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ABSTRACT
In this study we investigated teachers’ beliefs about innovation
competence relevance and their creative self-efficacy and compared
teachers’ and students’ perceptions of the learning environment in the
Built Environment engineering education domain. In total, 94 teachers
participated in this study by completing a questionnaire. Teachers
perceived their creative self-efficacy and the learning environment in
their classrooms to be supportive of innovation competence. However,
only a minority of the teachers considered teaching for innovation
competence relevant; most teachers perceived a focus on innovation
competence in the curriculum as neutral. Multiple regression analyses
showed that teachers’ creative self-efficacy beliefs significantly predicted
their perception personal relevance. Similarly, perception of focus on
innovation competence in the curriculum significantly predicted
perceived uncertainty, while creative self-efficacy significantly predicted
perceived knowledge-building through teacher–student and student–
student negotiation. Findings of the study are discussed with respect to
developing students’ innovation competence in the Built Environment
education domain.
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Introduction

Education systems in many countries aim to develop their students’ innovation competence (IC)
(Beghetto and Kaufman 2013; Chan and Yuen 2014; Craft 2011; Robinson 2011; Wagner 2010),
because of its importance for economic growth. The capacity to innovate, which includes creativity,
is considered central to many higher education domains and is defined as a core competence for the
twenty-first-century engineer (Beghetto and Kaufman 2013; Chan and Yuen 2014; Craft 2011; Robin-
son 2011; Wagner 2010). As in other higher education domains, IC is an important learning goal in the
Built Environments (BE) engineering domain. However, what is meant by the term IC is not always
clear to the teacher, as many definitions are reported in the literature (e.g. Robinson 2001; Sefton-
Green and Sinker 2000). In the present study, IC is defined as the capacity to create novel, new
and implementable solutions to a practical problem (West and Farr 1990). The BE domain in the
present study refers to departments and areas of expertise such as architectural engineering, building
engineering, building management, civil engineering, landscape and urban planning.

Innovation competence is a complex competence consisting of separate, at times overlapping
competences, which altogether can be regarded as innovation competence: creativity, leadership
ability, energy, creative self-efficacy, risk propensity and ambiguous problem-solving (Ovbiagbonhia,
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Kollöffel, and den Brok 2019). Creativity, according to Antonietti, Colombo, and Pizzingrilli (2011), is
an integrated process of widening, connecting, and restructuring. Leadership entails having a clear
vision of the end goal, networking, collaborating, mobilising, organisational ability, and convincing
other experts in order to achieve the goal (Dyer, Gregersen, and Christensen 2009). To complete
any innovation task, persistence, proactive behaviour and drive are required (Chell and Athayde
2009). Vigour, commitment, disposition and motivation are also required (Hunter, Cushenbery,
and Friedrich 2012), all of which are inseparable components of energy. Innovative individuals
have self-confidence and beliefs about their creative abilities. Creative self-efficacy has been
linked to innovative behaviour in individuals (Tierney and Farmer 2011; Wang et al. 2013). Problems
for which an innovative solution is required are often ambiguous, complex and devoid of clear
answers. Therefore, innovation requires taking calculated risks (Tabak and Barr 1999). Innovators
are individuals willing to bring about change within a complex and ambiguous network of pro-
blems (Hurt, Joseph, and Cook 1977; Keller 2012). Therefore, innovation competence could be
expressed as one’s inclination to be challenged by unanswered questions, ambiguities and unre-
solved problems (Keller 2012).

Innovation competence is valued and is one of the most-often stated student learning goals in
university curricula in a range of educational domains (Beghetto and Kaufman 2013; Chan and
Yuen 2014; Craft 2011; Robinson 2011; Wagner 2010). Yet, observation of teachers’ classroom prac-
tices often reveals disappointing results, and students often report insufficient focus on IC by their
teachers. For instance, McLellan and Nicholl (2012) explored whether the climate in Design and Tech-
nology lessons was perceived as conducive for IC development. They reported that teachers felt that
their learning activities and tasks were challenging and meaningful and that they granted enough
freedom to their students. However, students’ responses revealed the opposite. Students felt that
their tasks were not challenging, that they had limited freedom, and that they were supported
only to a limited degree in realising their design ideas. Similarly, Ovbiagbonhia, Kollöffel, and den
Brok (2019) investigated 130 students’ perceptions of education for IC at eight universities of
applied sciences, in the Built Environment (BE) domain. The results showed that, according to the stu-
dents, their teachers in their major programme did not explicitly focus on developing IC and that the
learning environment (LE) aimed at IC only to a limited degree. Students reported limited engage-
ment in personally relevant tasks, and limited opportunities for experiencing science as evolving, cul-
turally and socially determined. Students also perceived little shared control with the teacher over the
design and management of learning activities, assessment criteria, and social norms of the classroom
– all of which are elements considered conducive to IC teaching (Ovbiagbonhia, Kollöffel, and den
Brok 2019). Hence, students do not seem to perceive the LE in their classrooms as conducive for
IC. Although students’ perceptions have revealed an interesting picture about the perceived LE for
stimulating IC, they represent only part of the picture, as teachers’ perceptions are still missing at
the higher education level. Past research on the LE in various education domains has shown consider-
able differences between teachers’ and students’ views (see, e.g. Bell and Aldridge 2014; Martin-
Dunlop and Fraser 2008).

The results of these observational studies and studies on student perceptions suggest that tea-
chers’ focus on IC in the classroom might be limited. There is evidence in the literature that the per-
ceptions, beliefs and values of teachers affect their teaching practice (Ajzen 1991); hence, it is
important to further investigate these beliefs. Davies et al. (2013), in their systematic literature
review on teachers’ roles and what is necessary for promoting creativity, concluded that teachers
need to have a positive attitude towards innovation and need to feel confident about their own crea-
tivity. This raises two questions. First of all, are teachers more positive than students about IC-condu-
cive classroom practices, given the results of previous LE studies that show that teachers are usually
more positive about their classroom practice? Assuming that teacher perceptions might show a
similar overall picture, the second question is: is it possible that teachers pay little attention to IC
teaching, given its relevance, and why is that? To what degree do their beliefs, for example, about
the importance of IC, play a role in this?
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Unfortunately, teachers’ beliefs about the relevance of IC and their perceptions of classroom prac-
tices aimed at developing IC in students have not received much research attention, particularly not
in the BE engineering education literature (Beghetto and Kaufman 2014; Bereczki and Kárpáti 2017;
Richardson and Mishra 2018). Whether teachers really foster IC in practice and what factors affect
them in trying to do so are still unknown. Therefore, understanding teachers’ beliefs and perceptions
of the learning environment for IC education is an essential issue, with practical significance for the
identification, development, and evaluation of IC interventions in schools (Beghetto and Kaufman
2014; Bereczki and Kárpáti 2017). Understanding the various factors that might assist or hinder tea-
chers in developing students’ IC are also important areas of study (Richardson and Mishra 2018;
Tolbert and Daly 2013). In this way, a foundation for the improvement of professional preparation
and training directed at supporting teachers in creating an innovation-supportive LE can be provided
(Diakidoy and Kanari 1999).

