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Barriers and Levers Driving Change in a STEM Science Subject in the 

Australian Higher Education Sector: A Focused Study  

 

Abstract 

Background: This study explored the challenges around enacting change in a STEM (Science, 

Technology, Engineering and Mathematics) subject at an Australian higher education 

institution and examined key elements required to ensure change. Purpose: The purpose of the 

study was to examine the barriers and levers driving change during the collaboration of 

discipline experts, in both science and education disciplines and professional staff across 

education and science faculties to change the delivery of an existing subject within a science 

faculty, from traditional lectures to an active learning approach. Sample: Participants from the 

education faculty and science faculty formed the participant interview pool of five academics 

for this study. Design and Methods: Research design of semi-structured interviews of 

participants was conducted to answer the research questions. Instruments were used to test the 

research questions, such as factors to facilitate and support change to teaching a science subject 

and the elements required for successful interdisciplinary collaboration for bringing about 

change to the teaching of a science subject. Thematic analyses were conducted on the data 

responses to answer the research questions. Results: The findings revealed that participants 

found that factors such as time, resources, understanding of and commitment to the proposed 

change represented potential barriers to change in the subject. The existence of multiple, time 

sensitive champions, additional human resources and a collaborative network of participants, 

however, were identified as some of the key elements that supported enacting changes to a 

science subject. Conclusions: The findings of the study provide insights to interdisciplinary 

collaborations enacting changes to the teaching of a science subject. For instance, the need for 

establishment of a dynamic network of participants engendered with multiple 

interdisciplinary expertise, as well as the need for a change champion and 
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implementation champion, throughout the curriculum re-design, planning and 

implementation phases of the change. 

 

Keywords: collaborative work; interdisciplinary projects; change; science education; 

university teaching 

 

Introduction 

Interdisciplinary approaches drawing on the knowledge, skills and commitments of academic 

staff in both Education and the Science disciplines, as well as on the knowledge and abilities 

of professional staff, have the potential to facilitate positive changes in the teaching of 

broader STEM subjects. Creating sustainable change in the higher education sector remains a 

fundamental difficulty in the context of rapid and continuous changes to transfer of 

knowledge and information, and of an increasingly dynamic, digital and global society in the 

21st century (Lane 2007; Menzies and Newson, 2007, Pucciarelli and Kaplan 2016).  

Changes for university STEM education have generally focused on developing reflective 

teachers, disseminating curricula and pedagogy, or enacting institutional policy (Reinholz et 

al. 2014). Recent models for systemic cultural changes in STEM departments, however, are 

broader in their approach and have attempted to address the university system at multiple 

levels (Reinholz et al. 2014), and to change faculty teaching methods (Chasteen et al. 2015).  

Broader change theories (Hiatt 2006; Kotter 1996) and a range of theories and 

frameworks for understanding and facilitating change (Kezar 2001; Lueddeke, 1999; 

Henderson et al. 2011) have identified the individual, the group, the organization (as a 

complex system) and time as key enablers for change.  Change theories are applied 

throughout a variety of sectors, however due to contextual factors around higher education, it 

is important to focus on theories that align with the higher education sector. Effective change 
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strategies typically support proactive approaches that align with the beliefs of an individual, 

involve long-term interventions, and provide a strategy that aligns with universities complex 

systems (Henderson et al. 2011; Kezar 2001; Lueddeke 1999) and disciplinary communities 

(Henderson et al. 2012).  

Connections between disciplinary communities within a university are rare, even 

though different individuals and groups have complementary strengths in disciplinary 

knowledge and research (Henderson et al. 2012). The contextual issues that exist in a 

university’s external and internal environments may precipitate change, but change can only 

happen when university teachers and students look beyond the information and individuals 

that populate a discipline and engage with the intricacies of learning: for example, the 

discourse practices of those communities (e.g., teachers), organisations (e.g., professions)and 

institutions (e.g., universities) that influence a discipline (Becher and Trowler 2001).  

 

Theoretical Framing 

The proposed change in the teaching of the science subject referred to in this paper was a 

shift from traditional lectures to an active learning approach, in line with a sociocultural 

approach to teaching and learning. The teaching approach employed social interaction 

through participation in group work, whole class discussion, hands-on activities, the use of 

learning materials derived from professional publications, and problem-based learning 

activities.  

The practices of active learning are designed to foster students’ higher order thinking 

through argumentation and value-based decision-making. This requires that students 

collaborate in problem solving situations that require them to represent, compare, explain and 

justify ideas within a learning culture that promotes what Bereiter (1994) refers to as the 

quasi-moral commitments of a scientific community to work toward a common 
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understanding, frame questions and propositions, expand the body of collectively valid 

propositions, and to allow ideas to be subjected to constructive criticism 

One theory of change that directs attention to students’ and the teacher’s discursive 

practices such as argumentation can be attributed to the work of Vygotsky. Vygotsky (1987), 

in his theory of learning and development, emphasised the centrality of communicative tools 

(such as comparing, explaining and justifying) and cultural tools (such as commitments to 

discourse) in weaving everyday forms of thinking and understanding with more abstract, 

scientific understandings.  The process by which the transformation of the everyday into the 

scientific occurs, that is,  the process upon which more abstract and general understanding of 

scientific concepts emerge (John-Steiner et al., 1998) is dynamic and interactive requiring 

learners to engage in joint tasks, for the purpose of linking their lived experiences of the 

world to established cultural frameworks such as those represented in scientific and 

mathematics curricula (see Renshaw and Brown, 2007 for an elaboration of this process). As 

such, through the use of active learning practices (Tal and Kedmi, 2006), mediational means, 

such as language and other symbolic systems, may transformed into internal tools of thinking 

and problem solving.   

 

Barriers Confronting STEM Education 

A heightened focus on the STEM agenda in Australian education has arisen in response to 

reports and statements from the Office of the Chief Scientist (2013), Australian Government 

(2017), Australian Council of Deans of Science (Harris et al. 2005) and learned institutes 

within Australia (Australian Academy of Technological Sciences and Engineering 2013; 

Wienk 2017).  A growing concern in Australia over the decline in the number of high school 

students studying maths and science (Kennedy et al. 2014) has led to calls for more time to 

be spent on teaching science and mathematics at all levels of education. 
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National analyses (see for example Wilson and Mack, 2014; Marginson et al. 2013) have 

shown declines in the number of students studying maths and science in the senior years of 

high school and there is concern over participation in STEM education. For example, 

between 2001 and 2013 the proportion of students in senior high school studying the Higher 

School Certificate in the Australian state of New South Wales (NSW) without any 

mathematics tripled (from 3.2 to 9.7%) (Wilson and Mack, 2014). For students receiving 

Initial Teacher Education university offers in NSW between 2001 and 2013 there was a 

tripling in the proportion of students with no mathematics at Senior High School level (4.8 to 

15.6). Wilson and Mack (2014) go on to state that these analyses raise serious concerns for 

mathematics and for STEM education.  

