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Abstract 

 
Integrated STEM (Science, Technology, Engineering and Mathematics) education is an emerging 
approach to improve students’ achievement and interest in STEM disciplines. However, the 
implementation of integrated STEM education depends strongly on teachers’ competence, which entails, 
among others, teachers’ attitudes. Nonetheless, not much is known about the factors that influence 
teachers’ attitudes toward teaching integrated STEM. Therefore this paper uses a survey method to get 
insight into the relationship between three groups of variables and teachers’ attitudes toward teaching 
integrated STEM: teacher background characteristics, personal attitudes and school context variables. 
The results of the multiple regression analyses reveal three variables that are positively linked with 
teachers’ attitudes: professional development, personal relevance of science and social context. Moreover 
two variables show a negative correlation: having more than 20 years of teaching experience and 
experience in mathematics. The results of this study provide valuable information about factors related to 
teachers’ attitudes toward teaching integrated STEM. Moreover, these results can be deployed by school 
administrators to guide them when composing a team of teachers to implement integrated STEM 
education. 
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Introduction 
 

The current shortage of graduates in the fields of Science, Technology, Engineering and Mathematics 
(STEM) calls for new strategies to promote students’ choice of STEM careers (Fox & Hackerman 2002; Lee 
2015; Wang 2013a). Since this choice was found to be strongly influenced by students’ achievement in STEM 
disciplines (Goldsmith, Tran & Tran 2014; Nugent, Barker, Grandgenett & Adamchuk 2010), their self-efficacy 
beliefs in STEM (Maltese & Tai 2011; Wang 2013b) and personal interest (Hall, Dickerson, Batts, Kauffman & 
Bosse 2011), educational reforms should target these features. A promising approach in this regard, is the use of 
an integrated curriculum (Czerniak, Weber, Sandmann, & Ahern 1999). Studies in a broad range of disciplines 
have shown that students involved in an integrated curriculum perform as well or even better than their peers in 
traditional instruction with separate disciplines (Bragow, Gragow & Smith 1995; McComas 1993; McComas & 
Wang 1998; Savasa, Senemoglub & Kocabas 2012). Savasa et al. (2012) investigated the use of an integrated 
unit in social studies class and observed significant differences in the scores for academic achievement, attitude 
and academic self-confidence in favour of the experimental group. Friend (1985) examined the effect of an 
integrated science and mathematics physics unit on seventh grade students and found that students involved in 
the integrated unit achieved better than similar students in the non-integrated format. McComas and Wang 
(1998) summarized several studies of college-age students that demonstrated greater achievement or interest in 
science when science was presented as an integrated program rather than a traditional sequence. Moreover, other 
researchers (e.g. Bragow, Gragow & Smith 1995; McComas 1993) demonstrated that integrated units had a 
positive impact on students’ attitudes and motivation. 

When integrating science, mathematics and technology, this approach is called ‘integrated STEM 
education’. The term refers to learning environments in which teams of students participate in engineering 
design and/or research and experience meaningful learning through integration and application of mathematics, 
technology and/or science (Moore & Smith 2014).  
 
Nonetheless, the deployment of integrated STEM education in the classroom does not always go smoothly, since 
teacher education programs rarely offer pre-service teachers courses in which they experience learning that 
integrates multiple disciplines (Roebuck & Warden 1998). Several researchers found that the implementation of 
new instructional practices, such as integrated STEM education, is strongly dependent on teachers’ attitudes 
(Gregoire, 2003, Pintó, 2005; Roehrig, Kruse & Kern, 2007). Therefore, this paper focuses specifically on. 
teachers’ attitudes toward teaching integrated STEM. The goal of the study is to provide further insight in the 
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variables related to these attitudes. The investigated variables can be categorized in three groups: teacher 
background characteristics, school context variables and teachers’ personal attitudes toward STEM. 
 

 

