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Abstract: In this article, we examine the challenges that teachers perceive when developing,
planning and implementing integrated science, technology, engineering and mathematics
(iSTEM) activities through collegial collaboration in elementary and lower secondary schools in
Denmark. The aim was for teachers to collaborate across disciplines and to develop and
implement iISTEM teaching activities. Throughout this process, all the teachers reported their
challenges through process papers and surveys, while selected teachers provided additional
insights through interviews. A thematic analysis identified five themes concerning the challenges
of teaching iSTEM: subject matter confidence and student-centred approaches; collegial
collaboration; specific challenges in integrating subjects across disciplines; planning and
implementation; and challenges related to students. When comparing the challenges identified
in the literature to those emerging from our data, many similar issues were found, alongside new
perspectives that raise questions about previous assumptions regarding the challenges and
constraints of teaching iSTEM. Notably, the teachers’ feelings of competence, enacted
Pedagogical Content Knowledge and personal Pedagogical Content Knowledge when teaching
iSTEM appeared to be related more to the procedural and pedagogical processes involved in using
student-centred approaches than to the subject-specific content of the disciplines being taught.
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1 Introduction

The idea of educating integrated science, technology, engineering and mathematics
(iISTEM) teachers on how to enhance students’ motivation and learning in these subjects
has been discussed since the 1990s (Bybee, 2013). According to Kelly and Knowles (2016),
only a few teachers in the US seem to know how to operationalise iSTEM education effec-
tively. These findings also appear to be relevant in Denmark, particularly concerning pri-
mary and lower secondary school teachers (Larsen et al., 2022). Moore and Smith (2014)
suggested that iSTEM should be viewed as a ‘discipline’ in its own right. Shaughnessy of-
fered another holistic perspective, defining STEM education as solving problems that
draw on concepts and procedures from mathematics and science while incorporating en-

gineering design methodologies and utilising appropriate technology (2013, p. 324).
When discussing STEM education, it is evident that the term does not always refer to

interdisciplinary teaching across the individual disciplines. Instead, it often addresses the
disciplines individually. Consequently, we use the term interdisciplinary STEM teaching,
abbreviated as iSTEM, in this paper and define it as ‘teaching integrated science,
technology, engineering and mathematics’. This interdisciplinary approach combines
elements of these fields to foster connections between them and provides students with a
holistic understanding.

In this paper, we define iSTEM education as occurring when two or more of the four
STEM disciplines (science, technology, engineering and mathematics) are integrated in a
relevant and meaningful way (Larsen et al., 2022). We refer to this as iSTEM and use the
Pedagogical Content Knowledge (PCK) framework, specifically the refined consensus
model (RCM) of PCK, as an analytical tool to examine teachers’ ability to develop and
teach iSTEM activities (Carlson & Daehler, 2019). While few studies have investigated the
PCK required to teach iSTEM (Ling et al., 2020), scholars such as Srikoom et al. (2018)
have identified four dimensions of effective teaching practice in this context, and An
(2017) has examined interdisciplinary PCK. However, to our knowledge, no studies have
utilised the recent RCM model of PCK as an analytical lens for discussing iSTEM teaching
competence. In addition to presenting findings on the challenges teachers face when
working with iSTEM, this paper seeks to address this gap.

As for iSTEM implementation, teachers must shift from teaching individual subjects
to adopting an interdisciplinary approach across different STEM subjects. However, the
Danish education system and teacher training programmes across all student levels
primarily emphasise monodisciplinary teaching, with limited emphasis on
interdisciplinarity (Uddannelses- og Forskningsministeriet, 2020). Specifically, there is
no explicit requirement for Danish teachers to integrate subjects such as mathematics and
science. To move iSTEM beyond a political agenda, it is crucial to understand and address
the challenges that teachers perceive, particularly regarding their attitudes, beliefs and
competencies.
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Using the PCK framework, this study investigates the challenges that mathematics and
science teachers encounter in the Danish LabSTEM project as they design and deliver
iSTEM activities, thereby leading to the research question: What challenges and
constraints do teachers perceive when designing and implementing iSTEM
activities in Danish primary and lower secondary schools?

2 Teachers' iSTEM challenges in general - and through the
PCK lens

2.1 Teachers' iISTEM challenges in general

In examining the challenges that teachers perceive in implementing iSTEM education, it
becomes evident that these obstacles manifest in various forms across the literature.
McDonald (2016) identified several hurdles that educators encountered when integrating
student-centred approaches, such as inquiry or problem-based methods, into STEM edu-
cation. These challenges include establishing collaborative learning environments, navi-
gating uncertainty in outcomes and relinquishing control over students’ progress. Thibaut
et al. (2018) highlighted challenges related to teachers’ attitudes toward teaching iSTEM,
revealing that while participation in professional development courses like LabSTEM of-
ten fosters positive attitudes, years of experience teaching mathematics and total years of
teaching unfortunately have a negative correlation with several aspects of teachers’ atti-
tudes toward iSTEM (Thibaut et al., 2018). This underscores the complex relationship be-
tween a teacher’s attitude and their classroom practice when teaching iSTEM: Teachers
with negative attitudes toward iSTEM tend to avoid learning how to teach it altogether
(Appleton, 2003). Consequently, teachers must feel comfortable with the iSTEM subject
being taught; otherwise, there is a tendency to either avoid teaching the subject or to pre-

sent it superficially (Bursal & Paznokas, 2006).
Furthermore, disparities between teaching mathematics and science present

significant challenges in STEM education. Wong and Dillon's (2019) investigation
revealed a consensus among policymakers and educators regarding the notable absence
of a link between science and mathematics instruction, stemming from these disciplines’
asymmetrical interdependence, i.e., while science relies heavily on mathematics, the
reverse dependency is not as pronounced. Moreover, science educators often fail to
incorporate mathematics into their science teaching in a way that promotes holistic
learning of both subjects. As a result, superficial integration becomes a pressing concern,
particularly when mathematics is marginalised, as iSTEM is associated predominantly
with science, often sidelining other disciplines’ roles, including mathematics (English,
2016).

