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Abstract

:

The integration of STEM education has been promoted to improve the quality of education in the 21st century, with its usage leading to emphasis on the factors influencing the intentions of preservice teachers. Therefore, this study aims to determine the factors influencing preservice teachers’ intentions, as well as the effects of gender and age on the implementation of STEM education. The Theory of Planned Behavior (TPB) was adopted to predict the relationship between knowledge, social influence, attitude, perceived usefulness, control, and behavioral intention (BI) of using STEM education among preservice secondary school teachers. A total of 30 item questionnaires on behavioral intentions were distributed to 201 respondents, with data being analyzed using the Structural Equation Model (SEM). The results showed that perceived usefulness had a positive significance, and a relationship with the attitudes of preservice teachers toward STEM education. Habit had a positive significance in influencing teachers’ behavioral intentions and implementation. Subjective norms did not have a significant correlation with BI and implementation. These results are recommended for providing solutions to analytical problems, and to successfully improve future learning through an educational approach.
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1. Introduction


STEM education is rapidly becoming popular, globally accepted, and implemented in various countries, because of its innovative method of serving social and economic needs [1]. In this era, innovation is highly considered in various disciplines, as it provides solutions to complex realistic problems and supports sustainable development [2]. Several studies assumed that innovation breakthroughs were due to the combination of teams, ideas, and objects from different fields [1,3,4].



In 2015, STEM education was introduced in Indonesia and developed by the Southeast Asian Ministers of Education Organization (SEAMEO), although the implementation remains minimal and in the development stage [5,6]. This is considered one of the factors hindering the maximization of the educational approach, since it is based on the improvement of students’ literacy [7,8]. According to Bybee [9], STEM literacy is defined as the conceptual understanding, as well as the individualistic skills and abilities to overcome daily problems related to the educational approach and global issues. Few studies explain the patterns of increasing knowledge of STEM education and its implementation intentions by preservice teachers [10]. This indicates that the approach encourages uneducated teachers to combine many subject topics that are more challenging and frightening. A preservice teacher is defined as a person in a transition from a normal university student to a school educator. They are also known as novice teachers, who still need to learn more about the various approaches and media used to achieve educational goals. The enrichment of these teachers with abundant knowledge of learning models, approaches, and effective methods are carried out through STEM education. This is considered a vital element of any preservice teacher-training program, to improve their ability to meet the demands of 21st century education. Based on these descriptions, determination of the factors related to the attitudes of these teachers to STEM education is highly necessary, accompanied by the improvement patterns of its implementation. Therefore, this study aims to determine the factors influencing the intentions and attitudes of preservice teachers concerning implementing STEM (science, technology, engineering, and mathematics) education. Using this approach, the ability to teach is often a complex learning activity including various factors, due to being insufficient to only emphasize individual attitudes, as well as the knowledge of science, technology, engineering, and mathematics. From previous studies, TPB (Theory of Planned Behavior) [11] was modified by adding several important factors influencing the intention of the preservice teachers toward implementing STEM education [12]. When teachers have positive attitudes toward this approach, their creative and convergent thinking skills are found to increase due to their being important for teaching [1].



The questions evaluated in this study are observed as follows:




	
What are the significant positive factors influencing the preservice teachers’ attitudes toward STEM education?



	
What are the significant positive factors influencing the behavioral intention of preservice teachers to implement STEM education?



	
What are the factors with the highest positive significance on the attitudes of preservice teachers toward implementing STEM education?



	
What are the factors with the highest positive significance on the behavioral intention of preservice teachers toward implementing STEM education?



	
Do gender and age affect preservice teachers in STEM education?








The results are recommended for providing solutions to analytical problems and to successfully improve future learning through STEM education. It is also expected to provide a new perspective on the determination of previous studies. Additionally, the proposed model helps local governments, universities, and schools in identifying and predicting the patterns of improving the implementation of STEM education.




2. Theoretical Background and Hypothesis Development


2.1. STEM Education


In the last decade, STEM education has become an important learning approach based on having relationships with and influence on sustainable development goals [13,14,15]. This approach is the combination of skills and knowledge in science, technology, engineering, and mathematics education [3,16]. It is also defined as a learning approach with the most important goal being encouraging students to cooperate between disciplines, improve systematic thinking and communication skills, conduct analysis and produce projects, as well as enhance creativity and problem-solving techniques [17,18,19].



Education exhibits the importance of the professions within the science, technology, engineering, and mathematics sectors, indicating that the improvement and development of life are related to these study fields [20,21,22]. Moreover, technology has affected all available sectors including education [23], with the expectation of humans becoming producers, developers, and inventors [24]. The exploitation and utilization of knowledge in these study fields are also important learning points. To meet this need, individuals need to be able to carry out the following: (1) think creatively and critically, (2) determine problems, (3) develop plans, (4) provide solutions, and (5) evaluate decisions. This shows that many countries have implemented STEM education in K-12 programs [25,26,27], to improve the quality of a superior workforce. Besides this, the learning approach is also carried out at the elementary level, as indicated in Figure 1. STEM education has a significant relationship with the four applicable scientific fields, i.e., science, technology, engineering, and mathematics, in terms of developing products [28,29]. This proves that the encouragement of the learning approach from an early age is important, as the attitude of preservice teachers toward utilization is observed to have a relationship with increasing the implementation of STEM education in the future.




2.2. Stem Education in Indonesia


STEM education was introduced in Indonesia in 2013, subsequently becoming the focus and commitment of all stakeholders in 2014 [30]. During this period, all educational-level stakeholders agreed to improve the implementation, specifically among ordinary and preservice teachers. The government also established a partnership with the United States Agency for International Development (USAID) to jointly develop a suitable STEM-based learning model for the country’s educational conditions [31]. However, the implementation of this model has not been maximized. According to Schmid et al. [10], the integration of STEM-based learning in Elementary Schools was guided by the Faculty of Education, Universiti Kebangsaan Malaysia (UKM). At the tertiary level, Syiah Kuala University emphasized STEM education by building a study center for related educational analysis. These university centers are expected to focus on developing professional or preservice teachers, to improve the implementation of the learning model in the future. An analysis of the factors related to the attitudes and behavioral intentions of these teachers concerning implementing and using STEM education is also necessary.



Based on meta-analysis data [32], only one study has been conducted on STEM education, which then improved in 2015–2018 although it still remains at a low standard. This study emphasized the development of the learning media or models; however, its application and implementation were not carried out. In 2020, the meta-analysis study data on STEM education subsequently decreased due to the COVID-19 pandemic. The implementation of STEM education in Indonesia is often carried out in schools, with the decline in 2020 being the initial start to an accelerative restoration in various cities. In addition, one of the important initial steps is to observe whether teachers already know its essentials.




