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ABSTRACT: Educators believe that STEM activities allow students to use multiple skills to solve real-world 

problems; therefore, it has been recognized as an effective way to apply academic knowledge to life’s problems. 

While many studies have examined the effectiveness and perceptions of students’ learning through STEM 

activities, little research has been conducted on teachers’ perceptions of STEM activities. In particular, there has 

been little research on teachers’ preferences for STEM learning. Therefore, in this study, two questionnaires 

were employed to investigate the teachers’ preferences for and perceptions of STEM learning and teaching. The 

questionnaire of teachers’ preferences for STEM learning consisted of four scales, namely, activity flexibility, 

technology support, classroom interaction and teaching assistance, while the questionnaire of perceptions of 

STEM learning included higher order thinking, collaboration, and attitude toward STEM learning. A total of 307 

teachers from 25 high schools in Taiwan filled in the questionnaire after conducting STEM activities. From the 

result of structural equation modeling it was found that teachers’ perception of collaboration was the key element 

connecting the teachers’ preference for STEM activities and attitude toward STEM learning. In addition, the 

teachers’ preference for technical support and classroom interaction positively correlated with their perceptions 

of higher order thinking and collaboration, while activity flexibility and teaching assistance positively correlated 

with their attitude toward STEM learning. According to the results, it was found that teachers’ perceptions of 

STEM learning were pluralistic and differed according to their preferences. 

 

Keywords: STEM education, Teacher professional development, Teaching preference, Attitude toward STEM 

education 

 

 

1. Introduction 
 

In recent years, STEM education has been recognized as an important educational issue (Wahono et al., 2020). In 

general, STEM education refers to integrating the disciplines and skills of science, technology, mathematics, and 

engineering. It has placed great emphasis on students’ practical skills, and has developed their competitive ability 

to face complex problems through hands-on experience in the process (Chang & Chen, 2020). According to the 

results of a literature analysis based on Wahono et al. (2020), STEM activities can also motivate students to 

progress to a higher level of thinking, which in turn affects their academic performance. Researchers believe that 

STEM education is well suited for developing soft skills such as problem solving, higher order thinking, and 

collaborative communication skills (Lin et al., 2020). 

 

Much of the research has practiced the spirit of STEM, guiding students to integrate and apply concepts from 

science, mathematics, technology, and engineering to solve problems themselves (Century et al., 2020; Kelley et 

al., 2020). For example, Hu et al. (2020) investigated the impact of using the Knowledge, Skills, and Attitudes 

(KSA) instructional mode on students’ learning effectiveness when making an electronic musical pencil. The 

results showed that the use of the KSA mode can positively enhance students’ attitudes towards STEM, and 

improve their learning outcomes. Besides, some studies investigated the effectiveness of technology on students’ 

hands-on activities. Altmeyer et al. (2020) developed a tablet-based AR application to support hands-on 

experimentation in physics science. It was found that the students could gain more conceptual knowledge 

through effective technological assistance. Although the integration of technology and content is necessary, the 

role of the teacher in STEM learning may also be an important factor in determining the quality of the learning 

outcomes (Dong et al., 2020). In Lin’s et al. (2020) research, they explored the role of teachers in teaching and 

learning in a web-based collaborative problem-solving system (wCPSS) learning environment. According to 

their results, even if the e-learning system benefits students’ STEM problem solving, if the teachers do not 

provide guidance during the learning process, it is still hard to highlight the effectiveness of students’ STEM 

learning. 

 

Researchers are also interested in teachers’ perceptions of STEM education, research has shown that teachers’ 

attitudes are a key aspect of successful teaching and learning (Wu & Albion, 2019; Yeh & Tseng, 2019). Adov et 

al. (2020) explored STEM teachers’ attitudes toward using mobile devices for teaching, and investigated what 

factors might help to increase teachers’ willingness to conduct STEM activities. The results of the questionnaire 

analysis showed that teachers’ expectations and effort expectancy of activities were highly correlated to the 

https://creativecommons.org/licenses/by-nc-nd/3.0/
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teachers’ attitude toward using mobile technology. Affouneh et al. (2020) also explored teachers’ perceptions of 

professional development in STEM teaching and learning. The factors that teachers perceived as influencing 

their STEM professional development included the availability of teaching resources, teachers’ professional 

competence and beliefs, and the operation of the teacher community. As Gosling and Moon (2002) stated, the 

teacher’s expectations of the teaching objectives and outcomes would determine the effectiveness of student 

learning in the process. Therefore, it is important to explore teachers’ perspectives on that approach to teaching 

and learning. 