Another challenge is the limited emphasis on integration of subjects into teacher
training. Kim and Bolger (2017) argued that many teachers feel ill-prepared for
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interdisciplinary curricula because their own education focussed primarily on
monodisciplinary approaches. Structural challenges in primary school STEM education
also have been noted (Venville et al., 2002), including the existing curriculum structure,
large-scale assessment systems, school infrastructure — such as monodisciplinary
classrooms like science labs and tech centres — and significant organisational demands
placed on teachers. Moreover, there is a shortage of qualified iISTEM models and teaching
courses, as Venville et al. (2002) found, leaving teachers forced to create their own iSTEM
activities.

Each of these iISTEM-teaching challenges appears to reinforce the status quo, in which
disciplines remain separate or are integrated in a more superficial manner. In this context,
closely examining the prerequisites that teachers need to teach iSTEM is essential,
particularly in terms of their knowledge and competencies.

2.2 Teachers' iSTEM challenges through the PCK research lens

It has been identified repeatedly and accepted widely that teachers’ competencies and
abilities as professionals in the classroom are two of the most important factors related to
students’ learning (Hattie, 2013; Van Driel et al., 2014). Shulman’s (1986) frequently cited
paper on teacher knowledge introduced PCK, describing it as a special amalgam of content
and pedagogy that is uniquely the domain of teachers, i.e., their own special form of pro-
fessional understanding (1986, p. 8). Today, one of the most important collective achieve-
ments in the field is the RCM of PCK, which identifies three realms or domains of PCK:
collective PCK; personal PCK and enacted PCK (Carlson & Daehler, 2019). In this model,
PCK is specified as both knowledge and skills, and enacted PCK can be understood as
teaching-in-the-moment PCK (Alonzo et al., 2019). Personal PCK can be understood as
each individual teacher’s cumulative and dynamic PCK and skills, reflecting the teacher’s
own teaching and learning experiences, including what the teacher has gathered over the
years from the contributions of others (e.g., colleagues, students, etc.). Collective PCK is a
specialised knowledge base for science teaching that has been articulated and is shared
among a group of professionals, related to teaching particular subject matter knowledge
to particular students in a particular learning context. Enacted PCK is closely connected
to and dependent on both personal PCK and collective PCK, as well as surrounding
knowledge bases that are critical for actual teaching practice (Carlson & Daehler, 2019).
As such, the ability to teach science and mathematics, and the confidence in doing so are
related, from this perspective, not only to the discipline, but also to the content’s topic
specificity, which has been documented continually as being central to PCK for over a dec-
ade (Gess-Newsome, 2015; Loughran et al., 2004, 2012). This aspect is prevalent at the
teacher education level as well, in which, for instance, subject-matter knowledge as a
source of self-efficacy and a feeling of competence in teaching mathematics has been
demonstrated to be central to pre-service teachers’ perceptions (Bjerke & Solomon, 2020).
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Collective PCK is specified in the RCM as a distinct realm. Through their research into
collective PCK using content representation (CoRe) and pedagogical and professional-
experience repertories (PaPeRs), Loughran and Berry, along with their various co-
contributors, have demonstrated that teachers share aspects of PCK when teaching
specific content to specific students at specific levels (Loughran et al., 2012; Loughran et
al., 2004). In this regard, local collective PCK and professional contributions from trusted,
skilled colleagues — referred to as significant colleagues — are described as central to PCK
development (Ellebak, 2021). Consequently, teachers’ abilities to draw from this realm in
actual teaching sequences are crucial.

Thus, a teacher’s ability to teach a particular area, based on a solid knowledge base
and individual teaching experience with specific content, is crucial. However, collective
professional contributions and pedagogical reasoning in respective teaching areas are
equally important (Park & Suh, 2019). In pedagogical reasoning around and in the actual
moment of teaching (enacted PCK), the teacher draws from both personal and collective
PCK and the surrounding knowledge bases.

When examining the connection between PCK and iSTEM, a larger Springer
publication, Pedagogical Content Knowledge in STEM (Uzzo et al., 2018), and a recent
review by Mientus et al. (2022) both highlight this connection as substantial. On one hand,
PCK has been used to characterise STEM teachers’ abilities, but on the other hand, the
PCK focus has been more general, addressing STEM topics rather than iSTEM specifically.
As mentioned earlier, the PCK required for facilitating integrated STEM may differ from
the PCK needed for teaching science and mathematics topics separately. When
investigating this connection, very few studies have focussed on the specific PCK needed
to teach iISTEM. However, it seems evident that there is a lack of PCK among teachers in
implementing iSTEM education as an approach to teaching and learning (Ling et al.,
2020). A study by Aydin-Gunbatar et al. (2020) suggests that experienced teachers with
solid, topic-specific PCK in certain subject areas can develop, to some extent, the ability to
teach iSTEM disciplines in an integrated manner through a professional development
project, but they were unable to achieve a balance among the involved STEM disciplines.

When discussing iSTEM teaching, it has been acknowledged widely that effective
teaching is enhanced when teachers possess substantial content knowledge in specific
subject areas (Nadelson et al., 2012). However, in the STEM education realm, the
challenge lies in achieving integration across multiple STEM domains. An (2017)
suggested that integrated PCK is founded on the interaction between two subjects, which
he refers to as interdisciplinary PCK. As illustrated in Figure 1, An (2017) highlighted the
complexity involved when two subjects are integrated. However, in iSTEM activities,
multiple subjects may need to be integrated.
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Figure 1. Interdisciplinary PCK
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Indeed, extant research has indicated that when teachers develop PCK, they are more
likely to change their beliefs and practices in the classroom to engage their students in
these learning environments effectively (Hall & Hord, 2006). This suggests that topic-
specific enacted PCK, personal PCK and collective PCK are necessary within a certain
interdisciplinary PCK area that spans at least two subject-matter areas.