2.3. Theoretical Analysis Model


To determine the factors influencing preservice teachers’ behavioral intentions to implement STEM education, we extended the original theoretical Theory of Planned Behavior (TPB) model [11] (Figure 2). TPB is one of the models often used to predict behavioral intention (BI) in the educational sector [33]. In exploring the relationship between teachers’ BI and beliefs, the effectiveness of this model has been examined in many studies [34,35]. This describes teachers’ reaction to new learning and habits, as well as predicting their responses to a new approach or educational model. Meanwhile, this study adds several potential influential factors supported by strong literature studies to analyze the behavioral intention and attitude concerning STEM education. In addition, a moderator variable was added to subsequently analyze the differences in gender and age.




2.4. Knowledge of STEM Education


Using STEM education, learning is defined as an interdisciplinary lesson having a relationship with the fields of science, technology, engineering, and mathematics, aimed to determine or develop in-depth knowledge related to nature [36]. Technology education has the initial goal of teaching the modification patterns of natural nature to meet human needs and desires [37,38]. Engineering education also aims to teach utilization patterns concerning natural resources for the benefit of life and mankind [39]. Irrespective of these conditions, literacy in mathematics is needed to analyze the scientific model and relationship between American science, technology, and engineering [40].



Although several models have investigated this educational approach, the technique emphasizing the relationship between STEM disciplines was adopted through a specific field. This indicated that preservice teachers need to master the knowledge of their selected discipline while possessing sufficient understanding to combine their knowledge with other STEM fields.




2.5. Value of STEM Education


The attitudes and intentions of one’s actions are determined by individualistic perceptions [41]. This explains that the preservice teacher’s knowledge of STEM education needs to essentially affect their perceptions regarding the value of the educational approach. Furthermore, value is subjectively based on feelings, observations, and experiences. According to Williams [12], prestigious teachers’ attitudes toward STEM education is generally influenced by the lessons obtained at related universities. Monroe, Day, and Grieser [42] also stated that value is related to perceived usefulness and behavioral control. This led to the inclusion of the variable in these analytical processes that involves analyzing the relationship between the approach value and the implementation intentions of preservice teachers. The questionnaire item of this variable was also adopted by Mahoney [43] and Lin and Williams [12].




2.6. Habit


This study adopts an interesting variable introduced by Venkatesh [44], where habit was the most influential factor in a person’s behavioral intentions. However, a report in 2003 showed that habit was one of the important factors influencing the continuous utilization of technology [45]. This was conducted and confirmed before Venkatesh [44] included the variable in UTAUT2. Based on these conditions, the initial hypothesis stated that teachers adapted to the utilization of STEM education when attending related and familiar courses. This subsequently affected their intentions to use the educational approach.




2.7. Attitude towards STEM Education


Attitude is defined as people’s expectations and predictions for an action [41,46]. This proves the positivity of their attitudes toward behavioral intentions, with several studies subsequently showing a relationship between both variables [46,47,48]. In this report, attitudes concerning STEM education were interpreted based on good performances, which positively affected teachers’ behavioral intention regarding implementation.




2.8. Perceived Usefulness


Perceived usefulness is defined as the individual believing that an action or a specific system is capable of improving work performance [41]. In this study, it is, however, defined as the beliefs of preservice teachers regarding the assumption that the implementation of STEM education could increase their teaching effectiveness and provide good results to students. The more they believe, the higher their behavioral intention in using the educational approach to teach. According to previous studies, perceived usefulness has a good relationship with a person’s intention and actual usage of technology in the educational sector [47,49,50].




2.9. Subjective Norms Related to STEM Education


Subjective norm is the pressure felt by a person from the surrounding environment to perform an action [11]. It also indicates the perception that important people often need to provide support to others when acting [33,51,52]. In this report, subjective norm is, however, defined as the degree to which preservice teachers receive demands from important people regarding the implementation of STEM education. According to Venkatesh [44], many individuals often make similar assumptions based on the perceptions of these important personalities. This was in line with the study of Wijaya [53], where subjective norm was the most influential predictor of a person’s behavioral intention, concerning using technology. Another report also showed that it had a significant positive effect on behavioral intention within an educational context [54,55,56].




2.10. Perceived Behavioral Control of STEM Education


This is highly related to self-efficacy and is defined as the level of a person’s behavioral assessment regarding the implementation patterns and the extent of utilization [57]. This shows that perceived behavioral control is generally measured as self-efficacy or people’s beliefs in their abilities. Based on several observations, the variable has a positive relationship with a person’s usage intention [58,59,60,61]. In this study, it is consequently a critical factor when preservice teachers decide to implement STEM education. Regarding the initial hypothesis, perceived behavioral control has a relationship with the successful implementation of STEM education. It also helps in solving the problems related to its implementation.




2.11. Innovativeness


This is often used by many study experts to predict technology use and is widely integrated with TAMs (technology-acceptance models) [62,63,64]. It is also defined as a person’s willingness to use new designs or products [65]. In this study, innovativeness is consequently the willingness of preservice teachers to implement STEM education. This is not often influenced by the environment or other external variables, with Law [66] showing that it has a relationship with the extent to which a person is willing to experiment with new patterns or concepts.




2.12. Behavioral Intention to Implement STEM Education


Behavioral intention is defined as the personal attitude concerning carrying out a specific action [41,44,67]. However, it is the intention exhibited concerning the implementation of STEM education, according to this study. In this condition, the initial hypothesis states that behavioral intention is influenced by eight independent variables, namely knowledge, value, habit, perceived usefulness, innovativeness, PBC (perceived behavioral control), attitude, and subjective norms (Figure 3). Therefore, the hypothesis in this report includes the following,



H1. 

The knowledge of STEM education has a positive relationship with attitude.





H2. 

The knowledge of STEM education has a positive relationship with perceived usefulness.





H3. 

The knowledge of STEM education has a positive relationship with the subjective norm.





H4. 

The knowledge of STEM education has a positive relationship with perceived behavioral control.





H5. 

The value of STEM education has a positive relationship with perceived usefulness.





H6. 

The value of STEM education has a positive relationship with the subjective norm.





H7. 

The value of STEM education has a positive relationship with perceived behavioral control.





H8. 

Habit has a positive relationship with the attitude of preservice teachers toward STEM education.





H9. 

Perceived usefulness has a positive relationship with preservice teacher attitudes toward STEM education.





H10. 

Habit has a positive relationship with the behavioral intention to implement STEM education.





H11. 

Attitude has a positive relationship with the behavioral intention to implement STEM education.





