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TOPICS: Curricular approaches to integrating mathematics and sciences; importance of 

mathematical modelling and interdisciplinarity for studying and learning STEM; the role of 

technology in connecting mathematics, arts, and sciences. 

BACKGROUND AND AIMS 

In our presentation, we discuss possibilities for multidisciplinarity in teacher education and 

challenge a conventional view on Science, Technology, Engineering, and Mathematics (STEM) 

teacher upbringing. Our overarching claim is that the existence of the STEM acronym does not 

guarantee a coherent and cohesive approach to STEM teacher education and STEM learning. We 

start by reflecting on the development of mathematics and science over the last few centuries and 

juxtaposing it with changes in mathematics and science education at K-16+ levels over the last 

hundred years. Then,  we consider how the present educational system is not necessarily conducive 

to the adoption of authentic and humanistic multidisciplinary approaches to science and 

mathematics learning (Galili, 2011; Hottecke, Henke, & Riess, 2010).  

The ongoing resurgence of calls to create robust STEM education for 21st century and to build 

bridges between the STEM fields (Li, Wang, Xiao, & Froyd, 2020) indicates that this goals has 

not been achieved yet. What is needed, is to develop an approach for STEM education that 

incorporates epistemological and pedagogical commonalities and tensions between different fields 

and implement it in teacher education. For example, “mathematics and science have often 

proceeded along parallel tracks, with mathematics focused on ‘problem solving’ while science has 

focused on ‘inquiry’” (Li & Schoenfeld, 2019, p. 7).  Moreover, educating students in STEM by 

teachers who likely lack the necessary multidisciplinary content background and have limited 

knowledge in the history and philosophy of STEM, is problematic. Consequently, many students 

perceive STEM as a group of loosely connected fields without acquiring the skills and abilities to 

traverse the fields’ boundaries. Thus, it is not surprising that despite the ongoing STEM education 

efforts, the interest in STEM has stagnated over recent decades (Chachashvili-Bolotin, Lissitsa, & 

Milner-Bolotin, 2021; Chachashvili-Bolotin, Milner-Bolotin, & Lissitsa, 2016). 

The tensions between teaching different STEM subjects are clearly visible in the current 

mathematics and science education (Ben-David Kolikant, Martinovic, & Milner-Bolotin, 2020; 

Martinovic & Milner-Bolotin, 2020). While in Canada teacher education varies from province to 

province, we have observed some common challenges in preparing future STEM teachers, which 

could be alleviated through collaboration within and between multidisciplinary teams of educators. 

We also observed how the expectation that the use of technology will automatically coalesce the 

STEM fields has not materialized.  

One approach to deal with these issues is what Henderson et al. (2017) call, a Discipline-based 

Education Research (DBER). It is grounded in the idea that education in each of the STEM fields 

benefits from research that unites the specific content, culture, and methods of the discipline with 



the general discipline of education research. The authors further envision establishing a cross-

discipline STEM DBER alliance, as a way for improving STEM research and teaching, and for 

creating a unified voice to dialogue with policy makers. 

Our multi-year collaboration has shown that a way forward in any authentic multidisciplinary 

teaching approach may be to “re-emphasize the nature … of [each] STEM [discipline]—as a sense-

making activity” (Li & Schoenfeld, 2019, p. 1) and to strive towards enriching the students’ 

experiences of the discipline. We agree with Hallström and Schönborn (2019) that “models and 

modelling can be used as a basis to foster an integrated and authentic STEM education and STEM 

literacy” (p. 1). Kertil and Gurel (2016) emphasize that teaching modelling requires more 

interpretive skills from teachers which is a challenge that could be addressed through 

multidisciplinary collaborations, such as ours.  

In one of our latest publications (Martinovic & Milner-Bolotin, 2021), we explored four well-

known frameworks: Kolb’s Experiential Learning Cycle (Kolb, 1984); Gardiner’s Framework for 

Epistemic Control (Gardiner, 2020); Model-Based Inquiry Learning (Windschitl, Thompson, & 

Braaten, 2008), and the framework for teaching modelling (Carlson, Wickstrom, Burroughs, & 

Fulton, 2016).  As a result, we proposed an Educational Framework for Modelling in STEM which 

describes both teacher and student roles in the modelling cycle. We further used this framework 

to suggest how it could be implemented in teacher pre-service education and in-service 

professional development. This framework may be helpful in addressing the challenges mentioned 

above. By introducing students and teachers to the process of modelling, we can start building the 

common STEM language and move beyond the acronym to create authentic and humanistic STEM 

learning environments. 
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