The Magnusson model of PCK (Magnusson et al., 1999) has provided components that
serve as valuable tools for examining the capacity to teach iSTEM. In a related study by
Srikoom et al. (2018), four dimensions of effective teaching practice were identified as
differentiating factors in a teacher’s ability to teach iSTEM: the teacher’s role and
instructional approach; the iSTEM learning context; student engagement in the design
process and the ability to connect with the content.

In this context, PCK previously has been used as an investigative tool concerning
iSTEM teaching ability. However, new PCK theories, particularly the recent RCM model
of PCK, to our knowledge, have not been described as an analytical lens for discussing
iSTEM teaching ability. This literature gap and the absence of a specific analytical focus
are areas that our present study aims to address and contribute to filling.

3 LabSTEM - the present study’s context

The LabSTEM project (www.labstem.dk) is a research and development initiative span-
ning preschool, primary school, secondary school and vocational school. In this article, we
focus on the participants teaching in primary and lower secondary schools only. Collabo-
rating with various partners in the education sector, LabSTEM establishes dedicated la-
boratories in which primary and lower secondary teachers and researchers come together
for workshops. On average, they attend approximately 8—10 workshops (depending on
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individual laboratories’ preferences), including a combination of academic input and time
allocated for planning their own activities. The teachers’ goal was to create iSTEM activi-
ties for students. They then tested these activities in their own classrooms, sometimes with
observations by some of their colleagues. Many of these activities have been published,
enabling other teachers to use and benefit from them (Larsen et al., 2022). As an example
of activities developed in LabSTEM for primary school, one activity involved students de-
signing and constructing hedgehog shelters. Another activity, for lower secondary school
students, engaged them in exercises related to a hydropower plant, culminating in the de-
sign and construction of their own mini hydropower plants. In both activities, students
worked with integrated mathematics and science, i.e., science related to the hedgehog's
habitat or the hydropower plant’s functioning, and mathematics related to working draw-

ings and the volume/angles of pipes. Both activities were based on engineering processes.
The LabSTEM project encourages teachers to follow five principles to develop a

meaningful and effective pedagogical experience (Auning et al., 2023):

e Principle 1: iSTEM activities should help develop general education and action com-
petence significantly.

e Principle 2: iSTEM activities should prioritise participant-centred approaches, such
as problem-based or inquiry-based teaching approaches.

e Principle 3: iSTEM activities should focus on the real world and include real-world
contexts.

e Principle 4: iSTEM activities should support learning objectives relevant to the cur-
riculum at a particular level or stage of education.

e Principle 5: iSTEM activities should integrate two or more disciplines within STEM
in a meaningful manner.

Approximately 200 educators participated in the LabSTEM project, tasked with
developing and testing their own iSTEM activities. LabSTEM was active from 2020 to
2022, during which time, empirical data were collected, as detailed in the following
section. After the LabSTEM project concluded, the initiative continued with some
modifications under the LabSTEM+ project, which is ongoing from 2023 to 2025.

4 Methods

As noted earlier, the empirical data used in this study were gathered only from pedagogues
and teachers working in primary and lower secondary schools. It is possible that trained
pedagogues, rather than trained teachers, teach in primary school. They often come from
after-school care programmes and participate in the teaching process. In the following
section, we refer to them as ‘teachers’ or ‘participants’.
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An overview of the research project and analytical process is presented in Table 1
below:

Table 1. The timeline and four steps of the LabSTEM Project research process

LabSTEM Project Timeline (2020-2024)

The LabSTEM project employed a mixed-methods approach to investigate the challenges teachers face when implementing integrated
STEM (iSTEM) activities.

Data collection and analysis were conducted in four steps:

Step 3: Fall 2023
Interviews

Step 1: 2020-2022
LabSTEM Project

Step 2: Spring 2023

Step 4: Spring 2024
Data Analysis

Five Final Themes

200 educators involved
Each teacher participated
in approximately 8-10
workshops

77 teachers submitted
process papers after each
workshop, averaging
three per teacher.

102 teachers completed a
survey after their
participation in
workshops.

Initial Analysis of Process
Papers (N=77)

Method: Inductive, data-
driven coding based on
participants’ descriptions
of challenges.

Process: Thematic
analysis (Braun & Clarke,
2006)

Supplementary Analysis
of Survey Data:
Confirmation of the
themes from the process
papers. (N=102)

Semi-structured

interviews with 77 teachers.

Selection: Strategic
selection to ensure
maximum variation in
experience, roles, and
subject expertise.
Purpose: To expand and
elaborate on the themes
that emerged from the
process papers and survey
data.

Process: Full
transcriptions of

Subject matter
confidence and student-
centered approaches
Collegial collaboration
Specific challenges in
integrating subjects
across disciplines
Planning and
implementation
Challenges with
students

interviews, using a
developed interview guide
and transcription manual.

Step 1 in the table above refers to the part of the LabSTEM project in which the
teachers were active in the gradual development and iterative implementation of iSTEM
activities in their teaching. Steps 2—4 refer to the data analysis of process papers and
surveys, the strategically selected interviews of seven teachers and the emerging five final
themes. As such, the overall data comprised interviews (n = 7), process papers (n = 77)
and survey responses (n = 102), all from teachers connected to primary and lower
secondary schools in the LabSTEM project. The data were drawn from the same cohort of
teachers, as all participants had taken part in the project. The teachers who completed the
survey had an average of approximately 14 years of experience, with only five having less
than five years of experience, indicating a relatively experienced group of teachers. The
teachers were all either mathematics or science teachers, with approximately half being
proficient in both disciplines.