This trend in the lack of participation in Mathematics and Science at the senior high 

school levels continues and when considered in terms of the declining participation rates in 

Mathematics and Science among prospective teachers is deeply concerning. Consequently the 

reduction of out-of-field science and mathematics  teaching  (i.e. teaching by teachers without 

formal teacher education preparation and advanced content knowledge in a particular subject 

area) in the secondary school system, and an increase in the preparation of specialist science 

and mathematics  teachers along with the professional development of practicing science and 

mathematics  teachers becomes a priority for STEM education (Prinsley and Johnston 2015; 

Australian Academy of Technological Sciences and Engineering 2013).  As such, the slow 

adoption of transformative learning practices, that is, those referred to earlier that utilise 

problem solving situations to encourage the critical use of argumentation and value based 

decision making particularly in university science, technology, engineering and mathematics 

(STEM) education (Weaver et al. 2015; Wieman et al. 2010), remains a challenge for the 

development of change strategies and models of systematic change for STEM education. 
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Barriers Confronting Interdisciplinary Learning 

Review of the STEM education area identifies the need to place an emphasis on science and 

mathematics  learning for K-12 students (Becker and Park 2011; Blackley and Howell 2015; 

Brown 2012; Freeman et al. 2014), the development of science and mathematics  skills in 

practicing teachers (Baumert et al. 2010; Hill et al. 2004; Lee and Luft 2008), and research 

into the preparation of science and mathematics  pre-service teachers (Eckmann et al. 2016; 

Loughran et al. 2008; Rinke et al. 2016) as important priorities for the teaching of STEM 

subjects. A successful science and mathematics teacher must have deep content knowledge 

(Blackley and Howell 2015; Munby et al. 2001; van Driel et al. 2001) articulated with 

knowledge of how to effectively teach content to students (Grossman et al. 2009; Shulman 

1987). In essence, science and mathematics teacher preparation is an interdisciplinary 

challenge, which should integrate the disciplines of education and science in the tertiary 

education sector.  

In general, the discipline of education focuses on questions of curriculum (what 

should be taught to students), pedagogy (how the curriculum should be taught) and on what 

other goals should be pursued when teaching knowledge and skills (Krishnan 2009). On the 

other hand, the discipline of science, in general, is focused on what knowledge and skills 

from the discipline should be taught to students for the purpose of improving their chances of 

finding suitable employment and pursuing a career (Krishnan 2009). As such the 

interdisciplinary challenge for education and science in tertiary education requires both 

disciplines to incorporate pedagogies that not only privilege content (knowledge and skills) 

but also promote commitments to engaging in the discourse practices of science such as those 

enunciated by Bereiter (1994) and promoted by Holbrook (2013): commitments to pursue 

‘mutual understanding’, ‘empirical testability’, ‘openness’ and to ‘expand the knowledge of 
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the discipline’. 

 

Barriers Confronting Active Learning 

In a report grounded in 22 commissioned studies into STEM around the world, Marginson, 

Simon, Tytler, Russell, Freeman, Brigid, Roberts and Kelly (2013) found that even though 

the STEM disciplines are seen as essential for work, citizenship, the economy and social 

creativity, the participation of Australian students enrolled in higher level STEM disciplines 

has been declining for decades and runs the risk of falling behind international counterparts 

To combat this declining participation Marginson et al (2013) advocate that methods of 

problem solving, inquiry, critical thinking and creativity should be at the core of our 

pedagogy in the STEM discipline classrooms. This requires pedagogical change from the 

traditional lecture format employed by many in the teaching and learning of the STEM 

disciplines. However pedagogical change is challenging to enact in the tertiary sector. 

Teaching strategies are intricately linked to subject requirements, ensuring simultaneous 

evolution.  This takes time and university resources, with one-off and short-term workshops 

not consistent with change (Davidovitch and Soen 2006; Walczyk and Ramsey 2003). 

Semester-long changes are more likely to lead to success (McShannon et al. 2006), however 

such changes have additional requirements.  

Academic educator time, already strained with other faculty commitments, is at the 

forefront of successful pedagogical change. Meaningful educational change of any kind 

requires a change in beliefs. This is difficult, as new beliefs challenge core values (Fullan 

2001). In addition, pedagogical change must adapt to content breakthroughs and evolved 

teaching strategies (National Research Council of the National Academies, 2011). It is 

accepted that the activity of teaching science content must be learning- or student-centred 

(e.g., Barr and Tagg 1995), however it is the shift to this approach from teacher to student 
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centred that is complex, especially in the tertiary education context. Regardless of their intent 

to change, faculty often discontinue innovations (Dancy and Henderson 2010; Henderson et 

al. 2012), mostly due to lack of support and structure for innovation.  

In the present study, issues that drove change included a desire to respond to some of 

the challenges that face STEM Education, for example, declining enrolments in science and 

mathematics  subjects, which are at a 20 year low (Kennedy et al. 2014); the decline in 

Australia’s performance in school level mathematics and science as reported by the 

Programme for International Student Assessment (PISA) (Thomson et al. 2017), along with 

the emergence of position statements calling for the transformation of STEM teaching (Harris 

et al. 2014; Prinsley and Johnston 2015). The impetus for the project also included a desire to 

respond to a challenge to incorporate Interdisciplinary Learning in the teaching of science 

through from government initiatives (e.g., Step Up;) to enhance the pre-service training of 

science and mathematics teachers by exploring the effects of adopting an active approach to 

learning in a university Bachelor of Science subject. 

The proposed change in the teaching of the science subject was a shift from 

traditional lectures to an active learning approach, in line with a sociocultural approach to 

teaching and learning. An approach that employed social interaction through participation in 

group work, whole class discussion, hands-on activities, the use of learning materials derived 

from professional publications, and problem-based learning activities. During the 

implementation of this change and the associated study we sought to explore some of the 

barriers to changing approaches to teaching science encountered in a discipline-focussed 

university.  

In summary, the barriers and levers presented in this paper are not particular to one 

university but are experienced by universities both nationally and internationally as 

educational authorities attempt to address the inadequacies in the mathematical and scientific 
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literacies (see for example the work of Boaler, 2002, 2008 for mathematics education and the 

work of Bereiter, 1994 and Roth and Barton, 2004 for science education) of their populations 

as revealed by internationally comparable data such as that provided by the Programme for 

International Student Assessment (PISA) (see Grek, 2009).  

 

As such, this paper aims to address the following questions: 

(1) What factors facilitate and support change to teaching a science subject in an 

Australian higher education sector? 

(2) What are the elements required for successful interdisciplinary collaboration between 

science educators, mathematics educators, and technical engineers to take place for 

bringing about change to the teaching of a science subject?  

 

Method 

Research Design 

This research adopted a generic qualitative design to explore academic educator (academic 

staff with a 20-60% teaching allocation in their work profile) experiences and perspectives on 

pedagogical change at a tertiary institution (Caelli et al. 2003). This type of design aims “to 

discover and understand a phenomenon, a process, or the perspectives and world views of the 

people involved” (Merriam 2009). Generic qualitative designs do not declare loyalty to any 

particular approach, however take a more general approach to the issue (Kahlke 2014) and 

can stand alone as a researcher’s articulated approach (Merriam 2009). This approach was 

chosen for this study because an aim of the project was to understand the perspectives and 

lived experiences of academic educators through their own descriptions (e.g., Caelli et al. 

2003).  
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Participants 

The interdisciplinary collaboration within the one university was established through the 

common goal of the Step Up project (see earlier description of this project). Two sets of 

participants from the collaboration, one from a science faculty the other from an education 

faculty, formed the participant pool for this study and were invited to voluntarily take part in 

interviews. These educators (ranging from Lecturer B to Lecturer D) occupied positions of 

power neutral to the influence of the academic educators directly involved with designing and 

enacting the pedagogical change for a science subject to be delivered during a 13 week 

semester. From the Science Faculties, three academic educators (from a total of five) 

responded, referred to as I1, I2 or I3. Two additional participants, (from a total of three) from 

the Education and Science faculties (referred to as P1 and P2), were invited to participate 

based on their involvement with non-teaching stages of the change (e.g., design) providing 

additional information at an administrative level. To support the anonymity of the 

participants, demographic information is deliberately minimal. Informed consent was 

obtained from all participants. 

