concepts among educators, as well as the extent of ESD integration within the vocational education curricula [3,4]. This predicament begs a critical question: Why do vocational teachers struggle with effectively teaching and integrating sustainability concepts within their respective subjects? Some scholars have attempted to provide answers to these pertinent questions [5,6,7,8]. For instance, Sharma [9] explained that vocational educators in New Zealand held perceptions of ESD being of little relevance to trade and vocational education and as such were less interested in sustainability issues, which in turn resulted in these educators affirming that their perception and knowledge of sustainability issues was minimal. Therefore, could inadequate or lower knowledge of sustainability issues affect teachers’ readiness and self-efficacy to engage in ESD?



This study, therefore, is founded upon the assumption that the answer to the question of how teachers might approach teaching sustainability in a TVE context may in part be found in understanding the interplay of vocational teachers’ sustainability knowledge, readiness, and teaching efficacy [7,10,11]. While the quality of teacher training programs plays a pivotal role in this context, examining teachers’ self-efficacy and readiness to teach sustainability provides an indirect lens through which we can explore their preparedness for this critical task. Vocational teachers’ awareness, sense of capacity, and confidence are reflected in their efficacy beliefs, and a substantial body of research literature has established a connection between teachers’ self-efficacy and their training as well as their teaching performance [2,12,13,14,15].



According to the Cloud Institute for Sustainable Education [10], Education for Sustainable Development (ESD) is a learning process that aims to provide students, teachers, and school systems with the knowledge, skills, values, attitudes, and thinking needed to attain economic prosperity and responsible citizenship. Similarly, ref. [11] defines ESD as a learning process that provides individuals with the necessary knowledge, skills, values, and attitudes to make informed decisions and take responsible actions to ensure environmental integrity, economic viability, and social justice for current and future generations, while also respecting cultural diversity. ESD therefore aims to preserve and enhance the health of living systems to ensure the future welfare of humanity and the Earth.



Various educational fields across different countries are at distinctive levels of ESD integration despite over two decades of UNESCO calls for reorienting educational programs/systems to develop sustainability literacy. In a TVE context, the challenges are also evident as there are notable challenges within the implementation of ESD in Malaysia’s vocational education sector. For instance, the researchers in [4], using a quantitative case study, examined the prospects of the TVE program in Malaysia in preparing pre-service teachers for teaching sustainability concepts. Using a dual perspective analysis constituting TVE educators’ and students’ perspectives, they found that TVE programs currently do not adequately incorporate sustainability concepts. This backdrop inhibits the programs’ effectiveness in properly preparing teachers to perform educational tasks that advocate for and advance sustainability. Similarly, ref. [11] argued that to train workers who can carry out work by applying an understanding of sustainability principles, teachers and instructors must themselves become sustainability-literate vocational teachers. However, they highlighted that vocational teacher education programs were sufficiently vast in developing the technical aspects and competencies of vocational teachers but lagged sufficiently in developing sustainability-literate vocational teachers. These challenges underscore the need for this study.



Bandura defines self-efficacy as the belief in one’s capacity to plan and execute instructional objectives within a specific subject matter [12]. In the context of teaching, self-efficacy represents a teacher’s conviction in their ability to educate their students efficiently and effectively. While research literature [13,14,15] has explored the connection between self-efficacy and the broader teaching and learning process, the relationship between teachers’ self-efficacy and their effectiveness in teaching sustainability remains largely unknown.



Moreover, it is crucial to recognize that efficacy beliefs are not one-dimensional; they vary across different subject matters [12,16]. Thus, it would be an oversimplification to assume that teachers who generally possess self-efficacy would exhibit the same level of self-efficacy when teaching sustainability concepts. Consequently, this study aims to address this gap in the literature by investigating the association between vocational teachers’ self-efficacy, their knowledge, and their readiness within the specific context of ESD and TVE.



While previous studies have explored the impact of sustainability pedagogies on pre-service teachers’ self-efficacy for ESD [17], the broader understanding of self-efficacy in teaching sustainability remains substantially unexplored, especially in a TVE context. Research literature suggests that teachers’ self-efficacy for teaching sustainability may be influenced by the quality of teacher training programs or professional development courses to which teachers are exposed. Thus, this study seeks to examine the relationship between vocational teachers’ self-efficacy and their sustainability knowledge within the unique context of Malaysian vocational colleges.



In addition to self-efficacy, another critical factor influencing the quality and effectiveness of teaching and learning is teachers’ readiness [18,19,20,21]. Teacher readiness encompasses their willingness, confidence, capacity, attitudes, motivation, and intent to teach effectively. While perceived readiness has been theoretically linked to self-efficacy [22], a teacher’s ability to maintain an effective classroom environment is compromised if they do not feel adequately prepared. In educational contexts, teachers are more likely to engage successfully in teaching when they feel confident and competent. The case is also true about the relationship between self-efficacy and teachers’ readiness [12]. Teachers feel better prepared when they feel confident and competent in their abilities. Thus, teachers’ perception of their readiness to teach, and the quality of their training experience, may be fundamental to determining how confident and competent they feel in executing teaching tasks related to a specific subject matter, and in the specific context of sustainability education.



Although some studies have explored teachers’ knowledge of sustainability, self-efficacy, and readiness to teach sustainability concepts and issues [7,17,23,24], the literature remains relatively limited and inconclusive on the nature of the relationship between these variables, especially regarding an ESD context. This study therefore addresses this gap by providing a comprehensive examination of vocational teachers’ knowledge of sustainability, their readiness, and self-efficacy levels in teaching sustainability. The extent to which self-efficacy, sustainability knowledge, and readiness are reflected in teaching performance is pivotal to the quality of the educational process, particularly concerning sustainability education. This study aims to contribute to stakeholders’ understanding of in-service vocational teachers’ self-efficacy, sustainability knowledge, and readiness in the context of teaching sustainability in Malaysian vocational colleges. By doing so, it seeks to provide valuable insights that can be used to enhance the quality and effectiveness of teacher training and professional development programs, ultimately fostering the development of self-efficacious teachers who can engage learners effectively in meaningful sustainability education. With the foregoing, the following research questions were formulated to guide the study:




	
What is the level of sustainability knowledge among teachers in vocational colleges?