The process papers originated from a series of LabSTEM workshops. After each
workshop, the participants filled out a process paper comprising seven questions and
additional background information, in which they reflected on areas such as processes and
challenges. The questions included: ‘What do you perceive as your primary challenge at
the current stage of the process?’” and ‘What are you planning to implement in practice
before our next meeting?’ Overall, 77 primary and lower secondary teachers answered and
submitted their responses, with each teacher averaging three process papers. The survey
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was to be completed by all participants at the end of their participation in the LabSTEM
laboratory workshops. However, only 102 of the 200 LabSTEM participants completed
the survey, possibly because some of the workshops were conducted online due to COVID-
19. Nonetheless, all 200 participants were provided with a link to the survey, which
comprised 32 items consisting of a combination of open-ended and closed-ended
questions ranging from inquiries regarding number of years of teaching experience to the
nature of their STEM activity, as well as more open questions regarding challenges they
have encountered throughout the LabSTEM project.

The seven teacher interviews were semi-structured (Patton, 1990) and related to
previously reported teacher challenges, as well as other experiences in their iSTEM
activity. The interviewed teachers were selected strategically (Flyvbjerg, 2006),
maintaining maximum variation (Patton, 1990) to identify key dimensions of variation
among the teachers. This involved both experienced and inexperienced teachers, as well
as teachers with different roles in the school regarding STEM education. The participants
comprised mathematics and/or science teachers, as well as mathematics and science
supervisors. All interviews were transcribed in full, and both an interview guide and
transcription manual were developed to facilitate the process. Ethical considerations were
observed throughout all parts of the research process, and informed consent was obtained
from all research participants involved in the project (Cohen et al., 2011).

Methodologically, we began the analysis by identifying the challenges expressed by the
teachers in the process papers (n = 77). The analytical procedure was inductive, with data-
driven coding strongly linked to the data (Patton, 1990) and aspects of the challenges
described by the participants. To complete this process, we followed the principles and the
five phases for thematic analysis described by Braun and Clarke (2006). The initial phase
involved immersing ourselves in the data to gain familiarity with its content (Phase 1). For
example, during this stage, it was observed that many teachers referred to the challenge
of insufficient time for planning, leading to the identification of ‘time’ as the primary
theme. In subsequent phases (Phases 2 and 3), additional themes were generated and
examined. Each member of the research group reviewed the dataset individually and
proposed their suggestions for initial themes to the group. The following negotiation
within the research group resulted in seven emerging themes:

1. Challenges in generating iSTEM teaching ideas

Challenges in teaching specific subjects (mathematics/science/engineering/tech-
nology)

Challenges in implementing activities

Challenges in collaborating with colleagues from other disciplines

Challenges in planning activities

Challenges related to students’ competencies

Challenges in teaching interdisciplinary approaches

N

N oo p®
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During Phase 4, the themes were discussed and reviewed further to establish their
relationships and definitions, while considering dual criteria-judging categories — internal
and external heterogeneity (p. 91). It was observed that some themes exhibited significant
overlap. Consequently, these themes were merged, resulting in the final identification,
naming and definition of five themes (described in next section), which were used as
starting points for analysis of the 102 survey responses. The surveys were collected before
construction of the five themes, i.e., they were used primarily as a supplement to
determine whether there was agreement in the very brief responses from the teachers
regarding the five themes. Afterward, we conducted the teacher interviews (n = 7) to
elaborate on the themes and gain more detailed and rich narratives of the specific
challenges described in the process papers.

5 Findings: Teachers’ challenges and constraints in the
LabSTEM project

In this part of the article, we present the five themes that emerged from the data, with an
emphasis on presenting the core findings in this section, while an analysis and discussion
of the results will be presented in the next section: Analysis and Discussion.

The five developed themes are:

e Subject matter confidence and student-centred approaches
e Collegial collaboration

e Specific challenges in integrating subjects across disciplines
e Planning and implementation

e Challenges among students

The themes are described in detail in the following sections, in which we present only
the findings. Shorter teacher quotes are taken from the process papers, while the
narratives are derived from the interviews. The actual analysis of the specific findings will
be an integral part of the discussion section.

5.1 Subject matter confidence and student-centred approaches

Many teachers reported experiencing challenges when teaching subjects in which they felt
less confident and competent. Specifically, science and technology (S&T) teachers found
it difficult to teach mathematics due to their limited knowledge and teaching experience
in this field. Similarly, both mathematics and science teachers struggled with teaching
technology and engineering, primarily because they lacked prior experience and subject-
matter knowledge in these domains. Expressions such as, ‘I only teach mathematics’ or ‘I
only have some knowledge of science’ were prevalent in several of the process papers and
surveys. Altogether, 12 out of 77 teachers identified professional challenges related to their
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own limited subject-matter background, which they explicitly addressed in the process
papers.

Examining this theme through the interviews revealed more nuanced challenges. In
particular, experienced teachers — many of whom were educated more than 15 years ago
and had no prior experience with inquiry-based methods — found it difficult to work with
the student-centred approach in iSTEM. The apparently ‘loose’ structure of student-
centred pedagogical approaches appears to challenge their strong sense of competence in
their subject-matter knowledge and in teaching iSTEM. In this regard, many teachers
perceived iISTEM teaching approaches as new ideas and challenges. Approximately one-
third of the teachers who completed the survey expressed a need to see clear examples of
iSTEM teaching sequences beforehand for inspiration.