This study aims to fill this gap in the literature by mapping teachers’ self-beliefs and their percep-
tions of the existing learning environments aimed at IC, as well as investigating the association
between them.

Conceptual framework

This study is based upon LE research, in which the importance of perceptions is endorsed (Fraser
2012), and the assumption that these perceptions are partly determined by the beliefs of teachers.
In the following sections, both aspects will be described.

A conceptual framework that can be used for studying teachers’ perception about IC-suppor-
tive environments was proposed by Andiliou and Murphy (2010) in their review of the literature
before 2010, and was further developed by Bereczki and Kárpáti (2017) in their review of the lit-
erature between 2010 and 2015. The frameworks capture teachers’ beliefs about creativity and
their perceptions about the LE. Research has revealed that certain teacher characteristics, such
as teachers’ own creative self-efficacy beliefs, may influence their IC teaching (Mullet et al.
2016). Based on these frameworks and given the fact that not much is known about these vari-
ables in the BE domain and in higher education, the framework for the current study was created,
based on the insights gained from the work by Andiliou and Murphy (2010) and Bereczki and
Kárpáti (2017) (see Figure 1).

Teachers’ beliefs

Teachers’ beliefs concern the ideas teachers hold about the relevance of IC teaching and their own
creative self-efficacy.

Figure 1. Factors affecting innovation competence-supportive learning environment in higher education.
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Beliefs about the relevance of innovation competence teaching (RICT)
Enhancing students’ IC requires a teacher who is capable of providing students with an innovative
attitude and awareness (Craft 2005). Such a teacher believes in the relevance of improving students’
IC and desires to make students become innovative through their teaching (Runco 2007). Teachers’
beliefs play a major role in their decision-making about curriculum and instructional tasks (Beck, Czer-
niak, and Lumpe 2000; Saylan, Armağan, and Bektaş 2016). Therefore, educational researchers have
advocated the need for a closer examination and direct study of the relationship between teacher
beliefs and classroom practice (Craft 2005; Runco 2007). For instance, Kampylis and Valtanen’s
(2010) study of 132 Greek in-service and prospective secondary education teachers investigated
how these teachers conceived of creativity, and revealed that 84% of teachers believed that creativity
is a key factor for personal and social progress. Park et al. (2006) used an open-ended questionnaire
and interview to investigate changes in 32 Korean secondary education science teachers’ perceptions
of creativity and science teaching after participating in an overseas professional development pro-
gramme. The study revealed teachers’ support for the importance of creativity. Similarly, the
survey study by Rubenstein, McCoach, and Siegle (2013), asking 650 graduate degree teachers
about their perceptions of factors that allow for creative teaching, indicated that teachers assigned
value to developing students’ innovation competence.

Beliefs about creative self-efficacy (CSE)
There is evidence in the literature that teachers’ beliefs about their own roles, such as their creative
self-efficacy, impact their classroom practice and the value they place on developing students’ inno-
vation competence (Rubenstein, McCoach, and Siegle 2013). Tierney and Farmer (2002) defined crea-
tive self-efficacy ‘as the belief one has in the ability to produce creative outcomes’ (1138), which is
strongly aligned with Bandura’s (1986) general description of self-efficacy. Previous research has
shown that negative self-efficacy beliefs have a marked negative impact on innovative outputs
and that more emphasis must be placed on reducing teachers’ negative creative self-efficacy
(Beghetto, Kaufman, and Baxter 2011). Teachers have also expressed overall high levels of creative
self-efficacy in promoting creativity in their students (Al-Nouh, Abdul-Kareem, and Taqi 2014; Ruben-
stein, McCoach, and Siegle 2013)

The aforementioned studies have demonstrated that teachers’ beliefs concerning IC indeed play a
major role in making decisions about their teaching (Lee et al. 2013). Unfortunately, this conclusion
only represents findings for teachers in lower education, and says little about teachers in higher edu-
cation, as to our knowledge, no such study has been reported. Whether teachers in the higher edu-
cation, particularly in BE education, believe that raising their students’ IC through teaching is relevant
and believe in their ability to foster this competence remains unknown.

Perceptions of the (IC) learning environment

A context or specific setting (social and cultural) that is intentionally developed to support learning is
often referred to as an environment, milieu, or climate (Fraser 2012). The LE includes the psychologi-
cal factors, classroom teaching, and the physical factors in any place where learning occurs, including
virtual and non-traditional spaces (Fraser 2012). The IC components as defined in the introduction
(such as leadership, creativity, energy, and so on) are necessary to ensure student mastery of
twenty-first-century skills. Curriculum, instruction and the LE must be aligned to produce a
support system that will lead to these outcomes. Innovation competences are often generic and
tacit in nature, and they require distributed learning (Beghetto and Kaufman 2014; Park et al.
2006; Sawyer 2006). Their development may require an orchestrated and coherent LE at the curricular
level (Lee et al. 2013). To create an IC-supportive LE, a key aspect is to recognise IC as a student learn-
ing goal that should be supported in education (Chan and Yuen 2014; Robinson 2011; Wagner 2010).
Research has suggested that improving students’ IC is best achieved through the creation of IC-
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supportive learning environments (Beghetto and Kaufman 2014; Jeffrey 2006; Richardson and Mishra
2018).

Focus on teaching for innovation competence (FIC) – is the degree to which a school teachers
deliberately translates the IC learning goals into classroom teaching and assessment activities.
Although the curriculum can be an intended opportunity for fostering students’ IC (Park et al.
2006), it is relevant to understand how teachers perceive the intended curriculum, as they are
the main vehicle for realising IC in classroom practice. Previous research in this area has suggested
that teachers perceive that the nature of the school’s curriculum (i.e. the (lack of) emphasis on
teaching for IC) is one of the main hindrances to IC teaching (Aish 2014; Al-Nouh, Abdul-
Kareem, and Taqi 2014; Cheng 2010; Kampylis et al. 2010; Scott 2015; Shaheen 2011). While
this may be the reality in primary and secondary education, the question is whether the situation
in higher education differs. Is IC a teaching focus for teachers in higher education? It is unknown
whether teachers really foster IC in higher education domains and how they perceive the curricula
for IC in higher education. Understanding teachers’ perceptions of the role of IC in the curricula,
knowing whether they actually foster this IC through teaching and understanding the relationship
between teachers’ beliefs, perceptions and schools’ focus on IC are relevant for both education
policy and practice.