H12. 

Perceived usefulness has a positive relationship with the behavioral intention to implement STEM education.





H13. 

Subjective norm has a positive relationship with the behavioral intention to implement STEM education.





H14. 

PBC (perceived behavioral control) has a positive relationship with the behavioral intention to implement STEM education.





H15. 

Innovativeness has a positive relationship with the behavioral intention to implement STEM education.






2.13. Moderation Effect


The demographic information data are used to determine whether gender and age moderate preservice teachers’ intention to implement STEM education. In this condition, gender is the main moderating variable in the UTAUT model [57] due to being widely used in behavioral intention studies within education contexts. Based on perceived usefulness, several previous studies proved that men and women highly emphasized the technology or solution capable of helping them quickly complete work and improve job performances, respectively [57]. Furthermore, significant differences were observed between men and women in subjective norms, as the males were less concerned with the opinions of those around them compared to the females [57,68]. Several studies also showed significant results regarding gender moderation [69,70,71]. During the process of age moderation, some differences were subsequently observed, as younger people easily adapted to new technologies and work patterns compared to older individuals. This was in line with some previous studies, where attitudinal differences were observed between the older and younger age groups [72,73]. Therefore, this present report classifies the age of preservice teachers into below and above 20 years.



Based on the potential moderator of these variables concerning the knowledge, value, perceived usefulness, subjective norm, habit, attitude, innovativeness, and PBC of STEM education, additional hypotheses were subsequently developed as follows:



H16. 

Age moderates the relationship between knowledge, value, perceived usefulness, subjective norm, habit, attitude, innovativeness, and PBC with the preservice teachers’ behavioral intentions to implement STEM education.





H17. 

Gender moderates the relationship between knowledge, value, perceived usefulness, subjective norm, habit, attitude, innovativeness, and PBC, with the preservice teachers’ behavioral intentions to implement STEM education.







3. Methods


A quantitative approach with a survey design was used in this analysis, with the Partial Least Square-Structural Equation Modeling (PLS-SEM) technique [74,75] being adopted to analyze and explain the relationship between variables, as well as the fit of the study model. This technique was suitable for reports incorporating and examining untested predictors and theoretical frameworks.



3.1. Sample and Population


Before the questionnaire distribution, consent was thoroughly obtained from the ethical committee of SK University (No. 3806/UN11.1.6/TU.01.01/2022). Consent was thoroughly obtained from the ethical committee of SK University, which has a STEM laboratory and “STEM education” courses. These possessions emphasized the improvement of professional teachers’ abilities, according to the standards needed in the 21st century. Furthermore, The data were obtained using a purposive sampling technique [76,77], where the preservice teachers need to have acquired a course on STEM education for 1 year and experienced school attendance for related practice studies. These participants were invited to participate by filling out questionnaires on the factors influencing their intention to implement STEM education in the future. Participation and responses were also voluntary and anonymous. This was based on an explanation that the data were only used for study purposes. Using an online questionnaire from April to May 2022, the data collection instruments were subsequently distributed. Furthermore, the virtual filling-in of the data provided strong evidence that participation was highly voluntary. After completion, a total of 206 data were obtained; only 201 were valid responses; of the participants, 85.07% were women. The complete demographic respondent data are shown in Table 1.



The instrument had an introductory section explaining the study objectives, the surveyor’s procedure, and the consent form. The structure of the questionnaire was also divided into 2 parts, with the first category containing 5 questions on demographic information. Meanwhile, the second part contained 26 measurement items derived from 9 variable constructs (see Appendix A). These emphasized the results of extensions from the TPB model, using a 5-point Likert response scale from SD to SA (strongly disagree to strongly agree).




3.2. Data Analysis


The Partial Least Squares-Structural Equation Modeling (PLS-SEM) technique was used through SmartPLS and SPSS software to analyze the data and test the moderator effect. PLS-SEM was chosen as the major analysis method for this investigation for a number of reasons. In this investigation, there were 9 variables and 15 paths, demonstrating that PLS-SEM could support a model with a complex interaction involving multiple indicator variables and paths. Assumptions about data distribution were not affected by the method [75]. To establish causal information, this study used a predictive strategy for model estimation. Because one of PLS-main SEM’s purposes is to deal with the dichotomy between information, prior associated ideas, and prediction as to the development foundation, PLS-SEM was chosen as a result. Comparing PLS-statistical SEM’s power to that of other methods like CB-SEM and simple regression [75]. The advantages apply even when predicting common factor model data. When the outcomes are present in the population, the PLS-SEM function’s statistical power also allows for the identification of correlations between constructs or variables [78]. For exploratory research that looks at less common ideas, the PLS-SEM feature within the statistical power is particularly useful. Thirdly, the software is more user-friendly than other programs like CB-SEM by SPSS and linear structural relations (Lisrel) since it has easy-access software packages available. The data were examined using SmartPLS 3, which is a user-friendly, state-of-the-art latent variable modeling tool that combines cutting-edge techniques (such as PLS-POS, IPMA, and sophisticated bootstrapping processes). Predicting a particular set of hypothesized associations that optimizes the explained variance in the dependent variables is the main goal of the user-friendly graphical user interface technique. PLS is often more suitable for testing model relationships and new path modelling, which has a more complex study structure [74,75]. In PLS-SEM, the analytical step was divided into several stages based on Hair et al. [75]. In this condition, both convergent and discriminatory validities (CV and DV) were initially evaluated, with the values of Item loadings, Cronbach alpha, composite reliability, and the AVE being used for the measurement of CV. For DV analysis, the Fornell–Larcker criterion [79] and heterotrait–monotrait (HTMT) [80] values were also evaluated. Meanwhile, the final step emphasized the evaluation of multicollinearity through the VIF value [81]. After the reliability and validity tests, the structural model and initial hypothesis analyses were then carried out through bootstrapping.





4. Results


4.1. Data Normality Analysis


Before entering the measurement model, the normality of the data needs to be tested through the kurtosis and skewness values of each item in the descriptive statistics table, as in Table 2. Based on the criteria, all the utilized item variables had a kurtosis and skewness value between −0.840 and 2.013, and −1.000 and 0.182, respectively, which were below 2.2 [82,83]. From these results, all these variables were observed to have normally distributed data.




4.2. Measurement Model


For the analysis of the measurement model, Hair [75] suggested evaluation of the convergent validity, the composite reliability, and the AVE value. These estimation steps were subsequently achieved in the PLS algorithm for CFA (Confirmatory Factor Analysis); the analysis of factor loading values is shown in Figure 4. This fully explained the internal consistency analysis concerning evaluating CFA-based reliability, validity, and DV.




