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Abstract
Developing students’ innovation competence is becoming increasingly important in higher 
education, yet few studies have actually investigated whether current learning environments 
are aimed at promoting this competence and whether students perceive that they have 
mastered this competence. This study aimed to map students’ perceptions of the learning 
environment in terms of whether their schools’ curricula were directed towards develop-
ing innovation competence and their perceptions of their own innovation competence. A 
survey was created and administered to 130 students of Built Environment programs at 
eight Universities of Applied Sciences in the Netherlands. Students perceived a supportive 
learning environment for innovation competence only to a limited degree. On the other 
hand, students rated their own innovation competence moderately highly. Despite positive 
perceptions of students’ own innovation competence, the learning environment was only to 
a limited degree aimed at developing innovation competence. The results suggest that uni-
versities might need to focus more explicitly and structurally on the teaching and assess-
ment of innovation competence.
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Introduction

In recent years, because of the changing work environment and great challenges for society 
which engineers are expected to address (Craft 2011), many engineering curricula have 
sought to increase the innovation competence of their students (Beghetto and Kaufman 
2013). In the present study, innovation competence is defined as the capacity to generate 
original, appropriate and implementable solutions to problems (West and Farr 1990).
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The capacity to innovate is considered central to many higher education domains and 
is defined as a core competence for a 21st century engineer (Beghetto and Kaufman 2013; 
Chan and Yuen 2014; Craft 2011; Robinson 2011; Wagner 2010). Innovation competence 
has been identified as an important learning goal in higher education in general (Beghetto 
and Kaufman 2013; Chan and Yuen 2014), particularly in Built Environment (the umbrella 
term for departments and areas of expertise such as Architecture, Building Technology, 
Building Management, Civil Engineering, Landscape and Urban Planning).

In response to society’s growing need for professionals with strong 21st century skills, 
many educational institutions are looking for ways to foster the innovation competence 
of their students (Richardson and Mishra 2018; Robinson 2011; Wagner 2010). Environ-
ments that support the development of innovation competence are less structured and more 
hands-on, represent multiple ways of learning, and have a less rigid teachers’ role than 
in traditional learning environments (Dalke et  al. 2007). In a learning environment that 
supports development of innovation competence, learning goals are explicitly articulated, 
teaching is directed towards realising these goals at both the school and classroom levels 
and students perceive their learning to become innovative as important for their future per-
sonal and career development (Beghetto and Kaufman 2014). Such an environment empha-
sises the importance of making learning personally relevant for the learner through con-
necting teaching activities within school to out-of-school experiences by engaging students 
in authentic tasks (Jonassen 1994; Lim and Sato 2006). Also, in a learning environment 
that supports innovation competence, students are provided with opportunities to negoti-
ate with teachers, stakeholders and each other about what to learn and how best to learn 
it (Burgess and Addison 2007; Rutland and Barlex 2008). Finally, in environments that 
support the development of innovation competence, students learn about the uncertainty of 
scientific knowledge and that scientific knowledge is evolving, is created through theory-
dependent learning, involves human experiences and values, and is socially and culturally 
determined (Fraser 2012).

According to Beghetto (2010), there is tremendous interest in developing innovation 
competence in educational settings and, as a result, the number of studies focusing on this 
has grown. However, not much is known about how students perceive learning environ-
ments intended for innovation competence development (Beghetto and Kaufman 2014). 
Much of the previous research in the field of innovation competence has focused mainly 
on individual, psychological and/or personality variables in relation to innovation compe-
tence, which is very important but offers minimal practical advice to teachers (Beghetto 
2010). Learning environments intentionally designed to develop innovation competence 
and students’ perceptions of competence have not received much attention in the educa-
tional research literature (Beghetto and Kaufman 2014; Richardson and Mishra 2018).

It is critical to investigate students’ perceptions of their learning environments, espe-
cially in higher education, given the limited research in this sector. While many teachers 
might believe that developing students’ innovation competence is relevant, they could lack 
the know-how to do so (Chan and Yuen 2014). Research on learning environments has also 
demonstrated a link between students’ perceptions of the learning environment and their 
learning outcomes, with students’ perceptions predicting an appreciable amount of vari-
ance in outcomes (Dorman and Fraser 2009). Therefore, investigating students’ perceptions 
of the learning environment is a valid way to improve learning outcomes (Fraser 2012).

Understanding students’ views about features of the learning environment is criti-
cal in fostering students’ innovation competence, because previous research has revealed 
that the learning environment is an important variable that affects student learning in 
general (Aldridge and Fraser 2011; Fraser 2007, 2012) and their innovation competence 
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development more particularly (Chan and Yuen 2014). To improve our understanding of 
how to support students’ development of innovation competence and in turn support teach-
ers to create a supportive learning environment for such development, an important step is 
to understand how students perceive the learning environment with regard to development 
of innovation competence at the school and classroom levels.

Past studies in the domain of learning environments have demonstrated the effective-
ness of using learning environment variables in the evaluation of educational programs 
(Bell and Aldridge 2014; Martin-Dunlop and Fraser 2008). However, our review of the 
literature suggests that there have been no studies that have examined students’ perceptions 
of a learning environment directed at innovation competence in general, and in the domain 
of Built Environments in particular. Therefore, this study aimed to fill this gap in the lit-
erature and to extend research in the field of learning environments by measuring students’ 
self-perceived innovation competence and their perceptions of features of existing learn-
ing environments aimed at innovation competence, as well as investigating the association 
between these two elements.