An innovation competence-supportive learning environment is defined as an environment
designed specifically to promote IC learning, which, according to Jeffrey (2006) is characterised
by focusing the content on personal relevance, by student ownership of knowledge and control
of learning processes and by emphasising innovation. Regarding the LE, a large number of
researchers and educational practitioners have advocated that teachers’ perceptions of the class-
room environment play a fundamental role in fostering IC (e.g. Bassett 2004; Davis and Rimm
1998; Sternberg and Williams 1996). To create an IC-supportive LE, three essential strategies
are often employed (West et al. 2012; Wright, Skaggs, and West 2013). First, learners are
engaged in solving authentic tasks. Authentic tasks are ‘real world’ or contextualised tasks
that are personally relevant or interesting to the learner (Duderstadt 2008; Sheppard et al.
2009; West et al. 2012). Second, learners are encouraged to actively construct their understand-
ing and create their own representations, instead of receiving information from a teacher
(Crawley et al. 2007; Dyer, Gregersen, and Christensen 2009; Wright, Skaggs, and West 2013).
Third, learners are given the opportunity to engage in discussion, collaboration, and reflection
(Dyer, Gregersen, and Christensen 2009; Grasso and Burkins 2009; Sawyer 2006; Wright,
Skaggs, and West 2013). In order for the students to practice IC in these authentic circum-
stances, it is necessary that the LE contain the above-mentioned parameters. The constructivist
LE survey (CLES) measures these parameters – personal relevance, uncertainty and student nego-
tiation – and has been used by various researchers in different domains to measure perceptions
of the extent that these parameters are present in classrooms (Fraser 2012; Taylor, Fraser, and
Fisher 1997). The current study is the first to evaluate teachers’ perceptions of IC-supportive
LE using the CLES in BE engineering education. In order to gain a complete picture of the exist-
ing IC-supportive LE in the BE domain, teachers’ and students’ perceptions of the IC-supportive
LE will also be compared.

Below, we discuss briefly some relevant components of the CLES as emphasised in the present
study. Subsequently, we will discuss some prior LE studies that have used CLES. Finally, we will
discuss empirical findings and insights that have been obtained with this instrument in prior studies.

Personal relevance refers to the connectivity of teaching and learning with students’ everyday out-
of-school experiences. The connection of teaching and learning with students’ everyday experiences
is usually achieved through a learner-centred design for learning, using multiple perspectives for
knowledge and concept-forming, and engaging students in authentic learning activities, using
open-ended tasks and real-world problems (Jonassen 1994). It is also important to provide opportu-
nities for students to engage in real-world problems in the field of study in order to have a rich and
meaningful learning experience (Fasko 2001, 322).
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Uncertainty refers to students’ awareness, brought about through teaching, that innovative
knowledge is evolving, culturally and socially determined. Uncertainty involves teaching students
how to use primary data to ignite innovation (Dyer, Gregersen, and Christensen 2009; Honebein
1996). Through uncertainty-related teaching, students learn that the process of knowledge cre-
ation occurs not only in individual contexts, but also through the interaction between social nego-
tiations, collaborations and experiences (Dyer, Gregersen, and Christensen 2009; Jonassen 1994).
There is strong evidence from the literature that students’ IC could be enhanced when they
are provided opportunities to work collaboratively with each other (Burgess and Addison 2007;
Dillon et al. 2007; Halsey, Jones, and Lord 2006; Rutland and Barlex 2008). Working in groups
or in teams has been linked to innovation-supportive LEs (Burgess and Addison 2007; Rutland
and Barlex 2008).

Student negotiation refers to the control students share with their teacher over the design and
management of learning activities, assessment criteria, and social norms of the classroom.
Through shared control over the instructional goal and objectives with the students, the teacher
acknowledges the relevance of students’ involvement in learning. The output of shared control is
input for the design of learning activities for IC and for the creation of an environment that
encourages metacognition, self-analysis, regulation, reflection and self-awareness (Ernest 1995). In
such environments, the students see the teacher as co-learner, co-researcher, explorer and resource-
ful partner, and as supportive of students’ learning needs (Burgess and Addison 2007; Rutland and
Barlex 2008).

Overall, research on LE has confirmed the quality of the CLES in various contexts and countries
(Taylor, Fraser, and Fisher 1997; see also Aldridge et al. 2000; Beck, Czerniak, and Lumpe 2000;
Kim, Fisher, and Fraser 1999; Kwan and Wong 2014; Lee and Taylor 2001; Ozkal et al. 2009). To
compare perceptions from prior studies with those in our own study, scores in those studies were
transformed to a 7-point scale, and subsequently qualitatively interpreted. Hence, transformed
scores between 3.5 and 4.4 indicate neutral perceptions, scores below 3.5 indicate negative percep-
tions and scores above 4.4 indicate positive perceptions.

Beck, Czerniak, and Lumpe (2000) studied 203 teachers who differed in their backgrounds, with
the aim of identifying the factors influencing K-12 science teachers’ implementation of constructivism
in their classrooms, using an open-ended questionnaire and the CLES. In general, teachers’ percep-
tions of teaching for personal relevance were positive, although teachers with bachelor’s and
master’s degrees had more positive attitudes towards teaching for personal relevance than teachers
with doctoral degrees.

Saylan, Armağan, and Bektaş (2016) investigated the relationship between pre-service science tea-
chers’ (N = 531) epistemological beliefs (beliefs about teaching, learning and knowledge) and percep-
tions of a constructivist LE at seven Turkish public universities. Teachers perceived personal relevance
and uncertainty as very positive and student negotiation as positive. The results also showed that the
more sophisticated epistemological beliefs the participants had, the more constructivist they pre-
ferred the LE to be.

Savasci and Berlin (2012) used a mixed method research approach and studied four science tea-
chers (from a public and a private high school), investigating their beliefs and classroom practices as
related to constructivism and factors that influenced their classroom practice. The results suggested
that the teachers embraced constructivism, but classroom observations did not confirm implemen-
tation of these beliefs for three of the four teachers. The most favoured constructivist components
were personal relevance and student negotiation.

Anagun and Anilan (2013), using a Turkish translated version of the CLES, measured 449 primary
school teachers’ perceptions about their own LE. Teachers perceived personal relevance, uncertainty
and student negotiation as positive.