 

However, teachers face many challenges when developing STEM activities (Wahono & Chang, 2019). For 

example, they may be unfamiliar with how to connect different curricula, they may not understand effective 

assessment methods for STEM outcomes, and there may be few exemplars to emulate (Brand, 2020). The 

reasons for these difficulties stem from a number of external factors including restricted classroom environments, 

limitations of the curriculum framework, and inadequate teaching resources. Therefore, researchers have pointed 

out that teachers’ preferences need to be considered (Chuang & Tsai, 2005), since they determine the teachers’ 

needs from several external perspectives (e.g., technology needs, environmental needs, and content needs). In the 

meantime, an investigation exploring the relationship between these external perspectives and internal 

perspectives (e.g., attitudes) is needed (Angel-Alvarado et al., 2020). Without overall consideration of teachers’ 

internal and external needs, it is likely to result in unsuccessful curricula, which might reduce the opportunity for 

students to practice solving complex problems (Kelley et al., 2020). Therefore, to effectively encourage teachers 

to develop STEM activities, educators and school managers need to understand the teachers’ considerations and 

preferences for conducting STEM activities. 

 

The purpose of this study was, therefore, to investigate the teachers’ perspectives on STEM learning by 

examining their preferences for and perceptions of STEM learning. This study examined the contextual 

preferences of teachers when conducting STEM activities. Meanwhile, we also investigated how these 

preferences are related to the teachers’ perceptions of STEM learning. In this way, school managers and teachers 

can develop meaningful STEM teaching activities based on the teachers’ preferences. 

 

 

2. Literature review 
 

2.1. Learning outcomes of STEM activities 

 

Learning outcomes are often used as a reference to measure the effectiveness of a learning approach (Beege et 

al., 2020). Students’ perceptions and cognitive development of the learning process are usually reflected in the 

learning outcomes (Cedefop, 2017). At the same time, learning outcomes are also a reference basis for teachers’ 

teaching quality; teachers’ expectations of students’ learning outcomes can also be reflected in their teaching 

effectiveness (Kong et al., 2020; Song & Hwang, 2020). 

 

In the field of STEM education research, in addition to students’ learning achievement, researchers are more 

concerned about the development of students’ higher level skills (Simeon et al., 2020). This is because STEM 

emphasizes not only effective knowledge application, but also problem solving, teamwork, and critical thinking 

in the process (Kong et al., 2014). Two important skills that the researchers have identified as important for 

students are higher order thinking skills and collaboration (Wahono et al., 2020). 

 

Higher order thinking has been recognized as a concept of education reform based on Bloom’s taxonomy (Hu et 

al., 2020). It involves cognitive processing such as analysis, evaluation, and synthesis (Bloom et al., 1956). It is 

believed that higher order thinking skills play a very important role in knowledge acquisition in students’ STEM 

activities. For instance, Yu et al. (2020) examined the influence of students’ scientific knowledge and higher 

order thinking tendency on their design of engineering projects. The results showed that the students’ higher 

order thinking ability (e.g., deduce, explain, and evaluate) was an important ability when they attempted to apply 

scientific knowledge during the design process. On the other hand, Wahono et al. (2020) reviewed 54 STEM 

studies and found that effective STEM activities begin with encouraging students’ higher order thinking, then 

move to their academic achievement, and end with students’ motivation. 

 

On the other hand, collaboration is considered to be an important competitive skill (Wang et al., 2020). It is 

related to the ability of learners to integrate into a group of people or to communicate effectively once they enter 

the community (Patten et al., 2006). Researchers have also stated that the design of STEM instructional activities 

that consist of collaboration and communication can enhance the development of students’ skills (Lou et al., 
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2014). Many studies have found that doing projects is a successful way to stimulate students to conduct 

collaboration and communication activities (Mustafa et al., 2016; Siew et al., 2015). 

 

From the aforementioned literature, it was known that the instructional strategies and the development of 

activities have a great potential to help students develop higher order thinking and collaboration skills (Martín-

Páez et al., 2019). However, not all teachers who implement STEM activities know how to design STEM 

activities and incorporate instructional strategies (Martín-Páez et al., 2019). If the outcome of the implementation 

is the intended goal, teachers need to devote a great deal of effort and time to designing the curriculum (Kelley et 

al., 2020). This is because such an approach is very different from the past; some external factors have 

influenced the teachers’ identification of STEM learning. Therefore, understanding teachers’ perspectives on 

STEM education and their perceived potential of students’ learning outcomes in STEM activities needs to be 

taken seriously. 