Theoretical Background 

Definition of integrated STEM education 
 
Integrated STEM education is an instructional approach in which students participate in engineering design and/or 
research and experience meaningful learning through integration and application of mathematics, technology 
and/or science (Moore & Smith 2014). An important aspect of integrated STEM education is technology education. 
Technology education differs from simply using technology since it is ‘concerned with developing knowledge of 
technology and technological artefacts, and technological skills for students along with technological literacy’ 
(Sade & Coll, 2003, p.89). Technology education is especially useful as it plays a critical role in establishing 
authentic contexts and problems, which is –as explained below- a defining aspect of integrated STEM education 
(Herrington & Kervin 2007).   
STEM integration is inextricably linked to the theory of social constructivism, which emphasizes the idea that 
knowledge cannot be transmitted, but rather is actively constructed by the learner while solving meaningful 
problems (Jonassen 1999). Construction of knowledge takes place through direct interaction with other learners 
and within the specific constraints and affordances of the problem context (Brown, Collins & Duguid 1989; Rieber 
1993).  
By combining critical elements from both the theory of social constructivism and the empirical evidence found by 
several researchers (Honey, Pearson & Schweingruber 2014; Froyd 2008; Moore & Smith, 2014; Pinnell, Rowly, 
Preiss, Franco, Blust & Beach 2013; Zemelman, Daniels & Hyde 2005), five key features of integrated STEM 
education (hereafter denoted as STEM principles) were defined. The first principle, integration of STEM content, 
refers to the alignment of content from different courses (Choi & Pak 2006; Drake & Burns 2004; Pettus 1994). 
Traditionally, alignment entails the connection between learning objectives, learning activities and assessment 
within a course (Streveler, Smith & Pilotte 2012). Therefore, when used within the context of integrated STEM, 
this term designates the connection between learning objectives, learning activities and assessment across different 
STEM courses. The second principle, problem-centered learning, indicates that learning environments should 
involve students in relevant and authentic problems to increase the meaningfulness of learning (Christensen, 
Knezek & Tyler-Wood 2015; Gottfried 2015). Regarding the meaning of ‘authentic’, different perspectives exist 
(Turnbull 2002). According to Hennessy and Murphy (1999) ‘authentic’ or ‘real’ might mean either real and 
relevant to students own lives or real to situations that they may encounter in the future workplace. In this 
framework for integrated STEM education, both perspectives are taken into account. Inquiry-based learning, the 
third principle, refers to learning that is driven by questioning, thoughtful investigating, making sense of 
information and developing new understandings (Diggs, 2009). For example in science, students have to plan and 
design experiments, collect data and reflect on the results by providing explanations for scientific phenomena 
(Capps & Crawford 2013), while in mathematics learners have to question, challenge, discuss, interpret and 
explore mathematical ideas (Menmuir & Adams 1997). Similarly, the principle of design-based learning advocates 
the active engagement of learners in creating some type of external artifact (e.g., a robot or a computer program), 
because learners are more inclined to construct new ideas when they are actively engaged in designing (Kafai & 
Resnick 1996). Finally, the principle of cooperative learning indicates that students should be given the opportunity 
to communicate and collaborate with each other to deepen their knowledge (Christensen et al. 2015).  
 
Implementation of integrated STEM education 
 
The implementation of integrated STEM education depends on the behaviour of the teachers, since they are 
responsible for selecting the appropriate instructional methods. According to the Social Cognitive Theory (SCT) 
of Bandura (1986), behaviour is linked with personal factors and environmental influences, which operate as bi-
directionally interacting elements (Bandura 1989). Therefore, future behaviour is a function of three interrelated 
forces: environmental influences, a person’s current and past behaviour, and internal personal factors such as 
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cognitive abilities, attitudes and background characteristics (Henson 2001). This relationship is shown in Figure 
1.  

 
Fig. 1 Representation of the Social Cognitive theory (SCT) as introduced by Bandura (1986) 

While research has focused on the role of teachers’ cognitive abilities in the implementation of integrated STEM 
education (e.g., Hudson, English, Dawes, King & Baker 2015), this study focuses on teachers’ attitudes. Attitudes 
are claimed to guide teachers in their actual classroom practices and play a fundamental role in the acceptance of 
new approaches, techniques, and activities (Donaghue 2003). In other words, changes in teachers’ practices can 
be the consequence of alteration in their attitudes (Borg 2011; Mansour 2009; Polat 2010).  
 
Teacher attitudes  
 
Since no general agreement about the definition of ‘attitude’ exists, in this paper, the term is used to refer to the 
psychological tendency to classify an object in terms of favorable or unfavorable dimensions (e.g. good/bad or 
pleasant/unpleasant) (Ajzen 2001; Eagly & Chaiken 1993). Two terms in this definition need further clarification: 
‘object’ and ‘dimensions’. Depending on the object, a distinction can be made between the personal attitudes of 
teachers toward STEM and their professional attitudes toward the teaching of (integrated) STEM. Personal 
attitudes toward STEM refer to the attitudes of a person independent of his profession and include beliefs about 
the relevance of science, mathematics and technology for society or daily life. In contrast, teachers' professional 
attitudes toward teaching integrated STEM involve the ideas and feelings that teachers may have with respect to 
teaching these topics within the school context (van Aalderen-Smeets, van der Molen & Asma 2012). It is assumed 
that professional attitude toward teaching integrated STEM is a stronger predictor of actual teaching behavior than 
teachers’ personal attitude towards STEM, because of the more direct link to actual STEM teaching (van 
Aalderen�Smeets & van der Molen, 2015). Nonetheless, improvements in personal attitude toward STEM 
presumably will positively influence improvements in professional attitude. Therefore, although the importance of 
personal attitudes is not discarded, in this paper, the focus will be on teachers’ professional attitudes, whereas 
personal attitudes are seen as a variable that can influence these professional attitudes. Next to ‘object’, the second 
term in the definition of attitude that needs explanation is ‘dimensions’. To specify these dimensions, usually the 
Three-Component-Definition of attitude is used (Pratkanis, Breckler & Greenwald 2014). This definition 
distinguishes three components: a cognitive component, which encompasses a person’s thoughts and opinions 
about the attitude object; an affective component, which consists of feelings a person experiences in relation to the 
attitude object; and a behavioural component, which constitutes the actions of a person when confronted with the 
attitude object (Eagly & Chaiken, 1993). 
 