Some studies compared teachers and students’ perceptions. Vennix, den Brok, and Taconis
(2017) found statistically significance differences for personal relevance between teachers (n =
13) and high-school students (n = 729) in both the US and the Netherlands, who were involved
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in Science, Technology, Engineering and Mathematics (STEM) outreach activities. Teachers per-
ceived personal relevance as very positive and uncertainty as positive. Students reported positive
perceptions for personal relevance and uncertainty. Differences between students and teachers in
their study were statistically significant, with students reporting less positive perceptions than
teachers.

Abd Hamid (2006) investigated the extent to which teachers were able to develop constructivist
behaviours after being involved in one year-long project. Twenty-seven teachers and 321 students
participated voluntarily in the study. The study revealed significant growth by both teachers and stu-
dents concerning constructivist perceptions over time and for the personal relevance, uncertainty
and student negotiation subscales. Prior to training, teachers perceived personal relevance as very
positive, uncertainty as neutral and student negotiation as slightly positive. There were statistically
significant differences when comparing both teachers and students’ perceptions of uncertainty,
and student negotiation, but not for personal relevance.

Johnson and McClure (2004) found no statistically significance differences for personal relevance
between students (n = 464) and teachers (n = 290) in their study of elementary, middle, and high
school in-service and preservice US science teachers and Australian and US students. Teachers per-
ceived personal relevance as positive.

In conclusion, the above-mentioned studies revealed a positive relationship between teachers’
beliefs and their perceptions of a constructivist LE (Beck, Czerniak, and Lumpe 2000; Savasci and
Berlin 2012; Saylan, Armağan, and Bektaş 2016). Teachers also generally perceived personal rel-
evance, uncertainty and student negotiation as positive. In other words, teachers thought that
they applied constructivist principles in their classroom to a considerable degree. In most studies,
personal relevance was the most positively perceived component. Studies that have observed tea-
chers’ classrooms have reported limited presence of constructivist principle in teachers’ classroom
practice. Teachers seem to generally perceive their LE more positively than students can confirm
with respect to the constructivist parameters (den Brok, Bergen, and Brekelmans 2006; Fraser
2007; Wahyudi and Treagust 2003; Wubbels et al. 2006). Statistically significant differences were
found when teachers and students’ perceptions were compared. However, no published study
could be found that explored teachers’ views about the relevance of creating a LE aimed at IC in
higher education. Therefore, the current study aimed at mapping teachers’ perceptions of the exist-
ing LE for IC and how personal beliefs about the relevance of IC and creative self-efficacy affect the
creation of LE in higher education.

Research questions

Following the reviewed literature, this study was designed to answer the following research
questions:

(1). What are Built Environments teachers’ perceptions regarding the focus on innovation compe-
tence at the curriculum level?

(2). What are Built Environments teachers’ perceptions of their own learning environments for inno-
vation competence development?

(3). To what extent do teachers’ perceptions of their own learning environments differ from those of
the students?

(4). To what degree do Built Environments teachers believe:
(a).… . that it is relevant that teaching aims to develop innovation competence?
(b).… . in their own creative self-efficacy?

(5). What is the association between Built Environments teachers’ beliefs and perceptions regarding
the school’s learning environments (research questions 1 and 4) and their perceptions of their
own existing learning environment (research question 2)?

EUROPEAN JOURNAL OF ENGINEERING EDUCATION 7



Method

Context and sample

A survey was administered by email via the various schools’ heads of department to teachers at eight
universities of applied sciences in the Netherlands where BE programmes were offered. BE depart-
ments at universities of applied sciences are required to develop students’ IC. Therefore, IC is an
end goal for all students enrolled in BE programmes. IC is considered one of the core competences
necessary for career success in the professions within the BE discipline. Correspondingly, several edu-
cational steps have been taken towards realising the above objective in the various BE departments.

An online questionnaire with an explanatory cover letter was emailed to a random sample of 120
BE teachers at the various schools. After an initial mailing, three follow-up reminder emails were sent.
Overall, 94 teachers completed the questionnaire, and subsequent analyses were based on their
responses. Participants were teachers from eight different universities of applied sciences in the Neth-
erlands offering a BE programme. Of the 94, 23% were female. Teachers’ age ranged from 23 to 67
years old (M = 46.12, SD = 10.20). Their teaching experience varied from 1 to 27 years (M = 9.70, SD =
6.92). In terms of educational level, 20% of the teachers had an applied university/higher vocational
education diploma (HBO), 68% of the teachers had a university education degree (WO), 2% of the
teachers had a doctoral degree (PhD) and 7% of the teachers specified other kinds of degrees
they had (e.g. post-HBO+, post-HBO education).

For the purpose of answering research question 2, student data from a previous study were used,
collected from 130 students at the same BE programmes (Ovbiagbonhia, Kollöffel, and den Brok 2019).
Of the 130 students, 27% were female. Students’ ages ranged from 17 to 37 years old (M = 21.5, SD =
2.49). For more details about student data, see Ovbiagbonhia, Kollöffel, and den Brok (2019).

Instrumentation

The questionnaire mapped teachers’ perceptions about the identified teacher-related beliefs and
perceptions of the LE with respect to innovation competence fostering. The items used a 7-point
response scale ranging from 1 (strongly disagree) to 7 (strongly agree), unless otherwise noted.

Focus on innovation competence
This scale consisted of four items, created to measure a school’s explicit focus on teaching for IC
development at the school/curriculum level. This scale was named ‘focus on IC at school/curriculum
level’. Factor analysis revealed a one-factor solution, accounting for approximately 60% of the
common factor variance, with all four items loading meaningfully on the factor. Reliability in terms
of Cronbach’s α was .76.

Perception of the learning environment
The personal relevance, uncertainty and student negotiation scales from the Constructivist Learning
Environment Survey (CLES; Taylor, Fraser, and White 1994) were used to assess the explicitness of and
focus on innovation competence-supportive learning activities in the school environment. The scale
measuring personal relevance in our study was comprised of four items, with a Cronbach’s α of .65.
The scale for uncertainty consisted of five items, with a Cronbach’s α of .76. The scale for student
negotiation consisted of just two items, with a Cronbach’s α of .86. Factor analysis revealed satisfac-
tory factor loading for all scales.

Beliefs: relevance of innovation competence teaching
Teachers were asked to respond to one item using a 7-point scale ranging from 1 (very irrelevant) to 7
(very relevant), asking if they considered innovation competence relevant. Teachers were also asked
to indicate on a single binary item (yes or no) if they deliberately taught their students to become
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innovative in their major teaching area. Respondents who answered yes were asked to further specify
the subject/course/module name and what year in the programme of study the course was taken.
This approach has also been followed by other researchers investigating creativity in the curriculum
(Adams 2013; Aish 2014; Shaheen 2011).

