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Globalisation, the redefinition and expansion of knowledge, technological advances and ways in which 

organisations and institutions operate, have forever altered the world of work, with the field of education no 

exception (Patton, 2009). The two key reasons why the knowledge society (Hargreaves, 2003) remains strong 

are the technological development promoting the sharing and social construction of knowledge through global 

networks and an economic system in which knowledge functions as a commodity. Students are now able to 

access worldwide education systems through online learning communities and are assessed on a global scale 

using international comparative measures. The Programme for International Student Assessment (PISA) 

measures the strength of a nation's education system (Organisation for Economic Co-Operation and 

Development (OECD), 2010). In the 21st century, Australia’s capacity to provide a high quality of life for all will 

depend on the ability to compete in the global economy on knowledge and innovation. Education equips young 

people with the knowledge, understanding, skills and values to take advantage of opportunity and to face the 

challenges of this era with confidence. 

The role of schools and educators has changed significantly over the past 30 years, driven by a range of 

different competing imperatives such as globalisation, advances in technology and shifting political views. 

Additionally, the demands of the parents, students and society in general have been transformed, with schools 

now responsible for not only the delivery of the academic curriculum but also being required to meet the social 

and psychological needs of students in order to prepare them for the world in which they live (Degenhardt and 

Duignan, 2010). On December 11, 2016, the Sydney Morning Herald reported a decline in scores and global 

tests in Australia’s Program for International Students Assessment (PISA, http://www.oecd.org/pisa/aboutpisa / 

It tackled issues of how to prepare young people for future careers as well as the limited financial support and 

encouragement in the area of mathematics, science and the development of critical thinking. 

In the 2016-2017 budget the Australian Government responded to these challenges with the provision 

of funding for through the National Innovation and Science Agenda. It allocated $112.2 million for initiatives to 

increase and promote participation by students and the wider community in Science, Technology, Engineering 

and Mathematics (STEM) and to improve digital literacy skills of students in Stage Three of primary schooling, i.e. 

Years 5 and 6. 

Accessing the Australian Government’s funding initiative in Innovation and Science, the New South Wales 

(NSW) Department of Education, allocated $64.6 million for initiatives in digital literacy and STEM for the 2016-

2017 school years. NSW also recognised the need to have highly effective teachers in schools and has established 

the targeted teaching program which employs experienced teachers as instructional leaders to coach other 

teachers. This is in line with the research echoed by the Grattan Institute’s Education Program 

1.0 INTRODUCTION 
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Director, Peter Goss who emphasises that the most important element in achieving improved learning outcomes 

for students is to provide in-school professional learning opportunities (Goss and Sonnemann, 2017). This supports 

earlier research from Kemmis and McTaggart (1988) regarding teacher professional learning who stated that it is 

paramount for teachers to be placed at the centre of school improvement and provided with the necessary 

resources to critically investigate their work in the context of the learning environment. Furthermore, Fullan 

(2006) believes that it is imperative for educators to understand, engage and embed the purpose of making the 

change into their everyday teaching and learning practice. 

 

Primary schools across Australia are implementing new methods of inquiry aimed at developing creativity and 

innovation in students. Design Thinking, which includes the development of skills in empathy, critical and creative 

thinking, is one model aimed at enhancing students’ creative confidence through problem solving. Although this 

model and others, such as project-based learning exist, little is available to support teacher professional learning 

for understanding how to effectively implement the design thinking process to support student learning. 

Design thinking is a human-centred process of solving problems. When a learner starts unfolding 

problems with empathy as a guiding principle, there is a lasting impact on the learning. Empathy involves 

observation of behaviour, interview with people, and immersion in people’s life experiences. It provides an 

invaluable contribution in understanding not only the problem, but the people or users themselves. In order to 

grasp the totality of a student inquiry in learning, sometimes called a problem to investigate, students need to 

have a clear understanding of who the users are and of the design space. This will lead to the second stage of 

design thinking – defining the problem. Once a problem is identified and defined, learners can then generate ideas 

to explore all the possible solutions (Carroll, 2015). 

In a case study by Carroll, Goldman, Britos, Koh, Royalty & Hornstein (2010), it was established that 

design thinking is an approach to learning that focuses on developing students’ creative confidence. According 

to Carroll, et al., design thinking engages students in hands-on projects that focus on building empathy, 

promoting a bias toward action, encouraging ideation, and fostering active problem solving. There is a higher 

degree of self-expression, collaboration, and risk-taking along with design challenges that provide students with 

an opportunity to develop both the skills and tools needed to actively participate in a society when faced with 

complex problems. 

It is logical for teachers to look for processes that support the integration of design thinking and the 

development of critical and creative thinking into the classroom setting. However, in the same study mentioned 

above, a struggle between design thinking and academic content learning was present (Carroll,et al.,2010). 