 

 

2.2. Preference of STEM activities 

 

The integration of technology and instructional strategies into teaching has been recognized as a critical issue 

(Ogbuanya & Efuwape, 2018). How teaching resources and contexts adapt to learning needs to be reconsidered 

when introducing new modes or activities (Sandholtz & Ringstaff, 2020). It requires consideration of teachers’ 

basic technological knowledge and pedagogical expertise (Wei, 2020; Ng & Chan, 2021). Mishra and Koehler 

(2006) proposed three components of the learning environment: content, pedagogy, and technology; these three 

components would interact and influence each other. In the case of STEM education, it was found that many 

projects are still limited to technology-oriented projects, such as robotics education and programming education 

(Lin et al., 2020). This indicated that there may be more barriers than content, pedagogy, and technology, which 

may be related to teachers’ preferences or perceptions (Okumus et al., 2016). As Ertmer (2005) and McElearney 

et al. (2019) suggested, investigating teachers’ perceptions and preferences may be a way to provide important 

references for teacher professional development. 

 

Preference has been considered as a crucial foundation for the further development of learning environments 

(Chuang & Tsai, 2005; Franquesa-Soler et al., 2019). Researchers have frequently investigated teachers’ and 

learners’ preferences in various learning contexts, such as conventional learning environments, web-based 

learning environments, and mobile learning contexts (Hwang et al., 2018; Liu, 2020). For instance, Liang and 

Tsai (2008) explored college students’ preferences in Internet-based learning environments. According to their 

investigation, they found that the students with high Internet self-efficacy presented higher preference for 

Internet-based learning environments, such as exploring real-life problems, displaying multiple sources of 

information, and conducting open-ended inquiry activities. Li et al. (2019) examined pre-service teachers’ 

preferences for smart learning contexts. Their results revealed that connectedness was positively associated with 

all smart classroom features, such as inquiry learning, student negotiation, multiple sources, usefulness, and ease 

of use. Those studies not only pointed out the factors that need to be considered when developing or conducting 

activities, but revealed the importance of considering preferences when designing activities or implementation of 

certain policies. 

 

For the development of STEM activities, researchers have also discussed teachers’ preference for STEM 

education. For instance, Gardner and Tillotson (2020) interviewed a teacher who developed STEM activities, and 

identified three important factors that the teacher considered. The first was the flexibility of the activities and 

spaces. The second was the replicability of the instructional models, which indicated the low technical threshold 

of the curriculum, making it easy for teachers to imitate. The last one was the improvement of teaching 

deficiencies, indicating that strong teacher teams and administrative support were needed. Through interviews, 

El Nagdi and Roehrig (2020) also found that STEM teachers valued the level of team support in the curriculum 

design process; they cited this as a factor that motivated them to develop the curriculum. Wang et al. (2020) also 

noted that teaching goals and collaboration structure were highly associated with the successful STEM mode. 

 

According to previous studies (Gale et al., 2020; Kelley et al., 2020), the factors that teachers considered when 

designing STEM instructional activities included activity flexibility, technology support, classroom interaction, 

and teaching assistance. Activity flexibility refers to the contexts that allow the teacher to have more flexibility 

in their learning activities. Good flexibility not only allows teachers to create meaningful learning activities, but 

also enhances the interaction between teachers and students (El Nagdi et al., 2018). At the same time, the flexible 

curriculum allows teachers to design cross-curricular activities. Technology support refers to the teachers’ 

technology need for conducting learning activities. In particular, in STEM learning environments, learning 

activities are often complex and lengthy; students or teachers often need technology for recording, 

communicating, and searching for information (Holmlund et al., 2018). On the other hand, teachers also have 
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expectations about the level of classroom interaction in the activities. This refers to peer discussion or interaction 

between teachers and students in learning activities (El Nagdi et al., 2018; Stehle & Peters-Burton, 2019). In 

STEM activities, in addition to the wealth of information, peer cooperation, competition, or communication is 

also a key factor reflected in the success of instructional activities. In addition to the three influencing factors of 

learning, technology, and interpersonal interaction, many researchers have recently found that the level of 

support from the school also affected whether teachers developed their instructional activities (Siew et al., 2019). 