To gain insight in the specific dimensions of interest and subscales of teachers’ attitudes, van Aalderen-Smeets 
and colleagues (2012) built a framework for primary teachers’ attitudes toward teaching science. By combining 
this framework with the integrated STEM principles, a framework for teachers’ attitude toward teaching integrated 
STEM was developed from prior research (Figure 2).  
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Int= Integration of STEM content; pcl= Problem-centered learning; inq= inquiry-based learning; des= design-based learning; co= 
cooperative learning 
Fig. 2 Theoretical framework for teachers’ attitudes toward teaching integrated STEM 

 
This framework consists of two cognitive subscales: (a) opinions about the relevance and importance of teaching 
integrated STEM, and (b) ideas about the difficulty that is attributed to the task of teaching integrated STEM by 
teachers in general. Furthermore, two subscales referring to teachers’ feelings or affective states were determined: 
(a) enjoyment and (b) anxiety in teaching integrated STEM. Finally, one subscale constitutes the dimension of 
perceived control: self-efficacy or a person’s beliefs about control over internal factors such as knowledge, 
confidence and skills. Unlike the Three-Component-Definition of attitude, behaviour is not specified as a 
component of attitude in this framework. Rather, behaviour is perceived as an element arising from a person’s 
attitude, which coincides with the way behaviour is perceived in the Social Cognitive Theory as explained above. 
 
Factors affecting teachers’ attitudes toward teaching integrated STEM  
Since teachers’ (professional) attitudes influence their professional behaviour and therefore the implementation of 
integrated STEM education, it is important to gain an understanding of the prevalence of certain attitudes in STEM 
teachers. Social Cognitive Theory indicates that the environment has an influence on teachers’ attitudes. Therefore, 
the relationship between teachers’ attitudes and school context is investigated. However, there might also be other 
characteristics, for example teachers’ background characteristics that have a significant influence on their attitudes. 
 
To identify factors that generate significant differences in teachers’ attitudes, it is useful to take a look at the 
sources of these attitudes. However, various sources underlie teachers’ attitudes and there is no consensus among 
researchers (Mellati, Khademi & Shirzadeh 2014). Some researchers claim that attitudes derive from sources such 
as personality and teaching experiences (Donaghue 2003; Kagan 1992, Zeichner and Tabachnick 1981). Other 
researchers stress the importance of teacher education programs in shaping teachers’ attitudes (Finsterwald, 
Wagner, Schober, Lüftenegger, & Spiel 2013; Kennedy and Smith 2013). Finally, teachers’ own schooling as 
young students and observing their own teachers are named as sources of teachers’ attitudes (Levin and He 2008). 
In an effort to theoretically underpin these experiences, Bandura (1977) distinguished four kinds of experiences 
that could affect a person’s level of self-efficacy: (a) mastery experiences, (b) vicarious experience, (c) social 
persuasion, and (d) emotional arousal. Mastery experiences are situations in which teachers are actively involved 
in the desired teaching behavior. If these teaching activities are consistently successful, they tend to raise self-
efficacy. Likewise, if these activities typically produce failure, self-efficacy is likely to be lowered. Vicarious 
experience is learning from observation of the successes of other teachers. Social persuasion happens when 
credible people (e.g. colleagues and superiors) convince a teacher of his/her capabilities to teach successfully. 
Finally, emotional states refer to the influence of feelings on behaviour. If a teacher experiences stress or fear 
when teaching, this can lead to negative judgements about his/her ability to teach (Webb, 2015).  
  
To further investigate the origin of teachers’ attitudes, Collinson (2012) asked 81 exemplary secondary school 
teachers across the USA to indicate what they perceived as the sources of their attitudes. This way, fourteen 
possible sources were found of which some belong in the category ‘school context’ (e.g., colleagues, politics and 
leadership) and others are discerned as ‘teacher background characteristics’ (e.g., prior career, use). However, 
since no distinction was made between personal and professional attitudes, some of the sources mentioned by the 
participants are personal (e.g., life’s routine, traumatic events, religion) and seem less relevant in the 
development of professional attitudes. Nonetheless, the personal attitudes a teacher holds about the usefulness or 
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relevance of science, technology and mathematics in everyday life might influence his or her professional 
attitudes. Therefore this third category is added. Next, variables within the three categories (background 
characteristics, school context and personal attitudes) are briefly discussed. 

 
Teacher background characteristics 
 
Finding predictive factors of teachers’ attitudes equals the determination of background characteristics that cause 
teachers to undergo a varying degree of mastery, vicarious, socially persuasive and/or emotional arousing 
experiences. Table 1 lists the background characteristics taken into account in this study. The selection of these 
variables was based on the sources defined by Collinson (2012). For each of the background characteristics, the 
respective kind of experience as defined by Bandura (1977) was added. Selection of these respective experiences 
was based on the research of Crook (2016). 
 