	
What is the level of vocational college teachers’ readiness in terms of teaching sustainable concepts?



	
What is the self-efficacy level of vocational college teachers with respect to sustainability education?



	
What is the relationship between vocational college teachers’ sustainability knowledge and their self-efficacy in teaching sustainability?



	
What is the effect of vocational teachers’ sustainability knowledge and readiness for teaching sustainability concepts on their self-efficacy for sustainability teaching?








1.1. Research Framework and Hypothesis Development


This study’s conceptual framework is rooted in Albert Bandura’s Social Cognitive Theory (SCT), which posits that an individual’s self-efficacy, or belief in their ability to succeed in a specific task, is shaped by personal experiences, social and cultural factors, as well as observational learning. According to Bandura [16], individuals can enhance their self-efficacy through various means, such as expanding their skills and knowledge, receiving feedback and encouragement, and observing others who excel in the same task [16].



In an educational context, SCT suggests that teachers’ self-efficacy beliefs, influenced by their knowledge and preparedness [25,26], play a pivotal role in their motivation, behavior, and performance. Teachers tend to feel more confident and capable when equipped with the necessary knowledge and skills to effectively teach a subject or implement a specific educational approach [16]. Additionally, their experiences and interactions with the teaching environment, including support programs and technological infrastructure, also contribute to shaping their self-efficacy beliefs [27]. Consequently, the theory proposes an interconnected relationship between teachers’ knowledge, readiness, and self-efficacy within the teaching and learning process.



While the extant literature extensively links self-efficacy to the general teaching and learning process [13,14,21,28], research on the relationship between teachers’ self-efficacy and sustainability teaching is developing rapidly. Ashton and Webb [29] argue that efficacy beliefs are not unidimensional, i.e., they vary across different subject matters. Therefore, assuming a homogeneous relationship exists between teachers’ self-efficacy and their readiness to teach specific subjects, such as ESD, would be misleading. Therefore, SCT provides a theoretical foundation to examine whether vocational teachers’ sustainability knowledge influences their readiness and self-efficacy beliefs in teaching ESD content. Additionally, this study also examines whether the combined effect of vocational teachers’ knowledge and readiness affects their self-efficacy in teaching sustainability concepts and issues across vocational colleges in Malaysia. Figure 1 shows the conceptual framework of the study.



1.1.1. Teachers’ Sustainability Knowledge and ESD Readiness


The relationship between teachers’ sustainability knowledge and their readiness in the context of Education for Sustainable Development (ESD) is an intricate but critical dynamic that significantly shapes the efficacy of sustainability education initiatives [30]. The ability to effectively engage in ESD lies in the foundational knowledge possessed by educators. UNESCO [30] has stressed that teachers equipped with a robust understanding of sustainability concepts are better prepared to integrate these multifaceted ideas into their pedagogical endeavors. The depth of knowledge about the environmental, social, and economic dimensions of sustainability not only empowers teachers but also equips them with the requisite content expertise to effectively convey these intricate concepts to their students [31,32,33]. Sustainability knowledge exerts a profound influence on teachers’ pedagogical practices. Studies by Wals [34] and Walshe [35] assert that educators well-versed in sustainability are more inclined to adopt experiential and inquiry-based teaching methods, which may demonstrate content and pedagogical preparedness in navigating the complex and multifaceted ESD landscape. Teachers’ readiness reflects how well-prepared they are for delivering a specific subject matter. In the context of this study, sustainability knowledge or ESD knowledge is defined as vocational college teachers’ conceptual understanding of sustainability across social, environmental, and economic dimensions, and their content and pedagogical knowledge which they have acquired through training or experience.



The relationship between teachers’ sustainability knowledge and readiness extends beyond the mere articulation of information or facts. An understanding of this contextual relationship will be pivotal in shaping educators’ willingness and ability to adapt their teaching practices to incorporate sustainability concepts. Tilbury [36] suggests that educators with a comprehensive understanding of sustainability not only recognize the importance of ESD but also exhibit a readiness to adapt their curriculum and instructional methods in consonance with the principles of sustainable development.



Drawing insights from pertinent literature, some scholars have suggested that teachers’ knowledge of sustainability issues and concepts may influence their level of preparedness to engage in ESD adequately. For instance, Vukelic [21] examined the link between teachers’ readiness to implement ESD and their exposure to the initial teachers’ training program. They found that teachers’ initial training influenced their level of preparedness for ESD. More specifically, the authors [21] found that pre-service teachers in the field of the natural sciences expressed more intent to implement ESD to a lesser extent compared to students from other fields (humanities, arts, and social sciences), implying that the programs exposing students to sustainability concepts tended to correlate with pre-service teachers’ readiness in ESD. Similarly, the authors in [37] suggest that teachers need specific knowledge and abilities to develop and implement education for sustainable development (ESD). Eliyawati et al. [38] also emphasized the need for science teachers to integrate ESD teaching competencies with their science teaching competencies. In a dissimilar context, Mulyadi et al. [39] found that teachers’ perceptions of their ESD competence were positively correlated with the implementation of ESD in schools. Given these dynamics in the association of teachers’ knowledge of ESD and their preparedness to engage in ESD, we hypothesize the following:



Hypothesis 1 (H1). 

There is a positive and significant relationship between vocational teachers’ sustainability knowledge and their readiness for sustainability teaching.