In the next section, we describe briefly the concept of innovation competence, the com-
ponents of innovation competence and, finally, the characteristics of a supportive learning 
environment for developing innovation competence.

Conceptual framework

Creativity, innovation and innovation competence

While creativity is the generation of novel, unique and useful creative ideas, innova-
tion involves the successful implementation of creative ideas, products, services, proce-
dures, theories and strategies (West and Farr 1990). This implies that, before people can 
become innovative, they need to be skilled in identifying performance gaps where innova-
tive solutions are needed, in generating creative ideas and in transforming these creative 
ideas into realistic, practical and marketable solutions (Bel 2010). Innovation competence 
is, therefore, the capacity to develop creative ideas that can be implemented successfully 
as products, services, procedures, theories and strategies that are useful or meaningful to 
the intended audience (Tidd and Bessant 2009). Innovation competence, like any compe-
tence, involves the integration of knowledge, skills and attitudes. Innovative individuals 
have been reported as having a high level of creative and leadership abilities, persistence 
and task motivation, creative self-efficacy, propensity to take calculated risks and liking for 
working on ambiguous and complex problems (Chell and Athayde 2009; Hurt et al. 1977; 
Tierney and Farmer 2002).

The literature is quite elaborate about the components of innovation competence that 
should be developed, and several conceptual descriptions of innovation competence exist, 
which vary tremendously (Chell and Athayde 2009; Dyer et  al. 2009; Hurt et  al. 1977; 
Tierney and Farmer 2002). Similarly, many studies have been devoted to different groups 
or contexts for innovation, such as firms and organisations, (Scott and Bruce 1994) or 
consumers (Hurt et  al. 1977; Price and Ridgeway 1983). These studies were sometimes 
very generic (Hunter et al. 2012; Jackson and Messick 1967) and sometimes very specific 
to designated domains, such as engineering (Dyeret et  al. 2009; Fisher et  al. 2011; Kel-
ler 2012; Ragusa 2011), or types of education, such as secondary education (Chell and 
Athayde 2009). From the literature, six interrelated components of innovation competence 
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come to the fore: creativity, leadership, creative self-efficacy, energy, risk propensity and 
ambiguous problem-solving. For the purposes of clarity, we discuss the elements individu-
ally, but in practice they are interconnected.

Creativity

Researchers regard creativity as a strong component of innovation competence (Chell and 
Athayde 2009; Hurt et al. 1977). According to Antonietti et al. (2011), after the recogni-
tion of a problem or an area where an innovative solution is needed, that idea needs to 
be further developed by the integrated processes of widening, connecting and restructur-
ing. Widening means: keeping an open mind; being aware of the great number of elements 
that can be identified in a given situation; recognising possible, not obvious, meanings; 
discovering hidden aspects; and overcoming apparent constraints. Connecting entails the 
capacity to establish reciprocal relationships among different elements, such as by thinking 
in scenarios, drawing analogies between remote things, combining ideas in odd ways and 
synthesising a multiplicity of disparate elements into an overall structure. Restructuring 
involves looking at problems or solutions from different perspectives, which can include 
seeing things differently by inverting relationships between their elements, asking original 
questions and imagining what should happen if unusual conditions occurr.

Leadership

Innovation competence is highly dependent on leadership skills because no innovation 
takes place in isolation (Chell and Athayde 2009; Hurt et al. 1977). Leadership involves 
having a clear vision of the end goal, networking, collaborating, mobilising, organisational 
ability and convincing other experts in order to actualise the goal (Dyer et al. 2009).

Creative self‑efficacy

The concept of creative self-efficacy is supported by Bandura’s (1997) self-efficacy theory, 
which describes self-confidence and beliefs about the self in terms of having the required 
knowledge, skill and ability to perform a specific task. Creative self-efficacy, therefore, is 
the degree to which a person displays confidence in solving problems creatively (Tierney 
and Farmer 2002). Previous studies have linked self-efficacy to creative behaviour in indi-
viduals (Tierney and Farmer 2011; Wang et al. 2013).

Energy

Persistence, proactive behaviour and drive have been associated with innovation compe-
tence in different studies (Chell and Athayde 2009). To fully develop an innovative idea 
requires having a clear vision of the end destination which, in turn, requires vigour, com-
mitment, disposition and motivation (Hunter et al. 2012).

Risk propensity

Real-life problems are often ambiguous, complex and devoid of clear answers. Risk avoid-
ance can result in a person being reluctant to innovate (West 2002). Conversely, peo-
ple willing to take risk are more likely to be innovative (Tabak and Barr 1999). It takes 
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confidence and risk-taking on the part of the innovator to get a creative idea to mature to 
the implementation or innovation stage (Campbell et al. 2004).

Ambiguous problem‑solving

This concept describes a person’s willingness to change and to innovate within a complex 
and ambiguous network of problems (Hurt et al. 1977; Keller 2012). Consequently, innova-
tion competence could be expressed in one’s inclination to be challenged by unanswered 
questions, ambiguities and unresolved problems (Keller 2012).