 
Table 1 Background variables and their respective sources of attitude 

Background characteristic 
Source of attitude according 
to Collinson (2012) 

Kind of experience according to 
Bandura (1977) 

1. Master diploma Teachers or role models 
Vicarious experience 
Mastery experience 

2. Professional Development 
Intensive professional 
development 

Mastery experience 
Vicarious experience 

3. Experience with teaching of 
Integrated STEM 

Experimental or  
accidental use 

Mastery experience 
Vicarious experience 

4. Years of teaching 
5. Experience in Physics 
6. Experience in Engineering 
7. Experience in Mathematics 
8. Experience in Technology 

9. Non-teaching work experience Prior Career 

Mastery experience 
Vicarious experience 
Social persuasion 
Emotional arousal 

10. Gender /// 
Social persuasion 
Emotional arousal 

 
The first background characteristic refers to teachers’ educational level and more specifically whether or not they 
possess a master (or graduate) diploma. Students spend years observing teachers. Therefore teachers represent a 
major source of attitudes in the form of vicarious experience (Lortie 1975). Since instructional methods (e.g., the 
degree of active involvement of the students) differ according to the educational level (e.g., Jarski, Kulig & Olson 
1990), this background characteristic can result in different attitudes. For example, teachers with a graduate (or 
masters) degree have been found to have higher levels of teacher self–efficacy than teachers with undergraduate 
(or bachelor) education (Hoover–Dempsey, Bassler, & Brissie 1987)  
 
The second background characteristic refers to participation in professional development, which is an important 
provider of vicarious experiences (Mizell 2008). A small number of studies have investigated this relationship 
(e.g., Powell-Moman & Brown-Schild 2011; Ross & Bruce 2007) and concluded that when teachers actively 
participate in quality professional development opportunities, their self-efficacy increases.  
 
Five background characteristics can be attributed to the category ‘Experimental or accidental use’ as defined by 
Collinson (2012). This category represents doing something intentional or unintentional that alters attitudes and 
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then repeating what appears successful or avoiding what is unsuccessful. Therefore this coincides with the term 
‘mastery experiences’ used by Bandura (1977).  
The first background characteristic in this category refers to a teacher’s experience in teaching an integrated STEM 
course. Teachers who are actively involved in such a course get the opportunity to gain hands-on experience (i.e. 
mastery experience). Moreover, often co-teaching or team teaching is used when implementing integrated STEM 
education. When this is the case, teachers can also observe fellow teachers and therefore gain vicarious experience. 
Since these experiences differ from teachers who are not involved in an integrated STEM course, a difference in 
attitude between both groups can occur.  
Another factor that is taken into account is years of teaching. Teachers, who have been in the field longer, have 
gained more mastery experiences compared to novice teachers and would therefore exhibit altered attitudes 
(Bandura 1997). However, research regarding the difference in attitude between new and experienced teachers has 
led to conflicting results (Tweed 2013). Therefore, researchers suggest that self-efficacy fluctuates over the course 
of a teaching career: teachers increase in self- efficacy through their early years and into the mid-career years but 
can decrease in efficacy as they enter the last stages of their careers (Klassen & Chiu 2010).  
The next four variables refer to experience in specific subjects (physics, engineering, mathematics and technology). 
Some researchers (e.g., Ginns, Watters, Tulip, & Lucas 1995; Ramey-Gassert, Shroyer, & Staver 1996) claim that 
teachers’ attitudes may be domain specific since tasks and situations of teaching are to a large extent shaped by 
the nature of the subject the teacher teaches (Chen & Yeung 2015). However, until now, only limited research has 
focused on teacher self-efficacy within particular subjects. 
 
A final characteristic, which was not named by Collinson (2012), but which has been profoundly studied in regard 
to its possible influence on attitudes is the gender of the teacher. According to Hackett and Betz (1981), male and 
female teachers can have different levels of self-efficacy in a given domain due to differential access of girls and 
boys to the four proposed sources of attitudes. However studies regarding the influence of gender on teachers’ 
attitudes proved conflicting. While some studies found that females report higher teacher self-efficacy than males 
(Andersen 2011; Anderson, Greene, & Lowen 1988; Raudenbush, Rowan, & Cheong 1992), other studies reported 
the opposite (e.g., Eccles, 1994; Hackett 1985) and still other researchers found no differences in teacher self-
efficacy by gender at all (Lee, Dedrick, & Smith 1991).  
 
School context variables 
 
According to the social cognitive theory (Bandura, 1986), teachers’ attitudes can be influenced by the environment 
(Nespor 1987). Appleton and Kindt (1999) asked teachers to indicate which context factors would make it harder 
or easier for them to teach science and found four main factors: collegial support, lack of resources (materials and 
examples), time allocated for science in the curriculum, and the time and effort needed to prepare science lessons. 
Lumpe, Haney, and Czerniak (2000) asked respondents about the perceived influence of potential context factors 
from five different categories: standardized teaching methods and curriculum, social support, resources (materials 
and money), time available within the curriculum, and preparation time. The school context variables taken into 
account in this study and their link with the factors found by Lumpe et al. (2000) are given in Table 2. 
 