 

Data Instrument and Collection 

Data were collected from participants through semi-structured interviews. Examples of 

questions used to elicit experiences included: 

• How was learning organised in this science course? 

• What assisted the organisation of the science course at this stage? 

• What assisted with the interdisciplinary collaboration at this stage? 

• In your own words, list the factors required for a successful inter-disciplinary 

collaboration. 
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Interview questions were informed by the literature on interdisciplinary approaches to 

teaching science in the higher education sector and focused on the primary purpose of the data 

collection, that is, to explore the perspectives and lived experiences of academic educators 

through their own descriptions. 

Interviews with academic educators (I1-I3) were conducted face-to-face by an 

independent Research Assistant, as a single instance during the semester following delivery 

of the change to teaching.  Interviews were audio-recorded and transcribed, with identifying 

information removed.  Post-interview meetings were held with participants and the 

interviewer to member check the de-identified data. To ensure the integrity of responses, 

interviews with other participants (P1, P2) were conducted online due to work commitments.  

 

Data Analysis 

Data were analysed using a thematic approach (Creswell 2008). Data were examined for 

emergent themes and coded accordingly. Themes emerged during the data analysis through a 

process of discussion and consensus and were clustered into categories, such as, people, 

curriculum, administration. These categories remained unchanged during the analysis. To 

ensure the reliability and validity of coding, two researchers independently reviewed the 

transcripts in their entirety and codes were compared. Comparison indicated a very high level 

of consistency between the researchers’ interpretation of the data.  

Member checking was used to ensure the credibility and validity of the findings 

(Guba and Lincoln 1989).  Checks occurred after initial coding of the data to verify whether 

the thoughts of the two researchers had been accurately captured. Triangulation occurred 

through the use of a wide range of informants (Shenton 2004), which included intra- and 

inter-institutional members of the Step Up project team, not involved in delivery of the 
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project change. This allowed for individual viewpoints and experiences to be verified against 

those of others and provided a richer picture of the attitudes and needs of participants.  

 

Limitations 

The project team acknowledges limitations in the present study. Although qualitative 

research generally draws upon a small number of participants, it must be noted the small 

number of interviewees (n=5) is a limitation of this work. In addition, the study only drew 

upon data from a staff perspective, excluding student and institutional perspectives that may 

influence change in higher education.  It is useful to note that the interview process 

intentionally did not include students or institutional authorities in order to focus on the 

purpose of the research, namely, to understand the perspectives and lived experiences of 

academic educators through their own descriptions. 

 

Findings 

In this study the barriers and levers for driving change in a Science university subject relate 

to two main aspects, challenges and levers for design and challenges and levers for 

implementation. The first of those aspects focused on evaluating the successes (levers) and 

challenges (barriers) encountered in seeking to foster change in a STEM subject in the 

Australian higher education sector. The second aspect sought to identify the main elements 

required for a successful interdisciplinary approach. With regard to design, the findings relate 

to communication and co-ordination factors such as time, understanding and commitment, 

resourcing, networking, sharing and championing change. With regard to implementation the 

findings relate to curriculum and human resourcing factors such as the sourcing and creation 

of resources, student interaction, communication with students and teaching delivery.  
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The key challenges that emerged for curriculum design and planning were: co-ordination and 

communication between team members; time pressures; participant commitment, 

involvement and understanding of the changes involved in the curriculum re-design. 

 

Time a barrier to designing change 

It became apparent that creation of a change in the curriculum from traditional lectures to 

more active teaching and learning was ambitious in an environment where people were time 

poor and had other workload pressures such as discipline research and extended teaching 

responsibilities. Time issues, which led to difficulties in organizing interdisciplinary 

meetings, were a major obstacle for all participant interviewees.  

 

A challenge for collaboration was …getting people together to meet i.e., finding 

suitable days, times, venues (P2) 

 

Certain members were very keen to be on board but also said there wasn’t enough 

time (I2) 

 

Time pressures extended beyond the individual. The institutional requirements to publish a 

subject profile months in advance created a lack of flexibility in timing for curriculum change 

and teaching delivery. 

 

One big change we made is that…because we have [subject] profiles which … set 

in stone what we can assess down to ‘nitty gritty’ details [and published months 

in advance], that caused us real problems …because it set things which were 

unfeasible within the [new] model of delivery (I1) 
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Understanding and commitment barriers to designing change 

However, curriculum issues provided greater challenges. There was the requirement for a 

clear understanding of the proposed changes.  

 

A requirement for collaboration was a….clear understanding of what [the 

pedagogical change] meant and how to deliver it (P2).  

 

Some members needed more time to gain this understanding. 

 

For me there would have been value in getting a clearer sense, earlier, of the 

[subject] itself in terms of its content and Learning Outcomes, so that I could 

better contribute (P1) 

 

A strong issue was that the teaching team’s commitment and involvement varied during the 

curriculum re-design. 

 

Getting the coordination between all the people involved and getting them to 

understand the importance of … the project (I2). 

 

I…again go back to the philosophy of staff members. There was definitely a 

divide among the teachers on the value of something like the [curriculum change] 

…I think that there was - probably needed to be more education between - or 

dissemination of the value of this teaching style (I2). 
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Not all those who were involved in the delivery were on board (P2) 

 

…there were some people involved in the project who clearly were not 

particularly interested in contributing (P1)  

 

An issue that was raised was the perception of extra workload for subject development that 

had not been incorporated into the normal academic workload allocation process: 

 

I think also to have been asked to do work that’s outside of their regular workload 

felt like it was [compulsory] (I2) 

 

Curriculum Re-design and Planning Levers – Resourcing and championing the cause 

Human resources were the crucial element that facilitated the curriculum re-design and 

planning.  

A ‘change champion’ as an intended adopter, in a senior position, such as a science 

discipline head or Learning and Teaching leader at a Head of School or Dean level, was 

needed to engage other science discipline participants in the importance of the curriculum re-

design and manage institutional issues (e.g. teaching workload) to facilitate the change being 

achieved. The ‘change champion’ took in this role as part of their existing senior leadership 

role. It was noted by participants that, for successful collaboration to occur, it was necessary 

to have an, 

 

…active champion to lead the science curriculum change (P2)  

 

Curriculum Re-design and Planning Levers – Networking and resource sharing 
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Curriculum re-design occurred with the active involvement of participants with discipline 

expertise, both from education and science, for the organization of content, selection and 

organization of learning experiences and changes to assessment that were made in order to 

include formative assessment. The content of the curriculum and overarching learning 

objectives remained unchanged. The engagement of participants was enhanced by in-person 

meetings and their buy-in was identified as necessary, as noted: 

 

People attending the meetings. People being engaged with the idea and actively 

working for the change… (P2)  

 

I think face-to-face meetings were crucial in building relationships and respect 

and drawing together expertise. Some video conferenced meetings occurred later 

and were effective, but the face-to-face ones had paved the way for them to work 

(P1) 

 

Interdisciplinary relationships were of central importance and facilitated success in the 

curriculum re-design and planning stage. During the collegial interdisciplinary meetings, it 

was indicated that it was necessary to have all participants on the same page and to create a 

shared understanding of the change between discipline experts from education and science, 

 

…get all the teachers together to understand what the [change] … was for starters 

(I2). 
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Having had multiple meetings by this stage, the interdisciplinary collaborative 

relationship was established and communication between disciplines was open. 