Teachers  struggled  with  incorporating  a  new  method  of  learning  such  as  design  thinking  with established 

1.1 THE CONTEXT OF THIS STUDY 
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instructional goals. There was a tension evident between these two practices. This research emphasizes the need 

to provide educators with necessary skills to implement the process of design thinking in order to support the 

development of critical and creative thinking skills in students. The design thinking process will be taught within 

the context of Science and Technology education. This study will explore how primary teachers use design thinking 

processes in Science and Technology education through the support of structured professional learning 

opportunities. 

 

The Archbishop’s charter for Catholic Schools in the Archdiocese of Sydney states that teachers are called 

to nurture students’ love of learning through a pedagogy that fosters the development of the intellect, moral 

knowledge, understanding and reasoning in a relational, social and cultural context (The Archbishop’s Charter for 

Catholic Schools: Archdiocese of Sydney, 2011). Over the last two years, Sydney Catholic Schools has focused on 

the discourse known as ‘authentic learning’ (Starratt, 2004; Bezzina, 2008; and Duignan, 2008). The Archdiocese 

of Sydney Authentic learning statement (2014) states that: 

Authentic learning is at the very heart of the work of the Catholic school, reflecting Jesus’ own driving 

imperative that humanity “would have life, and have it to the full” (John 10:10). 

In Catholic schools of the Archdiocese of Sydney, authentic learning is strongly promoted as honouring 

the dignity of learners, building on their prior experience, personal interests and innate potential. It promotes the 

continual growth and wellbeing of the whole person, a key component expressed within the Sydney Catholic 

School’s vision and mission statement. 

Duignan’s (2007b) research captures the essence of what Sydney Catholic Schools is trying to achieve. 

He believes that authentic learning is “not only about taking and processing new knowledge and skills for 

oneself but is also about giving of one’s unique humanity to others and to the community” (p. 3) making a 

difference in society and to the lives of people with whom we come in contact. In adapting ideas from Starratt 

(2004), Duignan explains that in elevating and enhancing students’ life chances, teaching and learning processes 

engage students in deep and meaningful learning experiences,that are constantly constructed and 

reconstructed to respect the particular needs and circumstances of the learners. The following key conditions 

for authentic learning underpin the philosophy adapted by Sydney Catholic Schools as necessary for students to 

develop: 

 
1. personal meaning through their learning (students must be able to connect their learning to the personal 

circumstances of their lives and give them hope for a better future); 

1.1.1 CATHOLIC SCHOOL CONTEXT 
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2. greater awareness of relationships between the self and the subject/object of study (information and 

knowledge must be personalised to be useful and this process can generate greater self-belief and 

confidence); 

 
3. respect for the integrity of the subject/object of study (the subject matter is sacred in that it equips them 

with tools for living and for life); 

 
4. more fully as human beings (be transformed into fully functioning human beings (Duignan, 2007b, p. 4). 

 

In designing curriculum, pedagogical reform needs to ensure that learning is meaningful, significant 

and worthwhile where students, their needs and circumstances, are at the core of their efforts. Otherwise, 

according to Duignan (2007b), students will probably become disinterested and disengaged. Newmann (1996) 

would support Duignan’s view on authentic learning stating that, authentic pedagogy must also have the three 

qualities of disciplined inquiry, the construction of knowledge and adding value to learning beyond schools; all 

three being linked to what is meaningful, significant and worthwhile learning. 

 

At the heart of the Melbourne Declaration on the Educational Goals for Young Australians is the focus on 

improving educational outcomes for young Australians. The goals included promoting equity and excellence and 

nurturing confident, creative, active and informed citizens (MCTEEYA, 2008). Confident and creative individuals 

have a sense of optimism about their lives and the future. They show initiative and exhibit creative abilities – 

developing personal values and attributes such as honesty, resilience, empathy and respect for others. 

The general capabilities listed in the Australian Curriculum play a significant role in equipping young 

Australians to live and work successfully in the 21st century. Students demonstrate the development of these 

capabilities when they apply knowledge and skills confidently, effectively and appropriately in complex and 

changing circumstances, in their learning at school and through making real life connections and applications. The 

Australian Curriculum (2013) explicitly states the importance of including creative and critical thinking in teaching 

and learning: 

“Students develop capability in critical and creative thinking as they learn to generate and evaluate 

knowledge, clarify concepts and ideas, seek possibilities, consider alternatives and solve problems. 

Critical and creative thinking involves students thinking broadly and deeply using skills, behaviours and 

dispositions such as reason, logic, resourcefulness, imagination and innovation in all learning areas at 

school and in their lives beyond school.” 