1.1.2. Teachers’ Sustainability Knowledge and Self-Efficacy in ESD


Bandura’s conception of self-efficacy is the belief in one’s ability to plan and implement instructional objectives within a specific subject matter [13]. In an educational context, self-efficacy is defined as a teacher’s conviction in their ability to educate their students efficiently and effectively. Within the domain of ESD and specifically within this study, vocational teachers’ self-efficacy is an outcome variable representing a teacher’s capacity, competence, and confidence in their ability to successfully plan and execute courses of action required to attain instructional objectives regarding ESD.



Prior research literature has linked teachers’ knowledge and self-efficacy in ESD. For instance, Evans [17] examined the impact of sustainability pedagogies on pre-service teachers’ self-efficacy for ESD using a quasi-experimental, pre–post design. The author found that there was an increase in students’ observed ESD efficacy after being exposed to teaching methodologies that adopted sustainability pedagogies. Ref. [40] found that professional development training programs significantly increase teachers’ knowledge and self-efficacy. Similarly, Ref. [2] found that pre-service teachers’ self-efficacy, perceived content knowledge, and perceived pedagogical knowledge regarding ESD were adequately enhanced through teaching practicum experiences. In addition, a study [26] also found that long-term professional development programs that provide opportunities for teachers to experiment with ESD principles and challenges can boost their self-efficacy and lead to the implementation of ESD practices in the classroom. Given that prior studies have associated some dynamic where teachers’ self-efficacy beliefs are influenced by avenues for knowledge building and development, the following can thus be hypothesized:

Hypothesis 2 (H2). 

Vocational college teachers’ sustainability knowledge positively and significantly influences their self-efficacy for sustainability teaching.








1.1.3. Teachers’ Readiness and Self-Efficacy in ESD


The quality and efficacy of the teaching and learning process are significantly influenced by teachers’ perceived preparedness (readiness) in managing their subject matter. According to Giallo et al. [22], teachers’ readiness is associated with their self-efficacy and is crucial for maintaining an effective classroom environment [41]. The same can also be said of the impact of teachers’ self-efficacy and readiness. However, the bidirectional (reciprocal) relationship between the teacher’s efficacy and readiness will not be examined in this study given the limitations of the partial least squares structural equation modeling in estimating bidirectional relationships. However, it can be assumed that as teachers’ readiness influences their self-efficacy in ESD, teachers’ self-efficacy can also impact their ESD readiness. Housego [41] further notes that a teacher’s success in the teaching and learning process is diminished when they lack the readiness to teach. Readiness, as defined by Baker [42], encompasses various aspects such as willingness, confidence, capacity, attitudes, motivation, and intent to teach. Therefore, in the context of this study, vocational teachers’ readiness for sustainability teaching is a predictor variable reflecting a teacher’s perception of how prepared they are, their attitudes, motivations, and willingness to engage in Education for Sustainable Development. Vukelic [21] found that pre-service teachers’ readiness to implement ESD is closely correlated with their self-efficacy in ESD. The author [21] further explained that female pre-service teachers tend to express greater intention to implement ESD, while age was negatively correlated with the extent to which pre-service teachers express their intention to implement ESD. Vukelic’s study shed light on the nuances in teachers’ readiness to implement ESD when viewed from the lens of socio-demographic factors such as gender, age, and their effect on teachers’ self-efficacy. While studies have suggested a link between teachers’ readiness and their self-efficacy [7,17,21], research directly examining this relationship within an ESD context is lacking, especially within vocational education. Given that teachers’ readiness and self-efficacy are contingent on several factors including the context and subject matter, it is crucial to examine how the former affects the latter in an ESD context. Therefore, we hypothesize the following:



Hypothesis 3 (H3). 

Vocational teachers’ readiness in sustainability teaching positively and significantly affects their self-efficacy in sustainability teaching.








2. Materials and Methods


2.1. Research Design


The purpose of this study was to examine the effect of vocational teachers’ sustainability knowledge and readiness in sustainability teaching on their self-efficacy in sustainability teaching. Hence, a cross-sectional survey was used. A cross-sectional survey research method was used because it afforded the researchers the flexibility to collect data from in-service vocational college teachers at a single point in time, on their perceived self-efficacy and readiness in sustainability teaching [43].




2.2. Sample, Sampling Approach, and Demography of Respondents


The target population for the study were vocational college teachers in Malaysia. Given that the researchers were interested in examining the dynamics between teachers’ sustainability knowledge, their readiness, and their self-efficacy in sustainability teaching within the ambit of vocational education, vocational college teachers were considered the most appropriate population for the study. According to Malaysia’s Ministry of Education, there are 87 vocational colleges across the country. Hence, given the need for a representative and adequate sample, Krejcie and Morgan’s [44] sample size table was used to determine the sample size for the study. Hence, a total of 375 vocational college teachers were selected using a cluster sampling method for the study. Cluster sampling was used because vocational colleges in Malaysia are categorized into geographical zones, namely, northern, eastern, central, southern, and eastern zones. Hence six colleges were strategically chosen from the respective zones to collect data for this study. Participants were randomly selected across these zones to reflect an approximately representative sample.



Table 1 shows the demographic profile of respondents in this study. A sample of three hundred and sixty vocational college teachers participated in the study. Table 1 shows the gender distribution, location of institutions, age distribution, highest degree obtained, and teaching experience of vocational college teachers across the study’s location. Table 1 also indicates that there was a mixed representation of vocational teachers in terms of gender, with both male and female vocational college teachers participating in the study. In terms of the location of the institutions, most respondents (79.4%) are affiliated with vocational colleges located in more urban-centric locations. Similarly, the age distribution of respondents, as shown in Table 1, indicates that the largest cohort of teachers in vocational colleges falls within the 41–50 years age range, constituting 28.9% of the sample. This suggests a significant presence of mid-career vocational college teachers in the study. Additionally, the 20–30 years and 31–40 years age groups show substantial representation, adding to a diverse age profile of respondents.