(P2)  

 

During this phase, sharing of educational resource materials to inform the curriculum re-

design process included items such as references for teaching science concepts using 

interactive simulations (Hennessey et al. 2007; Moore et al. 2014). This exchange was an 

enabler for the discipline academic educators, who recognised that during curriculum 

delivery, a key aim was to achieve an increased level of active teaching and learning, 

 

You provide the videos for the students to watch, …some questions in a quiz, ….. 

a mastery question and also a task - an experiential learning tasks within the face 

to face …. From a staff perspective you need a bit more of a close working 

relationship than you would in a standard delivery (I1) 

 

Then there is the faculty members as resources and how they’re supposed to 

interact with students (I3) 

 

…tried to give [the students] a more interactive session that would basically spark 

their interest (I1) 

 

The strengths of the interdisciplinary relationships provided a foundation for curriculum re-

design and participants described the benefits of a successful interdisciplinary collaboration: 
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I think mutual respect is the key; if all collaborators have appropriate respect for 

the knowledge, skills and experience of all other collaborators, the process can be 

effective. In this process I felt it was very much present in both directions (P2) 

 

[Successful interdisciplinary collaboration] provides a variety of perspectives 

which distil to a clear way forward [and] can value add by using the expertise of 

more than one discipline (P2) 

 

Upon completion of the curriculum re-design, implementation of the change to meet the 

timing required for successful delivery and assessment during semester was facilitated and 

challenged by a number of factors. 

 

Barriers to implementation change 

Implementation of the curriculum changes was principally comprised of a pre-teaching phase 

and a teaching delivery phase. The pre-teaching phase included sourcing and creation of 

digital resources for content, development of frequently asked questions for students and staff 

explaining the curriculum approach and development of staff support resources for teaching 

delivery. The teaching delivery phase involved enacting the curriculum with students during 

the weeks of semester. These two phases were implemented for each module in the 

curriculum (total of 5 topic modules) leading to staggered implementation of the curriculum 

changes. As with curriculum design and planning, time was a considerable pressure for the 

implementation phase: 

 

[Interdisciplinary] meeting times were difficult to find due to the demands of 

semester for staff who were involved in [teaching] more than one [subject] (P2)  
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The time scale required to develop [the curriculum change] was very compressed 

and put pressure on staff (P2).  

 

 [Implementation of the curriculum change was] a little bit rushed in how it was 

organised (I2) 

 

Barriers to implementing change - the sourcing and creation of resources, student 

interaction, communication with students and teaching delivery. 

Sourcing of digital resources for content, with concomitant curation for quality assurance, 

was a lengthy commitment for academic educators and, in the current study, a discipline area 

research assistant became involved, through the support of the Step Up Project.  In addition, 

professional staff with digital learning \expertise became essential for the technical upskilling 

of academic educators to create digital resources for subject content.  

 

The content involved online lectures which were produced with the [digital] 

learning team (I2) 

 

Perspectives on the teaching delivery phase displayed the emergence of bidirectional 

relationships between students and staff.  

 

I think it [the curriculum change] was a good first try, but it needs ongoing 

work… It changes the role of the lecturer and the students quite a lot in the sense 

that it becomes more of a collaborative process to try to get through the material 

(I1). 
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The variable interaction levels on the part of students towards the change away from 

traditional lectures to active learning was a challenge for the initial delivery by the teaching 

staff:  

 

We had some students who were quite lackadaisical (I3) 

 

The thing is, some of the students who wouldn’t turn up, when they did turn up 

they would absolutely interact. They were perfectly good and you could see that 

they were learning and actually helping the other students too. (I1) 

 

In addition, some staff identified the need for self-professional development for teaching 

delivery: 

‘I tried to do a little bit of research online…of what was supposed to be going on’ 

(I3) 

 

Those teachers who were reflective recognised the challenges of delivering the teaching in a 

way that enabled the active learning approach to be effective.  

 

It's a delicate balance there to draw students into, first, a conversation at all, and 

then into, I want to say, a good productive conversation, and then to get that 

flowing in the correct direction and achieve some educational goals. (I3) 
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Levers to facilitate the implementation of change – human and curriculum resourcing 

Implementation of the curriculum changes was facilitated by an ‘implementation champion’ 

(an academic with expertise in the field of science education) who assumed leadership from 

the ‘change champion’ during the pre-teaching phase and the teaching delivery phase, along 

with involvement of other non-teaching staff for sourcing resources and providing skills 

training. In the pre-teaching phase additional human resources were identified as one 

facilitator of the change. A discipline content assistant who provided time relief to academic 

educators to carry out the sourcing of quality content resources (digital and hard copy) that 

could be embedded in the curriculum change, assisted with the implementation stage: 

 

Research Assistant worked with staff to find resources for [change] (P2) 

 

Despite the need for extra support, there was a clear understanding on the part of teaching 

staff of the need to meet the requirement for sufficient appropriate curriculum resources to 

enact the curriculum change and to provide flexibility for student active learning to take 

place.  

 

We tried to accommodate all preferences…so we gave [the students notes] and 

then the main delivery mode was video, plus clips, plus online content, plus 

textbook access for each thing (I1) 

 

Sufficient resources [were required for success] to be able to provide a 

stimulating and engaged learning on-line environment (P2) 
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A primary facilitator for implementation of the change in the pre-teaching and 

teaching delivery phases was the involvement of professional staff with digital learning 

expertise, who advanced the digital skills of the academic educators and provided in-situ 

training. This in turn allowed the teachers to become more independent over the duration of 

the project in aspects such as the studio production of the lecture content mini-videos 

resources. Initiatives to support the teaching team to develop their skills included a peer-

academic educator showcase of mini-videos at the beginning of the delivery phase. Having 

participants with multiple expertise was important to ensure change. 

 

Have the [digital] learning team who were the backbone of getting the online 

material… there was certainly several stages so there was the roles based around 

getting the online material (I2) 

 

It was interesting to note the unexpected engagement by some academic educators with the 

video digital resources produced. 

 

I love to be able to use them [the videos] to see how my teaching style evolve[s] 

(I3) 

 

As with the curriculum re-design and planning phase, it was noted that it was not only buy-in 

on the part of the participants that was required, it was also necessary to have an 

‘implementation champion’. As noted by participants: 

 

One key factor that's not often mentioned is a 'champion' to carry forward the 

project. While there were other instructors and others involved, without [the 
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champions] enthusiasm, focus and work, it's my view that this project would not 

have succeeded. [Name removed] was the one person who took ownership and 

made it happen. (P1) 

 

The strength of the interdisciplinary relationships extended into the implementation 

phase.   Once teaching (delivery of the change) commenced in Semester Week 1, an 

interdisciplinary meeting between education and science discipline experts, including the 

broader teaching team, lead to the development by the education experts of guidelines (key 

principles for group work and ideas for discussion classes) for the teaching team. This 

meeting between education and science also provided cross-validation of the curriculum 

changes during the implementation phase. 

 

Conversations about [teaching delivery] problems arising and how to address 

them were very valuable (P1) 

 

If the [teaching activity guideline] was followed, then it would be well organised. 

(I1) 

 

Discussion  

Models and concepts for change, in response to the challenges experienced in higher 

education in the last 20 years, have focussed on the cultural realities of academic leadership 

and decision making at the institutional level (Kezar 2001; Lueddeke 1999; Pucciarelli and 

Kaplan 2016).  When attention is turned to change in university STEM education subjects, 

ineffective practices have been identified to include: (1) developing and testing ‘‘best 

practice’’ curricular materials, then making these materials available to other faculty and (2) 
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‘‘top-down’’ policy-making meant to influence instructional practices (Henderson et al. 