4.3. Internal Consistency, Reliability, and Validity


The CFA-based PLS algorithm was used to analyze the value of the outer loading on each measurement item, as shown in Figure 4. However, SmartPLS was used to analyze the factor loading value for all items. Based on the results, the value of outer loadings was between 0.802 and 0.955. This indicated that all constructs exceeded the recommended values from Hair [75], where the outer loading estimations need to be higher than 0.708. In the next step, the Rho-A value was used to determine the internal consistency of reliability, with Henseler [84] stating that higher estimation led to a greater model reliability level. This proved that a value above 0.7 was sufficient to define satisfaction, although a problem due to construct validity reduction was observed when the estimation was more than 0.95 [85]. A Rho-A value above this estimation also portrayed redundancy items [86]. Based on the results, the study model had the lowest and highest Rho-A values at 0.728 and 0.945, respectively. In this condition, Cronbach alpha was also used as an option to analyze internal consistency reliability, although it needs to be higher than 0.700. From the analysis, the lowest Cronbach alpha value was 0.727, as the full estimations in collaboration with Rho-A are shown in Table 3. For all constructs, both the Cronbach alpha and Rho-A values met the criteria, indicating that they had satisfactory internal consistency reliability. This was because all values were not less or more than 0.700 and 0.950, respectively.



The next step emphasized the evaluation of CV (convergent validity), which was used to determine the extent to which the convergent construct described the variance items according to Hair, where the analysis of CV was observed from the AVE value. Using the PLS algorithm, the AVE had the lowest and highest estimations of 0.715 and 0.908 on value and innovativeness, respectively. This was in line with the Hair [75] criteria, where the AVE value needs to be greater than 0.5. For each construct, the Rho-A, CR, and AVE values proved that internal consistency was achieved for a more complete measurement model, as shown in Table 3.



The final step emphasized the analysis of the discriminant validity (DV), which is defined as the extent to which each construct is empirically different from others. This was analyzed using two methods, namely the Fornell–Larcker criterion [79] (see Table 4) and the heterotrait–monotrait (HTMT) ratio. These were used because some studies assumed that the analysis of DV was less effective when using only one method.



Based on the Fornell–Larcker criterion [79], the cross-loading value (in bold) needs to be higher than the loading values of other constructs. For example, the cross-loading value for innovativeness was 0.953 higher than the other loading construct estimations, i.e., knowledge, PBC, perceived usefulness, subjective norm, and value at 0.526, 0.563, 0.657, 0.518, and 0.571, respectively. According to Hair [75], smaller HTMT values led to better discriminants. To meet the discriminant validity criteria, the HTMT value should also not be more than 0.900. Meanwhile, Henseler [84] stated that the HTMT value should not exceed the upper threshold of 1.00. In this condition, construct validity becomes less dominant when the HTMT value exceeds the threshold, due to having a similar concept. Using bootstrapping 5000 subsamples with Smart PLS software (Table 5), the obtained HTMT value was lower than 0.900, showing that the discriminant validity had met the criteria and should be continuously analyzed in the structural model process.




4.4. Structural Model


According to Hair [75], the process of assessing the structural model began by analyzing the issue of collinearity. This was accompanied by a relationship analysis, through the path coefficients of t and p values. To obtain the strength of this model in explaining the attitude of preservice teachers concerning STEM education, subsequent analyses were carried out on the coefficient of determination (R2), the effect size (F2), and the predictive relevance (Q2). In addition, the gender and age differences were analyzed using the ANOVA test [87].




4.5. Collinearity


The collinearity test between latent variables was observed in the Variance Inflation Factor (VIF) value. In this condition, the collinearity level was higher with a greater VIF value. Furthermore, a VIF value greater than 5.00 indicated a collinearity problem between the structural model variables [75,78]. Table 6 shows that all VIF values are below 5, confirming that all the model variables did not have a problem with collinearity.



Figure 5 and Figure 6 and Table 7 shows the results of the initial hypothetical analysis, where 11 and 4 of the proposed hypotheses were supported and unsupported, respectively. Based on the results, knowledge had a relationship with the teachers’ behavioral intentions, subjective norms, and PBC concerning STEM education (H1, β = 0.130, t = 2.062, p-value < 0.05; H3, β = 0.177, t = 1.924, p-value < 0.05; H4, β = 0.161, t = 1.975, p-value < 0.05), although it did not affect perceived usefulness (H2, β = 0.114, t = 1.459, p-value > 0.05). Value also affected perceived usefulness, and had a relationship with the subjective norm and PBC (H5, β = 0.538, t = 7.070, p-value < 0.001; H6, β = 0.415, t = 5.637, p-value < 0.001; H7, β = 0.586, t = 9.159, p-value < 0.001). Furthermore, habit had a relationship and greatly affected the attitude and behavioral intentions of the preservice teachers toward STEM education, respectively (H8, β = 0.487, t = 7.646, p-value < 0.01; H10, β = 0.487, t = 7.646, p-value < 0.001). Perceived usefulness also had the strongest positive significance and relationship with the attitude and behavioral intentions of preservice teachers toward the educational approach, respectively (H9, β = 0.580, t = 10.257, p-value < 0.001; H12, β = 0.224, t = 3.335, p-value < 0.01). Moreover, attitude, subjective norm, and PBC did not have a relationship with the teachers’ behavioral intentions concerning STEM education (H11, β = 0.066, t = 1.083, p-value > 0.05; H13, β = 0.045, t = 0.776, p-value > 0.05; H14, β = 0.080, t = 1.103, p-value > 0.05). Irrespective of these conditions, innovativeness still had a relationship with the preservice teachers’ intentions to implement the educational approach (H15, β = 0.131, t = 2.045, p-value < 0.05).




4.6. Coefficient of Determination (R2)


The coefficient of determination (R2) is commonly used to evaluate the structural model due to the extent to which relationships are predicted between the dependent and independent variables [88,89]. This ranges from 0 to 1, with a higher R2 value leading to greater prediction accuracy in a study model [90]. R2 values less than 0.25, between 0.5 and 0.75, and above 0.75 are categorized as weak, moderate, and substantial, respectively. Based on the smart PLS results, all the model’s dependent variables had good predictive accuracy with moderate R2 values, as shown in Table 8 and Figure 5.