Therefore, teaching assistance is also important when considering teachers’ preferences for instructional 

activities. 

 

How teachers perceive and what they expect from learning activities also affect the development of the whole 

activity (Dong et al., 2020; Kelley et al., 2020). Many researchers have taken into account students’ preferences 

for learning patterns and their propensity to perform well (Wahono et al., 2020). Teachers’ perceptions of and 

preferences for instructional modes also affect students’ learning and the quality of instruction. Therefore, it is 

also important and urgent to explore teachers’ preferences for and perceptions of the implementation of STEM 

activities. Therefore, in this study, a survey exploring teachers’ preferences for and perceptions of STEM 

activities was administered. The research questions explored in this study were as follows: 

 

• What are the teachers’ preferences for STEM activities? 

• What are the teachers’ perceptions of STEM activities? 

• What is the relationship between teachers’ preferences for and perceptions of STEM activities? 

• What are the direct and indirect indicators in the model of teachers’ preferences for and perceptions of 

STEM activities? 

 

 

3. Theoretical framework 
 

In this study, an investigation of teachers’ preferences for and perceptions of STEM activities was conducted. To 

answer the research questions, the research mode was developed based on previous studies’ suggestions, as 

shown in Figure 1. 

 

Activity 

flexibility

Technology 

support

Classroom 

interaction

Teaching 

assistant

Higher 

order 

thinking

Collabor

ation

Attitude 

toward 

STEM

Preference Perception of STEM activities
 

Figure 1. Research model of the teachers’ preferences for and perceptions of STEM activities 

 

Many researchers have argued that individual preferences in the teaching and learning process affect learning 

and teaching outcomes, and that contexts that allow users to engage in relevant activities can be effective (Lin et 

al., 2019; Liu, 2020). Therefore, two elements were considered in the study: preferences and perceptions. 

Preferences indicate the teachers’ preferences for STEM activities, while perceptions refer to the teachers’ 

perceptions of the effectiveness of STEM activities. As previous studies have suggested (Gale et al., 2020), the 

factors included in the teachers’ preferences for STEM activities consisted of activity flexibility, technology 
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support, classroom interaction, and teaching assistance. On the other hand, the factors included in the teachers’ 

perceptions of STEM activities were higher order thinking, collaboration, and attitude toward STEM activities. 

 

Researchers have also noted that preference for teaching or learning is positively related to learning outcomes 

(Brand, 2020). By understanding teaching and learning preferences, the learners’ or teachers’ perceptions of 

learning can be enhanced, for instance, preferences for technology and students’ interaction have been found to 

be highly related to students’ performance of higher order thinking and collaboration (El Nagdi et al., 2018; 

Holmlund et al., 2018). In addition, the perceptions of learning or teaching were positively correlated to their 

attitude toward learning or teaching (Wang et al., 2020).  

 

 

4. Method 
 

4.1. Participants 

 

In this study, an investigation of teachers’ preferences for and perceptions of STEM activities was conducted. 

The teachers who participated in this study had to meet two criteria: (1) they had all conducted mobile 

technology-assisted learning in the classroom. The mobile learning training was based on the mobile learning 

training model proposed by Hwang et al. (2017) and Garet et al. (2001); and (2) They all had basic concepts of 

STEM education or had already conducted STEM activities in the classroom. 

 

To ensure that the activities implemented by the teachers were in line with STEM education principles, the study 

provided six training workshops and eight regular meetings, as shown in Figure 2. Each session averaged about 

2.5 hours, with an average of 50 teachers attending each session. In the training workshops, the study explained 

the definition of STEM education and teaching examples to help the teachers understand the teaching goals of 

STEM teaching. The sources of these STEM teaching examples were drawn from the teaching examples of 

mobile technology-assisted STEM education designed by Hwang et al. (2020); these teaching plans were 

provided to teachers to help them design distinctive and pedagogically meaningful STEM teaching activities. In 

the training workshops, this study also guided teachers to co-develop STEM teaching activities. The researcher 

proposed several educational topics (e.g., using VR for STEM education or developing STEM activities related 

to environmental conservation), and experienced STEM teachers led teachers without STEM teaching experience 

to co-create teaching plans. This helped teachers understand the meaning of STEM education and curriculum 

development methods. 