Beliefs: teachers’ creative self-efficacy
A three-item scale originally developed by Tierney and Farmer (2002) to measure creative self-efficacy
formed the basis for measuring teachers’ self-efficacy in the present study. The original three items were
slightly reworded to fit our purpose and two new items were added, making a total of five items. The
two newly-added items sought to measure teachers’ confidence in their ability to teach and assess their
students’ IC. A factor analysis revealed a one-factor solution, accounting for approximately 60% of the
common factor variance, with all items loading meaningfully on the factor. Cronbach’s α was .84.

Data analysis

The questionnaire data collected from teachers were organised and then analysed statistically by cal-
culating means and standard deviations (research questions 1–4) and computing correlations and
conducting variance analysis (research question 5). To compare teacher and student perceptions
of the LE, an independent samples t-test was conducted (research question 3). Effect sizes (partial
η2 scores) were interpreted as follows (Cohen 1988): .01 was taken as a small effect size; .06 as a
medium effect size; and .14 as a large effect size. Similarly, correlations were interpreted as
follows (Cohen 1988): | r | = .10 to .29 was taken as a weak association; | r | = .30 to .49 as medium;
and | r | = .50 to 1.0 as strong.

Results

Table 1 provides a description of the research questions, scales related to these research questions,
sample items, average scale means and standard deviations. The results of the study will be reported
per research question.

Teachers’ perceptions of focus on IC at the curriculum level (research question 1)

For the questions concerning the focus on IC development at the curriculum level, we sought to
understand the extent to which teachers recognise IC as an intended learning goal stated in the
schools’ curriculum and enacted in classroom learning goals and teaching practices. The results pre-
sented in Table 1 show on average neutral perceptions for focus on IC. However, the standard devi-
ation suggests relatively wide variation in scores. Means and standard deviations of the relevant
variables are given in Table 1.

Comparing teachers’ and students’ perceptions of the existing learning environment using
CLES (research question 2 and 3)

The results presented in Table 2 showed that on average teachers perceived personal relevance,
uncertainty and student negotiation positively in the LE they provide for their students. An indepen-
dent-samples t-test was conducted to compare the personal relevance, uncertainty and student
negotiation scores for teachers and students. For personal relevance, there was a statistically signifi-
cant difference in scores for teachers and students (t(221) =−7.86, p < .001). The effect size was very
large, showing that teachers were much more positive than students. For uncertainty, there was also
a statistically significant difference in scores for teachers and students (t(221) =−7.86, p < .000). The
effect size was medium-large, again showing that teachers were more positive than students. For
student negotiation, there was a statistically significant difference in scores for teachers and students
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(t(221) =−7.86, p < .001). The effect size was large, again showing higher perceptions for the teachers
compared to the students.

Teachers’ perceptions of the relevance of IC (research question 4a)

Regarding the question as to whether teaching students to become innovative is relevant, teachers
reported on average that they found this somewhat relevant (see Tables 1 and 3). The majority of the
teachers were ‘sitting on the fence’; namely, 66% reported neutral relevance of teaching IC in their
area of teaching. Nearly one-fifth (19%) of the teachers considered developing students’ IC irrelevant.
In this sample, 15% of the teachers considered developing students’ IC as somewhat relevant and
none saw it as very relevant.

Teachers were also asked to specifically indicate the course/module where they deliberately teach
their students to become innovative. Of the 94 teachers who responded as to whether they explicitly
focused on IC teaching in their major area of teaching, 43 teachers (45.7%) indicated that they indeed
focused deliberately on IC, whereas 49 (52.1%) indicated no such teaching focus. Two teachers did
not respond. Of the 43 teachers who indicated that they deliberately taught students to become
innovative, 31 teachers specified a course or module dedicated to the development of students’ IC
in their major teaching programme. The courses or modules they specified could be classified
under two headings: general or broad subject areas – a total of 29 general subject area courses
were specified, which amounted to 94% of the total (e.g. all year 1, 2 and 3 courses; architecture;
final year projects); just two specific courses were mentioned (e.g. ‘In courses related to research, I
try to encourage students to follow their ambition/interest as a motivation. Also, I teach students
how to use techniques to improve creative thinking.’).

Beliefs teachers hold about their creative self-efficacy (research question 4b)

Teachers’ beliefs about their ability to teach IC were measured via the creative self-efficacy scales. The
results presented in Table 1 show that on average teachers were positive about their creative self-
efficacy beliefs. The standard deviation suggested little variation in scores.

Table 2. Independent-samples t-test table.

Scale

Teacher Student

M SD M SD t p η2

Personal Relevance (PR) 5.03 .74 3.83 1.36 −7.86 .001 .22
Uncertainty (U) 4.85 .91 4.02 1.44 −7.86 .000 .10
Student Negotiation (SN) 5.22 .89 4.15 1.59 −7.86 .001 .14

Teachers: N = 94; Students: N = 130.
Note: This item used a 7-point response scale where 7 = strongly agree and 1 = strongly disagree.

Table 1. Research questions, scale description, sample items, average scale means and standard deviations.

Research Question Instrument Sample items M SD

RQ 1 Focus on innovation competence (FIC) At my school, IC is an end goal. 4.10 1.28
RQ 2 Personal Relevance (PR) In my class, students learn about the world

beyond the work field of Built Environments
in order to become innovative.

5.03 .74

Uncertainty (U) In my class, students learn about the different
innovative techniques people use in other
directions.

4.85 .91

Student Negotiation (SN) In my class, students discuss how to solve
problems innovatively with other students.

5.22 .89

RQ 4a Relevance of innovation competence (RICT) See section on instrument description. 3.70 1.20
RQ 4b Creative self-efficacy (CSE) I am confident in my ability to teach my

students how to become innovative.
5.09 .89

N = 94.
Note: This item used a 7-point response scale where 7 = strongly agree and 1 = strongly disagree.
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Associations between teacher-related beliefs and context-related perceptions, and
perception of the learning environment (research question 5)

We used a multiple regression analysis to investigate the relationships between scores on the three
LE scales (personal relevance, uncertainty, student negotiation) and creative self-efficacy, school
focus on IC teaching and relevance of IC teaching. First, we discuss the results of the correlation analy-
sis presented in Table 4. As can be seen in Table 4, scores for personal relevance (PR) and uncertainty
(U) were both positively and statistically significantly correlated with the teacher’s ratings of the
school’s focus on IC (FIC).