The capacity to innovate can be cultivated. However, the role and relevance of a sup-
portive learning environment in this respect must be spelled out. In the next section, we 
describe what makes such an environment.

Components of learning environments that foster the development of innovation 
competence

The context or specific setting (social and cultural) that is intentionally created to sup-
port learning is often referred to as an environment, milieu or climate (Fraser 2012). This 
includes the psychological factors, the classroom teaching, and the physical factors of any 
place where learning occurs, including virtual and non-traditional spaces (Fraser 2012).

Learning environments that focus on the development of innovation competence start 
with the recognition of this competence as a key educational goal and an essential 21st 
century skill that should be supported in schools (Chan and Yuen 2014; Robinson 2011; 
Wagner 2010). In creating such an environment, a constructivist approach is generally 
suggested (Ertmer and Newby 1993). In constructivist learning environments, learners 
are encouraged to actively construct their understanding and make their own representa-
tions, instead of receiving information from a teacher. According to Jonassen (1999), in a 
constructivist learning environment, learners are given tools that enable them to engage in 
discussion, collaboration and reflection. Constructivist learning environments engage the 
learner in solving authentic tasks. Because authentic tasks are ‘real world’ or contextu-
alised tasks that are personally relevant or interesting to the learner (Brookes et al. 2012; 
Jonassen 1999), they are considered particularly suitable for effective innovation compe-
tence development (Li et al. 2012).

Several characteristics of constructivist learning environments that are relevant for pro-
moting innovation competence have been identified. Below, we discuss briefly some rel-
evant characteristics of constructivist learning environments that were emphasised in this 
study. Subsequently, we discuss some prior research on learning environments in which 
constructivist learning environments were investigated using the same instrument as in 
the present study, the Constructivist Learning Environments Survey (CLES; Taylor et al. 
1995). The CLES has been used by several researchers, especially in the domain of pri-
mary and secondary education, to map students’ perceptions of dimensions that constitute 
a constructivist learning environment, such as uncertainty, student negotiation and personal 
relevance. The CLES enables educators and researchers to measure students’ perceptions 
of the extent to which constructivist approaches are present in classrooms (Taylor et  al. 
1997). We selected the CLES for this study because of its proven ability to capture specific 
dimensions of a constructivist learning environment and because of its demonstrated and 
strong factorial validity and reliability in numerous countries (Fraser 2012). Before dis-
cussing the empirical findings and insights that have been obtained using this instrument, 
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we first briefly introduce the specific dimensions it addresses, followed by a discussion of 
relevant past research.

Personal Relevance is the extent to which the content used in the constructivist learning 
environment is relevant to students’ everyday out-of-school experiences. To foster inno-
vation competence in students, relevance can be promoted through connecting teaching 
with students’ everyday experiences through user-centred design learning and engaging in 
authentic activities, open-ended tasks and real-world problems (Jonassen 1994; Lim and 
Sato 2006). It is important that students have the opportunity to engage with real-world 
problems in the field of study in order to have a rich and meaningful learning experience 
(Fasko 2001, p. 322).

Uncertainty is the extent to which students are provided the opportunity to experience 
that innovative knowledge is evolving and that it is culturally and socially determined. This 
involves teaching students how to explore, collect, analyse and use data to ignite innovation 
(Dyer et  al. 2009; Honebein 1996). Students are made to understand that the process of 
knowledge creation occurs not only in individual contexts, but also through the interactions 
involved in social negotiations, collaborations and experiences (Dyer et  al. 2009; Jonas-
sen 1994). The literature provides strong evidence that students’ innovation competence 
is enhanced when they are provided opportunities to work collaboratively with each other 
(Burgess and Addison 2007; Dillon et  al. 2007; Halsey et  al. 2006; Rutland and Barlex 
2008; Wood and Ashfield 2008). Group work and working in teams have been demon-
strated to be a relevant feature of innovation-supportive learning environments (Burgess 
and Addison 2007; Rutland and Barlex 2008).

Student negotiation is the extent to which students and the teacher share control of 
the design and management of learning activities, assessment criteria and social norms 
of the classroom. By negotiating the instructional goal and objectives with students, the 
teacher acknowledges the relevance of students’ involvement in learning. Teachers can 
use students’ reflections to design learning activities for innovation competence and create 
environments that encourage metacognition, self-analysis, regulation, reflection and self-
awareness (Ernest 1995). In such environments, the teacher is seen by the students as a co-
learner, co-researcher and explorer as they engage in the tasks, and the teacher is resource-
ful and supportive of students’ learning needs (Burgess and Addison 2007; Rutland and 
Barlex 2008). In this way, a safe and collaborative atmosphere is created where different 
students’ learning approaches are valued.

In this current study, the CLES was adopted to evaluate students’ perceptions of their 
classroom environments with respect to innovation competence using selected scales from 
the CLES (Taylor et al. 1995, 1997), namely, personal relevance, uncertainty and student 
negotiation. Below, we review relevant past studies on students’ perception of their existing 
learning environments using the CLES. In order to compare perceptions, a 5-point scale 
has been interpreted as follows: scores between 1 and 2.4 were regarded as indicating a low 
perceived level of a constructivist approach, from 2.5 to 3.4 as a medium perceived level, 
and scores above 3.5 as a high perceived level. For a 7-point scale, scores between 1 and 
3.4 were considered to indicate a low perceived level, between 3.5 and 4.4 as a medium 
perceived level, and scores above 4.5 as a high perceived level.