 

Regular meetings were also arranged to provide teachers with the opportunity to adjust the quality of their 

teaching. The study invited all participating teachers to physical meetings, and invited experts experienced in 

promoting STEM and technology-enhanced learning to attend. In addition to teaching experience sharing, the 

teachers were invited to share the problems they met during the teaching activities, and the experts provided 

them with practical help. Therefore, through this sharing forum, each teacher could listen to the experiences of 

other teachers, which encouraged exchanges and inspired the design of teaching. 

 

 
Figure 2. Training workshops and meetings for teachers to develop their STEM activities 

 

After the teachers had implemented STEM activities, they were encouraged to complete the questionnaire. 

Finally, a total of 307 questionnaires were returned. These teachers were from 25 high schools and senior high 

schools in Taiwan. The distribution of the teachers in northern, central, southern, and eastern Taiwan was 42%, 

42%, 9%, and 6%, respectively. The percentages of male and female teachers were 42% and 58% respectively.  
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4.2. Instruments 

 

To achieve the purpose of this study, the questionnaires of teachers’ preferences for and perceptions of STEM 

activities were adopted to measure the teachers’ perceptions of conducting STEM activities. All items in the 

questionnaire were on a 5-point Likert scale ranging from “1 - Strongly Disagree” to “5 - Strongly Agree.” 

 

The teachers’ preference for the STEM activities questionnaire consisted of four dimensions, that is, activity 

flexibility, technology support, classroom interaction, and teaching assistance, with four, five, five, and five 

items, respectively. The activity flexibility factor was developed by Paechter and Maier (2010), and measures the 

extent to which teachers prefer that STEM activities provide more learner control. For example, “I prefer STEM 

activities that provide learners with opportunities for self-directed learning.” The technology factor was 

developed by Sun et al. (2008), and measures teachers’ preference for technology in STEM. For example, “I 

prefer the quality of wireless internet provided by the school to help me with my teaching activities.” The 

classroom interaction and teaching assistance factor were revised from Arbaugh (2002). Classroom interaction 

was used to measure the teachers’ preference that STEM activities provide more peer and teacher interaction. For 

example, “I prefer the STEM learning environments that effectively support me in guiding students through 

discussions.” Lastly, the teaching assistance measured the teachers’ preference for a STEM teaching community. 

For example, “I prefer that my school’s STEM teaching community can help me fix my own teaching activity 

weaknesses.” 

 

The perception of STEM activities consisted of three dimensions, that is, higher order thinking (10 items), 

collaboration (7 items), and attitude toward STEM activities (6 items). The factor of higher order thinking was 

revised from the measures developed by Chai et al. (2015) and Schraw and Dennison (1994). It was used to 

measure teachers’ expectations of STEM learning to enhance students’ critical thinking or metacognitive skills. 

For example, “I expect that when students engage in STEM learning they can ask themselves questions to test 

their level of proficiency.” On the other hand, the factor of collaboration was revised from the measures 

developed by Lin and Tsai (2013) and Lee et al. (2014). It was used to measure teachers’ expectations that 

STEM teaching would enhance students’ teamwork and communication. For instance, “I expect students to be 

proactive in discussing STEM learning with their classmates and come up with new ideas.” Lastly, the attitude 

toward STEM activities was revised from the measure developed by Lee and Tsai (2010). It measured the extent 

of teachers’ attitude toward conducting STEM activities, for example, “STEM learning can enhance students’ 

learning motivation.” 

 

 

4.3. Data analysis 

 

This study involved two phases of the data analysis procedure, that is confirmatory factor analysis (CFA), and 

structural equation modeling (SEM). 

 

The finalization of the questionnaires was conducted through confirmatory factor analysis (CFA), which clarified 

the structure of each dimension and examined the construct validity of the questionnaires. The CFA employed 

the IBM SPSS Amos software to confirm the validity of the scales in the questionnaires (Jöreskog & Sörbom, 

1993).  

 

Second, the structure relationships existing between the three dimensions were explored through a structural 

equation modeling (SEM) analysis. All analyses of SEM in this study were based on a significance level of p = 

0.05. First, the descriptive statistics were performed to verify the skewness and kurtosis of the values and to 

establish the data’s univariate normality. The critical values were ±3 and ±8, respectively (Kline, 2010). Also, we 

measured the multivariate normality using Mardia’s normalized multivariate kurtosis (Mardia, 1970). 