4.7. Predictive Relevance (Q2)


Besides the analysis of R2 values as a significant criterion, Hair [75] also suggested the evaluation of Stone–Geisser’s Q2, which is used to assess the relevant predictive stone [91]. This shows that a higher Q2 value leads to the specific predictive accuracy of item data points. The value of this construct is also obtained through the blindfolding procedure in SmartPLS software. Moreover, Q2 is used to assess cross-validated redundancy measures for each dependent construct [92]. Based on the endogenous latent variable, a relevant predictive model was achieved due to the value of Q2 being more than 0. Predictive relevance is also considered small, medium, and large when below, equal to, and above 0.02, 0.15, and 0.35, respectively. Table 9 shows the Q2 values for the five endogenous variables not less than 0.217, indicating that the independent construct (behavioral intention) had a significant predictive value for the dependent determinant.




4.8. Effect Size (F2)


According to the evaluation of the structural model, an analysis of the F2 value also needs to be performed. This construct explains the effect of exogenous on endogenous variables to determine changes in the R2 value when specific exogenous determinants are excluded from the model. The F2 values below, between, and above 0.15, 0.15 and 0.35, and 0.35 are categorized as small, medium, and large effects, respectively. Based on the results, perceived usefulness had the largest F2 for attitudes, as shown in Table 10.




4.9. Moderating Effect Analysis of Gender and Age


This study subsequently examined the occurrence of differences between two demographic factors—gender and age—regarding preservice teachers’ intentions to implement STEM education. The moderator effects were calculated and analyzed using t-test and ANOVA analysis through the SPSS software [93]. In this case, the results of the independent sample t-test concerned the differences between men and women in the implementation of the educational approach. Table 11 also indicates that the preservice teachers did not show a significant difference (p > 0.05) in the perceptions of men and women for the 10 variables. Therefore, gender did not affect Indonesian preservice teachers’ behavioral intentions to implement STEM education.



Based on the age moderator effect analysis, differences were observed in the subjective norm and habit variables at p-values < 0.05, as well as t-values of 4.239 and 5.546, respectively.





5. Discussion


The developed model aimed to predict the factors influencing the attitude and behavioral intention of preservice teachers toward implementing STEM education. Based on the PLS algorithm, 11 of the 15 hypotheses were supported, with three predictors each directly affecting the teachers’ attitudes and behavioral intentions in implementing STEM education. At approximately 70%, the structural model also successfully validated and analyzed the factors having a relationship with the two constructs (attitude and behavioral intention). Additionally, the final model increased the power of TPB, contributing to the behavioral intention knowledge of the teachers. These results contributed to the closure of analytical gaps and provided valuable outputs for improving the present implementation of STEM education in Indonesia. Regarding the increase in teachers’ attitudes concerning the implementation of this educational approach, knowledge, perceived usefulness, and habit were observed as the positively significant variables. Perceived usefulness had the greatest positive effect on the implementation attitudes. This was in line with previous articles, where the variable largely affected behavior in the acceptance model theory [48,50,94]. These results provided information to Indonesian governments and institutions to improve the implementation of STEM education. This ensured the need for special/continuous training and guidance on the objectives of learning, as well as the benefits of the educational approach. It also enabled the awareness of students concerning the need for the present STEM education and increased technical knowledge. The factors directly affecting behavioral intentions included habit, perceived usefulness, and innovativeness. In this case, habit had the largest positive significance on the BI of teachers concerning implementing STEM education. Innovativeness also had a significant positive effect due to the utilization of Generation Z children not older than 25 years old [95]. This is because they have high enthusiasm for new things and new concepts, with the curiosity to utilize innovative learning approaches subsequently considered [96,97]. The generation was also dominated by undergraduates, as they were required to learn many things and innovate through different learning approaches. These outcomes are in line with several previous studies [62,64].



According to these results, habit was the biggest effective factor having a relationship with the implementation of STEM education in Indonesia. Therefore, all educational institution levels need to familiarize preservice teachers with the use of STEM education. It should also be included as a mandatory or additional course while transforming the learning approach in eligible classes. Additionally, the obtained results need to adequately familiarize these teachers with STEM education-based learning to increase their behavioral intention to implement it. Meanwhile, subjective norms did not have a significant relationship with BI. This was not in line with many previous studies, where the variable significantly affected a person’s behavioral intention to perform attitudinal actions [53,98]. More articles also showed that it was the first biggest positive factor influencing BI and UB (behavioral intention and usage behavior) [99]. In this condition, Indonesian preservice teachers assumed that they had the value and knowledge of STEM education, and felt that the perceived usefulness of implementation was a more important factor than environmental influences.



The results also showed no gender effect on all factors affecting preservice teachers’ behavioral intentions toward implementing the educational approach. This showed that STEM education improved gender differences in the fields of science and computer programs, which were previously less favored by women in Indonesia. These results were essentially in line with Price [100], where differences were observed in the gender factor concerning intention to continue STEM education. Age was also found to moderate subjective norms and habits, with the teachers <20 years old having higher responses than other individuals (see Table 12). This explained that the preservice teachers were environmentally influenced in the first and second years of college. Therefore, lecturers and campuses need to capitalize on this golden opportunity to instill the knowledge and importance of STEM education in all educational personnel.




6. Conclusions and Implication


This study predicted the factors influencing the behavioral intention of Indonesian preservice teachers to implement STEM education. It also examined the moderating role of gender and age on the behavioral intentions concerning implementation. Using Indonesian preservice teachers as samples, success was achieved in the validation, analysis, and extension of the TPB model. In this condition, three factors each had a direct relationship with attitude and behavioral intention. Based on gender and age, differences were also observed in subjective norms, perceived behavioral control, and habit. These results are expected to be an important contribution toward increasing the use of STEM education in the future. This is because the learning technique encourages interdisciplinary education with a sustainable development approach. Besides this, sustainable development goals also require STEM education to educate sensitive and professional interdisciplinary individuals. The results obtained subsequently need to close a gap in areas related to the behavioral intention of implementing STEM education in developing countries. The strength of this study model also showed that preservice teachers’ attitudes and BI toward STEM education were above 50 and 70%, respectively.




7. Limitation and Suggestions


This study had several limitations, including the development of a conceptual model from the original TPB model. Another limitation was the addition of several determinants with the potential to influence behavioral intention concerning implementing STEM education. Of the many models used to analyze these implementation intentions, each of them had its advantages, leading to different results from the conceptual development of the study design.