Table 2 School context variables and their respective sources of attitude 

Background characteristic Category by Lumpe et al. (2000) 

Clear curriculum objectives for your STEM course 
Ready-made teaching materials 

Standardized teaching methods and 
curriculum 

Content support by colleagues 
Professional development 
Clear vision of the management board about STEM 
education 
Cooperation with other STEM teachers 
Technical support by "experts" 

Social support 
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Budget 
Technical material 
Adjusted classrooms 
Logistical support 
Small classes (= number of students) 

Resources (materials and money) 

Sufficient teaching hours Time available within the curriculum 

 
Personal attitudes toward STEM 

Van Aalderen-Smeets et al. (2012) differentiate between teachers’ professional attitudes, which refer to teachers’ 
attitudes toward teaching integrated STEM, and their personal attitudes, which refer to their attitudes about 
STEM in their personal life. Since it is likely that personal attitudes about the relevance of STEM influence their 
professional attitudes, these are also taken into account. Within the field of integrated STEM, very little research 
has been undertaken to understand attitudes of teachers, since this requires an accurate definition of integrated 
STEM and a valid tool for measuring teachers’ attitudes toward it. Even less is known about factors that could 
influence teachers’ attitudes toward teaching integrated STEM. Therefore this paper aims at providing further 
insight into the background characteristics, personal attitudes and school context variables related to these 
attitudes. The research question that is addressed in this paper is: ‘How can differences in secondary teachers’ 
professional attitudes toward teaching integrated STEM be explained by teachers’ background characteristics, 
personal attitudes toward STEM and school context factors?’ 

Method 

As there is only limited research regarding teachers’ attitudes toward integrated STEM, this study is 
exploratory in nature and does not aim at verifying hypotheses. The main goal is to elicit factors related to teachers’ 
attitudes toward teaching integrated STEM. Three groups of factors are taken into account: personal background 
characteristics, teachers’ personal attitudes toward STEM and school context variables. To achieve this, a survey 
research method was employed.  

 
Sample and procedure 

All questionnaires were administered online in the period between October 2015 and December 2015 
among 30 schools participating in a research project about integrated STEM education. The questionnaire took 
about 20 minutes to complete and filling in the questionnaire was voluntary. In total, 135 secondary teachers in 
the fields of mathematics, engineering, science and technology responded to the questionnaire. Of these 135 
teachers 51 (37.8 %) taught integrated STEM, while 84 (62.2 %) taught a core subject related to only one of the 
STEM domains. The participants were slightly more female (58.5%) with a mean age of 42 years (range 23–63 
years). Other descriptive variables of the participants are given in Table 3. 

 
Table 3 Teacher Background characteristics including Descriptive statistics of the sample of participants 

Name Description Scale Percentage 

Integrated STEM 
Indicates if the teacher is involved in teaching 
an integrated STEM course. 

0 = No 
1= Yes 

 
37.8 

Female Gender of the teacher. 
0 = Male 
1 = Female 

 
58.5 

Master  
Indicates if the teacher has obtained a 
masters’ degree. 

0 = No 
1 = Yes 

 
49.6 

Professional 
Development 

Indicates if the teacher has participated in 
STEM-related professional development in 
the last year. 

0 = No 
1 = Yes 

 
40.0 

Years of teaching 
Total teaching experience of the teacher (in 
years) 

1 = 1-5 years 
2 = 6-10 years 

17.6 
12.2 
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3 = 11-15 years 
4 = 16-20 years 
5 = > 20 years 

18.3 
13.0 
38.9 

Non-teaching work 
experience 

Indicates if the teacher has work experience 
in a non-teaching context. 

0 = No 
1 = Yes 

 
22.2 

Experience in 
Physics 

Indicates if the teacher has experience with 
teaching physics. 

0 = No 
1 = Yes 

 
15.6 

Experience in 
Engineering 

Indicates if the teacher has experience with 
teaching engineering. 

0 = No 
1 = Yes 

 
56.3 

Experience in 
Mathematics 

Indicates if the teacher has experience with 
teaching mathematics. 

0 = No 
1 = Yes 

 
58.5 

Experience in 
Technology 

Indicates if the teacher has experience with 
teaching technology 

0 = No 
1 = Yes 

 
44.5 

 

Measures of attitudes toward teaching integrated STEM 

In determining secondary teachers’ attitudes toward teaching integrated STEM a questionnaire based on the 
theoretical framework (see Figure 2) was developed. Questions were developed for each of the 25 categories, 
leading to a total of 107 items. Respondents were asked to indicate their level of agreement with these items on a 
5-point Likert-scale (1= totally disagree, 5= totally agree). To confirm construct validity of the questionnaire both 
Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) were performed. In addition, the 
reliability was tested by computing the Cronbach’s alpha coefficient of each subscale to determine its internal 
consistency. The discriminative ability was assessed by examining the standard deviations and range of responses 
to each item. Finally, the factor correlation matrix was computed to examine the correlations between the 
subscales. The results of the validation tests indicated that the questionnaire was a valid and reliable instrument 
for measuring secondary teachers’ attitudes toward teaching integrated STEM.  

 
Measures of teacher background, personal attitudes and school context 

Teacher background. Adjoining the attitude questionnaire, survey items were included measuring personal 
background information including age, gender, experience in teaching (global and specific STEM courses), prior 
education, non-teaching work experience and attendance of professional development. An overview of the 
background factors that are taken into account is given in Table 3. 
 
Personal attitudes. Teachers were asked to rate 15 statements about the relevance of mathematics, science and 
technology in their day-to-day lives on a 5-point Likert scale ranging from totally disagree to totally agree. 
Exploratory factor analysis produced three factors labeled ‘personal relevance of technology’, ‘personal 
relevance of mathematics’ and ‘personal relevance of science’. 
 