 

 

5. Result 
 

5.1. Test of the measurement model 

 

First, CFA was conducted to verify the construct validity of the three questionnaires in this study. The construct 

(scale) and measurement (item), the descriptive data (mean and SD), the item factor loadings, t value, average 

variance extracted (AVE), composite reliability (CR), and alpha value are shown in the tables to evaluate the 

convergent validity of the two questionnaires’ constructs. 
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In Table 1, the result shows that each scale in Preparation of STEM activity consists of four to five items. All the 

values of factor loadings are significant (p < .05) and higher than 0.5. The AVE values range from 0.45 to 0.68; 

the CR values are all higher than 0.7 and range from 0.77 to 0.91; and the alpha values range from .75 to .91 with 

an overall alpha of .95. The convergent validity of the construct is adequate (Fornell & Larcker, 1981). With 

respect to the goodness-of-fit of the construct measurement, the ratio of the Chi-square to degree of freedom = 

2.18, GFI = 0.90, AGFI = 0.87, CFI = 0.96, RMSEA = 0.06, and SRMR = 0.04, showing a good model fit for 

this construct. 

 

Table 1. The confirmatory factor analysis for the preference of STEM activity questionnaire 

Construct and 

measurement items 

Mean SD Factor 

loading 

t-value AVE CR Alpha 

value 

Activity flexibility 4.38 0.46   0.45 0.77 0.75 

AF1   0.51 8.69***    

AF2   0.70 12.72***    

AF3   0.72 13.25***    

AF4   0.74 13.83***    

Technology support 4.25 0.62   0.67 0.91 0.91 

TS1   0.76 15.33***    

TS2   0.88 16.49***    

TS3   0.88 19.00***    

TS4   0.81 16.73***    

TS5   0.85 18.12***    

Classroom interaction 4.28 0.54   0.67 0.91 0.91 

CI1   0.86 18.34***    

CI2   0.84 17.89***    

CI3   0.78 15.95***    

CI4   0.79 16.31***    

CI5   0.82 17.19***    

Teaching assistance 4.39 0.55   0.68 0.91 0.91 

TA1   0.78 16.02***    

TA2   0.79 16.30***    

TA3   0.81 16.83***    

TA4   0.85 18.15***    

TA5   0.87 18.84***    

Note. Overall alpha, 0.95; AVE, average variance extracted; CR, composite reliability. ***p < .001. 

 

Similarly, CFAs were conducted to verify the construct validity of the perception of STEM activities. In Table 2, 

the result shows that each construct consisted of 10 and seven items. All of the factor loading values are 

significant (p < .05) and higher than 0.7. The AVE values are all higher than 0.6 and range from 0.62 to 0.70, the 

CR values are all higher than 0.9 and range from 0.92 to 0.96, and the alpha values range from .92 to .96 with an 

overall alpha of .97. With respect to the goodness-of-fit of the constructs, the ratio of the Chi-square to degree of 

freedom = 2.71, GFI = 0.88, AGFI = 0.85, CFI = 0.96, RMSEA = 0.08, and SRMR = 0.03, showing a good 

model fit. 

 

CFA was also conducted to verify the construct validity of the attitude toward STEM activities with only one 

construct (six items). In Table 3, the results show that all the factor loading values are significant (p < .05) and 

higher than 0.5. The AVE value is 0.70 which is higher than 0.5, the CR value is 0.93 which is higher than 0.7, 

and the alpha value is also .93. With respect to the goodness-of-fit of the constructs, the ratio of the Chi-square to 

degree of freedom = 3.07, GFI = 0.98, AGFI = 0.94, CFI = 0.99, RMSEA = 0.08, and SRMR = 0.02, showing a 

good model fit. 