In analyzing the highest degrees attained by vocational college teachers, Table 1 reveals that the majority (92.2%) hold bachelor’s degrees. Comparatively, a smaller percentage possess master’s degrees (5.0%), with only a minimal presence of teachers holding diplomas (2.8%). Examining the teaching experience of vocational college teachers in this study, Table 1 highlights the 5–10 years teaching experience category as the most prominent, encompassing 37.2% of the sample. This indicates a significant representation of teachers at mid-career and early career stages. Additionally, the <5 years category represents approximately 33.1% of the sample. Vocational teachers with 11–15 years of experience (12.2%) and >15 years of experience (17.5%) add to a balanced distribution, enhancing diversity within the sample. The demographic profile reflects a heterogeneous group of vocational college teachers, with a significant representation of mid-early career professionals holding bachelor’s degrees. This nuanced understanding of the sample’s characteristics is crucial for contextualizing and interpreting the subsequent findings related to the interplay between sustainability knowledge, readiness, and self-efficacy in teaching sustainability concepts.




2.3. Instrument and Measures


The instrument for data collection was a researcher-designed questionnaire consisting of four sections including a demographic section and three scales adapted from several studies [7,17,21,45]. Section A sought data on teachers’ demographic characteristics, including the institution’s location, gender, age, teaching experience, and highest degree obtained. Section B was a test consisting of 20 questions designed to assess participants’ knowledge of sustainability issues. Each correctly answered question scored a total of 5 marks. Section C sought participants’ self-report data on their teaching readiness comprising three sub-dimensions, namely, pedagogical readiness (e.g., I feel prepared to implement effective teaching strategies to teach sustainability principles), teacher behavior (e.g., I am confident in maintaining a positive and conducive classroom environment that facilitates ESD learning), and teacher motivation (e.g., I am motivated and enthusiastic about teaching sustainability concepts and issues in my lessons). Items in the readiness scales were structured on a 9-point Likert scale comprising 1 = Not at all ready and 9 = Extremely ready. Section D contains the teachers’ self-efficacy scale which sought data on teachers’ self-efficacy according to three sub-dimensions, namely, capacity to teach sustainability concepts (e.g., I feel confident in my ability to effectively teach sustainability concepts), competence (e.g., I am confident in my capability to convey sustainability concepts accurately), and competence (e.g., I perceive myself as highly competent in delivering sustainability content). Items in this scale were structured on a 9-point Likert comprising 1 = Not at all confident, and 9 = Extremely confident. To modify the instrument, the process included selecting items from the original questionnaires and customizing them based on dimensions identified through a thorough literature review and by the operational definition of the constructs. The items, although adapted from previous studies [7,17,46], were pre-validated and pilot-tested with thirty vocational teachers who were not part of the sample for the study. This was done to ensure that the instrument measures what was intended by the researchers. Upon internal consistency checks, Cronbach alpha values of 0.772, 0.971, and 0.976 were obtained for the knowledge, readiness, and self-efficacy scales, respectively, indicating the high reliability of the measures.




2.4. Data Analysis


The data were analyzed using descriptive and inferential statistics. Descriptive statistics were used to summarize and describe participants’ demographic data. Descriptive statistics were also used to interpret the level of vocational college teachers’ sustainability knowledge, readiness, and self-efficacy for sustainability teaching as shown in Table 2. The remark convention iterated in Table 2 is a consistent practice in social science research when transforming scales of varying dimensions, as reported in [47]. Partial least squares structural equation modeling (PLS-SEM) was used to test the hypothesized relationships between the exogenous and endogenous constructs and determine the strength of the relationship [48].





3. Results


3.1. Teachers’ Sustainability Knowledge Levels


Table 3 shows the sustainability knowledge levels of vocational college teachers in Peninsular Malaysia. We found that most vocational teachers have substantial knowledge of sustainability issues, with about 65 percent of the sample scoring between 68–100% on the sustainability knowledge test, indicating a somewhat balanced understanding of sustainability concepts and their dimensions. A good number of vocational college teachers (26.4%) show an adequate level of sustainability knowledge, scoring between 34–67% on the sustainability knowledge scale, while a modest amount (8.6%) show a minimal sustainability knowledge level, scoring between 0–33%. With a mean score of 67.7 and a standard deviation of 19, the results reflect that a vast majority of vocational college teachers in Malaysia have moderate to high knowledge of sustainability issues and related concepts.



The disparities in the levels of sustainability knowledge among vocational college teachers are indicative of the necessity for targeted interventions aimed at developing competencies and capabilities for resolving complex sustainability issues. These interventions should capitalize on and leverage the most experienced teachers who possess a higher level of sustainability knowledge to spearhead them, thus enhancing sustainability education within the vocational context.




3.2. Teachers’ Readiness Levels in Sustainability Teaching


In assessing vocational college teachers’ readiness levels for teaching sustainability concepts and related issues, we found that vocational teachers exhibit a particularly substantial and significant level of readiness in terms of teacher behavior (M = 6.41, SD = 1.45) and teaching motivation (M = 6.52, SD = 1.57) dimensions, while showing an adequate (M = 6.27, SD = 1.50) readiness level in terms of pedagogical readiness (See Table 4). While vocational teachers, in sum, show a substantial level of readiness (M = 6.36, SD = 1.25), it will be beneficial to further enhance their preparedness in terms of ESD pedagogies, instructional methods, and strategies, contributing to an even more significant level of preparedness for ESD.