School context. This variable was measured by means of fourteen items referring to different elements of school 
environment. Teachers had to indicate to which extent they felt the different elements were present in their 
school on a 4-point Likert scale (1= totally absent; 4= more than adequately present). Through exploratory factor 
analysis (oblique rotation) three categories were defined: ‘technical context’ (technical material, adjusted 
classrooms, budget and technical support by experts), ‘social context’ (content support by colleagues, effective 
cooperation with other STEM teachers, a clear vision of the management about STEM education, logistical 
support by management, professional development about content) and ‘organizational context’ (sufficient 
teaching hours, small classes (= number of students), ready-made course material).  
 
An overview of all measured variables is given in Figure 3. 
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Fig. 3 Overview of all measured variables 

Data Analysis  

The data was analyzed with SPSS software version 23.0. First, correlation coefficients between all 
predictor variables and teachers’ attitude were calculated. Next, direct multiple regression analysis was used to 
define the predictor variables most suited to explain the variance in teachers’ attitudes. Four different direct 
regression analyses were conducted: (a) only predictor variables referring to teachers’ background; (b) only 
predictor variables referring to teachers’ personal attitudes; (c) only school context predictor variables and (d) a 
full model. 

 
Results 

Correlation 

First, the correlation coefficient between all variables was computed (Table 4). When examining the connection 
between the independent variables, several conclusions can be drawn. For instance, teachers who are involved in 
teaching an integrated STEM course usually don’t have a master’s degree, have limited teaching experience but 
do have experience in teaching engineering. Moreover, a large portion of them actively attend professional 
development and are positive about both the physical and social context in which their teaching occurs. On the 
other hand, teachers who do possess a master’s degree are less positive about their teaching environment. 
Moreover, teachers with experience in mathematics often have experience in physics and are mostly women. 
These teachers rarely have experience in engineering. The bottom line of Table 4 indicates the correlation 
between the predictor variables and teachers’ attitude. Within the teacher background characteristics, four 
variables are positively correlated with teachers’ attitude: experience in integrated STEM, experience in 
engineering, non-teaching experience and participation in professional development. However, also two 
variables correlate negatively with teachers’ attitude: experience in mathematics and years of teaching 
experience. The other variables (female, master and experience in physics) do not exert a significant correlation 
with teachers’ attitudes. Within the category of personal attitudes, both the perceived relevance of technology 
and that of science are found to have a positive correlation with teachers’ attitudes. Regarding school context, all 
three variables are positively linked with attitudes, although the correlation with social context is more 
pronounced than the other two. 
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Table 2 Correlation coefficients 

 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 

1. Int. STEM 1.00                 

2. Female -.150 1.00                

3. Master -.254** .234** 1.00               

4. Years of teaching -. 215* .025 .007 1.00              

5. Exp Math -.150 .451** .054 -.024 1.00             

6. Exp Physics .071 .228** .098 -.102 .380** 1.00            

 7. Exp Eng .214* -.385** -.058 .066 -.427** -.364** 1.00           

 8. Exp Tcch -.009 -.228** -.098 .162 -.077 -.217* .075 1.00          

9.Non-teaching exp. .098 -.092 .147 -.201* -.165 .148 .213* 
184*

1.00         

10. Prof. dev. .362** -.049 -.054 -.037 -.080 .018 .192* -.018 .145 1.00        

11. Pers. Rel. tech -.015 .072 .202* .000 -.085 .072 .019 
178*

.114 -.032 1.00       

12. Pers. Rel. math .061 .065 .160 -.068 .128 .151 .090 
211*

.150 .013 .668** 1.00      

13. Pers. Rel. science .074 .041 .197* -.109 .092 .256** -.002 
221*

.220* .035 .745** .700* 1.00     

14. Social con .252** -.123 -.169 .098 -.032 .070 .010 .027 .060 .138 -.014 -.025 .043 1.00    

15. Org. con .369** -.143 -.263** -.118 .009 .130 .140 -.001 .093 .147 -.056 .019 -.015 .701** 1.00   

16. Tech. con .337** -.199* -.234** -.176 -.153 -.015 .203* .059 .020 .128 -.050 .008 -.036 .742** .844** 1.0  

17. Attitude .233** -.093 .006 -.248** -.235** .056 .191* 
.005

.242** .270** .227** .144 .257** .302** .180* .189* 1.0 
* Correlation is significant at the 0.05 level (2-tailed).     
** Correlation is significant at the 0.01 level (2-tailed). 
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Regression results 

Since effects from one group of variables could disappear when taking into account all groups of variables, four 
different direct regression analyses were conducted: (a) only predictor variables referring to teachers’ personal 
background (“Background” model); (b) only predictor variables referring to teachers’ personal attitudes 
(“Attitude” model); (c) only school context predictor variables (“Context” model) and (d) taken into account all 
kinds of predictor variables (“Full” model). The standardized beta weights, p-values and amount of explained 
variances of predictor variables (a), (b), (c) and (d) are presented in Table 5. 
 