Research on constructivist learning environments has confirmed the factorial valid-
ity and reliability of the CLES in various contexts and countries (Aldridge et  al. 2000; 
Beck et  al. 2000; Kim et  al. 1999; Kwan and Wong 2014; Lee and Taylor 2001; Ozkal 
et  al. 2009; Taylor et  al. 1997). For instance, the factorial validity and reliability of the 
CLES were established by Taylor et al. (1997) in Western Australia, with a sample of 494 
13-year-old students in 41 science classes in 13 schools. Similarly, Aldridge et al. (2000) 
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cross-validated the CLES also in Australia with a sample of 1081 science students in 50 
classes. The CLES was validated as well in Korea (Kim et al. 1999; Lee and Taylor 2001) 
and Taiwan (Aldridge et al. 2000), and its cultural adaptability was shown by Lee and Tay-
lor (2001) in their cross-national and longitudinal study in Korea. In the study by Aldridge 
et al. (2000), the original English version of the CLES was administered to 1081 science 
students in 50 classes in Australia, while a translated Chinese version was administered to 
1879 science students in 50 classes in Taiwan. In both countries, the same factorial struc-
ture for the CLES and reasonable scale reliabilities were observed. In Singapore, Koh and 
Fraser (2014) used a modified version of the CLES and found good factorial validity and 
internal consistency reliability for both the actual and preferred learning environment were 
found.

Topolovčan et al. (2016) examined the perceptions of eighth-grade students (N = 1026) 
in primary and lower-secondary education in the Republic of Croatia regarding the charac-
teristics and frequency of constructivist learning. On a five-point scale, Personal Relevance 
(M = 3.26), Uncertainty (M = 3.29) and Student Negotiation (M = 3.05) were perceived as 
present at around a medium level by the students.

Nix et al. (2005) used a modified version of the CLES to evaluate the impact of an inno-
vative teacher development program called the Integrated Science Learning Environment 
model (ISLE) in high-school classrooms. They compared the perceptions of 445 students 
taught by 5 ISLE teachers in 25 classes and 328 students from 19 classes taught by 5 non-
ISLE science teachers in north Texas. On a five-point scale, the results showed a medium 
level of perceived Personal Relevance (M = 3.21), Uncertainty (M = 2.61) and Student 
Negotiation (M = 2.86).

Koh and Fraser (2014) studied 2216 secondary school students in Singapore in 82 busi-
ness classes taught by preservice teachers regarding the constructive nature of their class-
room environments. These teachers receive special training in how to create constructivist 
learning environments. The perceptions of the students taught by these trained teachers 
were compared with the perceptions of 991 secondary-school students in 32 business 
classes taught by traditional teachers. The perceptions of students about the constructivist 
nature of their actual classroom environments revealed a perceived medium level of both 
Personal Relevance (M = 3.23) and Student Negotiation (M = 3.33) medium scores, while 
Uncertainty (M = 3.48) was slightly above a medium level.

Kwan and Wong (2014) investigated secondary school students’ perceptions of the con-
structivist nature of their learning environment in liberal studies (N = 967) in Hong Kong, 
and whether their perceptions were related to their critical thinking ability. The results 
showed high scores (on a 5-point scale) for Personal Relevance (M = 3.44), Uncertainty 
(M = 3.66) and Student Negotiation (M = 3.41). In general, students perceived their learn-
ing environments positively for the three variables.

Spinner and Fraser (2005), using a between-groups pretest–posttest design, analysed 
students’ responses to their classroom environment, their attitudes and their conceptual 
development as related to mathematics education. The students in the experimental group 
scored Personal Relevance (M = 3.82) and Uncertainty (M = 3.55) highly, whereas Student 
Negotiation (M = 3.23) received a medium score. For the control group students, medium 
scores were reported for Personal Relevance (M = 3.81), Uncertainty (M = 3.05) and Stu-
dent Negotiation (M = 2.55). The results showed an increment in scores for the experi-
mental group relative to the control group, thereby supporting the effectiveness of the 
intervention.

Overall, the different studies using the CLES show that students typically perceive their 
environments to be moderately constructivist in nature (e.g. around or slightly above the 
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neutral score). Student Negotiation was rated the lowest by the students in most studies, 
whereas Uncertainty received the highest scores. The intervention studies showed an incre-
ment in scores for all variables for the treatment group. However, because most of these 
studies were conducted in primary and secondary education, little is known about percep-
tions of these elements in higher education. Similarly, there has been no research that has 
examined relationships between scores on CLES scales and (self-) perceptions of innova-
tion competence specifically. This study therefore investigated associations between con-
structivist learning environments as measured by CLES and innovation competence in the 
context of higher education.

Research questions

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

1. How do Built Environment students perceive their own innovation competence?
2. What are students’ perceptions of the existing learning environment with respect to 

innovation competence?
3. How do Built Environment students perceive the focus on innovation competence at the 

curriculum level and the relevance of teaching that aims to develop innovation compe-
tence in their major programme of study?