3.3. Teachers’ Self-Efficacy Levels in Sustainability Teaching


Regarding vocational college teachers’ self-efficacy levels in sustainability teaching, we found (see Table 5) that vocational teachers have an adequate to substantial level of perceived confidence (M = 6.32, SD = 1.40) and competence (M = 6.45, SD = 1.42) to teach sustainability concepts. While the capacity to teach sustainability concepts falls within the adequate range (M = 6.23, SD = 1.47), the overall self-efficacy level is deemed adequate (M = 6.33, SD = 1.24), indicating a collective belief in vocational teachers’ capacity to contribute significantly to sustainability education. This suggests that vocational college teachers perceive that they possess the capacity, confidence, and competence to engage in sustainability education and prepare students to become sustainability-literate across various vocations.




3.4. Assessing the Measurement and Structural Model


To estimate the associations between the exogenous and endogenous constructs as illustrated in the conceptual framework of the study (see Figure 1), the partial least squares structural equation modeling was used [49]. We sought to estimate the effect between teachers’ sustainability knowledge, readiness, and self-efficacy in teaching sustainability concepts in the context of Malaysian vocational education. Three hypotheses (H1 to H3) were tested to draw inferences on the relationship between teachers’ sustainability knowledge, teachers’ readiness, and teachers’ self-efficacy in teaching sustainability concepts.



Hair [48] recommends a two-stage approach for analyzing the interactive effect between constructs in a complex model. Firstly, the reflective measurement model is assessed to establish convergent and discriminant validity. Secondly, the structural model is also assessed to estimate the relationship between the constructs. Assessing the structural model enables the researchers to ascertain the model’s fit in predicting the target constructs [48].



3.4.1. The Measurement Model


The measurement model evaluates the relationship between the latent constructs and their corresponding observed indicators. Three main criteria are used to assess the measurement model, namely, internal consistency reliability, convergent validity, and discriminant validity [50]. Internal consistency estimates the extent to which an indicator or set of indicators is consistent in measuring what it intends to measure. This is assessed using the composite reliability and Cronbach alpha coefficient [48]. Convergent validity, on the other hand, is used to estimate the extent to which individual indicators reflect a construct, i.e., the extent to which individual indicators converge to a specific construct in comparison to measuring other constructs. The indicator reliability, factor loadings and the Average Variance Extracted (AVE) are used to specify convergent validity. Table 6 shows the factor loadings, Cronbach alpha coefficient, composite reliability (CR), and AVE of all constructs in the model. According to Hair [48], indicators and constructs with outer loadings greater than 0.708 and CR greater than 0.700 have achieved satisfactory reliability while convergent validity is established with an AVE of 0.500. As seen in Table 6, all constructs have factor loadings ranging between 0.795 and 0.946. Regarding the internal consistency, CR, and AVE of teachers’ self-efficacy and readiness scales, Table 6 shows that the values obtained were greater than the minimum threshold specified by Hair [48] and Ramayah et al. [50]. Given that the sustainability knowledge measure was an aggregate reflecting the knowledge score of respondents, it is a unidimensional construct and, as such, its loading is one; hence, Cronbach alpha and CR estimates do not apply to this scale since there are no underlying indicators or subdimensions for a test [48]. This establishes that the measures are satisfactorily reliable and valid.



To determine discriminant validity, the Heterotrait–Monotrait ratio of correlations (HTMT) was used. Discriminant validity refers to the extent to which indicators measure distinct concepts by examining the correlation between measures of potentially overlapping indicators [50]. In sum, discriminant validity indicates the extent to which constructs in a model are truly distinct from one another. Traditional measures of discriminant validity such as Fornell and Larcker’s criterion are adjudged to be flawed, given that this criterion is too conservative and may not identify a lack of discriminant validity [48]. Hence, the HTMT criterion, being a direct comparison of correlations, is argued to be more sensitive in detecting potential issues with discriminant validity. Hence, the HTMT ratio was used to determine discriminant validity. Table 7 shows the HTMT ratio values. Henseler [51] and Kline [52] recommend that HTMT values of 0.85 and 0.90 establish discriminant validity. As shown in Table 7, all HTMT values meet the stringent HTMT criteria of 0.85, thus indicating that the three constructs in the model are truly distinct, and discriminant validity was achieved.




3.4.2. The Structural Model


Before assessing the structural model, it is essential to verify that there are no lateral collinearity issues with the constructs, as this has the potential to distort causal effects within the model. To assess lateral collinearity in the model, inner VIF values are used. Hair [49] recommends that constructs with inner VIF values less than five signify that lateral multicollinearity is not an issue with the model. After assessing multi-collinearity issues, the structural model can hence be assessed. Table 8 shows the structural model.



The structural model estimates the strength of interactive effects among the constructs specified in the three hypotheses (H1–H3), employing measures such as the path coefficient (β), variance explained (R2), and effect size (f2).



Table 8 indicates that the inner VIF values for all the constructs are below the recommended threshold of five, as recommended by Hair [49]. This signifies that multi-collinearity is not an issue in the model.



The bootstrapping function in SmartPLS 4.0 using 5000 separate samples was used to assess the structural model to determine the significance of the hypothesized relationships between the constructs. The results in Table 9 show that teachers’ sustainability knowledge does not significantly affect teachers’ readiness for sustainability teaching (β = 0.063, p = 0.096, t-statistic = 1.304). Ramayah et al. [50] note that hypotheses are significant and accepted when the t-statistic is greater than 1.645, and the p-value is less than 0.05; since the p-value and t-statistic for H1 here exceed this threshold, H1 is unsupported. Similarly, the results in Table 9 indicate that sustainability knowledge positively and significantly affects vocational teachers’ self-efficacy for sustainability teaching (β = 0.183, p = 0.000, t-statistic = 4.208), indicating that the hypothesis H2 is supported by the model. Vocational college teachers’ sustainability knowledge explains about 18.3% of the variance in teachers’ self-efficacy for sustainability teaching. In addition, the results also show that vocational college teachers’ readiness positively and significantly influences teachers’ self-efficacy in sustainability teaching (β = 0.564, p = 0.000, t-statistic = 1.304), with about 56.4% of the variance in teachers’ self-efficacy for sustainability teaching explained by vocational teachers’ readiness. Thus, the hypothesis H3 is supported by the model.