 

In addition, the overall CFA shows that all the factor loadings of the measured items are higher than the 

threshold value of 0.51. The range of composite reliability (CR) is 0.76~0.96, and the range of average variance 

extracted (AVE) is 0.45~0.72, indicating that the present study has good convergence validity of the adopted 

variables. In addition, the study further compared the correlation coefficient of each variable with its square root 

of AVE. If the square root of AVE is larger than its correlation coefficient, this shows that each construct has 

close correlation with the theory itself rather than other theories. In the current study, most of the square roots of 

AVE are larger than their correlation coefficient. As a result, each variable adopted in the present study has its 

discriminant validity (Yang et al., 2000). 
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Table 2. The confirmatory factor analysis for the perception of STEM questionnaire 

Construct and 

measurement items 

Mean SD Factor 

loading 

t-value AVE CR Alpha 

value 

Higher order thinking 4.00 0.66   0.70 0.96 0.96 

HT1   0.84 17.90***    

HT2   0.82 17.54***    

HT3   0.84 18.11***    

HT4   0.84 18.06***    

HT5   0.84 18.16***    

HT6   0.85 18.47***    

HT7   0.81 17.05***    

HT8   0.82 17.46***    

HT9   0.84 17.93***    

HT10   0.86 18.67***    

Collaboration 4.19 0.59   0.62 0.92 0.92 

CL1   0.75 15.20***    

CL2   0.68 13.35***    

CL3   0.77 15.65***    

CL4   0.89 19.64***    

CL5   0.88 19.17***    

CL6   0.74 14.91***    

CL7   0.78 15.98***    

Note. Overall alpha, .97; AVE, average variance extracted; CR, composite reliability. ***p < .001. 

 

Table 3. The confirmatory factor analysis for the satisfaction of STEM 

Construct and 

measurement items 

Mean SD Factor 

loading 

t-value AVE CR Alpha 

value 

Attitude toward of 

STEM activities 

4.37 0.59   0.72 0.93 0.93 

AT1   0.86 18.37***    

AT2   0.88 19.29***    

AT3   0.81 16.91***    

AT4   0.86 18.45***    

AT5   0.83 17.51***    

Note. AVE, average variance extracted; CR, composite reliability. ***p < .001. 

 

 

5.2. Test of the structural model 

 

Path analysis was utilized to measure the structural model in the second stage of SEM analysis. With respect to 

the goodness-of-fit of the model, the ratio of the Chi-square to degree of freedom = 1.76, GFI = 0.83, AGFI = 

0.80, CFI = 0.95, RMSEA = 0.05, and SRMR = 0.04. The GFI and AGFI values of this sample, 0.83 and 0.80, 

are below 0.9, but could be deemed as a moderate fit (Doll et al., 1994). The CFI value is close to 0.9, which 

shows a relatively acceptable fit (Norberg et al., 2007). 

 

The structural relationships among Preference and perception of STEM activities are revealed in Figure 3. The 

conception of Preference of STEM activities as “Technology Support” and “Classroom Interaction” are 

significant and positive factors explaining “Higher order thinking” in Perception of STEM activities (γ = 0.22 

and 0.60, p < .01 and .001). The two factors are also significant and positive factors explaining “Collaboration” 

in Perception of STEM activities (γ = 0.15 and 0.71, p < .05 and .001). The conception of Preference of STEM 

activity as “Activity flexibility” and “Teaching assistance” is significant and positive in explaining “Attitude 

toward STEM activities” in Perception of STEM activities (γ = 0.22 and 0.23, p < .01 and .001). In addition, 

“Collaboration” in Perception of STEM activities is a significant and positive factor which relates to “Attitude 

toward STEM activities” (γ = 0.49, p < .001). 
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Figure 3. Structural model of the relationships to the teachers’ preferences for and perceptions of STEM 

activities. Note. AF = Activity flexibility; TS = Technology support; CI = Classroom interaction; TA = Teaching 

assistance; HT = Higher order thinking; CL = Collaboration; AT = Attitude toward STEM activities. 

 

In summary, teachers’ Preference for STEM activities links to their perceptions of STEM activities. Only two 

scales of Preference for STEM activity, “activity flexibility” and “teaching assistance,” directly link to their 

attitude toward STEM activities. However, by testing the mediation effect through bootstrapping, teachers’ 

preferences for SEM activities as “Technology support” and “Classroom interaction” play indirect-only 

mediating roles in their attitude toward STEM activities (standard regression weight = 0.15, p < .05, and 0.71, p 

< .001) through their “collaboration” perception of STEM activities. 

 

Table 4 shows the standardized total effect, direct and indirect effects of each variable in the model. The range of 

the standardized total effect of the predicted variables on the dependent variables in this research model is 0.07-

0.60. According to the research model, three endogenous constructs were tested: TS and CI jointly explained HT 

and CL; the explanatory power was 60% and 68%, respectively, which belonged to the medium to large 

explanatory power. On the other hand, AF, TS, CI and TA together explained 70% of the variation in AT, which 

belonged to the medium to large explanatory power. According to the result, it was found that the teachers 

believed that CI and CL play an important role in STEM activities. 