4. What is the association between students’ perceptions of the learning environment and 
their perception of their own innovation competence?

Method

Context and sample

A survey was administered, via the various schools’ heads of department, by email to stu-
dents at eight Universities of Applied Sciences in the Netherlands where BE programs 
were offered. At Universities of Applied Sciences, Built Environment departments are 
required to develop students’ innovation competence. Therefore, innovation competence is 
an end goal for all students following Built Environment programs. Innovation competence 
is considered one of the core competences necessary for career success in the professions 
addressed by the Built Environment discipline. Correspondingly, several educational steps 
have been taken towards realising the above objective in the various Built Environment 
departments.

An online questionnaire with an explanatory cover letter was emailed to a random sam-
ple of 400  year 1 to year 4 Built Environment students at the various schools. After an 
initial mailing, three follow-up reminder emails were sent. Overall, 130 students provided 
questionnaire responses, on which subsequent analyses were based. Of the 130 students, 
27% were female. Students’ ages ranged from 17 to 37 years (M = 21.5, SD = 2.49). Stu-
dents were distributed over the study years as follows: year 1, N = 27; year 2, N = 28; year 
3, N = 32; year 4, N = 43. Study year represents the year in which students were enrolled at 
the time of completing the questionnaire.
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Instrumentation

The questionnaire mapped students’ perceptions of the learning environment with 
respect to innovation competence development and students’ self-perceived level of 
innovation competence. Also mapped were students’ perceptions of the focus and rel-
evance of innovation competence, as well as the association between the learning envi-
ronments and students’ self-perceived level of innovation competence. We created 
items using a 7-point response format of Strongly Disagree (1), Disagree, Somewhat 
Disagree, Neither Agree nor Disagree, Somewhat Agree, Agree and Strongly Agree (7), 
unless described otherwise.

Innovation competence

To measure students’ self-perceived innovation competence, six scales were compiled 
using previously-validated scales from three different groups of authors in order to answer 
research question one. The scales measuring creativity, leadership and solving ambiguous 
problems were originally developed by Hurt et al. (1977) using US college students and 
public-school teachers. Out of 20 original items (displaying an overall Cronbach’s alpha 
of 0.94), 13 items were selected for the current study (see Table 1). The energy scale and 
risk propensity scale were based on the work of Chell and Athayde (2009) using college 
students in the UK (with reported Cronbach’s alphas of 0.75 and 0.58, respectively). Lastly, 
the items on the creative self-efficacy scale (which had a Cronbach’s alpha of 0.83 in their 
study) were taken from Tierney and Farmer (2002). See Table 1 below for the newly-com-
piled innovation competence scales.

Exploratory factor analysis on the data from the present study suggested a 6-factor solu-
tion. In this analysis, a varimax rotation was used, eigenvalues were set to 1 or higher, and 
factor loadings were inspected for meeting the 0.35 threshold on their expected scales and 
no high loadings on other scales. This solution followed the expected pattern, even though 
some items had to be removed for not meeting the criteria.

In the end, seven items measured Creativity, with a Cronbach’s alpha of 0.90, while 
three items measured Creative Self-efficacy, with a Cronbach’s alpha of 0.83. Three items 
measured students’ perceptions of their Leadership, with a Cronbach’s alpha of 0.77. The 
Energy scale was measured with seven items having a Cronbach’s alpha of 0.81. Four items 
measured students’ perceptions of their Risk Propensity, with a Cronbach’s alpha of 0.67. 
The Solving Ambiguous Problems scale was measured with just 2 items, with a Cronbach’s 
alpha of 0.79. All variables correlated significantly one with another, but the correlations 
were sufficiently low to justify the use of separate scales (see Table 5, variables 4–9, for the 
correlation matrix).

Learning environment

For the purpose of answering research question two, three constructs were selected from 
the CLES. The Personal relevance, Uncertainty and Student Negotiation scales from the 
Constructivist Learning Environment Survey (CLES; Taylor et  al. 1997) were used to 
assess the explicitness of and focus on learning activities in the classroom environment 
that were supportive of innovation competence (see Table 2). Taylor et al. (1997) reported 
Cronbach’s alpha of above 0.70 for all of the scales in their study.
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A number of items were selected and reframed to fit the purpose and the context of 
our research. Two new items were added to the Personal Relevance scale. Exploratory fac-
tor analysis (EFA) was conducted to analyse construct validity. A principal axis factoring 
(PAF) and oblimin rotation were used. Because three scales were expected, the analysis 
was constrained to three factors. All items loaded meaningfully on their respective scale.

Personal Relevance in our study comprised four items, with a Cronbach’s alpha of 0.87. 
Uncertainty consisted of five items, with a Cronbach alpha of 0.92. Student Negotiation 
consisted of just two items, with a Cronbach’s alpha of 0.85. As can be seen in Table 5, 
the three CLES scales (variables 1–3 in the Table) correlated statistically significantly with 
each other, though to such a level that they can be considered as independent scales.

Relevance of innovation competence: Focus on innovation competence 
at the curriculum level and relevance of teaching for innovation competence

Previous research has revealed that educators have made serious efforts to stimulate inno-
vation competence by focusing on developing students’ innovation competence through 
teaching (Beghetto and Kaufman 2013). For this reason, we sought to know via research 
question 3 how students perceived the focus on innovation competence by their teachers in 
their school and its relevance.