Table 5 Standardized beta weights, p-values and explained variances of multiple regression analysis for variables 
predicting teachers’ attitude   

“Background” 
model 

“Attitude”  
model 

“Context” 
model 

“Full” 
 model 

Background characteristics 

 
Beta p-value   Beta 

p-
value 

Integrated STEM .064 .464   .005 .956 

Female .005 .935   .052 .533 

Years of experience 

 6-10 years 

 11-15 years 

 16-20 years 

 > 20 years 

 
-.019 
.148 
-.141 

- .247** 

 
.847 
.137 
.083 
.002 

  

 
-.039 
.009 
-.010 

- .187* 

 
.633 
.108 
.909 
.015 

Master .025 .747   .018 .238 

Experience in Physics .121 .167   .061 .464 

Experience in 
Engineering 

-.001 .964   .000 .996 

Experience in 
Mathematics 

-.201* .013   -.222** .004 

Experience in 
Technology .082 .356   .059 .446 

Non-teaching work 
experience 

.149 .073   .090 .256 

Professional 
Development .237** .003   .199** .009 

Personal relevance 

 
 Beta p-value  Beta 

p-
value 

Personal Relevance 
Technology 

 .080 .529  .105 .370 

Personal Relevance 
Mathematics 

 -.69 .557  -.005 .964 

Personal Relevance 
Science 

 .257** .003  .244** .004 

School context 

 
  Beta p-value Beta 

p-
value 

Social context   .302** .000 .277** .003 
Technical context   -.079 .526 -.129 .256 
Organizational context   -.062 .594 -.056 .597 

R2 .218 .073 .091 .375 
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* Correlation is significant at the 0.05 level (2-tailed).     
** Correlation is significant at the 0.01 level (2-tailed). 
 
In the “Background” model, only one variable appears to show a positive relationship with teachers’ attitudes, 
i.e. participation in professional development. However, two variables are negatively linked with attitude: 
experience in mathematics and having more than twenty years teaching experience. Together, all background 
characteristics account for 21.8% of the variation in teachers’ attitudes. In the “Attitude” model, one variable is 
positively associated with teachers’ attitudes: the personal relevance that teachers attribute to science. The 
variables in the “Attitude” model account for 7.3% of the variation in teachers’ attitudes toward teaching 
integrated STEM. In the “Context” model, also one variable is significantly related to teachers’ attitudes: social 
context. This variable is positively correlated with attitudes and together with the other school context variables 
it accounts for 9.1% of the variation in these attitudes. 
 
When taken into account all three types of predictor variables (personal background, personal attitudes and 
school context), the model accounts for 37.5% of the variance in teachers’ attitudes and five significant variables 
are found. Three of the significant predictor variables are constructively connected to teachers’ attitudes toward 
teaching integrated STEM: participation in professional development, personal relevance of science and social 
context. However, for the factors > 20 years of teaching experience and experience in mathematics, the 
correlation is in the opposite direction indicating that more years of teaching and experience in mathematics are 
linked with lower attitudes toward teaching integrated STEM. According to the standardized beta weights social 
context has the strongest connection with teachers’ attitudes toward teaching integrated STEM.  
 

Discussion  

To find variables that can explain differences in secondary teachers’ professional attitudes toward teaching 
integrated STEM, three groups of variables were examined: personal background characteristics, personal 
attitudes toward STEM, and school context factors. Multiple regression analyses were conducted to find 
significant correlations . 

Personal background characteristics were taken into account since they can influence the prevalence of different 
kinds of experiences (i.e. mastery experiences, vicarious experience, social persuasion and emotional arousal) 
that can affect a person’s attitude (Bandura 1977). Results of the multiple regression analyses show that only one 
background characteristic is positively correlated with teachers’ attitudes toward teaching integrated STEM: 
participation in professional development. Several researchers have already confirmed the positive relationship 
between participation in professional development and teachers’ attitudes. For example, Powell-Moman and 
Brown-Schild (2011) found significant higher self-efficacy scores for inquiry-based instruction in in-service 
STEM teachers after completion of a two-year professional development program. Likewise, van Aalderen-
Smeets and Van der Molen (2015) showed that involvement in professional development is more effective in 
changing teachers’ attitudes compared to merely being engaged in science teaching. 
 
In addition to the positively correlated factor, two background characteristics also show a negative correlation 
with teachers’ attitudes: > 20 years of teaching experience and experience in mathematics. For the factor > 20 
years of teaching experience this is not a surprising result, since prior research (e.g. Klassen & Chiu 2010) about 
the influence of teaching experience on teachers’ self-efficacy already indicated that self-efficacy seems to 
increase in the early years of teaching while it decreases in the later years of a teacher’s career. On the other 
hand, studies assessing subject-specific differences in teachers’ attitudes toward interdisciplinary teaching are 
still elusive and rare. Salami, Makela and de Miranda (2017) examined the change in attitudes to 
interdisciplinary teaching of 29 middle and high school teachers who participated in an interdisciplinary teaching 
and design problem unit that spanned multiple STEM subjects. They reported lower attitude scores for 
mathematics teachers compared to engineering/technology teachers and science teachers. Moreover, resistance to 
change was higher in mathematics teachers compared to the other group. While no justification for this 
observation was given by Salami et al. (2017), a possible explanation might be found in the specific nature of the 
subject. Mathematics teachers tend to see their subject more axiomatically oriented and less related to empirical 
findings than science teachers do (Stodolsky & Grossman 1995). Moreover, math teachers use experiments less 
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frequently than science teachers do and they help students less often to understand the world outside school in 
their lessons (Engeln, Euler & Maass 2013). Therefore, since mathematics teachers are less experienced in 
conducting experiments and/or working with real world problems in class, which are defining principles of 
integrated STEM education, they might exhibit lower levels of attitude toward integrated STEM. 
 