1.1.2 THE AUSTRALIAN CURRICULUM  CONTEXT 
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The Australian Curriculum (2013) claims that critical thinking “is at the core of most intellectual activity 

that involves students learning to recognise or develop an argument, use evidence in support of that argument, 

draw reasoned conclusions and use information to solve problems (Australian Curriculum, 2013, p.15-16). 

Thinking skills identified as interpreting, analysing, evaluating, explaining, sequencing, reasoning, comparing, 

questioning, inferring, hypothesising, appraising, testing and generalising are the core of critical thinking. 

Wagner (2010) identified seven essential skills that can improve students’ learning: critical thinking and 

problem solving, effective communication skills, ability to access and analyse information, collaboration across 

networks, initiative and entrepreneurship, agility and adaptability, and more importantly curiosity and 

imagination. He stated that curiosity and imagination are undoubtedly wellsprings of innovation. These are both 

essential in building innovation. These skills and processes should be at the heart of every decision a teacher 

makes. According to Wagner, it is paramount in providing students with the tools to be successful in their chosen 

career, including those that have not yet been created. 

The ACARA website (https://www.australiancurriculum.edu.au/f-10-curriculum/general- 

capabilities/critical-and-creative-thinking/) describes creative thinking as students learning to combine parts to 

form something original, sifting and refining ideas to discover possibilities, constructing theories and objects,  and 

acting on intuition. Dispositions such as inquisitiveness, reasonableness, intellectual flexibility, open- and fair-

mindedness, a readiness to try new ways of doing things and consider alternatives, and persistence  promote and 

are enhanced by critical and creative thinking. 

The Australian Curriculum: Technologies (https://www.australiancurriculum.edu.au/f-10- 

curriculum/technologies/) emphasises the importance of all students benefit from learning about and working 

with traditional, contemporary and emerging technologies that shape the world in which they live. By applying 

their knowledge and practical skills and processes when using technologies and other resources to create 

innovative solutions, independently and collaboratively, they develop knowledge, understanding and skills to 

respond creatively to current and future needs. 

The Australian Curriculum: Technologies (https://www.australiancurriculum.edu.au/f-10- 

curriculum/technologies/) integrates two distinct but related subjects: 
 

● Design and Technologies, in which students use design thinking and technologies to generate and 

produce designed solutions for real life problems. 

● Digital Technologies, in which students use computational thinking and information systems to define, 

design and implement digital solutions. 

http://www.australiancurriculum.edu.au/f-10-curriculum/general-
http://www.australiancurriculum.edu.au/f-10-
http://www.australiancurriculum.edu.au/f-10-
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The Technologies learning area provides information that leads teachers to engage students in critical and 

creative thinking, including understanding interrelationships in systems when solving complex problems. A 

systematic approach to experimentation, problem-solving, prototyping and evaluation instils in students the value 

of planning and reviewing processes to realise ideas. Many teachers use the process known as design thinking to 

support students to learn how to use experimentation, problem-solving, prototyping and evaluation. 

 
 

 

The NSW Science K–10 Syllabus (http://educationstandards.nsw.edu.au/wps/portal/nesa/k- 10/learning-

areas/science) provides students with opportunities to develop critical and creative thinking skills through asking 

and posing questions, making predictions, engaging in first-hand investigations and design projects, problem 

solving, making evidence-based decisions, and analysing and evaluating evidence. Critical and creative thinking 

are embedded in the skills and processes of Working Scientifically and Working Technologically (2013) 

(http://syllabus.nesa.nsw.edu.au/science/science-k10/learning-across-the-curriculum/). 

Creative thinking enables the development of ideas that are new to the individual, and this is intrinsic 

to the development of scientific understanding. According to the Australian Curriculum ‘Scientific inquiry 

promotes critical and creative thinking by encouraging flexibility and open-mindedness as students speculate 

about their observations of the world and the ability to use and design new processes to achieve this.’ 

(https://www.australiancurriculum.edu.au/f-10-curriculum/general-capabilities/critical-and-creative-thinking/). 

Students’ conceptual understanding becomes more sophisticated as they actively acquire an increasingly 

scientific view of their world and the ability to examine it from new perspectives. 

 

The purpose of this study is to determine how the participants understand critical and creative thinking using a 

design thinking model in the context of their teaching. 

The following questions form the basis of the study: 

 
1. How does teachers’ understanding of critical and creative thinking influence their pedagogy in Science 

and Technology? 

2. How does teachers’ understanding of critical and creative thinking influence student behaviours in 

Science and Technology? 