However, two teachers with different educational backgrounds did not emphasise the
same types of challenges when working with student-centred approaches. Science and
technology teacher Jeppe, who was educated as a kindergarten teacher, had a clear
understanding of hands-on and student-centred approaches, and he explicitly
downplayed prior subject-matter knowledge’s importance. Both he and the students had
to search for the necessary content knowledge during the teaching sequence, and this was
communicated explicitly to the students to allow them to assume the roles of ‘investigative
experts’. Jeppe’s approach was to give students the freedom to inquire, rather than being
constrained by a monodisciplinary focus. As he said during the interview:

Perhaps it is an advantage that I do not have a traditional teacher educa-
tion, where I have been schooled to teach a single subject....  am much more
focussed on the inquiry-based approach, where you set something up and
say, ‘This is how the story is — this problem or this solution or this challenge
we have to solve, and what can we do about that?’ And then, the thing about
catching the children’s ideas and say, ‘Wau, I can see you have done this...".
In the LabSTEM project, I developed a scheme for myself and wrote down,
‘What is science, technology, engineering and mathematics in this area?’
and underneath, some focus words — words that will keep me focussed and
Twill use in front of the children. It has helped me a lot to focus the sequence
because when you start with a narrative and then show the children many
materials, then it’s good to have a tool to keep yourself grounded and fo-
cussed on what I exactly should be asking and what really is the focus of
this sequence.... A focus word could be ‘calculation’ or ‘difference’ or some-
thing like that (Respondent ‘Jeppe’).

Therefore, Jeppe attempted to support the various monodisciplinary terms’ content
by employing subject-specific terminology, rather than considering the disciplines
themselves in isolation.

Another teacher, Mette — who had a solid, but more interdisciplinary educational
background — emphasised her professional identity as a moderator, rather than as an
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expert in a specific type of subject-matter teaching. She seemed to think that her most
important competency was teaching interdisciplinarity, sometimes in subjects she may
not feel competent in teaching separately. One challenge she perceived was that other,
more traditionally educated colleagues did not meet this challenge with the same
confidence:

Most teachers feel the need to control every aspect of their teaching in order
to feel confident. However, when you engage in STEM education, with in-
quiry, engineering and technology processes, you cannot know it all. And I
think it is difficult for many teachers because they have a kind of 'profes-
sional pride'in their teaching subjects, which I believe is valuable. But I also
think that sometimes you have to take professional pride in the approach
and pedagogical process behind your teaching, rather than focussing solely
on your subject-matter knowledge. So, I have professional pride in knowing
that my students will learn an incredible amount of knowledge through my
teaching. I don't know exactly where we will end up, but I believe I will most
likely challenge my students to achieve a suitable learning outcome (Re-
spondent ‘Mette’).

Mette describes above that she perceives her professional sense of competence as
being primarily pedagogical and procedural, while most of her colleagues link their
professional sense of competence to their subject-matter knowledge. Other interviewed
teachers corroborated this observation. For instance, Lone expressed how teaching iSTEM
was challenging and that it is much easier to be creative and confident in subjects in which
one feels personally competent.

The reported challenges, particularly those related to incorporation of inquiry-based
methods and adoption of student-centred pedagogy, highlight the obstacles that teachers
perceive in transitioning to iSTEM pedagogical approaches. The hesitations that
experienced teachers expressed, rooted in a traditional educational paradigm, underscore
the need for targeted interventions to facilitate smooth iSTEM integration. The
discrepancy in attitudes and approaches between teachers with diverse educational
backgrounds, such as Jeppe and Mette, emphasises the complex nature of challenges that
come with iSTEM implementation.

5.2 Collegial collaboration

Several teachers reported facing challenges related to collaborative collegiality. The lack
of close and trusted colleagues within the respective LabSTEM teams seemed to pose a
challenge when developing shared iSTEM activities. Many of the teachers expressed a
sense of vulnerability when developing teaching sequences in a field in which they had no
prior experience, particularly if they were the only teacher participating from their own
school or team. Interdisciplinarity also was mentioned as a collaboration challenge: When
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teachers in different subject-matter areas must collaborate — such as when S&T teachers
had to collaborate with mathematics teachers — they often had different approaches,
methods and goals. This collaborative challenge was highlighted explicitly in the process
papers and surveys by 17 out of 77 participants.

While examining this subtheme in the interviews, challenges related to collegial
collaboration were evident, focussing on relationships between individual teachers within
the respective groups. Few teachers were competent in all iSTEM subject-matter
disciplines, so collaboration with colleagues seemed crucial. Teachers who worked in less-
functional and -creative teams reported specific colleagues and their scepticism as clear
reasons why their collaboration was less successful. Grethe, one of the teachers with much
practical experience who was interviewed, viewed her contribution to the team as limited:

Personally, I always sit back in the chair, if I think there is the slightest bit
of ‘religion’in what I'm told to do.... I can tell from my management that we
just have to participate in this STEM project.... But because it is so hyped,
there is a form of religiosity attached to it.... And, at the same moment that
it becomes like that, I'm going to sit and lean back a bit longer than I might
need to. This expression about STEM is as a kind of ‘hyped religion’ (Re-
spondent ‘Grethe’).

Grethe’s lack of enthusiasm and participation paint a picture of her contribution to the
iSTEM activities as being limited. She felt pressure from her school’s administrators,
which led her to feel obligated to join the iSTEM project. Others on her team confirmed
her lack of participation, and development of their iSTEM teaching activity was influenced
only marginally by new ideas in STEM education. Grethe's reference to iSTEM as a
‘religion’ also may stem from teachers frequently being introduced to new projects and
pedagogical approaches externally. This reflects ‘project fatigue’, a condition that can
dampen engagement and stifle creativity, as demonstrated by Grethe's minimal iSTEM
teaching contributions.