The scale related to Focus on Innovation Competence at the Curriculum Level consisted 
of four items, created to measure a school’s explicit focus on innovation competence at 
the school/curriculum level. Reliability in terms of Cronbach’s alpha was 0.90. A sample 
item in the scale was ‘In my school, innovation competence is an end goal’. Factor analysis 
revealed a one-factor solution, accounting for approximately 74% of the common-factor 
variance, with all 4 items loading meaningfully on the factor.

To measure perceptions of the Relevance of Teaching for Innovation Competence, stu-
dents were asked to respond to one item, with response options ranging from very irrel-
evant (1) to very relevant (7). The item asked students whether they considered being 
taught about how to become innovative relevant. Also, students were asked to indicate in 
a single binary item (Yes or No) if they were explicitly being taught by their teachers to 
become innovative in their major course of studies. Respondents who answered Yes were 
asked to further specify the subject/course/module name and study year of the course. This 
approach has also been used by other researchers investigating innovation competence in 
the curriculum (Adams 2013; Aish 2014; Shaheen 2011).

Data analysis

The data collected through the questionnaires from students were organised, presented in 
tables and then analysed statistically by calculating means and standard deviations for the 
purpose of answering research questions 1 to 3. Correlation and regression analyses were 
conducted for the purpose of answering research question 4. In the regression analyses, 
the six self-perceived competencies were used as dependent scales and the learning envi-
ronment variables as the independent variables. In addition, we also computed an over-
all innovation competence score as the average of the six specific competencies, and this 
variable was also used in the regression analyses. Correlations were interpreted as follows 
(Cohen 1988): r = 0.10 to 0.29 or r = −0.10 to − 0.29 as small; r = 0.30 to 0.49 or r = −0.30 
to − 0.4.9 as medium; and r = 0.50 to 1.0 or r = −0.50 to − 1.0 as large.
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Results

Students’ perception of their own innovation competence (research question 1)

The results relating to students’ perception of their own innovation competence are cat-
egorised under the six separate constructs to which the scales refer: creativity, leadership, 
energy, creative self-efficacy, risk propensity and solving ambiguous problems. The results 
as presented in Table  3 show that students on average perceived their innovation com-
petence reasonably highly for all the six scales. However, students reported a somewhat 
higher score for energy, creativity and creative self-efficacy, than for solving ambiguous 
problems, risk propensity and leadership, which were rated lower. The standard deviations 
suggested considerable differences on each aspect between students.

Students’ perceptions of the learning environment (research question 2)

Results regarding students’ perceptions of the learning environment presented in Table 4 
show that students on average perceived their learning environment as moderately con-
structivist. All scores ranged around the midpoint of 4 on a scale of 1 to 7, with Personal 
Relevance rated as the lowest, while Student Negotiation was rated the highest.

Students’ perceptions of the relevance of teaching for innovation competence 
development (research question 3)

Students’ perceptions of the focus on innovation competence at the school/curriculum 
level, (M = 4.17, SD = 1.49) showed a moderate perceived focus on innovation compe-
tence, on a scale of 1 to 7. Regarding the question of whether teaching students to become 
innovative is relevant, students reported on average a view of it as somewhat relevant 
(M = 4.69, SD = 1.40). Students were also asked to indicate on a single item scale if they 

Table 3  Average scale means and standard deviations of scores for innovation competence

N = 130

Statistics Creativity Leadership Energy Creative self-
efficacy

Risk propensity Solving 
ambiguous 
problems

M 5.51 4.99 5.65 5.11 4.79 4.77
SD 0.86 1.07 0.81 1.07 1.06 1.26

Table 4  Average scale means 
and standard deviations of 
scores for the perceived learning 
environment

N = 130

Statistics Personal relevance Uncertainty Student 
negotia-
tion

M 3.83 4.02 4.15
SD 1.36 1.44 1.59
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were intentionally taught by their teachers to become innovative in their major course (Yes 
or No). Of the 130 participants, 51 students (39.2%) indicated that there was indeed an 
explicit teaching focus on development of innovation competence, whereas 79 (60.8%) 
indicated no explicit teaching focus. Of the 51 students who indicated an explicit teach-
ing focus on innovation competence, only 27 further specified a course or module that had 
an explicit focus on students’ innovation competence development at their school. Some 
examples of modules specified were a 3rd year architectural module focused on developing 
concepts for zero energy utilitarian building and a 2nd year renovation project module in 
which students were asked to design new functions and building methods. Other examples 
mentioned by students were broad subject areas such as structural design, building physics 
and building technology.

Associations between perceptions of the learning environment and perceived 
innovation competence (research question 4)

We used multiple regression analysis to investigate relationships between the perceived 
learning environment scales (Personal Relevance, Uncertainty, Student Negotiation) and 
the self-perceived innovative competence scales (Creativity, Leadership, Energy, Creative 
Self-Efficacy, Risk Propensity and Solving Ambiguous Problems). The perceived level of 
Focus on Innovation Competence at School and the Relevance of Teaching for Innovation 
Competence Development were also tested as predictors of self-perceived innovation com-
petence. Firstly, we discuss the results of the correlation analysis presented in Table 5.