2011). Change efforts for university STEM education have generally focused on one of three 

areas: developing reflective teachers, disseminating curricula and pedagogy, or enacting 

institutional policy (Reinholz et al. 2014). Recent models for systemic cultural changes in 

STEM departments, however, are holistic in their approach and have evolved to address the 

university system at multiple levels, such as the ‘6 core commitments’ approach (Reinholz et 

al. 2014), along with changes to faculty teaching methods (Chasteen et al. 2015).  

In this study the barriers and levers for driving change in a Science university subject, 

without the context of a systemic faculty approach, were organised into two main aspects. 

The first of those aspects focused on evaluating the successes (levers) and challenges 

(barriers) encountered in seeking to foster change in a STEM subject in the Australian higher 

education sector. The second aspect sought to identify the main elements required for a 

successful interdisciplinary approach. 

Overall factors that were barriers for change (Research Question 1) were (1) ‘time’, 

(2) a shared understanding for and about the change and (3) the level of commitment of the 

staff involved in the change. Time pressures were singled out as a constant barrier for all 

participants. Time is well known as an impediment to implementing instructional changes 

(Dancy and Henderson 2010). In this study, time pressures were associated with the 

individual academic educators, whose professional pressure on timely preparation for 

implementation of the curriculum re-design had potential to negatively impact on the change. 

Other time issues emerged, such as the longitudinal institutional time requirements for 

subject documentation and the increased time required for sourcing and quality assurance of 

new digital resources for the curriculum re-design.  

 It is no surprise that one challenge faced by academics implementing change in this 

science class was identified as ‘time’. Since the latter years of the 20th Century when the new 
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knowledge economy promoted organisational shifts in universities, academics’ ‘job stress’ 

has increased, with some academics adopting standardised practices that promote knowledge 

delivery at the expense of temporal practices that promote reflection and dialogue, in order to 

manage this stress. It is through the ways that academics participate in change that they may 

co-produce practices that promote reflection and dialogue (Menzies and Newson 2007).  

 Working from an interdisciplinary perspective, Holbook (2013) suggests that if 

change is to occur in an interdisciplinary endeavour then the practices employed need to 

privilege ‘consensus’, ‘incommensurability’ and ‘invention’. That is, effective practices are 

based on (a) a common understanding of the task at hand, (b) interpretation of the concepts 

and skills being presented and (c) invention of a discourse genre accessible to all stakeholders 

– an invention driven by commitments to progress the discourse of the discipline. The need 

for this commonality of purpose is reflected in the second challenge identified in the data 

analysis which we have summarised as ‘collaboration’. 

A noteworthy challenge was the need for a shared understanding of the need for 

change and re-design of the curriculum.  This was influenced by the stages of adoption that 

the participants were at: pre-adoption, early use, or established users (Greenhalgh et al. 2004; 

Hall and Hord 2006) and the level of commitment and involvement of the staff involved in 

the change. Specific challenges that arose included ensuring that all participants were: aware 

of the change innovation; had sufficient information about what impact the change was likely 

to have; knew how to carry out the changed teaching delivery and had sufficient training and 

support on delivery (Greenhalgh et al. 2004). 

Overall levers for success for change (Research Question 1) included (1) availability 

of resources, (2) the establishment of a dynamic network of participants (Figure 1) who had 

multiple interdisciplinary expertise [in all there were a dozen academics and professional 

staff involved in the different phases of this study] and (3) a synergy of more than one 
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champion through the different phases of the change. Studies mention the fundamental 

importance of resourcing in terms of financial and human resources, along with the obvious 

requirement for curriculum and content resources for student learning to occur (Stoddart 

2015).  

 This project identified the need for curriculum and content resources to enable the 

change for an active approach to student learning as well as scholarly resources regarding 

delivery of the change that were shared between the participants, in the implementation stage.  

In this study, it is important to recognise that change was enabled by interdisciplinary (Klein 

2013) academic educator interactions and through successful collaboration (Research 

Question 2) that involved a mutual respect for and understanding of the knowledge, skills and 

experience of collaborators from both science and education faculties. In addition, human 

resources extended to the involvement of professional staff with specific skills in digital 

educational design and learning. A key outcome of this change, therefore, was an 

understanding of the value and power of a dynamic network of participants with multiple 

expertise. As such, the project has identified a particular need for the harnessing of human 

resources (academic experts and professional staff), driven by an interdisciplinary 

commitment to ‘consensus’, ‘incommensurability’ and ‘invention’ and the need to progress 

the discourse of the discipline. 

Another key finding was that multiple champions working in synergy played a critical 

role within the interdisciplinary collaboration and change journey. The roles of ‘change 

champion’ and ‘implementation champion’ emerged during the phases of change in response 

to a ‘sense of purpose’ for the change, which was triggered by an external imperative: 

improving STEM education in Australia.  In the curriculum re-design and planning stage, the 

need and importance for change became a pivotal part of the role of ‘change champion’ and 

necessarily this person was a senior staff member who was able to lead the other participants 
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and address concerns in the pre-adoption and early use stages. The implementation stage, 

however, required an ‘implementation champion’; an academic educator practitioner, 

involved in the delivery of the change.  In this study the champions were different 

participants who were direct colleagues and responded to key triggers during the change.  

 

Implications and future research  

Findings from our research have a number of implications for theory, policy and practice. At 

the theoretical level it provides an example of implementing an active approach to learning in 

an institutional context. Although findings support existing theories regarding certain 

stressors encountered when implementing change, including time stressors and institutional 

requirements, this study draws attention to implementing change in a manner that respects the 

past (for example traditional approaches to teaching science), but enacts the present with 

confidence in the affordances of an active approach to teaching and learning.  At the policy 

and practice levels, the literature reveals barriers towards change in general and identifies 

elements such as time as of concern. For example, a major barrier to the implementation of 

active learning approaches in the classroom is the time teachers and students need to devote 

to group and whole-class discussion (Brown, 2017). However, this research, was not, in 

general, based in Australian higher educational institutions with a specific focus on change 

within STEM subjects. As such, the present study makes a major contribution to exploring an 

active approach to learning within the higher education context.  

In Summary, findings from this study:  

• give insight into challenges faced by STEM educators as they attempt to 

implement change in the Higher Education sector.  

• provide perspectives valuable for administrators when considering change for 

STEM subjects within their environments.  
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• provide important information on supports required and factors of success.   

• highlight the important role of interdisciplinary collaboration and a synergy of 

more than one champion throughout the phases of change.  

Further research is required in this area. It is important to ask for student perspectives in order 

to understand the pressures they experience during times of change in the university sector. 

Further, gathering data on policy around change in these institutions and comparing this with 

lived experiences would provide interesting data for the sector.  

 

Conclusions 

We have explored the challenges around enacting change in a STEM subject at an Australian 

higher education institution and found that these include ‘time’, a shared understanding for 

and about the change, and the level of commitment of the staff involved in the change. The 

study involved the collaboration of discipline experts and professional staff across faculties 

and offers a modest, but valuable contribution to exploring change in the science disciplines. 

Success factors and key elements, levers that may support a more integrated interdisciplinary 

approach to change were identified. The importance of resources including human (staff), 

digital content and curriculum as well as scholarly resources for academic educators 

delivering the change were highlighted.  The benefits of bringing education and science staff 

together were identified as key elements for change in the STEM sector. Interdisciplinary 

collaboration was seen to be necessary for the establishment of a dynamic network of 

participants engendered with multiple interdisciplinary expertise, along with a mutual respect 

for and a common understanding of the knowledge, skills and experience of the collaborators.  

Finally, a key element for bringing about change in STEM education is the synergy which 

may arise from having more than one champion (change champion and implementation 

champion) throughout the curriculum re-design, planning and implementation phases of the 
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change. This, along with the other findings as outlined above hopefully will influence 

practice for higher education institutions wishing to enact changes at a subject level.  