5.3 Specific challenges integrating subjects across disciplines

Several LabSTEM teachers reported challenges integrating subjects across different disci-
plines. They stated that it is difficult to learn and remember iSTEM to both understand
and separate the four areas. Teachers from different subject-matter areas faced challenges
in various ways with regard to the individual disciplines. For instance, one teacher ex-
plained that ‘[it is challenging for me to] get the “E” in iSTEM more involved in my course’
or ‘[it is challenging for me to] make the “M” in iSTEM more visible/usable’. Both the
survey responses and the process papers confirmed that integration of disciplines in
STEM itself was perceived as a challenge, with 14 of 77 teachers explicitly problematising
this issue.
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When asked about integration of subjects during the interviews, the teachers
described challenges related to specific subject-matter areas and the subject field itself.
Content areas with which the teachers were not familiar appeared to challenge them
through interdisciplinary teaching, particularly in relation to teaching subjects outside
their area of expertise. The teachers also perceived substantial differences between
integrating science and mathematics, particularly the perceived weak knowledge and
perception of mathematics as a distinct field. Even the mathematics teachers themselves
seemed to perceive mathematics primarily as a ‘tool’ for working in other disciplines, or a
‘tool’ for doing calculations. Both the mathematics and science teachers interviewed found
mathematics to be a less-effective basis for creativity, indicating that mathematics, in most
cases, appears to be the discipline added to the iSTEM formula after the other disciplines
(S-T-E), which are the primary basis for creativity and development of the specific iISTEM
teaching sequence. One of the interviewed S&T teachers, Nanna, was in a group of teachers
who gave themselves the challenge that mathematics should be the basis for their iSTEM
sequence because they saw a unique challenge here:

It was a bit difficult.... I have S&T on my backbone, and then I ask my col-
leagues, ‘What is unique about mathematics?’... I am also a teacher in Dan-
ish, and I can easily tell you what is special about that specific teaching
area. But for the mathematics teachers, it gets a little muddy.... In our
group, they came up with something like ‘patterns’, and that this was unique
for mathematics and that it was not present in other subject-matter disci-
plines. Um... They could say a lot of things — but then I could say, ‘Well, we
also have that in S&T...” (Respondent ‘Nanna’).

Nana argued that when mathematics teachers themselves are unable to define what
makes mathematics unique, it becomes challenging for others to integrate it into their
teaching. Difficulties in making mathematics central to the integrative and creative parts
of iISTEM teaching were present within many of the groups. Even when mathematics
teachers were predominant in these groups, the difficulties persisted.

5.4 Planning and implementation

The actual planning and implementation of iSTEM activities were described as a challenge
in the survey responses and process papers. The most frequently reported challenge was
amount of preparation time. Many teachers indicated that additional time to prepare these
interdisciplinary activities was necessary and that they unfortunately did not have enough
time to dedicate to developing iSTEM sequences in the LabSTEM project. Even though
these statements were related to the project, it seemed clear that integration of subjects
itself was time-consuming in general.

Materiality also was mentioned as a challenge, with teachers reporting a lack of basic
materials for hands-on activities, including access to various technologies. Teachers
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described this as a lack of necessary funding for materials, e.g., data loggers and ‘that we
always hit a wall when the funding limits good STEM ideas’. Overall, 36 teachers out of
77 reported time, framing, planning or materiality as a challenge.

The aspects of missing funding and lack of time to plan were absent as themes in the
interviews. The teachers seemed to be more interested in sharing their thoughts about
other challenges than discussing and problematising these more generic aspects of teacher
preparation.

5.5 Challenges with students

Students’ engagement was described as a challenge in the survey responses and process
papers. Several teachers highlighted that iSTEM teaching activities can be conducted only
when students have a certain amount of subject-matter knowledge in advance. This theme
was prominent in the survey responses and process papers, but only seven out of 77 teach-
ers viewed this as a challenge that needed to be considered separately, and these chal-
lenges were nearly absent during the interviews.

Hanna mentioned challenges with students regarding the engineering parts of the
sequence:

...something that I'm missing, and I think the students should have learned,
is that ‘engineering part’, that ‘testing, improving, testing, improving’. I
thought it was missing in the students’ work and they were not good at it....
I feel that they first have to learn this new way of working in a completely
different way (Respondent ‘Hanna’).

According to this quotation from Hanna, it is challenging for students to work in this
different manner when engaging in engineering activities. She argued that students lack
stamina and consistent on-task behaviour when working with the improvement part of
engineering, and that they lack experience in the more student-centred approaches.

6 Analysis and discussion

When comparing the teaching challenges in iSTEM found in the literature with the chal-
lenges identified in our data, many similarities were found. However, when using RCM
PCK terminology as an analytical lens, we also found new perspectives that emerged from
our data, raising questions about our previous thinking related to the challenges and con-
straints in teaching iSTEM, as we discuss in this section.

Regarding Theme 5.1 above, the perceived lack of sufficient subject-matter
competence and teaching background in iSTEM approaches was prominent in the
teachers’ quotes and narratives. The gap between teaching subject-matter areas, such as
mathematics and science, seems to be a primary challenge. Statements like, ‘I only do
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mathematics’ or ‘I only have some knowledge of science’ reveal that the teachers lack a
sense of competence in the other content areas. This seems to confirm extant research that
has documented enacted PCK and personal PCK as being closely connected to the specific
subjects taught and the particularity of teaching methods, teaching purpose and individual
students (Gess Newsome, 2015, p. 36). Furthermore, the findings confirm the lack of a
connection between science and mathematics teaching in general, as described by Wong
and Dillon (2019), and that teachers tend to avoid teaching areas with which they are not
comfortable (Bursal & Paznokas, 2006). Examining this aspect using PCK terminology, it
seems to be a confirmation of personal PCK and enacted PCK, as well as teachers’
confidence in teaching a certain content area in relation to their educational background
in separate subject-matter areas and prior experience teaching near this content (Gess-
Newsome, 2015; Loughran et al., 2004). For example, when a science teacher has no
educational background and prior experience in teaching mathematics, her confidence,
personal PCK and perception of enacted PCK in teaching certain mathematics content in
general are — unsurprisingly — low.

The difficulties that teachers perceived when working with student-centred
approaches, as reported by McDonald (2016), were present in our findings as well, in
which the structure of inquiry or problem-oriented methods in iSTEM challenged the
teachers’ feelings of competence. In Hanna’s narrative, she clearly perceived this as a
challenge with her students in terms of getting them to work consistently and engage in
engineering and student-centred approaches. As seen in other studies (e.g., McDonald,
2016, p. 541), Hanna revealed her discomfort with the uncertain aspects of her teaching
sequence, and her perceived personal PCK in teaching iSTEM seemed low regarding this
issue. The same might have been present in Jeppe’s narrative as well, but he apparently
has found a teaching approach in which inquiry seems to be more relevant to him than the
specific subjects taught. In this regard, the strong enacted PCK and personal PCK that
Jeppe perceived are related more to the teaching process around student-centred
approaches than to the subjects themselves. As such, a quite surprising finding emerges,
contributing new perspectives to the relationship between subject-matter knowledge and
iSTEM pedagogical approaches, which unfold below.