3.4.3. Predictive Relevance (Q2) and Effect Size (f2)


The effect size of the exogenous constructs was determined by examining the f2 values shown in Table 10. According to Hair [48], it is crucial to measure the effect size to determine the strength of the relationship between the independent and dependent variables. According to Cohen [53], effect sizes of 0.02, 0.15, and 0.35 represent small, medium, and large effects, respectively. The results show that vocational teachers’ sustainability knowledge with an effect size of 0.053 has a small effect on vocational teachers’ self-efficacy in sustainability teaching. Conversely, vocational college teachers’ readiness with an effect size of 0.498 has a large effect on vocational college teachers’ self-efficacy for sustainability education in Malaysian vocational colleges. This implies that a teacher’s readiness and preparedness to engage in sustainability education contributes more to their perceived efficacy in teaching sustainability concepts than simply developing knowledge of sustainability issues and concepts. Furthermore, in examining the predictive accuracy and explanatory power of the model through the coefficient of determination (R2), the results in Table 10 illustrate that the variance in vocational college teachers’ self-efficacy for sustainability teaching is explicable by 36.4% of the combined effect of teachers’ sustainability knowledge and readiness for sustainability teaching, as indicated by an R2 value of 0.364. Cohen [53] confirms that a model achieving an R2 greater than 0.20 demonstrates substantial explanatory accuracy. Furthermore, Q2 values exceeding zero suggest the adequate predictive relevance of the model. In this context, the Q2 value of 0.356 indicates that the exogenous constructs possess significant predictive relevance for the endogenous constructs.






4. Discussion


The examination of sustainability knowledge among vocational college teachers in Malaysian vocational colleges, as illustrated in Table 3, indicates a commendable level of understanding regarding sustainability education, with 65% of participants scoring between 68–100%. Nevertheless, disparities exist, emphasizing the necessity for targeted interventions. Leveraging the expertise of those with higher knowledge levels can contribute to equitable distribution and enhance sustainability education within the vocational context. The findings also revealed that vocational teachers exhibit substantial readiness in behavior, motivation, and pedagogical aspects. While the overall readiness of vocational college teachers is significant, a focus on refining vocational teachers’ preparedness in ESD pedagogies and instructional strategies is necessitated to further enhance their readiness for ESD. Regarding vocational teachers’ self-efficacy in sustainability teaching, the findings indicate that vocational college teachers perceive that they have substantial levels of confidence and competence. Similarly, vocational college teachers perceived their capacity for sustainability teaching (ESD) was adequate. Overall, the aggregate score signifies a collective belief in teachers’ ability, confidence, and competence to significantly contribute to sustainability education. the findings unveil the nuanced landscape of sustainability knowledge, readiness, and self-efficacy among vocational college teachers in Malaysia. The results provide a foundation for targeted interventions, emphasizing the importance of leveraging existing expertise and refining specific areas to enhance sustainability education within vocational settings. These results are consistent with the assertions of UNESCO [30], as teachers who are equipped with a vivid understanding of sustainability concepts are better prepared to integrate these multifaceted ideas into their pedagogical endeavors. The depth of knowledge about the environmental, social, and economic dimensions of sustainability not only empowers teachers but also equips them with the requisite expertise to effectively convey these complex concepts to their students [31,32,33].



The study also sought to determine the associations between vocational teachers’ sustainability knowledge, readiness for sustainability teaching, and self-efficacy in sustainability teaching. To assess the interactive effect among these variables, three hypotheses were tested using the partial least squares structural equation modeling (PLS-SEM) analysis. Table 9 provides critical insights into the complex relationships between teachers’ sustainability knowledge, readiness for sustainability teaching, and self-efficacy. The finding that sustainability knowledge has no significant effect on vocational teachers’ readiness contradicts the initial hypothesis (H1) and calls into question established literature. Irrespective of this, the idea that an educator’s foundational knowledge, as emphasized by UNESCO [30] and echoed in the works of Wals [34] and Walshe [35], does not directly affect teachers’ preparedness brings an interesting dynamic to the discourse. This finding contradicts previous research, which found a positive relationship between knowledge of sustainability concepts and preparedness for ESD. Vukelic’s [21] study, for example, found that exposure to sustainability concepts during initial training influenced teachers’ readiness for ESD. This could be the result of a myriad of factors. Firstly, sustainability knowledge is multifaceted, encompassing social, environmental, and economic dimensions. Bandura [16] posits that individuals learn through observation, imitation, and modeling. Teachers may require more specific and targeted training on integrating sustainability concepts into pedagogical practices that go beyond general knowledge and awareness of sustainability issues. In addition, knowledge is an individual-level construct that varies from person to person and is contingent on environmental and contextual factors, training, experience, and so on. These intervening variables may affect the relationship between vocational teachers’ knowledge of sustainability and their readiness to engage in ESD.



Another possible explanation for this research outcome may be the contextual variations in knowledge. The study focused on vocational teachers in Malaysian vocational colleges. Hence, contextual variations may influence the relationship between sustainability knowledge and readiness [16]. Cultural, institutional, or contextual differences may impact how sustainability knowledge translates into practical readiness. SCT emphasizes the role of social and environmental factors in shaping behavior, and these contextual elements may play a crucial role in determining the effectiveness of sustainability knowledge in promoting teachers’ readiness. In addition, Bandura also highlighted the interaction between personal factors, behavior, and the environment. This is because such factors, such as institutional support, collaborative learning environments, or specific teaching methodologies, may need to interact with sustainability knowledge to affect teachers’ readiness for sustainability teaching [16]. This study did not account for these factors, hence the outcome.