Since the sample was only limited to the preservice teachers at SK University, Indonesia, the result generalization in other countries needs to be carefully carried out. Subsequent studies need to examine the comparative factors influencing preservice teachers’ intentions to implement STEM education. Additionally, the study only emphasized the use of quantitative techniques. This indicates that a combination of qualitative and quantitative methods needs to be used to deeply explain the influential factors of STEM education implementation. Some additional moderators such as voluntary and major also need to be added for subsequent analysis. Finally, no negative statements were observed in the questionnaire, as their additions are suggested to avoid response bias.
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Appendix A









	Construct
	English Version
	Indonesian Version





	Knowledge of STEM education
	I am familiar with science knowledge (chemistry/physics/biology) at the junior and senior high school levels
	Saya farmiliar dengan pengetahuan science (kimia/fisika/biologi) di level SMP dan SMA



	
	I am familiar with technology-related knowledge at the junior and senior high school level
	Saya farmiliar dengan pengetahuan terkait teknologi pada level SMP dan SMA



	
	I am familiar with the knowledge of engineering (STEM) at the junior and senior high school level
	Saya farmiliar dengan pengetahuan mengenai engineering (STEM) pada level SMP dan SMA



	
	I am familiar with mathematics knowledge at the junior and senior high school level
	Saya farmiliar dengan pengetahuan matematika pada level SMP dan SMA



	Value of STEM education
	I feel teaching students how to collect STEM-related data during the teaching process is very important
	Saya merasa mengajarkan siswa bagaiamana cara mengumpulkan data yang berhubungan dengan STEM selama proses mengajar sangat penting



	
	I feel teaching students how to use STEM-related data during the teaching process is very important
	Saya merasa mengajarkan siswa bagaimana cara menggunakan data yang berhubungan dengan STEM selama proses mengajar sangat penting



	
	I feel like teaching students how to use STEM-related data during the testing and modification process.
	Saya merasa mengajarkan siswa bagaiamana cara menggunakan data yang berhubungan dengan STEM pada saat testing dan proses modifikasi.



	
	I like using STEM learning in class
	Saya suka menggunakan pembelajaran STEM di kelas



	
	I think STEM activities help improve students’ abilities
	Saya pikir kegiatan STEM sangat membantu meningkatkan kemampuan siswa



	
	I think STEM activities help improve student learning scores
	saya pikir STEM activites dapat membantu meningkatkan nilai belajar siswa



	Attitude concerning STEM education
	Using STEM learning is a good idea
	Menggunakan pembelajaran STEM adalah ide yang bagus



	
	Using STEM learning makes teaching and learning activities interesting
	Menggunakan pembelajaran STEM membuat kegaiatan belajar mengajar menjadi menarik



	
	I enjoy using STEM learning when teaching
	Saya senang menggunakan pembelajaran STEM saat mengajar



	Subjective norm
	Other teachers at my school use STEM learning when teaching
	Guru guru lain di sekolah saya menggunakan pembelajaran STEM saat mengajar



	
	The government advise teachers to implement STEM learning
	Pemerintah menyarankan para guru untuk mengimplementasikan pembelajaran STEM



	
	The head of the curriculum section advises teachers to implement STEM education
	Kepala bagian kurikulum menyarankan para guru untuk mengimplementasikan STEM education



	Perceived behavior control in STEM education
	I will try to collaborate with other teachers to implement STEM education
	Saya akan berusaha berkolaborasi dengan guru lain untuk mengimplementasikan STEM education



	
	I will try to remind students to solve problems based on STEM knowledge
	Saya akan berusaha mengingatkan siswa untuk memecahkan masalah berdasarkan pengetahuan STEM



	
	I will try to teach students how to modify products based on STEM knowledge
	Saya akan berusaha mengajarkan siswa bagaimana untuk memodifikasi produk berdasarkan pengetahuan STEM



	
	I will try to teach students how to think based on STEM knowledge in teaching and learning activities
	Saya akan berusaha untuk mengajarkan siswa bagaimana untuk berpikir berdasarkan pengetahuan STEM pada kegiatan belajar mengajar



	Perceived usefulness
	I think STEM learning is useful in teaching and learning activities
	Saya rasa pembelajaran STEM bermanfaat pada kegiatan belajar mengajar



	
	STEM learning improves my teaching skills in school
	Pembelajaran STEM meningkatkan kemampuan mengajar saya di sekolah



	
	I think using STEM learning for teaching is more effective than traditional teaching
	Saya pikir menggunakan pembelajaran STEM untuk mengajar efektif dibanding pengajaran tradisional



	Behavioral intention toward STEM education
	I will use STEM learning at every teaching opportunity
	Saya akan menggunakan pembelajaran STEM pada setiap kesempatan mengajar



	
	I will recommend STEM learning to my teacher friends
	Saya akan merekomendasikan pembelajaran STEM kepada teman teman guru



	
	Using STEM learning has become my teaching habit
	



	Habit
	I have to use the STEM approach if I teach at the junior high and high school levels
	Menggunakan pembelajaran STEM sudah menjadi kebiasaan mengajar saya



	
	I enjoy learning about new learning approaches
	Saya harus menggunakan pendekatan STEM jika mengajar di tingkat SMP dan SMA



	Innovativeness
	I enjoy using new teaching methods
	Saya senang belajar tentang pendekatan pembelajaran baru



	
	When there is a new teaching approach, I try to practice it in the classroom
	Saya senang menggunakan metode mengajar yang baru



	
	Compared to other teachers, I am usually the first to try a new learning model
	Ketika ada pendekatan mengajar yang baru, saya mencoba untuk mempraktekkannya di dalam kelas



	
	I am curious about teaching using the STEM approach
	Dibandingkan dengan guru guru lain, saya biasanya orang pertama yang mencoba model pembelajaran baru



	Anxiety
	I am afraid I cannot teach well if I use the STEM approach
	Saya merasa penasaran mengajar menggunakan pendekatan STEM



	
	I am afraid that students will not like my teaching method using the STEM approach
	Saya takut tidak dapat mengajar dengan baik jika menggunakan pendekatan STEM



	
	I will use STEM learning at every teaching opportunity
	Saya takut siswa tidak menyukai cara mengajar saya menggunakan pendekatan STEM
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Figure 1. Preservice teachers practice STEM education in schools. 
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Figure 2. The original model of the Theory of Planned Behavior. 
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Figure 3. The proposed conceptual model developed from the original TPB model [11]. 
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Figure 4. CFA and R-square values in PLS. 
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Figure 5. Final model with R square and path coefficient. 
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Figure 6. Hypothesis testing results. The dotted red line indicates the relationship is not significant. Note: * p < 0.05, ** p < 0.01 *** p < 0.001. 
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Table 1. Demographic Respondent Data.
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Data Demography

	
N

	
%






	
gender

	
male

	
30

	
9.14




	

	
female

	
171

	
85.07




	
age

	
under 20

	
54

	
26.87




	

	
20–25

	
147

	
73.13




	
major

	
mathematics

	
136

	
67.66




	

	
physics

	
17

	
8.46




	

	
biology

	
29

	
14.43




	

	
chemistry

	
19

	
9.45
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Table 2. Descriptive statistics data for data normality testing.
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	Mean
	Min
	Max
	Standard Deviation
	Excess Kurtosis
	Skewness