 

Table 4. Tests of direct and indirect effects 

Endogenous variable Determinant Direct effect Indirect effect Total effect 

HT (R2 = 0.60) TS 0.22  0.22 

 CI 0.60  0.60 

CL (R2 = 0.68) TS 0.15  0.15 

 CI 0.71  0.71 

AT (R2 = 0.70) AF 0.23 
 

0.23 

TS - 0.07 0.07 

CI - 0.35 0.35 

TA 0.22  0.22 

CL 0.49  0.49 

Note. AF = Activity flexibility; TS = Technology support; CI = Classroom interaction; TA = Teaching 

assistance; HT = Higher order thinking; CL = Collaboration; AT = Attitude toward STEM activities. 

 

 

6. Discussion and conclusion 
 

In this study, the teachers’ preferences for and perceptions of STEM activities were investigated. According to 

the structural equation model, the positive predictive link from “Technology support” and “Classroom 

interaction” indicated the importance of providing hardware support for teachers. For example, students have 

access to a smooth wireless network and easy-to-use mobile devices for learning activities. The classroom 

environment was ideal for group work and discussion. The provision of two environmental and equipment 
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factors was correlated with teachers’ perceptions of STEM activities. In fact, this also reflected the teachers’ 

perception of teaching infrastructure and hardware. They considered that while professional training for activity 

development was important, there should also be an effective mix of teaching hardware and environment. 

 

A positive predictor was also found from “collaboration” to the teachers’ attitude toward STEM activities. In 

other words, the teachers’ perception of collaboration is an important mediator between their preferences for 

STEM activities and attitude toward STEM activities. This study not only reflected the importance of 

collaboration in teaching and learning, which has been emphasized in many studies in the past (Brand, 2020; Lin 

et al., 2020), but also illustrated the importance of team problem solving and teacher-student interaction in 

STEM education. Therefore, when designing STEM activities in the future, it is important to consider not only 

how well the curriculum is structured for learning, but also whether the students’ roles in the activities are clearly 

defined. 

 

On the other hand, “activity flexibility” and “teaching assistance” performed positive correlation with “attitude 

toward STEM activities.” This result suggested that soft support (e.g., curriculum training and teacher 

community functioning) can enhance teachers’ belief in STEM teaching. Although these two types of support 

were not directly related to teachers’ perceptions of higher order thinking and collaboration, they did have some 

degree of effectiveness in terms of increasing teachers’ beliefs about STEM teaching and learning. 

 

Based on the above findings, the following recommendations are made for future education practitioners: 

• School managers should provide support to teachers according to their needs during the curriculum 

development and teaching process (Adov et al., 2020). For example, teachers should be encouraged to 

form a community of teachers to develop STEM activities that are unique and sustainable to enhance their 

attitude in teaching. Friendly collaborative learning spaces and teacher-student interaction can enhance 

teachers’ satisfaction in their teaching. 

• It is important to provide a good hardware environment. Including the aforementioned wireless networks 

and collaborative learning spaces, and encouraging teachers to design activities that make use of 

collaborative learning strategies can also enhance teachers’ perception of STEM education. 

• School administrators can organize in-school discussion sessions or cross-school experience sharing 

sessions. Facilitators can use issue-based discussions and arrange for teachers to co-design teaching plans, 

for example, discussing the design of cross-curricular activities for the health and science curriculum under 

COVID-19. By discussing common issues in their lives, teachers can contribute their expertise and 

creativity to each other. 

 

However, there are still some limitations to this study that should be noted, such as the lack of discussion of 

students’ STEM learning preferences, making it difficult to compare differences in the teachers’ and students’ 

preferences. Also, this study only discussed the teachers’ self-presentation scales but not their actual teaching 

effectiveness. Therefore, this study also provides research recommendations for future interested researchers, as 

follows. 

 

• Researchers can consider comparing the preferences of teachers and students for STEM education, and 

examine the needs of both samples for teaching and learning through qualitative research. 

• Relevant research can also take teachers’ teaching plans and actual teaching effectiveness into account to 

understand teachers’ demands for STEM from multiple perspectives. 

• It is suggested that students’ learning achievement as well as their higher order thinking performance in the 

context of technology-assisted classroom interaction be evaluated. 
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