 

Ethical Approval 

 

All procedures performed in this study involving human participants were in accordance with 

the ethical standards of the institutional research committee and with the 1964 Helsinki 

declaration and its later amendments or comparable ethical standards. 

 

Acknowledgements 

This study was part of a federally funded project by the Australian Government Department 

of Education and Training: Step Up that sought the interdisciplinary collaboration of a 

number of institutes of Higher Education to transform the nature and delivery of mathematics 

and science pre-service secondary teacher education through: phased activities that develop 

innovative courses and curriculum; transformative partnerships; renewed academic 

communities; and smart recruitment strategies (Dawes, Loughlin, Whitehouse, Adams, 

Diezmann, Nugent, Whiteford, and Mascadri (2017). 

 

Conflict of Interest 

 The authors declare that they have no conflict of interest.  



31 | P a g e  
 

References 

Australian Academy of Technological Sciences and Engineering. 2013. “Advancing STEM 

Education.” Accessed February 8, 2018. 

https://www.atse.org.au/Documents/policy/advancing-stem-education.pdf.  

Australian Government, Department of Industry, Innovation and Science. 2017. “Australia’s 

National Science Statement 2017.” Accessed February 8, 2018. 

http://www.science.gov.au/scienceGov/NationalScienceStatement/index.html.  

Barr, R. B., and J. Tagg. 1995. “From Teaching to Learning - A New Paradigm for 

Undergraduate Education.” Change: The Magazine of Higher Learning 27 (6): 12-26.  

doi:10.1080/00091383.1995.10544672 
 

Baumert, J., M. Kunter, W. Blum, M. Brunner, T. Voss, A. Jordan, U. Klusmann, S. Krauss, 

M. Neubrand, and Y. M. Tsai. 2010. “Teachers’ Mathematical Knowledge, Cognitive 

Activation in the Classroom, and Student Progress.” American Educational Research 

Journal 47 (1): 133-180. doi:10.3102/0002831209345157 

Becher, T., and P. Trowler. 2001. Academic Tribes and Territories: Intellectual Enquiry and 

the Culture of Disciplines. 2nd ed. Buckingham, England: The Society for Research 

into Higher Education and Open University Press. 

Becker, K., and K. Park. 2011. “Effects of Integrative Approaches among Science, 

Technology, Engineering, and Mathematics (STEM) Subjects on Students' Learning: 

A Preliminary Meta-analysis.” Journal of STEM Education: Innovations and 

Research 12 (5/6): 23-37. 

Bereiter, C. 1994. “Implications of Postmodernism for Science, or, Science as Progressive 

Discourse.” Educational Technology 29 (1): 3-12. doi:10.1207/s15326985ep2901_1 

https://doi.org/10.1080/00091383.1995.10544672
http://dx.doi.org/10.3102/0002831209345157
http://dx.doi.org/10.1207/s15326985ep2901_1


32 | P a g e  
 

Boaler, J. 2002. “Learning from Teaching: Exploring the Relationship between ‘Reform’ 

Curriculum and Equity.” Journal for Research in Mathematics Education 33 (4): 239-

258. doi:10.2307/749740 

Boaler, J. 2008. “Promoting ‘Relational Equity’ and High Mathematics Achievement through 

an Innovative Mixed‐ability Approach.” British Educational Research Journal 34 (2): 

167-194. doi:10.1080/01411920701532145 

Blackley, S., and J. Howell. 2015. “A STEM Narrative: 15 Years in the Making.” Australian 

Journal of Teacher Education 40 (7): 102-112. doi:10.14221/ajte.2015v40n7.8 

Brown, J. 2012. “The Current Status of STEM Education Research.” Journal of STEM 

Education: Innovations and Research 13 (5): 7-11. 

Brown, R. A. J. 2017. “Using Collective Argumentation to Engage Students in a Primary 

Mathematics Classroom.” Mathematics Education Research Journal 29 (2): 183–199. 

doi:10.1007/s13394-017-0198-2 

Caelli, K., L. Ray, and J. Mill. 2003. “Clear As Mud: Toward Greater Clarity in Ceneric 

Qualitative Research.” International Journal of Qualitative Methods 2 (2): 1-13. 

doi:10.1177/160940690300200201 

Chasteen, S. V., B. Wilcox, M. D. Caballero, K. K. Perkins, S. J. Pollock, and C. E. Wieman. 

2015. “Educational Transformation in Upper-division Physics: The Science Education 

Initiative Model, Outcomes, and Lessons Learned.” Physical Review Special Topics-

Physics Education Research 11 (2): 20110-1-21. 

doi:10.1103/PhysRevSTPER.11.020110 

Cordiner, M., S. Thomas, S. and W. Green. 2018. “Do Labels Matter when Implementing 

Change? Implications of Labelling an Academic as a Champion - Results from a Case 

Study.” Studies in Higher Education 43 (3): 484-499. 

doi:10.1080/03075079.2016.1180674 

http://dx.doi.org/10.2307/749740
http://dx.doi.org/10.1080/01411920701532145
http://dx.doi.org/10.14221/ajte.2015v40n7.8
http://dx.doi.org/10.1007/s13394-017-0198-2
http://dx.doi.org/10.1177/160940690300200201
http://dx.doi.org/10.1103/PhysRevSTPER.11.020110
http://dx.doi.org/10.1080/03075079.2016.1180674


33 | P a g e  
 

Creswell, J. W. 2008. Educational Research: Planning, Conducting, and Evaluating 

Quantitative and Qualitative Research. 3rd ed. Upper Saddle River, NJ: 

Pearson/Merrill Prentice Hall. 

Dancy, M., and C. Henderson. 2010.  “Pedagogical Practices and Instructional Change of 

Physics Faculty.” American Journal of Physics 78 (10): 1056-1063. 

doi:10.1119/1.3446763 

Davidovitch, N., and D. Soen. 2006. “Using Students' Assessments to Improve Instructors' 

Quality of Teaching.” Journal of Further and Higher Education 30 (4): 351-376. 

doi:10.1080/03098770600965375 

Dawes, L., W.A. Loughlin, H. Whitehouse, P. Adams, C. Diezmann, M. Nugent, M., C. 

Whiteford, and J. Mascadri, J. 2017. “Transforming the Nature and Delivery of 

Mathematics and Science Secondary Teacher Education in Queensland. Final 

Report.”  Canberra: Australian Government Department of Education and Training.  

Eckman, E. W., M. A. Williams, and M. B. Silver-Thorn. 2016. “An Integrated Model for 

STEM Teacher Preparation: The Value of a Teaching Cooperative Educational 

Experience.” Journal of STEM Teacher Education 51 (1): 71-82. 

doi:10.30707/JSTE51.1Eckman 

Freeman, S., S. L. Eddy, M. McDonough, M. K. Smith, N. Okoroafor, H. Jordt, and M. P. 

Wenderoth. 2014. “Active Learning Increases Student Performance in Science, 

Engineering and Mathematics.” Proceedings of the National Academy of Sciences 111 

(23): 8410-8415. doi:10.1073/pnas.1319030111 

Fullan, M. 2001. Leading in a Culture of Change. San Francisco, CA: Jossey-Bass. 