In order to determine the joint and unique relationships between each of the LE scales, teacher-
related beliefs and teachers’ perceptions of focus on IC at the curriculum level, four stepwise multiple
regression analyses were conducted. The first regression analysis aimed to understand the joint and
unique relationships of the various variables to the school’s focus on IC. The other three regression
analysis investigated the joint and unique relationships of each of the constructivist LE scales with the
remaining variables.

The first regression analysis indicated that the five predictors (personal relevance, uncertainty,
student negotiation, creative self-efficacy and relevance of IC teaching) together explained 10.4%
of the variance in scores for teachers’ perceptions of the school’s focus on IC. However, only relevance
of IC (β = .15, p = .03) significantly and positively predicted focus on IC. Thus, the more they perceived
there to be a focus on IC at the curriculum level, the more teachers perceived IC to be relevant. The
results of the second regression analysis indicated that the three predictors (creative self-efficacy,
focus on IC at the curriculum level and relevance of IC teaching) explained 11.5% of the variance
in personal relevance scores. Creative self-efficacy (β = .22, p = .010) and focus on innovation compe-
tence at the curriculum level (β = .14, p = .021) were statistically significant predictors of personal rel-
evance. Thus, the stronger the teachers’ perception of focus on innovation competence at the
curriculum level and their beliefs in their own creative self-efficacy, the more strongly they reported
teaching for personal relevance for students in their major teaching area. The third regression analysis
indicated that the predictors (creative self-efficacy, focus on IC at the curriculum level and relevance
of IC teaching) explained 9.4% of the variance in uncertainty scores. Focus on innovation competence

Table 3. Frequency table for responses concerning relevance of innovation competence teaching (RICT).

Scale Frequency Percentage

Very irrelevant 13 13.8
Irrelevant 0 0
Somewhat irrelevant 5 5.3
Neither relevant nor irrelevant 62 66.0
Somewhat relevant 12 12.8
Relevant 2 2.1
Very relevant 0 0
Total 94 100.0

N = 94.
Note: This item used a 7-point response scale where 7 = very relevant and 1 = very irrelevant.

Table 4. Bivariate correlation matrix of the considered variables.

Scale

Correlations

CSE SN U PR RICT FIC

Focus on innovation competence (FIC) 1
Relevance of innovation competence teaching (RICT) 1 .13
Personal Relevance (PR) 1 .04 22*
Uncertainty (U) 1 .55** -.15 .23*
Student negotiation (SN) 1 .20 .46** .06 .06
Creative self-efficacy (CSE) 1 .23 .08 .24 -.01 -.09

N = 94 * p < 0.05; ** p < 0.01.
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at the curriculum level (β = .19, p = .012) was a significant predictor of uncertainty. Thus, the more
teachers perceived there to be a focus on innovation competence at the curriculum level, the
more strongly they reported teaching about uncertainty for students in their major teaching area.
The fourth and final regression analysis indicated that the predictors (creative self-efficacy, focus
on IC at the curriculum level and relevance of IC teaching) explained 6.2% of the variance in
student negotiation scores. Creative self-efficacy (β = .26, p = .019) significantly predicted student
negotiation. Thus, the more strongly teachers believed in their own creative self-efficacy, the more
they included student negotiation in their instruction within their programme.

Discussion and conclusion

This study aimed at mapping teachers’ perceptions of the existing LE aimed at IC teaching, teachers’
beliefs and the interplay between their beliefs and perceptions. The conclusions are summarised with
regard to three areas, namely: beliefs about IC relevance; perceptions of the LE aimed at IC teaching;
and the relationship that exists between beliefs about IC relevance and the perceptions of the LE.

Strikingly, teachers’ beliefs about IC relevance were negative to neutral. Only a few teachers con-
sidered teaching for IC to be very relevant, while some were even negative about its relevance. The
majority of the teachers (62; 66%) had a more neutral opinion. Just 12 (13%) perceived teaching for IC
as somewhat relevant, while 13 (14%) teachers considered IC teaching very irrelevant. The question is,
why is this the case? One explanation is that IC may be a relatively new topic and a complex compe-
tence to teach. Teachers may not have the knowhow to integrate IC in their teaching routine, as
limited teaching guidelines exist for this competence. This could explain why studies that observed
teachers’ practice have rarely found traces of teaching aimed at innovation competence (Savasci and
Berlin 2012). Another explanation is related to the complexity of IC: teachers may be of the opinion
that students are not capable of learning to become innovative, as they see that students still struggle
to reproduce the knowledge passed along to them by their teacher. Studies have shown that the
beliefs that teacher have about students affect their teaching practice (Bassett 2004; Beck, Czerniak,
and Lumpe 2000; Davis and Rimm 1998; Saylan, Armağan, and Bektaş 2016; Sternberg and Williams
1996). To teach innovation competence, teachers also need some professional guidance. Without
professional guidance and hands-on practice, teachers may not possess the right conceptions
about IC, nor are they able to teach or assess this competence with students. Studies where teachers
received some professional support revealed that teachers valued IC more and that such teaching
was effective in raising students’ IC (Abd Hamid 2006; West et al. 2012; Wright, Skaggs, and West
2013).

Teachers rated their own creative self-efficacy beliefs positively in the current study. This finding is
consistent with past studies (Aish 2014; Beghetto 2010; Plucker, Beghetto, and Dow 2004), where tea-
chers also displayed confidence in their creative abilities. Similar to previous studies, teachers in
general reported a high level of creative self-efficacy with respect to the confidence they had in fos-
tering students’ IC (Al-Nouh, Abdul-Kareem, and Taqi 2014; Rubenstein, McCoach, and Siegle 2013).
This is a good thing, because it displays teachers’ confidence and beliefs about their own self-capacity
in terms of the required knowledge, skill and ability for developing students’ IC. The high level of tea-
chers’ creative self-efficacy also represents a large factor in teaching enactment.