In contrast, the positive and significant influence of sustainability knowledge on vocational college teachers’ self-efficacy (H2) is consistent with previous research. The findings are consistent with Evans [17] and Ref. [40], indicating that exposure to sustainability pedagogies improves teachers’ self-efficacy, and the same may be true for the relationship between teachers’ self-efficacy and readiness. A teacher’s belief in their capacity to execute ESD teaching tasks efficiently may also inform their level of preparedness to execute said teaching activities. This consistency with existing literature lends credibility to the study’s findings. In a similar vein, the findings revealed a positive and significant influence of teachers’ readiness on their self-efficacy (H3). This research outcome corroborates the research literature’s emphasis on the integral role of teacher readiness in fostering an effective learning environment [21]. However, the substantial effect size of readiness compared to sustainability knowledge raises critical questions about the relative importance of these factors. The large effect size of readiness (0.498) in comparison to the small effect size of sustainability knowledge (0.053) implies that teachers’ preparedness holds more explanatory power over their perceived efficacy in teaching sustainability concepts. This challenges the conventional notion that knowledge forms the bedrock of effective teaching [7,17,21,22]. However, Bandura [16] asserts that self-efficacy is influenced by mastery experiences, social modeling, social persuasion, and physiological factors. Readiness, reflecting a teacher’s confidence, capacity, and motivation, may have a more direct effect on self-efficacy than knowledge alone. This may be because teachers perceive their ability to enact sustainability education more strongly through preparedness rather than developing a theoretical and conceptual understanding of the concept or phenomenon alone.



Furthermore, the coefficient of determination (R2) and predictive relevance (Q2) provide valuable insights into the explanatory and predictive power of the model. The R2 value of 0.364 indicates that 36.4% of the variance in vocational college teachers’ self-efficacy is explained by the combined effect of sustainability knowledge and readiness. While this surpasses Cohen’s threshold for substantial explanatory accuracy [53,54], it underscores the complexity of factors influencing teachers’ self-efficacy in sustainability teaching. The unexplained variance indicates that teachers’ self-efficacy in sustainability instruction is influenced not only by sustainability knowledge and preparation but also by other key factors such as personal views, previous experiences, institutional backing, or other environmental elements. The large Q2 value (0.356) further reinforces the model’s predictive relevance. A Q2 score of 0.356 (or 35.6%) in this context indicates that the model can predict 35.6% of the variance in teachers’ self-efficacy for sustainability education. This strongly suggests that the model is both theoretically sound and practically applicable. Additionally, the proximity of the Q2 value to the R2 value obtained is noteworthy. It suggests that the model is not only explaining a significant portion of the current variation but is also effective at predicting self-efficacy in similar samples. In predictive modeling, a high Q2 value is as important as a high R² value because it ensures that the model’s conclusions are not only fit to the sample data but also generalizable to other populations. Given the study’s outcomes, it is pertinent to also regress and discuss the findings in line with the demography of respondents.



The study’s results, framed in the diverse demographic context of vocational college teachers in Malaysia, provide a detailed framework for comprehending the dynamics of sustainability education. The diverse demographic profile, including the age profile, educational background, and teaching experiences, demonstrates the complex nature of vocational education environments. This diversity offers valuable insights into the nuances of the educational ecosystem and how it can impact the implementation and success of sustainability education. The level of sustainability knowledge among the teachers, as indicated in the study, is a positive note. However, the existence of disparities in this knowledge underscores a vital aspect: the need for nuanced, targeted interventions in sustainability education that consider the diverse demographic backgrounds of the teachers. The demographic data suggest that these interventions may need to be tailored differently across various age groups, educational levels, and years of teaching experience to be effective. The demographic backdrop of this study—particularly the significant representation of mid-career professionals—also suggests that while experience and maturity might contribute positively to self-efficacy, they do not necessarily correlate with readiness to teach sustainability concepts, hinting at possible gaps in initial teacher training or ongoing professional development. Furthermore, the challenge to the convention that knowledge directly increases preparedness for sustainability teaching, revealed in the study, gains an additional layer of complexity when viewed through the demographic lens. The varied educational and experiential backgrounds of the teachers suggest that personal, institutional, and contextual factors may significantly influence this relationship. It implies that enhancing sustainability education in vocational settings may require more than just imparting knowledge; it may necessitate addressing broader systemic and contextual factors that impact teachers’ readiness and self-efficacy.




5. Implications of the Study


5.1. Implications for the Malaysian Ministry of Education


The study’s outcomes highlight the need for Malaysia’s Ministry of Education to strategically improve sustainability education in vocational teacher training programs. A critical implication is the need to review and adapt the current curriculum to explicitly incorporate sustainability components. This adaptation should not only focus on theoretical knowledge but also on practical aspects that help teachers prepare for sustainability teaching. Furthermore, the Ministry should consider launching targeted professional development initiatives for vocational teachers. These programs should go beyond knowledge acquisition, focusing on teacher readiness and pedagogical strategies that align with sustainability concepts. Incentive structures or recognition programs for educators who demonstrate substantial levels of sustainability knowledge and readiness could encourage more active participation in sustainability education within vocational education.




5.2. Implications for Vocational Institutions


Vocational institutions, as leaders in TVET, should align their curricula with sustainability-related content and principles. We recommend that courses should explicitly integrate sustainability concepts to ensure a balance of theoretical knowledge and practical readiness for effective teaching. Faculty development programs that focus on improving sustainability knowledge, readiness, and motivation are critical. Creating collaborative opportunities between vocational institutions and external organizations can help to enhance knowledge and promote best practices in ESD.




5.3. Implications for Theory and Research


The study advances theoretical understanding, necessitating an extension of Bandura’s Social Cognitive Theory in the context of sustainability education to reflect the nuances in the dynamics of antecedent factors influencing teachers’ readiness and self-efficacy for sustainability teaching. The importance of readiness in translating knowledge into effective teaching practices should be further investigated. Future research can examine how contextual factors influence the relationships between sustainability knowledge, readiness, and self-efficacy. Understanding how cultural and institutional contexts influence these dynamics will enhance theoretical frameworks. Furthermore, longitudinal studies that examine the evolution of teachers’ sustainability knowledge, readiness, and self-efficacy over time can reveal important insights into the dynamic nature of these relationships.