In addition to teachers’ background characteristics, personal attitudes toward STEM and school context variables 
were taken into account in the multiple regression analysis. van Aalderen-Smeets and van der Molen (2015) 
assume that teachers’ personal attitudes can positively influence their professional attitudes, although they 
acknowledge that more research is necessary to define the strength and direction of this relationship. Results of 
this study show a positive correlation between teachers’ attitudes toward teaching integrated STEM and personal 
relevance of science. The non-significance of the other factors (personal relevance of mathematics and of 
technology) can be explained by the high correlations between the three factors (see Table 4). In a model that 
already contains personal relevance of science, the added value of the other factors is small. 

A rationale for including school context variables is given by social cognitive theory (Bandura, 1986), which 
proposes a bi-directional relationship between environmental factors and a person’s attitudes. Results of the 
current study reveal a positive correlation between teachers’ attitudes toward teaching integrated STEM and 
social context. Moreover, according to the standardized beta weights, social context has a stronger connection 
with teachers’ attitudes than the significant background characteristics and personal attitudes. This finding is 
supported in research literature. DeChenne, Koziol, Needham and Enochs (2015) examined the sources of 
teaching self-efficacy in 128 graduate teaching assistants in science, technology, engineering, and mathematics. 
According to their findings, teaching self-efficacy results mostly from a variety of environmental factors rather 
than through teaching experiences that should have provided mastery experiences. However, unlike the results 
from this study, they found greater effects of the facilitating environment factor, which included items about 
resources and allocated time, compared to the peer teaching relationship factor. Some other studies (e.g. 
Tschannen-Moran & Woolfolk Hoy 2002) also report a stronger connection between teachers’ self-efficacy and 
the availability of resources, compared to the availability of collegial support. However, none of these studies 
have been conducted within the context of integrated STEM. In more traditional settings, with relatively isolated 
subjects, it might not be surprising that support from colleagues is valued less than the availability of necessary 
resources. Findings from this study suggest that this might be different within the context of integrated STEM. 
Since content from different subjects is combined, forcing teachers out of their comfortzone, peer relations could 
have a stronger influence on teachers’ attitudes than in more traditional settings. 

 

 
Significance and conclusion 

This research aimed at finding variables that can explain differences in secondary teachers’ professional attitudes 
toward teaching integrated STEM. Three variables were found to be positively linked with teachers’ attitudes 
(professional development, personal relevance of science and social context), whereas two variables showed a 
negative connection (more than 20 years of teaching experience and having experience in mathematics).  

Findings of this study are important, since they provide insight into the possible barriers for the successful 
implementation of integrated STEM education. Results indicate that teachers with more than 20 years of 
teaching experience report lower attitudes toward teaching integrated STEM compared to their colleagues with 
less teaching experience. Likewise, teachers with experience in teaching mathematics report lower attitudes than 
colleagues without experience in teaching mathematics. Since research suggests that teachers’ attitudes play a 
role in the implementation of new instructional practices (Gregoire, 2003, Pintó, 2005; Roehrig, Kruse & Kern, 
2007), these two groups of teachers are more likely to experience difficulties when implementing integrated 
STEM education.  
 
However, the research results are also useful in overcoming these barriers, since they suggest possibilities for 
improving teachers’ attitudes toward teaching integrated STEM, which could ultimately ameliorate the 
implementation of integrated STEM. The most promising variables in this respect are the factors that are easiest 
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to manipulate, such as professional development and social environment. School administrators who want to 
facilitate the implementation of integrated STEM should provide sufficient opportunities for collaboration and 
consultation between different STEM teachers and should stimulate teachers to participate in professional 
development activities. As explained above, this might be especially crucial when STEM teachers have a lot of 
teaching experience and/or have experience in teaching mathematics. Interestingly, and in contrast with research 
results from more traditional settings, social context is more strongly related to teachers’ attitudes toward 
teaching integrated STEM than the availability of (technical) resources. Further research could focus on 
identifying the specific aspects of both professional development and social context that define the positive 
correlation with teachers’ attitudes. 
 
A final factor that was identified by this study as a potential tool for improving the implementation of integrated 
STEM is teachers’ personal attitude. Teachers who attribute high personal relevance to science report higher 
professional attitudes toward teaching integrated STEM. Moreover, prior research has showed that these 
personal attitudes are changeable and can be improved through attitude-focused professional development (van 
Aalderen-Smeets & Van der Molen 2015). Nonetheless, the strength and direction of the relationship between 
teachers’ personal attitudes and their professional attitudes is not yet clear. Therefore, more research is necessary 
to decide about the usefulness of personal attitudes when stimulating integrated STEM teaching. 
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