Teachers’ neutral perception of the focus on IC at the curriculum level is surprising given the rel-
evance and role of IC for the economy and society. This suggests that teachers in the applied univer-
sity BE domain perhaps think that IC is too ambitious for their students. Teachers may still have the
notion that applied university students should primarily be trained to resolve practical problems, not
innovative problems, and that innovative problems are reserved for scientific university students. This
is in line with past studies on how teachers’ beliefs about students affect the LE (Bassett 2004; Beck,
Czerniak, and Lumpe 2000; Davis and Rimm 1998; Saylan, Armağan, and Bektaş 2016; Sternberg and
Williams 1996).
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In the current study, teachers rated all three CLES variables positively, similar to the results found in
the reviewed literature (Anagun and Anilan 2013; Saylan, Armağan, and Bektaş 2016; Vennix, den
Brok, and Taconis 2017). However, teachers rated student negotiation the highest, contrary to
what was seen in the literature, where personal relevance was often rated highest (Anagun and
Anilan 2013; Saylan, Armağan, and Bektaş 2016; Vennix, den Brok, and Taconis 2017). This means
that teachers in the BE domain consider providing students the opportunity to communicate with
the teachers and with one another to be relevant. Similarly, in the current study, students rated
student negotiation highest, which complements teachers’ views in this respect. Higher rating of
student negotiation may mean that student negotiation suits higher education better, whereas per-
sonal relevance probably suits lower education better. Students also work more in groups in higher
education than they do in lower education, making student negotiation more visible in the LE. Uncer-
tainty was rated lowest by teachers, which is in line with Vennix, den Brok, and Taconis (2017).

Teachers and students disagreed about the level to which a perceived innovation-supportive LE
was present. We found statistically significant differences in perception between teachers and stu-
dents. Teachers were clearly more positive about the presence of these aspects of an innovation-sup-
portive LE than students could confirm. Such a difference was expected, as previous research that
compared teacher and student perceptions found similar results (den Brok, Bergen, and Brekelmans
2006; Fraser 2007; Wahyudi and Treagust 2003; Wubbels et al. 2006). The difference in perceptions
can be attributed to the fact that teachers have an active role, rather than an observer role, in the
LE (den Brok, Bergen, and Brekelmans 2006; Fraser 2007; Vennix, den Brok, and Taconis 2017;
Wahyudi and Treagust 2003; Wubbels et al. 2006). According to Chan and Yuen (2014) and
Hondzel (2013), when teachers were asked if they support creativity in their practice, they often
reported a high-level focus on the development of students’ creativity. However, studies that have
observed teachers’ actual teaching behaviours in practice with respect to fostering creativity have
often reported disappointing results (Alkhars 2013; Lev-Zamir and Leikin 2013; Meyer and Lederman
2013; Shaheen 2011). Teachers are the major actors in creating the LE. For this reason, they may be
more inclined to report positive perception of their own LE. Another explanation could be wishful
thinking on the part of the teacher. This result demonstrates the relevance of gathering both teachers
and students’ perceptions about the LE, as students’ learning is usually based on what they experi-
ence themselves, not what teachers think they do. Gathering both perspectives enables them to
complement each other beautifully.

Correlational analysis also showed that creating an innovation competence-supportive LE was
related to the beliefs the teacher held about the relevance of IC teaching, which is consistent with
the conclusions of previous studies (Beck, Czerniak, and Lumpe 2000; Saylan, Armağan, and Bektaş
2016). There was a statistically significant correlation, as expected, between each of the constructivist
LE scales (personal relevance, uncertainty, student negotiation). Perceived personal relevance and
perceived uncertainty in the LE were both correlated with focus on IC. Multiple regression analyses
showed that teachers’ creative self-efficacy beliefs significantly predicted personal relevance. Simi-
larly, school focus on IC significantly predicted perceived uncertainty, while creative self-efficacy sig-
nificantly predicted perceived student negotiation. Creative self-efficacy beliefs and focus on IC at the
curriculum level are important components for the creation of an IC-supportive LE.

This study added further to understandings about what dimensions of a constructivist LE are
important for IC development, revealing that personal relevance, uncertainty and student nego-
tiation are helpful dimensions. It provided empirical data to validate theoretical discussions about
the relationships between teachers’ perception of constructivist LEs aimed at IC and beliefs about
IC relevance and creative self-efficacy. Finally, the findings of this study can inform the BE engineering
education domain, because developing students’ IC via creating a constructivist LE is emphasised in
that domain.

There were some limitations involved in the present study that should be addressed in future
research. First, although our findings are in line with previous studies about teacher-related beliefs
and context-related perceptions about IC (Aish 2014; Andiliou and Murphy 2010; Bereczki and
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Kárpáti 2017; Shaheen 2011), as well as with prior research on LEs (den Brok, Bergen, and Brekelmans
2006; Fraser 2007; Wahyudi and Treagust 2003; Wubbels et al. 2006), our study says little about the
teachers’ actual focus on IC teaching in practice, as no classroom observations were conducted. To
understand the extent to which teachers focus on IC in practice, research including classroom obser-
vations and interviews with teachers on why and how they implement IC in practice would be helpful.
Second, further quantitative and qualitative research needs to be conducted with teachers about
aspects such as the role of the physical environment, with lesson observations and in-depth inter-
views with various stakeholders not covered in this study, in order to validate some of the
findings of the present study, such as those concerning relevance and focus on IC. Third and
finally, this study was conducted in a single country with a distinct culture and in one domain of
study with one particular level of students and type of university, which limits its generalizability.
However, our findings do present a first glimpse at how important teachers regard IC to be in
their teaching and curriculum, and to what degree they think they realise a constructivist LE condu-
cive to IC.

Based on the findings and conclusions of the present study, the following recommendations for
educational practice and policy can be made for supporting teachers in creating an innovation com-
petence-supportive LE in their classroom practice. First, there is sufficient evidence in the literature
that although teachers proclaim themselves to value IC, they do not really deliberately focus on devel-
oping students’ IC in their classroom practice (Andiliou and Murphy 2010; Bereczki and Kárpáti 2017).
Teachers and students disagreed about the level to which a constructivist LE aimed at IC was present,
in line with past studies (den Brok, Bergen, and Brekelmans 2006; Fraser 2007; Wahyudi and Treagust
2003; Wubbels et al. 2006). Therefore, teachers and school leaders need to reflect on the relevance of
developing IC in classroom practice and how to make it visible for students, they need to discuss how
to foster IC at what levels of study and they need to develop their own creativity and proficiency in
fostering students’ IC (Aish 2014; Andiliou and Murphy 2010). Teachers in a particular teaching
domain must come together to discuss and reflect on the meaning of innovation in their specific
domain, relate their beliefs, practices and understanding with the established theories about inno-
vation, analyse novel teaching examples in other domains through classroom observations, and
have discussions with experts about how to create effective instruction and tasks (Andiliou and
Murphy 2010; Morais and Azevedo 2011). Comparing and discussing their own perceptions in com-
parison with, for example, those of their students and figuring out potential factors explaining differ-
ences may also be relevant in this respect.