The teachers also found interdisciplinarity and integration of the subjects themselves
(S-T-E-M) to be challenging, as presented in Theme 5.3. Several of the interviewed
teachers did not express positive attitudes towards interdisciplinarity, thereby confirming
the lack of interdisciplinary PCK between two subject-matter areas, even if the teachers’
personal PCK and perception of enacted PCK in teaching the respective subjects separately
were prominent (An, 2017). In particular, the ‘E’ and ‘M’ in iSTEM seemed to represent
challenges for many of the teachers. As English (2016) described it, mathematics’ role
seemed to challenge both science and mathematics teachers. In the narrative by the
science and technology teacher Nanna, the mathematics teachers themselves had
difficulties describing distinctive and creative aspects of mathematics, apart from viewing
it solely as a tool for the science parts in the developed teaching sequences. Thus,
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superficial integration that diminishes the role of the disciplines themselves (English,
2016) was reported in multiple places in the data and was exemplified by Nanna’s
narrative concerning mathematics as a less unique field and a less creative point of
departure for developing an integrative iSTEM sequence. Nanna presented a critical
perspective on mathematics teachers’ apparently low professional self-awareness. As
such, she seemed to conclude that mathematics teachers’ perception of collective
professional knowledge around mathematics subject matter — and collective PCK of
mathematics teachers — is weak in general.

Simultaneously, many of the teachers, according to the process papers and survey
responses, felt less successful when failing to integrate all of the disciplines in STEM, even
if this was not a specific agenda in the LabSTEM project itself. With this teacher
expectation, interdisciplinary PCK, as described by An (2017), would become even more
complicated when integrating all four disciplines. It seems reasonable to assert that the
likelihood of finding a teacher with interdisciplinary PCK — as well as personal PCK —
matching a developed activity with all the disciplines integrated would be quite low. This
indicates a complexity and rarity regarding personal PCK in iSTEM, in which the teaching
sequence’s topic specificity could be challenged.

The collegial collaboration, as presented in Theme 5.2, between teachers with different
subject-matter backgrounds was also a challenge. Teachers lacked trusted, skilled and
close colleagues in their collaboration, described by Ellebaek (2021) as ‘significant
colleagues’. The differences reported by Wong and Dillon (2019) between mathematics
and science teachers also were present in our data, particularly in the differences in
pedagogy and methods, such as inquiry vs. more traditional pedagogical thinking. These
differences seemed to characterise the divide between science and mathematics teachers,
with iSTEM primarily associated with science (English, 2016). In this regard, a shared
collective PCK, as reported elsewhere (Loughran et al., 2012; Loughran et al., 2004), was
not present prominently in the iSTEM field despite the teachers having substantial
separate teaching experience (personal PCK and enacted PCK) in the various iSTEM
subjects involved.

Most interestingly, we found that the collaborating teachers' attitudes and beliefs were
crucial in determining their engagement level with the project and their ability to involve
students in the iSTEM learning environment (Hall & Hord, 2006). This is exemplified by
Grethe, an experienced mathematics and science teacher who tends to ‘sit back in the
chair’ if she perceives even the slightest hint of ‘religion’ in what she is asked to do. Thibaut
et al. (2018, p. 987) reported a negative correlation between the number of years a
mathematics teacher has taught and their attitude towards iSTEM. Grethe’s experience
aligns with this finding: Her lack of positive participation and collegial collaboration
resulted in less-innovative teaching sequences, i.e., a reliance on previously completed
lessons. Grethe's narrative highlights how teacher beliefs play a critical role in professional
development and illustrates a general scepticism towards top-down interventions, such as
political agendas influencing school practices, as discussed by Jones and Leagon (2014).
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In this context, Grethe’s resistance to developing shared collective PCK with colleagues in
iSTEM teaching led her to label iSTEM as a kind of ‘religion’, fostering negative attitudes
towards the approach. From an RCM PCK perspective, Grethe’s resistance to developing
collective PCK and engagement in the knowledge exchange — necessary for the
development of personal PCK and enacted PCK — illustrates a gap in her professional
growth (Carlson & Daehler, 2019). This resistance stems from her personal orientation
and the barriers to external agendas she has set up, as often documented in PCK-related
research (Magnusson et al., 1999; Gess Newsome, 2015; Carlson & Daehler, 2019).
Furthermore, structural and organisational challenges — such as a lack of iSTEM teaching
models, difficulties with testing and evaluation programmes, insufficient support from
school management and limited time for collaboration — were identified frequently as
obstacles in survey responses and process papers (Venville et al., 2002).