5.4. Implications for Practice


Practitioners directly involved in sustainability education should adopt a balanced approach to professional development. Engaging in activities that enhance both sustainability knowledge and readiness ensures a holistic preparation for effective teaching. Collaborative learning communities within and across vocational institutions offer platforms for knowledge sharing and the implementation of innovative practices in sustainability education.





6. Limitations and Future Directions


While the study provides valuable insights into the dynamics of sustainability education among vocational college teachers, it has some limitations. One major constraint is the generalizability of the findings. The study focuses solely on vocational colleges in Malaysia, so caution should be exercised when extrapolating the findings to other educational contexts or cultural settings. Educational systems, institutional structures, and cultural influences differ significantly across regions, with potentially different outcomes. Another consideration is the reliance on self-report measures, which raises the possibility of response bias. Participants may have been inclined to provide socially desirable responses, particularly when self-reporting their sustainability readiness and self-efficacy. This bias has the potential to influence data accuracy, emphasizing the need for more objective measures or observational methods to validate self-reported information. The study’s scope is also limited by its focus on a narrow set of variables: sustainability knowledge, readiness, and self-efficacy; this is because the investigators intended to simply juxtapose the influence of teachers’ sustainability knowledge and readiness on their self-efficacy from an ESD and general education perspective. We stated earlier that it would be an oversimplification to assume that because the research literature provides empirical evidence that teachers’ knowledge and readiness influence their self-efficacy and vice versa, hence the outcomes would be similar within an ESD context. Our findings have shed more light on the nuances in this simple but complex relationship. While these factors are undoubtedly important, other potential influences on the teaching of sustainability concepts have not been examined in this study. Institutional support, classroom resource availability, and specific teaching strategies may have a significant impact on the effectiveness of sustainability education, necessitating expanded research investigation. Furthermore, it is critical to acknowledge another limitation of the study, which is the adoption of a cross-sectional research design. Cross-sectional designs only enable data collection at one point in time, limiting the researcher’s ability to capture development or changes over time. This limitation may impact the depth of understanding regarding the dynamics between the study’s variables. Thus, while the current study offers valuable contributions, future research utilizing longitudinal designs could provide a more comprehensive understanding of the factors influencing vocational college teachers’ preparedness in sustainability teaching over time.




7. Conclusions


The study investigated the relationships between sustainability knowledge, readiness, and self-efficacy among Malaysian vocational teachers. The findings emphasize the importance of not only having solid sustainability knowledge but also being adequately prepared and motivated to incorporate these concepts into teaching practices. The positive impact of readiness on self-efficacy emphasizes the importance of educators’ overall preparedness for effective sustainability education. The study contributes substantially to the ongoing discussion on sustainability education by highlighting these relationships. This research enhances our comprehension of some of the factors that influence educators’ preparedness for teaching sustainability concepts and highlights the wider implications for educational policy, vocational institutions, and professional development efforts. Utilizing the knowledge gained from this study in educational policies can assist in developing curricular frameworks that emphasize sustainability education and the specific elements that enable teachers to thrive in implementing ESD teaching activities. Vocational institutions can draw from these findings to create specific training programs to improve teachers’ knowledge and preparedness for sustainability, therefore promoting an optimum atmosphere for sustainable development efforts. Furthermore, professional development initiatives can be tailored to equip educators with the necessary tools and strategies to integrate sustainability principles seamlessly into their teaching practices. By doing so, these efforts can contribute to developing a generation of environmentally conscious individuals who are equipped to address the challenges of sustainability in their respective fields. Overall, the study’s implications extend beyond academia, offering actionable recommendations that have the potential to catalyze positive change and contribute to the attainment of sustainable development goals at both local and global levels.
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Figure 1. Conceptual framework of the study. 
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Table 1. Demographic profile of respondents (n = 360).
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Demographic Characteristics

	
Gender

	
Total




	
Male

	
Female






	
Location of institution

	
Urban

	
107 (29.7%)

	
179 (49.7%)

	
286 (79.4%)




	
Rural

	
41 (11.4%)

	
33 (9.2%)

	
74 (20.6%)




	
Age

	
20–30 years

	
44 (12.2%)

	
59 (16.4%)

	
103 (28.6%)




	
31–40 years

	
27 (7.5%)

	
66 (18.3%)

	
93 (25.8%)




	
41–50 years

	
37 (10.3%)

	
67 (18.6%)

	
104 (28.9%)




	
51–60 years

	
40 (11.1%)

	
20 (5.6%)

	
60 (16.7%)




	
Highest degree obtained

	
Diploma

	
3 (0.8%)

	
7 (1.9%)

	
10 (2.8%)




	
Degree

	
134 (37.2%)

	
198 (55.0%)

	
332 (92.2%)




	
Masters

	
11 (3.1%)

	
7 (1.9%)

	
18 (5.0%)




	
Teaching experience

	
<5 years

	
44 (12.2%)

	
75 (20.8%)

	
119 (33.1%)




	
5–10 years

	
58 (16.1%)

	
76 (21.1%)

	
134 (37.2%)




	
11–15 years

	
14 (3.9%)

	
30 (8.3%)

	
44 (12.2%)




	
>15 years

	
32 (8.9%)

	
31 (8.6%)

	
63 (17.5%)











 





Table 2. Mean score interpretation.
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	Mean Score
	Mean Score Remark





	1.00–3.66
	Minimal



	3.67–6.33
	Adequate



	6.34–9.00
	Substantial










 





Table 3. Vocational colleg