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There is a need for approaches to understand the teaching and learning of STEM and STEAM in
schools in order to prepare preservice teachers for innovative classroom practice. In this paper we
use a combined design approach to examine the activity of school students, preservice teachers
and graduate STEAM students in two STEM Studios at a University in Queensland. We present
our revised conceptual model based on earlier iterations as part of an OLT funded project.
Multimodal learning analytics approaches will be applied in order to understand the integration of
knowledge processes, epistemic cognition, collaboration and tool use.
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Introduction

STEM Studios or makerspaces provide interested students and community members with space, resources and
expertise to create technology-based solutions. In STEM Studios, coding and programming are authentically
linked to robotics, electronics, and more complex creative work. In parallel with, and to support, the integration
of the Australian Curriculum in Technologies (ACARA, 2016), makerspaces have the potential to support
interdisciplinary, creative, collaborative problem solving for school students and teachers. In order to prepare
primary and secondary preservice teachers for this challenge, we need to understand STEM Studios as complex
learning environments, where multiple knowledge building processes, social interactions and specialist tool use
need to interact in order to complete an open-ended, evolving task. We invited school students from local
schools to work on projects for a STEM competition at two STEM Studios located on Queensland University
campuses, outside normal school hours, one afternoon a week, for eight weeks. In order to understand the
relationship between design, learner activity, and learning outcomes, we are taking a combined design approach
(Thompson, Gouvea & Habron, 2016). This combined design approach draws on Sandoval’s (2014) conjecture
mapping to guide the design based research, and Carvalho & Goodyear’s (2014) activity centred analysis and
design (ACAD) framework to guide the analysis of the design in relation to activity and learning outcomes. In
the context discussed in this paper, learners include school students (using a STEM Studio as an after school
club), preservice teachers (volunteering at the STEM Studio), as well as graduate students (volunteering from
science, engineering and the arts).

Multiple sources of data including video, audio, screen capture, as well as physical artefacts, and questionnaires
and interviews (Thompson, Ashe, Carvalho, Goodyear, Kelly & Parisio, 2013) will be collected. Data will be
extracted to examine gaze (e.g. Worsley & Blikstein, 2015), movement (e.g. Raca & Dillenbourg, 2014; Raca,
Tormey & Dillenbourg, 2013), discourse (e.g. Thompson, 2013), and artefact creation (e.g. Oviatt & Cohen,
2014) in order to understand the integration of knowledge processes, epistemic cognition, collaboration, and tool
use. The ultimate aim of the research is to understand a) the complex nature of school students’ learning in such
spaces; b) implications for preservice teacher practice; c) scientists’ appreciation of communication of STEAM
practices and concepts; and d) to refine the STEM studio model for its inclusion as a formal course for
preservice education students. In this paper, we present our initial conceptual model of the project, based on
research from previous iterations of the STEM Studio project.

The STEM Studio approach builds on recent research (Brandt, Cennamo, Douglas, Vernon, McGrath & Reimer,
2013; Gershenfeld, 2005; Blikstein, 2013) as well as ongoing work by members of the project team as part of
the OLT funded STEP-UP project (www.stepup.edu.au). Makerspaces (Rosenfeld Halverson, & Sheridan,
2014), FabLabs (Gershenfeld, 2005; Blikstein, 2013), and STEM Studios (Brandt et al., 2013) are informal
spaces, for community members, or after-school clubs (Evans, Lopez, Maddox, Drape, & Duke, 2014), that
provide opportunities for students to learn through the creation of innovative solutions. It is an effective learning
environment in informal (e.g. Brandt et al., 2013; Evans et al., 2014), and formal contexts (e.g., Blikstein, 2013;
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Loristen Girls School, 2016), however the role of the teacher and the complex nature of the learning in these
contexts have not been investigated.

In this STEM Studio approach, we encourage preservice teachers to consider an interdisciplinary approach to
problem solving (Pennington, 2016). This interdisciplinary approach to teaching encourages a wide variety of
knowledge and skills drawn from the Sciences (technology, maths, engineering) and the Arts (literacies, design,
humanities) (Brady, 2014; Wintermann & Malacinski, 2015). We need to understand how teachers negotiate
these relationships, and how they, and their students, can best be supported in the STEM Studio and outside it.
The potential of STEM Studios lies in the intersection of the pedagogical approach, access to resources, and the
collaborative nature of the learning. In order to solve a problem, students must integrate the specialised methods
of multiple disciplines, negotiate social interactions, and apply this to creative work using new tools. If teachers
are to scaffold students through these complex real world dilemmas, we need to understand what productive
work in STEM Studios looks like.

Previous iterations of this STEM Studio approach focused on the role of self-efficacy in the practice of
preservice teachers. Bandura (1977) defines self-efficacy as one’s belief in their own ability to achieve a task.
Based on work within social cognitive theory (Bandura, 1997) it acknowledges an interactive dynamic between
beliefs, attitudes and opinions (our cognition) and our performance on a task (our behaviour). Whilst the impact
of students’ self-efficacy has been shown to be predictive of study behaviour (Zimmerman, Bandura &
Martinez-Pons, 1992) as well as academic outcomes (Multon, Brown & Lent, 1991), a focus on teacher self-
efficacy in the literature has been a more recent phenomenon (e.g., Fives, Hamman & Olivarez, 2007; Martin,
Sass & Schmitt, 2012; Wheatley, 2005). Measurements of teacher self-efficacy are also suitable for the current
study of pre-service teachers as direct measurements of the ability to teach in authentic contexts cannot be
observed and previous studies (Albion, 1999) have shown self-efficacy ratings are a reliable predictor of future
performance. The Norwegian Teacher self-efficacy scale (Skaalvik & Skaalvik, 2010) was chosen as the
validated instrument to measure pre-services teacher self-efficacy pre- and post-intervention.