Grek, S. 2009. “Governing by Numbers: the PISA ‘Effect’ in Europe.” Journal of Education 

Policy 24 (1): 23–37. doi:10.1080/02680930802412669 

http://dx.doi.org/10.1119/1.3446763
http://dx.doi.org/10.1080/03098770600965375
http://dx.doi.org/10.30707/JSTE51.1Eckman
http://dx.doi.org/10.1073/pnas.1319030111
http://dx.doi.org/10.1080/02680930802412669


34 | P a g e  
 

Greenhalgh, T., G. Robert, F. Macfarlane, P. Bate, P., and O. Kyriakidou. 2004. “Diffusion 

of Innovations in Service Organizations: Systematic Review and 

Recommendations.” The Milbank Quarterly 82 (4): 581-629. doi:10.1111/j.0887-

378X.2004.00325.x 

Grossman, P., K. Hammerness, and M. McDonald. 2009. “Redefining Teaching, Re‐

imagining Teacher Education.” Teachers and Teaching: Theory and Practice 15 (2): 

273-289. doi:10.1080/13540600902875340 

Guba, E. G., and Y. S. Lincoln. 1989. Fourth Generation Evaluation. Newbury Park, CA: 

Sage Publications. 

Hall, G. E., and S. M. Hord. 2006. Implementing Change: Patterns, Principles, and Potholes. 

2nd ed. Boston: Allyn and Bacon 

Harris, K-L., F. Jensz, and G. Baldwin. 2005. “Who’s Teaching Science: Meeting the 

Demand for Qualified Science Teachers in Australian Secondary Schools.” Accessed 

February 8, 2018. http://www.acds.edu.au/wp-content/uploads/sites/6/2015/04/ 

teachsci.pdf.  

Henderson, C., M. Dancy, and M. Niewiadomska-Bugaj. 2012. “Use of Research-based 

Instructional Strategies in Introductory Physics: Where do Faculty Leave the 

Innovation-decision Process?” Physical Review Special Topics-Physics Education 

Research 8 (2): 020104 1-15. doi:10.1103/PhysRevSTPER.8.020104 

Henderson, C., A. Beach, and N. Finkelstein. 2011. “Facilitating Change in Undergraduate 

STEM Instructional Practices: An Analytic Review of the Literature.” Journal of 

Research in Science Teaching 48 (8): 952-984. doi:10.1002/tea.20439 

Hennessy, S., J. Wishart, D. Whitelock, R. Deaney, R. Brawn, L. La Velle, A. McFarlane, K. 

Ruthven, and M. Winterbottom. 2007. “Pedagogical Approaches for Technology-

http://dx.doi.org/10.1111/j.0887-378X.2004.00325.x
http://dx.doi.org/10.1111/j.0887-378X.2004.00325.x
http://dx.doi.org/10.1080/13540600902875340
http://www.acds.edu.au/wp-content/uploads/sites/6/2015/04/%20teachsci.pdf
http://www.acds.edu.au/wp-content/uploads/sites/6/2015/04/%20teachsci.pdf
http://dx.doi.org/10.1103/PhysRevSTPER.8.020104
http://dx.doi.org/10.1002/tea.20439


35 | P a g e  
 

integrated Science Teaching.” Computers and Education 48 (1): 137-152. 

doi:10.1016/j.compedu.2006.02.004 

Hiatt, J. M. 2006. ADKAR: A Model for Change in Business, Government, and Our 

Community. Loveland, CO: Procsi.  

Hill, H. C., S. G. Schilling, and D. L. Ball. 2004. “Developing Measures of Teachers’ 

Mathematics Knowledge for Teaching.” The Elementary School Journal 105 (1): 11-

30. doi:10.1086/428763 

Holbrook, J. B. 2013. “What is Interdisciplinary Communication? Reflections on the very 

Idea of Disciplinary Integration.” Synthese 190 (11): 1865-1879. doi:10.1007/s11229-

012-0179-7 

John-Steiner, V., W. Wardekker, and H. Mahn, 1998. “Concepts, Contexts and 

Transformation: Scientific and Everyday Concepts Revisited.” Mind Culture and 

Activity 5 (2): 81-153. 

Kennedy, J. P., T. Lyons, and F. Quinn. 2014. “The Continuing Decline of Science and 

Mathematics Enrolments in Australian High Schools.” Teaching Science 60 (2): 34-

46. 

Kezar, A. 2001. ASHE-ERIC Higher Education Report: Understanding and Facilitating 

Organizational Change in the 21st Century. 28 (4) San Francisco CA: Jossey-Bass. 

Kezar, A. (2001). ASHE-ERIC higher education report: Understanding and facilitating 

organizational change in the 21st century. Retrieved June 3, 2014 from 

www3.interscience.wiley.com/cgi-bin/jissue/89016384  

Kahlke, R. M. 2014. “Generic Qualitative Approaches: Pitfalls and Benefits of 

Methodological Mixology.” International Journal of Qualitative Methods 13 (1): 37-

52. doi:10.1177/160940691401300119 

http://dx.doi.org/10.1016/j.compedu.2006.02.004
http://dx.doi.org/10.1086/428763
http://dx.doi.org/10.1007/s11229-012-0179-7
http://dx.doi.org/10.1007/s11229-012-0179-7
http://dx.doi.org/10.1177/160940691401300119


36 | P a g e  
 

Klein, J.T. 2013. “Communication and Collaboration in Interdisciplinary Research.” In 

Enhancing Communication and Collaboration in Cross Disciplinary Research edited 

by Michael O’Rourke, Stephen Crowley, Sanford D. Eigenbrode and Jeffry D. 

Wulfhorst, 11-30. California: Sage Publications 

Kotter, J. P. 1996. Leading change. Brighton, MA: Harvard Business Press. 

Krishnan, A. 2009. NCRM Working Paper 03/09: What are Academic Disciplines? Some 

Observations on the Disciplinarity vs. Interdisciplinarity Debate. National Centre for 

Research Methods. Accessed February 8, 2018. 

http://eprints.ncrm.ac.uk/783/1/what_are_academic_disciplines.pdf.  

Lane, I. F. 2007. “Change in Higher Education: Understanding and Responding to Individual 

and Organizational Resistance.” Journal of Veterinary Medical Education 34 (2): 85-

92. doi:10.3138/jvme.34.2.85 

Lee, E., and J. A. Luft. 2008. “Experienced Secondary Science Teachers’ Representation of 

Pedagogical Content knowledge.” International Journal of Science Education 30 

(10): 1343-1363. doi:10.1080/09500690802187058 

Loughran, J., P. Mulhall, and A. Berry. 2008. “Exploring Pedagogical Content Knowledge in 

Science Teacher Education.” International Journal of Science Education 30 (10): 

1301-1320. doi:10.1080/09500690802187009 

Lueddeke, G. R. 1999. “Toward a Constructivist Framework for Guiding Change and 

Innovation in Higher Education.” The Journal of Higher Education 70 (3): 235-260. 

doi:10.2307/2649196 

Marginson, S., R. Tytler, B. Freeman and K. Roberts. 2013. STEM: Country 

comparisons: International Comparisons of Science, Technology, Engineering and 

mathematics (STEM) Education. Final report. Melbourne: VIC. Australian Council of 

Learned Academies. Accessed July 29, 2020. 

http://dx.doi.org/10.3138/jvme.34.2.85
http://dx.doi.org/10.1080/09500690802187058
http://dx.doi.org/10.1080/09500690802187009
http://dx.doi.org/10.2307/2649196


37 | P a g e  
 

 http://dro.deakin.edu.au/eserv/DU:30059041/tytler-stemcountry-2013.pdf.   

McShannon, J., P. Hynes, N. Nirmalakhandan, G. Venkataramana, C. Ricketts, A. Ulery, and 

R. Steiner. 2006. “Gaining Retention and Achievement for Students Program: A 

Faculty development Program.” Journal of Professional Issues in Engineering 

Education and Practice 132 (3): 204-208. doi:10.1061/(ASCE)1052-

3928(2006)132:3(204) 

Merriam, S.B. and Tisdell, E.J., 2015. Qualitative research: A guide to design and 

implementation. 4th ed. Jossey-Bass.  