	KNW1
	4.005
	1.000
	5.000
	0.820
	0.397
	−0.665



	KNW2
	3.796
	1.000
	5.000
	0.794
	2.013
	−1.000



	KNW3
	3.572
	1.000
	5.000
	0.873
	0.058
	−0.359



	KNW4
	4.025
	1.000
	5.000
	0.729
	1.362
	−0.737



	VAL1
	3.980
	2.000
	5.000
	0.684
	−0.582
	−0.069



	VAL2
	4.020
	2.000
	5.000
	0.654
	0.049
	−0.236



	VAL3
	3.960
	2.000
	5.000
	0.675
	−0.258
	−0.147



	VAL4
	3.950
	2.000
	5.000
	0.718
	−0.430
	−0.170



	VAL5
	4.164
	2.000
	5.000
	0.660
	−0.308
	−0.297



	VAL6
	4.075
	2.000
	5.000
	0.661
	−0.343
	−0.187



	ATD1
	4.184
	3.000
	5.000
	0.565
	−0.169
	0.008



	ATD2
	4.159
	2.000
	5.000
	0.610
	0.158
	−0.233



	ATD3
	3.905
	2.000
	5.000
	0.681
	−0.612
	0.025



	SN1
	3.532
	1.000
	5.000
	0.829
	−0.297
	0.108



	SN2
	3.920
	1.000
	5.000
	0.722
	0.135
	−0.198



	SN3
	3.836
	1.000
	5.000
	0.718
	0.507
	−0.313



	PBC1
	4.095
	3.000
	5.000
	0.524
	0.527
	0.111



	PBC2
	4.065
	2.000
	5.000
	0.607
	1.233
	−0.435



	PBC3
	4.085
	2.000
	5.000
	0.588
	1.655
	−0.462



	PBC4
	4.090
	2.000
	5.000
	0.592
	1.589
	−0.461



	PU1
	4.149
	3.000
	5.000
	0.629
	−0.536
	−0.126



	PU2
	4.035
	3.000
	5.000
	0.649
	−0.617
	−0.034



	PU3
	4.114
	3.000
	5.000
	0.663
	−0.736
	−0.131



	BI1
	3.821
	2.000
	5.000
	0.704
	−0.806
	0.182



	BI2
	4.090
	3.000
	5.000
	0.671
	−0.777
	−0.107



	HB1
	3.512
	1.000
	5.000
	0.864
	0.014
	−0.085



	HB2
	3.726
	1.000
	5.000
	0.834
	0.321
	−0.276



	INV1
	4.114
	2.000
	5.000
	0.616
	0.111
	−0.204



	INV2
	4.124
	3.000
	5.000
	0.654
	−0.680
	−0.133



	INV3
	4.040
	2.000
	5.000
	0.653
	−0.280
	−0.148



	INV4
	3.592
	1.000
	5.000
	0.877
	−0.476
	−0.083



	ANX1
	4.060
	3.000
	5.000
	0.681
	−0.840
	−0.075



	ANX2
	3.682
	2.000
	5.000
	0.874
	−0.721
	−0.096



	ANX3
	3.741
	2.000
	5.000
	0.787
	−0.611
	0.001
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Table 3. Cronbach alpha, CR, AVE, and Rho-A values for internal consistency reliability and validity analysis.
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	Construct
	Cronbach’s Alpha
	Rho-A
	Composite

Reliability
	Average Variance

Extracted (AVE)





	ATD
	0.831
	0.860
	0.896
	0.743



	BI
	0.727
	0.728
	0.880
	0.786



	HABIT
	0.836
	0.842
	0.924
	0.859



	INNOVATIVENESS
	0.899
	0.900
	0.952
	0.908



	KNOWLEDGE
	0.879
	0.881
	0.917
	0.735



	PBC
	0.937
	0.945
	0.955
	0.843



	PU
	0.847
	0.865
	0.907
	0.765



	SN
	0.891
	0.899
	0.933
	0.822



	VALUE
	0.920
	0.923
	0.938
	0.715
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Table 4. Fornell–Larcker criterion value of smart PLS software.
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	ATD
	BI
	HABIT
	INV
	KNW
	PBC
	PU
	SN
	VALUE





	ATD
	0.862
	
	
	
	
	
	
	
	



	BI
	0.567
	0.886
	
	
	
	
	
	
	



	HABIT
	0.429
	0.750
	0.927
	
	
	
	
	
	



	INV
	0.547
	0.643
	0.537
	0.953
	
	
	
	
	



	KNW
	0.404
	0.382
	0.379
	0.526
	0.858
	
	
	
	



	PBC
	0.592
	0.627
	0.560
	0.563
	0.446
	0.918
	
	
	



	PU
	0.688
	0.621
	0.402
	0.657
	0.376
	0.611
	0.874
	
	



	SN
	0.450
	0.629
	0.681
	0.518
	0.379
	0.567
	0.494
	0.907
	



	VALUE
	0.690
	0.616
	0.570
	0.571
	0.486
	0.664
	0.593
	0.501
	0.846







Note: The bold and diagonal values indicate the square root of AVE and the correlation between constructs unable to exceed the AVE square root, respectively.
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Table 5. Heterotrait–monotrait value (HTMT) for discriminant validity testing.
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	ATD
	BI
	HABIT
	INV
	KNW
	PBC
	PU
	SN
	VALUE





	ATD
	
	
	
	
	
	
	
	
	



	BI
	0.702
	
	
	
	
	
	
	
	



	HABIT
	0.477
	0.863
	
	
	
	
	
	
	



	INV
	0.619
	0.792
	0.616
	
	
	
	
	
	



	KNW
	0.452
	0.470
	0.435
	0.589
	
	
	
	
	



	PBC
	0.661
	0.756
	0.627
	0.613
	0.484
	
	
	
	



	PU
	0.801
	0.767
	0.445
	0.740
	0.425
	0.674
	
	
	



	SN
	0.495
	0.780
	0.794
	0.577
	0.423
	0.616
	0.547
	
	



	VALUE
	0.773
	0.748
	0.642
	0.626
	0.535
	0.710
	0.661
	0.542
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Table 6. Variance Inflation Factor (VIF) value.
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	Construct
	VIF Value
	Construct
	VIF Value