As can be seen in Table  5, all six innovation competence scales were positively and 
statistically significantly correlated with one or more of the three constructivist learning 
environment variables.

In order to determine the joint and unique predictive contribution of the learning envi-
ronment, focus and relevance variables to students’ total innovation competence and its 
individual components, seven stepwise multiple regression analyses were conducted. The 
first analysis focused on students’ combined innovation competence (average of 6 com-
petences), while the second to the seventh steps calculated the joint effects of each learn-
ing environment, focus and relevance variable on each of students’ separate innovation 
competences.

The first step revealed a significant relationship for Student Negotiation, which 
accounted for 5.7% (5.0% adjusted) of the variance in students’ total Innovation Compe-
tence scores. This means that the more that students perceived Negotiation in their learn-
ing environment, the more they perceived themselves overall as having Innovation Com-
petence. The second analysis indicated a significant relationship for Student Negotiation, 
which accounted for 4.5% (3.7% adjusted) of the variance in Creativity scores. Thus, the 
more that students perceived negotiation in their learning environment, the more they per-
ceived themselves overall as creative. The third analysis indicated a significant associa-
tion for Personal Relevance, which accounted for 7.8% (7.1% adjusted) of the variance in 
Leadership scores. The more that students perceived learning to be personally relevant in 
their learning environment, the more they perceived themselves overall to take a leader-
ship role. The fourth analysis indicated a significant association for Personal Relevance, 
which accounted for 3.0% (2.2% adjusted) of the variance in Energy scores. This means 
that the more that students perceived learning to be personally relevant in their learning 
environment, the more they perceived themselves to expend energy in learning. The fifth 
analysis indicated a significant relationship for Student Negotiation, which accounted for 
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3.3% (2.5% adjusted) of the variance in Creative Self-efficacy scores. Hence, the more that 
students perceived negotiation in their learning environment, the higher they rated their 
creative self-efficacy. The sixth analysis indicated a significant association for Focus on 
Innovation Competence at School, which accounted for 5.3% (4.6% adjusted) of the vari-
ance in Risk Propensity scores. The more that students perceived there to be a focus on 
innovation competence development in their learning environment, the more willing they 
were to take risks. The seventh analysis, finally, indicated a significant relationship for Per-
sonal Relevance, which accounted for 5.1% (4.3% adjusted) of the variance in scores for 
solving Ambiguous Problems. The more that students perceived learning to be personally 
relevant in their learning environment, the more they perceived themselves overall as com-
petent in solving ambiguous problems. All reported associations were statistically signifi-
cant at the 0.05 level.

Discussion and conclusion

The main goal of this study was to map students’ perceptions of the extent to which Built 
Environments curricula were directed towards and resulted in the development of inno-
vation competence by measuring students’ self-perceived innovation competence, the rel-
evance of teaching for innovation competence and perceptions of the learning environment. 
The results showed that students perceived that the learning environments at the Universi-
ties of Applied Sciences were only to some degree directed towards development of stu-
dents’ innovation competence, which might indicate that teachers were often concerned 
with this competence in an implicit fashion. Although students perceived learning to 
become innovative as somewhat relevant, and rated their innovation competence relatively 
high, their perceptions of the learning environment showed a somewhat lower perception 
of the personal relevance of the teaching and learning activities in their school environ-
ments. These results suggest that Universities of Applied Sciences can potentially enhance 
their students’ innovation competence by implementing constructivist learning environ-
ments principles more explicitly.

Students perceived themselves on average to be sufficiently competent in accomplish-
ing innovation-related tasks; higher scores were reported for creativity, leadership, energy 
and creative self-efficacy, but lower scores for risk propensity and ability to solve ambigu-
ous problems. High scores on the innovation competence scales, according to Chell and 
Athayde (2009), are likely to represent students’ intentions to become future innovators. 
The relatively lower scores for risk propensity in our study could be explained by a lack 
of formal teaching mechanisms for risk propensity in the domains of Built Environments 
education. Chell and Athayde (2009) concluded that the lack of teaching risk of propensity 
in school most likely would reflect students’ interest and intelligence and/or their socio-
economic background. It is worth mentioning that risk propensity was a weak scale in the 
original instrument of Chell and Athayde (2009), with an alpha coefficient of 0.58. The 
same applied to our study, for which risk propensity was also a relatively weak scale, with 
a Cronbach’s alpha of 0.67. Risk propensity has many dimensions (Chell and Athayde 
2009); hence it is suggested that education should focus on these different dimensions, 
which include: seeking sensation; avoiding risk; and taking calculated risks. Taking calcu-
lated risks involves recognising inherent risks in what one does, but also being able to take 
relevant steps to reduce those risks. Risk-adaptors or -absorbers recognise the risks in what 
they do, but either naturally or through training learn to bear those risks. Considering the 
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complexity of risk propensity and its typologies in educational settings, teaching students 
how to take, bear, analyse and absorb risk is very relevant but difficult to realise. Further 
research could be conducted to gain understanding into what really constitutes risk propen-
sity and its teaching.