Menzies, H., and J. Newson 2007. “No Time to Think: Academics' Life in the Globally 

Wired University.” Time and Society 16 (1): 83-98. doi:10.1177/0961463X07074103 

Moore, E. B., J.M. Chamberlain, R. Parson, and K. K. Perkins. 2014. “PhET Interactive 

Simulations: Transformative Tools for Teaching Chemistry.” Journal of Chemical 

Education 91 (8): 1191-1197. doi:10.1021/ed4005084 

Moran, J. 2001. Interdisciplinarity: The New Critical Idiom. London: Routledge. 

Munby, H., T. Russell, and A. K. Martin. 2001. “Teachers’ Knowledge and How it 

Develops.” Handbook of Research on Teaching 4: 877-904. 

National Research Council of the National Academies. 2011. Successful K-12 STEM 

Education: Identifying Effective Approaches in Science, Technology, Engineering, 

and Mathematics. Washington, D.C: National Academies Press. 

Office of the Chief Scientist. 2013. Science, Technology, Engineering and mathematics in the 

national Interest: A Strategic Approach. Canberra: Australian Government. Accessed 

February 8, 2018. http://www.chiefscientist.gov.au/wp-

content/uploads/STEMstrategy290713FINALweb.pdf.  

http://dx.doi.org/10.1061/(ASCE)1052-3928(2006)132:3(204)
http://dx.doi.org/10.1061/(ASCE)1052-3928(2006)132:3(204)
http://dx.doi.org/10.1177/0961463X07074103
http://dx.doi.org/10.1021/ed4005084


38 | P a g e  
 

Pucciarelli, F., and A. Kaplan. 2016. “Competition and Strategy in Higher Education: 

Managing Complexity and Uncertainty.” Business Horizons 59 (3): 311-320. 

doi:10.1016/j.bushor.2016.01.003 

Prinsley, R. and E. Johnston. 2015. Transforming STEM Teaching in Australian Primary 

Schools: Everybody’s business. Australian Government: Office of the Chief Scientist. 

Accessed February 8, 2018.  http://www.chiefscientist.gov. au/wp-

content/uploads/Transforming-STEM-teaching_FINAL.pdf.  

Reinholz, D. L., J. C. Corbo, M. H. Dancy, N. Finkelstein, and S. Deetz. 2014. Towards a 

model of Systemic Change in university STEM Education. Accessed February 8, 2018. 

arXiv:1412.3037v2 [physics.ed-ph]. 

https://arxiv.org/ftp/arxiv/papers/1412/1412.3037.pdf.  

Renshaw, P., and R. A. J. Brown. 2007. “Formats of Classroom Talk for Integrating Everyday 

and Scientific Discourse: Replacement, Interweaving, Contextual Privileging and 

Pastiche.” Language and Education 21 (6): 531-549. doi:10.2167/le710.0 

Rinke, C. R., W. Gladstone‐Brown, C. R. Kinlaw and J. Cappiello. 2016. “Characterizing 

STEM Teacher Education: Affordances and Constraints of Explicit STEM 

Preparation for Elementary Teachers.” School Science and Mathematics 116 (6): 300-

309. doi:10.1111/ssm.12185 

Roth, W. M., and A. Calabrese Barton. 2004. Rethinking Scientific Literacy. New York: 

Routledge Falmer. 

Shenton, A. K. 2004. “Strategies for Ensuring Trustworthiness in Qualitative Research 

Projects.” Education for Information 22 (2): 63-75. doi:10.3233/EFI-2004-22201 

Shulman, L. 1987. “Knowledge and Teaching: Foundations of the New Reform.” Harvard 

Educational Review 57 (1): 1-23. doi:10.17763/haer.57.1.j463w79r56455411 

http://dx.doi.org/10.1016/j.bushor.2016.01.003
http://dx.doi.org/10.2167/le710.0
http://dx.doi.org/10.1111/ssm.12185
http://dx.doi.org/10.3233/EFI-2004-22201
http://dx.doi.org/10.17763/haer.57.1.j463w79r56455411


39 | P a g e  
 

Stoddart, P. 2015. “Using Educational Technology as an Institutional Teaching and Learning 

Improvement Strategy?” Journal of Higher Education Policy and Management 37 

(5): 586-596. doi:10.1080/1360080X.2015.1079401 

Tal, T., and Y. Kedmi. 2006. “Teaching Socioscientific Issues: Classroom Culture and 

Students’ Performances.” Cultural Studies of Science Education 1 (4): 615-644 

doi:10.1007/s11422-006-9026-9 

Thomson, S., L. De Bortoli, L, and C. Underwood. 2017. PISA 2015: Reporting Australia's 

Results. Accessed February 8, 2018 

https://research.acer.edu.au/cgi/viewcontent.cgi?article=1023&context=ozpisa.. 

Van Driel, J. H., D. Beijaard and N. Verloop. 2001. “Professional Development and Reform 

in Science Education: The Role of Teachers' Practical Knowledge.” Journal of 

Research in Science Teaching 38 (2): 137-158. doi:10.1002/1098-

2736(200102)38:2%3C137::AID-TEA1001%3E3.0.CO;2-U 

Vygotsky, L. 1987. “Thinking and Speech.” In The Collected works of L.S. Vygotsky, Volume 

1: Problems of General psychology, edited by Rieber Robert W. and Aaron S. Carton, 

New York: Plenum Press. 

Walczyk, J. J., and L. L. Ramsey. 2003. “Use of Learner‐centered Instruction in College 

Science and Mathematics Classrooms.” Journal of Research in Science Teaching 40 

(6): 566-584. doi:10.1002/tea.10098 

Weaver, G. C., W. D. Burgess, A. L. Childress and L. Slakey, 2015. Transforming 

Institutions: Undergraduate STEM Education for the 21st Century. West Lafayette, 

IN: Purdue University Press. 

Wieman, C., K. Perkins, and S. Gilbert. 2010. “Transforming Science Education at Large 

Research Universities: A Case Study in Progressxs.” Change: The Magazine of 

Higher Learning 42 (2): 6-14. doi:10.1080/00091380903563035 

http://dx.doi.org/10.1080/1360080X.2015.1079401
http://dx.doi.org/10.1007/s11422-006-9026-9
http://dx.doi.org/10.1002/1098-2736(200102)38:2%3C137::AID-TEA1001%3E3.0.CO;2-U
http://dx.doi.org/10.1002/1098-2736(200102)38:2%3C137::AID-TEA1001%3E3.0.CO;2-U
http://dx.doi.org/10.1002/tea.10098
http://dx.doi.org/10.1080/00091380903563035


40 | P a g e  
 

Wienk, M. 2017. Discipline Profile of the mathematical Sciences 2017. Victoria, Australia: 

The University of Melbourne on Behalf of the Australian Mathematical Sciences 

Institute. Accessed February 8, 2018. 

http://amsi.org.au/wp-content/uploads/2017/10/discipline-profile-2017-web.pdf.  

Wilson, R., and J. Mack. 2014. “Declines in High School Mathematics and Science 

Participation: Evidence of Students’ and Future Teachers’ Disengagement with Maths.” 

International Journal of Innovation in Science and Mathematics Education 22 (7): 35-

48. 

 

  



41 | P a g e  
 

Figure Captions 

 

Figure 1.  Dynamic network of participants across the phases of the change process. 
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