The challenges related to subject matter confidence and student-centred approaches
may involve additional aspects, as mentioned above. Jeppe and Mette had significantly
different perspectives on student-centred approaches, which they themselves explicitly
connected to their multi/interdisciplinary-oriented educational backgrounds — Jeppe, as
a kindergarten teacher, and Mette, as a teacher with a master’s degree in an
interdisciplinary field. Their narratives indirectly confirmed perspectives described by
Kim and Bolger (2017) about the lack of interdisciplinary curricula in teacher education,
which tends to have a very targeted, monodisciplinary focus. Indeed, Jeppe's hands-on
and student-centred approaches to the iSTEM sequence, which he identified as his main
teaching strength, allowed him to treat students as ‘investigative experts’. This mindset
led Jeppe to perceive himself as free from the limitations of a targeted, monodisciplinary
focus, believing that such an approach could hinder students’ ability to learn through
investigation. Instead, he used a self-developed instrument with ‘focus words’ to keep the
pedagogical process on track. Thus, his teacher-management system relied more on
procedural and pedagogical processes than on specific subject-matter concepts. This view
was echoed by Mette, who characterised her colleagues’ professional identities as being
tied closely to their subject-matter knowledge, calling it their ‘professional pride’.
However, she also suggested another form of professional pride, noting, ‘I also think that
sometimes you have to have professional pride in the approach and pedagogical process
behind your teaching, rather than just your subject-matter knowledge’. Much like Jeppe,
Mette’s multi- and interdisciplinary background enabled her to focus more on her
teaching approach and pedagogical thinking around student-centred approaches and
interdisciplinarity in iSTEM. As noted earlier, she explicitly stated: ‘I have professional
pride in knowing that my students are going to learn an insane amount of stuff through
my teaching’.

In examining this through the PCK terminology lens, the interviews with Jeppe and
Mette revealed a contradiction and offered new insights into the research field. Despite
their lack of a solid knowledge base and individual teaching experience in specific content
areas that typically suggest limited interdisciplinary PCK, they displayed a strong personal
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PCK and enacted PCK. This suggests that the perceived strength of their personal PCK and
enacted PCK was tied to their procedural and pedagogical competence in teaching
interdisciplinary and student-centred approaches, rather than their prior experience in
specific content areas. Therefore, the topic specificity often highlighted in PCK-related
research (Gess-Newsome, 2015; Loughran et al., 2004) may be less relevant in iSTEM
teaching. The present study indicates that teachers like Jeppe and Mette perceive their
personal PCK and enacted PCK regarding iSTEM teaching to be primarily procedural and
pedagogical abilities centred around interdisciplinarity and student-centred approaches,
particularly if the teachers have not been ‘raised’ from a highly focussed, monodisciplinary
education (Kim & Bolger, 2017).

Considering the discussion above, RCM PCK terminology allows us to identify specific
aspects — more precisely domains (realms) and professional knowledge bases — of
teacher abilities in the development and teaching of iSTEM. As an analytical framework,
RCM PCK terminology offers a new perspective on teachers’ abilities to teach iSTEM, but
it has limitations in that it does not provide terminology for examining the details within
these domains. A more precise definition of domains in certain subject-matter areas or a
combination of RCM with, for example, the internationally recognised PCK components
suggested by Magnusson (1999) may provide a way to go ‘a layer deeper’ in future
research.

7 Conclusion

The teachers’ perception of a lack of sufficient teaching-background subject matter in cer-
tain areas of iSTEM was expressed prominently in their quotes and narratives. The gap
between difficulties integrating content areas, such as mathematics and science, seemed
to pose a significant challenge. The teachers’ perceived difficulties with student-centred
approaches also were prominent, with the seemingly ‘loose’ structure of inquiry or prob-
lem-oriented methods in iSTEM challenging both the students and teachers’ feelings of
competence. Teachers found the interdisciplinarity approach particularly challenging,
particularly when it came to the ‘E’ (engineering) and ‘M’ (mathematics) aspects of iSTEM.
In addition to these findings, collegial collaboration among teachers with different sub-
ject-matter backgrounds also proved to be a challenge, but challenges related to interdis-
ciplinarity and student-centred approaches may involve additional aspects. Jeppe and
Mette offered significantly different perspectives on student-centred approaches and sub-
ject-matter background than the other teachers, focussing more on procedural and peda-
gogical competence in interdisciplinary teaching and student-centred approaches, rather
than on topic-specific teaching experience and personal subject-matter knowledge in any
particular field.

Thus, the challenges that LabSTEM project teachers perceived align closely with those
reported by other researchers in the field. This was expected, as it seems to be a natural
consequence of the ‘traditional STEM thinking’ inherent in the LabSTEM project. Given
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the teachers' lack of educational background in certain fields, such as ‘E’ (engineering),
one might even question whether it is reasonable to ask teachers to engage with content
areas in which they have no formal training or preference. The teachers involved were
challenged to develop iSTEM teaching sequences in groups, even though their varying
subject-matter backgrounds represented most STEM disciplines. This highlights the
connection between teacher ability and subject-matter educational background, which has
been documented frequently in PCK-related research, in which collective PCK, enacted
PCK and personal PCK often are demonstrated to be related to the subject’s topic
specificity. While there is no reason to question this well-documented finding in both
STEM and PCK research, some findings in the present study suggest alternative
conclusions and implications. Specifically, the teachers’ PCK is perceived to be related
more closely to procedural and pedagogical processes involved in interdisciplinary
teaching and student-centred approaches. From this perspective, interdisciplinary PCK,
as defined by An (2017), appears to be less central to personal PCK and enacted PCK in
the iISTEM teaching context compared with the teacher’s ability in the pedagogical and
procedural processes. If teachers’ feelings of competence, collective PCK, personal PCK
and their teaching-in-the-moment enacted PCK in iSTEM are to be improved — and their
reluctance to engage with iSTEM diminished — we suggest that focussing on procedural
and pedagogical processes in interdisciplinary teaching and student-centred approaches
is crucial. It might even be beneficial to discuss collective PCK, personal PCK and enacted
PCK separately in these pedagogical processes, rather than primarily linking them to the
topic specificity of the subjects involved in the iSTEM teaching sequence.

8 Implications

Based on our findings, if iISTEM is to succeed, changes in teacher education may be nec-
essary. The current, pronounced, monodisciplinary focus should be challenged and com-
plemented by a more interdisciplinary approach, enabling teacher students to build con-
fidence in their ability to manage student-centred pedagogical approaches in iSTEM, ra-
ther than focussing solely on their lack of subject-matter competence in certain fields. In
addition to the present study, we believe further research should track teachers with ex-
tensive experience teaching iSTEM to examine other in-depth aspects of their procedural
and pedagogical experiences in this regard.
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