In a way, this research re-establishes and joins the array of studies that have confirmed 
the effectiveness of using students’ views to understand learning environments (den Brok 
et al. 2006; Fraser 2007; Koh and Fraser 2014; Kwan and Wong 2014; Nix et al. 2005). 
Students generally were moderately positive about the constructivist nature of the learning 
environment for innovation competence in their schools with regard to personal relevance, 
uncertainty and student negotiation, thereby replicating prior studies (Koh and Fraser 2014; 
Kwan and Wong 2014; Nix et al. 2005; Spinner and Fraser 2005; Topolovčan et al. 2016). 
The highest score reported in this study was for student negotiation, which did not align 
with the results of past studies. Student negotiation is the degree to which students share 
control with the teacher over the design and management of learning activities, assessment 
criteria and social norms of the classroom. One possible explanation for this high score for 
student negotiation could be cultural. The Netherlands is a country with low power distance 
compared with most other countries (Hofstede et al. 2010). Power distance is the extent to 
which the less powerful members of organisations and institutions (like the schools) accept 
and expect that power is distributed unequally. This could mean that students in the Nether-
lands consider it normal to debate or negotiate relatively freely with their teachers. It might 
not be surprising, therefore, that participants in this study scored student negotiation higher 
than in studies in other countries, suggesting that teacher involve students in the design and 
management of learning activities. Another potential explanation is that students in our 
study were enrolled in higher education, whereas most other studies were undertaken in 
secondary education. It might be expected that students in higher education are given more 
responsibility over their learning process, as well as in the classroom.

In this study, uncertainty was rated relatively high, which is consistent with prior stud-
ies (Koh and Fraser 2014; Kwan and Wong 2014; Nix et al. 2005; Topolovčan et al. 2016). 
Interestingly, the students in our study scored personal relevance lowest, which is contrary 
to the findings of Kwan and Wong (2014), Nix et al. (2005) and Topolovčan et al. (2016), 
but consistent with the findings of Koh and Fraser (2014). These differences could be 
attributed to the differences in educational contexts (secondary versus higher education). 
University students are often older and therefore could be more conscious and more real-
istic about their perceptions of their learning environments compared with primary and 
secondary students. This could suggest the need for further studies of these variables in the 
context of higher education.

Understanding the association between innovation competence and learning 
environment

There was a statistically-significant correlation as expected between scores for each of the 
constructivist learning environment variables (Personal Relevance, Uncertainty, Student 
Negotiation) and each of the six innovation competence variables. Multiple regression 
analyses showed that student negotiation was the only significant predictor of students’ 
overall perceived innovation competence. Our study suggests that, when teachers involve 
students in the design and management of learning, there is created a learning environ-
ment that supports students’ creativity and innovative thinking, rather than constraining 
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it. Unfortunately, no other studies have investigated at this relation in the context of higher 
education. Therefore, comparing our results with past studies is not possible.

Limitations

There were some limitations in the present study that should be addressed in future 
research. First, this study was limited in the sense that we only investigated a set of fac-
tors that were proposed to be linked to innovation competence and its teaching. However, 
as found in other studies, innovation competence is sometimes affected by other variables, 
such as personality traits (Fisher et al. 2011), the physical environment and teachers’ teach-
ing style. While this study did not examine the relationship between personality, the physi-
cal environment, teachers’ teaching style and innovation competence, future studies could 
examine these relationships further.

Second, although our findings are in line with previous studies about how individuals 
perceive their innovative ability in general (Chell and Athayde 2009; Dyer et al. 2009; Hurt 
et al. 1977; Tierney and Farmer 2002), it says very little about the actual level of mastery, 
as students might over- or under-estimate themselves. To understand whether Built Envi-
ronments students have developed innovation competence, there is a need for further stud-
ies that include, besides elements that were already part of the present study, validating the 
construct of innovation competencies by using larger sample sizes and developing design 
principles for creating teaching interventions intentionally dedicated to the development of 
innovation competence.

Finally, this study was conducted in a single country with a distinct culture and in one 
domain of study, which could limit its generalisability. Therefore the generalisability of the 
results of this study needs to be ascertained through future research in other countries with 
different educational cultures and fields of studies.

Recommendations

For the improvement of innovation competence development in the Built Environment 
Engineering curriculum, the following actions are recommended based on the results of 
this study. First, the low scores for personal relevance compared to previous studies using 
the CLES in primary and secondary education suggest that more attention is needed to 
this dimension of the learning environment. This result requires teaching and learning to 
be better connected to students’ everyday out-of-school experiences by engaging them in 
authentic activities, using open-ended tasks and using real-world problems (Jonassen 1994; 
Lim and Sato 2006).

Second, a more-explicit focus on innovation competence is needed, as suggested by stu-
dents’ perceptions of the focus on innovative competence at the curriculum/school level, 
with approximately 61% of the respondents perceiving no explicit focus on innovation 
competence in their curriculum. A portion of the curriculum should intentionally be dedi-
cated to the development of students’ innovation competence. This approach would help to 
consciously direct teaching to the development of students’ innovative mindset and prob-
lem-solving in the context of discipline-based curricula. This approach is often avoided by 
educators because of the significant volume of discipline-specific knowledge to be taught, 
and the difficulties of educators in integrating competencies into the engineering curricu-
lum. However, previous studies (e.g. Swartz and Parks 1994) have demonstrated the effec-
tiveness of such an approach.
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