Second, teachers are the main vehicle for realising any learning goal for students (Beghetto 2010).
The results from the current study showed that only a minority of the teachers considered teaching
for IC to be relevant. To cultivate IC, teachers need to develop positive attitudes and beliefs towards IC
and develop innovative teaching behaviour. Therefore, school leaders need to work closely with tea-
chers and be more supportive by providing the necessary professional guidance needed for the
realisation of teaching that develops IC. Teachers also need to understand that focusing their teach-
ing on IC not only helps students learn how to become innovative, but also serves as a way of learn-
ing: ‘In this view, student imagination and curiosity drive the learning process, and creativity becomes
the vehicle for understanding’ (Beghetto and Plucker 2006, 324).

Third, in the present study, the focus on IC and relevance of IC teaching were perceived to be
relatively low. Developing students’ IC requires creating an innovation-supportive LE. Therefore,
teachers need to embrace and integrate constructivist LE principles in creating LEs aimed at IC.
This involves: making teaching and learning personally relevant to students (i.e. engaging students
in authentic tasks in which they develop solutions for real-world problems within and outside BE
domains); providing students with the opportunity to experience scientific knowledge as arising
from theory-dependent inquiry involving human experience and values, and as evolving, non-
foundational, and culturally and socially determined (i.e. engaging students in tasks in which
past innovations within and outside BE domains are analysed); and encouraging collaboration
and communication among students (i.e. encouraging students to discuss how to solve problems
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innovatively in terms of what method to follow and approaching problem and solutions
methodically).

Finally, studies that have observed teachers’ practice have found few traces of teaching aimed at
IC (Savasci and Berlin 2012). In the present study, teachers and students disagreed about the pres-
ence of IC-supportive LEs. Past studies have shown that professional guidance and hands-on activi-
ties assist teachers in the creation of IC-supportive LEs in various domains. Studies where teachers
received some professional support revealed that teachers valued IC more and that such teaching
was effective in improving students’ IC (Abd Hamid 2006; West et al. 2012; Wright, Skaggs, and
West 2013). Therefore, creating a teaching intervention specifically for IC and implementing it in
BE practice could assist in redirecting teachers’ focus on IC. Explicitly teaching for IC in BE practice
will also help student experience IC development in their LE, as IC teaching is made explicit and
assessed.
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Appendix: Teachers’ survey

Q1. The following questions will give you the opportunity to tell us about your background so that we understand the
context of your provided answers. What is your gender?

. Male

. Female

Q2. What is your age in years?

________________________________________________________________

Q3. What is the highest level of education that you have completed?
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. Secondary vocational education (MBO)

. Applied university/ higher vocational education (HBO)

. University education (WO)

. Doctoral degree (PhD)

. Other, please specify in the box below ________________________________________________

Q4. Could you please specify below the country in which you completed your highest level of education?

________________________________________________________________

Q5. At which University of Applied Science are you teaching? If you teach at more than one university, please choose
the university where you have the most teaching time.

. Alkmaar

. Amsterdam

. etc

Q6. How long in years have you been working as a teacher at this faculty/department/school?
Where possible, exclude extended periods of absence (e.g. career breaks).

________________________________________________________________

Q7. In which faculty/department/school are you teaching? If you teach in more than one faculty/department/school,
please choose the faculty/department/school where you have the most teaching time.

. Archaeology

. Architecture

. Etc.

. Other, please specify? ________________________________________________

Q8. How long in years have you been working as a teacher?
Where possible, exclude extended periods of absence (e.g. career breaks).

________________________________________________________________

Q9. Do you have other jobs besides being a teacher?

. Yes, please specify your other job in the space provided ________________________________________________

. No

Focus on innovative competence at curriculum level (FIC)
Q10. The following section will give you the opportunity to tell us the extent to which your school fosters students’ inno-
vative competence.
By students’ innovative competence, we mean the capacity to create novel, new and implementable solutions to a practical
problem.
With respect to your school’s curriculum and innovative competence in this school year, please indicate the
extent to which you agree or disagree with the following statements.

1. In my school, innovation competence is an end goal.
2. In my school, improving students’ innovative capacity is part of our school’s mission.
3. In my school, a course has been specially created to enhance students’ innovative competence.
4. In my school, students’ innovation competence is assessed.

Relevance of innovation competence teaching (RICT) Q11 – Q13
Q11. How relevant do you think that it is to teach students how to become innovative in your teaching area(s)?
Please indicate the extent to which you agree or disagree.

. Very irrelevant

. Irrelevant

. Somewhat irrelevant

. Neither relevant nor irrelevant
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. Somewhat relevant

. Relevant

. Very relevant

Q12. Do you deliberately teach your students how to become innovative in your teaching subject area(s) at this
school in this school year?

. Yes

. No (if no, please move on to Q14)

Q13. If yes, please specify briefly the course(s)/subject(s)/module(s) name and study year of the course(s)

________________________________________________________________

Adopted from Taylor, Fraser, and White (1994) ‘Classroom learning environments survey’ (CLES)
All items used the response alternatives of Strongly agree (7), Agree, Somewhat agree, Neither agree nor disagree, Somewhat
disagree, Disagree and Strongly disagree (1).

Q14.With respect to the classroom environment that supports innovation competence, please indicate the extent
to which you agree or disagree with the following statements.
Learning about the world (Personal Relevance)

1. In my class, students learn about the world beyond the work field of Built Environment in order to become innovative.
2. In my class, new learning about innovation starts with problems about the world beyond the work field of Built

Environment.
3. In my class, students make things for other people to use beyond the work field of Built Environment.
4. In my class, students learn to reflect on innovative solutions in fields of Built Environment.

Learning about science (Uncertainty)

1. In my class, students learn how an innovative solution has changed over time.
2. In my class, students learn that innovation is influenced by people’s values and opinions.
3. In my class, students learn about the different innovative techniques people use in other directions.
4. In my class, students learn that modern science is different from the science of long ago.
5. In my class, students learn that innovation is about creating new and implementable solutions.

Learning to communicate (Student Negotiation)

1. In my class, students discuss how to solve problems innovatively with other students.
2. In my class, students explain their understandings of innovation processes to one another.

Adopted from Tierney and Farmer (2002) ‘creative self-efficacy’ (CSE)
All items used the response alternatives of Strongly agree (7), Agree, Somewhat agree, Neither agree nor disagree, Somewhat
disagree, Disagree and Strongly disagree (1).

Q15. With respect to your ability to teach creatively, please indicate the extent to which you agree or disagree
with the following statements.

1. I have confidence in my ability to solve students’ learning problems creatively.
2. I feel that I am good at generating teaching ideas that support students’ innovative thinking.
3. I have a knack for further developing the innovative ideas of my students.
4. I am confident in my ability to teach my students how to become innovative.
5. I am confident in my ability to assess my students’ innovative capacity.
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