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h i g h l i g h t s

� A framework with five principles for integrated STEM is proposed.
� Teachers' attitudes influence their instructional practices for each STEM principle.
� Management support is the most important factor of school context.
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a b s t r a c t

This paper uses structural equation modelling (SEM) to examine the influence of teachers' attitudes and
school context on reported instructional practices in integrated STEM (Science, Technology, Engineering
and Mathematics). Instead of using an overall measure for integrated STEM, five specific characteristics
(integration, problem-centered, inquiry-based, design-based, and cooperative learning) are examined to
get a more in-depth and nuanced insight into the factors influencing implementation. For each STEM
characteristic, teachers’ attitudes are positively linked with instructional practices Moreover, different
aspects of school context influence instructional practices either directly or indirectly. Opportunities for
ameliorating the implementation of integrated STEM are discussed.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Scientific and technological innovations are assumed to be
crucial to deal with the challenges of globalization and a
knowledge-based economy (National Academies of Science, 2007).
In order to provide all citizens with the competences necessary to
succeed in this new information-based and highly technological
society, education in the fields of science, technology, engineering
and mathematics (STEM) is becoming increasingly more important
(National Society of Professional Engineers, 2013). A promising
approach in this regard, is the use of an integrated curriculum,
which provides opportunities for “more relevant, less fragmented,

and more stimulating experiences for learners” (Furner & Kumar,
2007, p. 186). Studies in a broad range of disciplines have shown
that students involved in an integrated curriculum perform as well
or even better than their peers in traditional instruction with
separate disciplines (Czerniak, Weber, Sandmann, & Ahern, 1999;
Hinde, 2005). Moreover, the use of an integrated curriculum has
been found to improve students’ non-cognitive learning outcomes,
such as interest and motivation (Erlandson & McVittie, 2001; Vars,
2001; Weilbacher, 2001).

When integrating science, technology, engineering and mathe-
matics, this approach is called ‘integrated STEM education’. While
different definitions exist, integrated STEM education is usually
used to designate an instructional approach in which students
participate in engineering design and/or research and experience
meaningful learning through integration and application of math-
ematics, technology and/or science (Moore & Smith, 2014).
Empirical research has indicated that integrated STEM education
has a positive impact on students' achievement (Austin, Hirstein, &
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Walen, 1997; Hurley, 2001), their attitudes and interest in school
(Tseng, Chang, Lou, & Chen, 2013) and their motivation to learn
(Gutherie, Wigfield, & VonSecker, 2000). Moreover, integrated
STEM education has been reported to improve students' higher
order thinking skills and technological literacy, making them better
problem solvers, innovators and inventors (Morrison, 2006;
Stohlmann, Moore, Roehrig, 2012).

However, to optimally profit from the possible benefits of inte-
grated STEM education, it is important to ascertain that it is
implemented as intended (Stohlmann, Moore, Roehrig, 2012). Prior
research has identified two broad categories of characteristics that
affect the implementation of an educational program: teacher-level
characteristics (e.g., attitudes) and teaching context (Chen, 1998;
Henderson, Beach & Finkelstein, 2011; Henderson & Dancy, 2007;
Lund & Stains, 2015; Stains & Vickrey, 2017; Sunal et al., 2001).
Teachers' attitudes are found to be related to their instructional
practices since they determine a teacher's level of commitment to
infuse the new principles into daily classroom practices (Rockland
et al., 2010). Features of teaching context are important since
they create (or prevent the creation of) the necessary conditions for
teaching practices of high quality (Martin & Mullis, 2013; Stoll,
Bolam, McMahon, Wallace, & Thomas, 2006).