	ATD1
	2.348
	PBC3
	6.500



	ATD2
	2.205
	PBC4
	6.605



	ATD3
	1.611
	PU1
	2.087



	BI1
	1.485
	PU2
	2.763



	BI2
	1.485
	PU3
	1.900



	HB1
	2.067
	SN1
	2.092



	HB2
	2.067
	SN2
	3.263



	INV1
	3.002
	SN3
	3.446



	INV2
	3.002
	VAL1
	2.899



	KNW1
	3.135
	VAL2
	3.720



	KNW2
	3.366
	VAL3
	3.473



	KNW3
	1.759
	VAL4
	2.357



	KNW4
	2.574
	VAL5
	3.865



	PBC1
	2.585
	VAL6
	2.776



	PBC2
	3.250
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Table 7. Results of initial hypothesis testing and path estimation.
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Hypothesis

	
β

	
Mean

	
STDEV

	
T Statistics

	
p-Values

	
Hypothesis Testing Results






	
H1

	
KNOWLEDGE → ATD

	
0.130

	
0.136

	
0.063

	
2.062

	
0.040

	
supported




	
H2

	
KNOWLEDGE → PU

	
0.114

	
0.110

	
0.078

	
1.459

	
0.145

	
Not supported




	
H3

	
KNOWLEDGE → SN

	
0.177

	
0.167

	
0.092

	
1.924

	
0.050

	
supported




	
H4

	
KNOWLEDGE → PBC

	
0.161

	
0.159

	
0.081

	
1.975

	
0.049

	
supported




	
H5

	
VALUE → PU

	
0.538

	
0.540

	
0.076

	
7.070

	
0.000

	
supported




	
H6

	
VALUE → SN

	
0.415

	
0.422

	
0.074

	
5.637

	
0.000

	
supported




	
H7

	
VALUE → PBC

	
0.586

	
0.587

	
0.064

	
9.159

	
0.000

	
supported




	
H8

	
HABIT → ATD

	
0.146

	
0.145

	
0.057

	
2.557

	
0.011

	
supported




	
H9

	
PU → ATD

	
0.580

	
0.578

	
0.057

	
10.257

	
0.000

	
supported




	
H10

	
HABIT → BI

	
0.487

	
0.490

	
0.064

	
7.646

	
0.000

	
supported




	
H11

	
ATD → BI

	
0.066

	
0.065

	
0.061

	
1.083

	
0.280

	
Not supported




	
H12

	
PU → BI

	
0.224

	
0.227

	
0.067

	
3.335

	
0.001

	
supported




	
H13

	
SN → BI

	
0.045

	
0.048

	
0.058

	
0.776

	
0.438

	
Not supported




	
H14

	
PBC → BI

	
0.080

	
0.083

	
0.073

	
1.103

	
0.271

	
Not supported




	
H15

	
INNOVATIVENESS → BI

	
0.131

	
0.121

	
0.064

	
2.045

	
0.041

	
supported
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Table 8. Coefficient of determination (R2).
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	Construct
	R2
	Interpretation





	PU
	0.362
	moderate



	SN
	0.275
	moderate



	PBC
	0.461
	moderate



	ATD
	0.514
	moderate



	BI
	0.704
	moderate
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Table 9. Q2 Value.
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	Construct
	SSO
	SSE
	Q2 (=1 − SSE/SSO)
	Interpretation Q2 Value





	ATD
	603.000
	387.197
	0.358
	large



	BI
	402.000
	186.412
	0.536
	large



	PBC
	804.000
	495.756
	0.383
	large



	PU
	603.000
	446.721
	0.259
	medium



	SN
	603.000
	472.187
	0.217
	medium
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Table 10. Value of effect size.






Table 10. Value of effect size.





	Relationship
	F-Square
	Effect Size





	ATD → BI
	0.007
	small



	HABIT → ATD
	0.034
	small



	HABIT → BI
	0.367
	large



	INNOVATIVENESS → BI
	0.027
	small



	KNOWLEDGE → ATD
	0.028
	small



	KNOWLEDGE → PBC
	0.037
	small



	KNOWLEDGE → PU
	0.016
	small



	KNOWLEDGE → SN
	0.033
	small



	PBC → BI
	0.010
	small



	PU → ATD
	0.540
	large



	PU → BI
	0.064
	small



	SN → BI
	0.003
	small



	VALUE → PBC
	0.487
	large



	VALUE → PU
	0.346
	large



	VALUE → SN
	0.182
	medium
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Table 11. Results of testing gender differences in STEM education using a t-test.
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Variable

	
Male

	
Female

	
t-Value

	
p-Value




	
Mean

	
Std

	
Mean

	
Std






	
KNW

	
3.8500

	
0.75886

	
3.8494

	
0.67871

	
0.000

	
0.997




	
VAL

	
4.0833

	
0.44150

	
4.0146

	
0.59267

	
0.367

	
0.545




	
ATD

	
3.9333

	
0.49052

	
4.1092

	
0.53971

	
2.779

	
0.097




	
SN

	
3.9778

	
0.80674

	
3.7251

	
0.65815

	
3.504

	
0.063




	
PBC

	
4.1500

	
0.41833

	
4.0716

	
0.55005

	
0.552

	
0.458




	
PU

	
4.1000

	
0.41199

	
4.0994

	
0.59177

	
0.000

	
0.996




	
BI

	
4.1000

	
0.63518

	
3.9298

	
0.60468

	
1.991

	
0.160




	
HB

	
3.7500

	
0.75144

	
3.5965

	
0.79579

	
0.965

	
0.327




	
INV

	
3.8417

	
0.49777

	
3.9898

	
0.60595

	
1.600

	
0.207
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Table 12. The results of the age difference test on STEM education using the t-test.
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Construct

	
Under 20

	
20–25

	
t-Value

	
p-Value




	
Mean

	
Std

	
Mean

	
Std






	
KNW

	
3.8750

	
0.66366

	
3.8401

	
0.70038

	
0.101

	
0.751




	
VAL

	
3.9568

	
0.66208

	
4.0499

	
0.53579

	
1.046

	
0.308




	
ATD

	
4.0802

	
0.57530

	
4.0839

	
0.52174

	
0.002

	
0.966




	
SN

	
3.9259

	
0.66562

	
3.7029

	
0.68594

	
4.239

	
0.041




	
PBC

	
4.1435

	
0.53111

	
4.0612

	
0.53282

	
0.944

	
0.333




	
PU

	
4.0494

	
0.60884

	
4.1179

	
0.55284

	
0.574

	
0.449




	
BI

	
4.0833

	
0.67816

	
3.9082

	
0.57938

	
3.286

	
0.071




	
HB

	
3.8333

	
0.81264

	
3.5408

	
0.76863

	
5.546

	
0.019




	
INV

	
4.0833

	
0.61621

	
3.9252

	
0.57963

	
2.842

	
0.093
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