Methods

In this iteration of the STEM Studio approach, there are two informal learning environments, each on one of two
university campuses at a Queensland University. School students can work on STEAM (Science, Technology,
Engineering, Arts and Mathematics) projects outside normal school hours with the help of preservice teacher
education students, graduate science and arts students, and researchers. Our research focuses on (1) schoo!l
students, aged between 12-16 years, who wish to enter projects into a STEM competition; (2) preservice teacher
volunteers; and (3) STEAM graduate student volunteers.

Multiple sources of data (video, audio, screen capture, as well as physical artefacts, and questionnaires and
interviews) will be collected to examine gaze, movement, discourse, and artefact creation (e.g., coding,
drawing). We aim to use these analyses to understand the integration of knowledge processes, epistemic
cognition, collaboration, and tool use. This work will build on research in the application of automated and
semi-automated methods to understand learner and instructor activity in complex learning environments (e.g.
Martinez-Maldonado, Goodyear, Kay, Thompson & Carvalho, 2016; Thompson, Ashe, Carvalho, Goodyear,
Kelly & Parisio, 2013; Raca & Dillenbourg, 2013; Worsley & Blikstein, 2015). In multimodal learning analytics
(Blikstein, 2013), multiple modes of activity are considered, and a more systemic view of a learning situation is
adopted as the results of the analyses are recombined in order to develop a model of understanding (Thompson,
2013). This research aims to be actionable, developed in combination with practitioners, with the aim of being
able to use it to make decisions (Beardsley, 2011).

Results and Discussion

The STEM Studio project was first conducted in 2015 as one of three approaches under an OLT funded project
to improve STEM Teacher Education. In the first iteration, training was provided in inquiry approaches, and in
the tools used for communication between participants outside of face-to-face meetings. This first iteration
focused only on preservice teachers, and relied on measuring changes in teaching self-efficacy. A comparison of
preservice teacher teaching self-efficacy using the Norwegian Teacher Self Efficacy scale (Skaalvik & Skaalvik,
2010), pre- and post-intervention showed significant differences in three scales: (1) perceived ability to adapt
instruction to individual needs; (2) maintain discipline; and (3) cope with change, all with medium effect sizes
(Cohen, 1988). Researcher observations from the other STEM Studio approaches indicated that the inclusion of
graduate students and other academics as STEM experts was successful. Based on these findings, as well as the
need to better understand the activity of learners and preservice teachers that occurred during the STEM Studio
sessions, the design of the research was modified for the 2016 iteration of the project.
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We present the new design using the combined design approach (Thompson, Gouvea & Habron, 2016) in Figure
1 below. There are four key changes to the design of the research. First, we expanded our definition of
“learners” beyond preservice teachers to include the graduate students, and school students. Broadening this
definition means that design elements now include training for preservice teachers and graduate students in all
inquiry approaches, as well as in the tools for collaboration. Second, we consider constructionism (Papert, 1980)
and elements of interdisciplinary problem solving (Pennington et al., 2016) to be core to the processes of
knowledge construction. Third, we expanded the physical and digital learning environment to include tools for
technology and engineering (more commonly aligned with ‘makerspaces’ (Rosenfeld-Halverson & Sheridan,
2014)). Finally, we expanded our analysis to include the activity of all learners.
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Figure 1: Iteration 2 of STEAM Room

In Figure 1, design (D1-D4) and theoretical (T 1-T3) conjectures are identified relating to the role of school
students, preservice teachers, and graduate students. The design conjectures are that:

(D1) Graduate students will collaborate with other learners to help identify appropriate methods of
inquiry;

(D2) Preservice teachers will collaborate with graduate students to help communicate concepts and
methods of inquiry to school students;

(D3) The expanded physical environment will provide opportunities for new ways of explaining; and
(D4) The interdisciplinary approach will facilitate collaboration between learners.

The theoretical conjectures are that:

(T1) Training and its application will improve self-efficacy for preservice teachers;
(T2) The interdisciplinary approach will improve preservice teachers’ collaboration skills; and
(T3) Graduate students’ mentoring skills, communication skills, and collaboration skills will improve.

We also expect to be able to describe the interactions between school students, preservice teachers, and graduate
students using the multimodal learning analytics described earlier. Previous work has focused on the analysis of
discourse to identify patterns of idea generation (Thompson, Ashe, Yeoman & Parisio, 2013), and problem
solving (Thompson, 2013). We aim to add to this by examining the role of the creation of mediating artefacts in
the creation of STEM solutions. We also aim to investigate STEM and STEAM as a process of interdisciplinary
problem solving, and the role of the integration of different perspectives in the creation of solutions.

Conclusions

There is a need for approaches to understand and design for the teaching of STEM and STEAM in schools in
authentic and integrated ways. Investigating the detail of how a studio approach to learning and teaching STEM
in an informal context has the potential to give us insights into how and what to integrate into classroom
practice. By using the combined design approach, we aim to conduct ongoing, design-based research into the
relationships between design, learner activity and learning outcomes. In addition, the use of multimodal learning
analytics techniques will build on work that aims to apply a synthetic, systems approach to understanding
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complex learning environments. This will have implications for the opportunities for learning that we provide
for our preservice teachers, to best equip them for innovative classroom practice.
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