While prior research has emphasized the importance of teach-
ers' attitudes in the implementation of a new instructional strategy,
measuring teachers' attitudes toward teaching integrated STEM has
proven to be a difficult task. Some researchers resort to interviews
and focus groups, which is time consuming and only applicable to
small numbers of teachers (e.g. El-Deghaidy & Mansour, 2015;
Goodpaster, Adedokun & Weaver, 2012). Moreover, existing in-
struments for measuring teachers' attitudes toward STEM, only
assess attitudes toward each of the different STEM disciplines
individually, without taking the specific features of integration into
account (e.g. Friday Institute for Educational Innovation, 2012; Ho,
Yang & Yang, 2016) or use statements which include the term
‘interdisciplinary STEM’ without explaining the specific instruc-
tional strategy underlying this term (e.g. Al Salami, Makela & de
Miranda, 2017). This paper aims at contributing to this challenge
by proposing a questionnaire for measuring teachers' attitudes
toward teaching integrated STEM, which looks in more detail at the
different characteristics of the instructional approach. Through a
narrative review of existing literature, a conceptual framework for
integrated STEM, consisting of five key principles was developed.
Based on this framework, the questionnaire was constructed,
containing items for each of the key principles, thus allowing a
more detailed analysis of teachers' attitudes toward teaching in-
tegrated STEM.

Furthermore, to the best of our knowledge, no prior research
about the influence of teachers' attitudes and school context vari-
ables on their instructional practices in integrated STEM exists.
Nonetheless, insight into this specific relation could provide op-
portunities to improve the implementation of integrated STEM
education, ultimately contributing to the challenge of increasing
students’ interest in STEM fields. Therefore, this study aims at filling
this gap. To do so, the relationship between attitudes, school
context and implementation is examined separately for each of the
five key principles. By using individual measures for each key
principle rather than an overall measure for integrated STEM, the
findings of the study give a more in-depth and nuanced insight into
the factors influencing implementation. Examining this differential
impact of school factors and attitudes on the implementation of
integrated STEM is important, since it provides valuable informa-
tion to educators and teachers who want to target specific aspects
of their teaching practice.

In the next part, first, the conceptual framework for integrated
STEM, consisting of five key principles is described and the specific
instructional practices for each principle are defined. Next, struc-
tural equation modelling (SEM) is used to examine the relationship
between attitudes, practices and context. Direct, indirect and total
effects of the two predictor variables, attitudes and school context,
on reported instructional practices are presented. Finally, implica-
tions of these results are discussed and recommendations for
educational practice and future research are made.

2. Theoretical background

2.1. Integrated STEM education

While the importance of integrated STEM education in our
current society has been stressed, different definitions of integrated
STEM exist (Kelley & Knowles, 2016). According to Sanders (2009),
integrated STEM education includes all “approaches that explore
teaching and learning between/among any two or more of the
STEM subject areas” (p. 21). He suggests that each STEM course
should be designed to include learning outcomes for at least one of
the other STEM courses, e.g. a math or science learning outcome in
a technology or engineering class (Sanders, 2009). However, this
definition does not explicitly include the focus on engineering
design and real-world contexts that is stressed by other re-
searchers. Therefore, in this study, the definition of Moore and
Smith (2014) is adopted. They define integrated STEM education
as an instructional approach in which students participate in en-
gineering design and/or research and experience meaningful
learning through integration and application of mathematics,
technology and/or science (Moore & Smith, 2014).

2.1.1. Narrative review of existing literature
Since many researchers have already stipulated different oper-

ationalizations or conceptual frameworks for integrated STEM, a
narrative review (Rother, 2007) of existing literature was con-
ducted. This review focused specifically on papers that provided a
clear description of teaching practices for integrated STEM and that
identified multiple aspects within the instructional strategy for
integrated STEM, instead of reducing it to either inquiry-based
learning, problem-based learning or design-based learning. In to-
tal, nine papers were reviewed. For each of these nine papers, the
instructional elements were listed and reorganized in an effort to
synthesize them. Through grouping of similar aspects, five
distinctive but related key principles for integrated STEM were
discerned: integration of STEM content, problem-centered
learning, inquiry-based learning, design-based learning and coop-
erative learning. An overview of the five principles and their
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