1.1.3 NEW SOUTH WALES EDUCATION STANDARDS AUTHORITY  (NESA) 

1.2 PURPOSE OF THE  STUDY 

http://educationstandards.nsw.edu.au/wps/portal/nesa/k-
http://syllabus.nesa.nsw.edu.au/science/science-k10/learning-across-the-curriculum/)
http://syllabus.nesa.nsw.edu.au/science/science-k10/learning-across-the-curriculum/)
http://www.australiancurriculum.edu.au/f-10-curriculum/general-capabilities/critical-and-creative-thinking/)
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There is substantial research and literature in the development and nature of critical and creative thinking 

but not on the teaching of these general capabilities. These reinforce problem finding, idea generation, idea 

evaluation, brainstorming and metacognition. According to The Australian Curriculum (General Capabilities, p.3), 

critical and creative thinking were named by theorists as dispositions (Tishman, Perkins and Jay, Ritchhart, Church 

and Morrison), taxonomies of skills (Bloom; Anderson, Krathwohl), habits and frames of mind (Costa and Kallick; 

Gardner; de Bono), thinking strategies (Marzano, Pickering and Pollock), and philosophical inquiry (Lipman, Sharp 

and Oscanyan). These views contributed to the development of the critical and creative thinking capability. 

Sternberg (1986) a professor on human development believes that the skills involved in developing intelligence 

are made up of three areas: metacomponents, performance components, and knowledge- acquisition 

components. Sternberg’s philosophical approach underscored that critical thinking as an ideal type, focuses on 

what people are capable of doing under the best of circumstances. This is pertinent to this study as the 

professional learning provided to teachers strives to provide both students and teachers with the best 

circumstances of which to engage with the development of critical and creative thinking. 

 

Glaser (1941) believes critical thinking requires an intentional search for truth based on the available 

body of knowledge and evidence. Ennis (1962) describes critical thinking as a correct assessment of statements, 

a reflective and reasonable thinking that is focused on deciding what to do or believe. It is a process of evaluation 

or categorization in terms of some previously accepted standards. It is a logical examination of data which avoids 

fantasies and judgments on an emotional basis only (Russel, 1960). Critical thinking is the use of cognitive skills or 

strategies that increase the probability of a desirable outcome. It is used to describe thinking that is purposeful, 

reasoned, and goal directed – the kind of thinking involved in solving problems, formulating inferences, calculating 

likelihoods, and making decisions, when the thinker is using skills that are thoughtful and effective for the 

particular context and type of thinking task (Halpern, 2001, p. 14). Therefore, critical thinking comprises the use 

of cognitive skills in formulating a fact-based and logical decision. 

 

Similarly, creativity is another term which too has multiple definitions and is complex in its own right. 

Young (1985) defines creativity as “a skill of bringing about something new and valuable.” Creative people see 

things from different vantage points. They take risks and fail, they play with ideas and think wild possibilities. 

Creativity is not mysterious; it is the modification of an old idea or combination of old and new idea (Davis & Rimm, 

1982). 

2.0 REVIEW OF THE  LITERATURE 
2.1 INTRODUCTION 

2.2 CRITICAL THINKING 

2.3 CREATIVE THINKING 
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Creativity is the ability to solve problems and fashion new or ideas and to raise new questions (Gardner, 

1993). But it may not be enough merely to generate ideas: often its value is determined by its importance to 

others. Gruber & Wallace (1999) believe that a creative idea must be new and must be given value by some 

external criteria. Robinson (2001) describes creativity as ‘imaginative processes with outcomes that are original 

and of value’. The value of creativity is recognised in education. It has an invaluable contribution to human 

knowledge and introduction of new ideas (Fisher, 2001). People may not always be open to changes and new 

paradigms. However, it does not limit creativity from unravelling new ways to innovate and discovering new 

pathways of change (Gardner, 1993). 

 

Meyers (1986) highlighted four essential elements that must be present in the learning environment in 

order to develop students’ critical and creative thinking. They are a stimulation of student interest, the creation 

of meaningful discussion, the exposure to the thoughts and views of others and fostering of a supportive and 

trusting atmosphere. Critical and creative thinking are equally important because critical thinking is necessary to 

judge new ideas, processes and products which have been generated by creative thinking (Fisher, 2002). Both 

approaches are essential for honing the teachers’ skills in delivering an effective and adaptive teaching method 

in the classroom. As written in the Australian curriculum (https://www.australiancurriculum.edu.au/f-10- 

curriculum/general-capabilities/critical-and-creative-thinking/), 

“responding to the challenges of the twenty-first century – with its complex environmental, social and 

economic pressures – requires young people to be creative, innovative, enterprising and adaptable, 

with the motivation, confidence and skills to use critical and creative thinking purposefully”. 

 

The NSW Technology curriculum (http://syllabus.nesa.nsw.edu.au/science/science-k10/) has a long 

history of embedding design thinking into syllabuses. Teachers are expected to exemplify the process within their 

lessons and activities in the classroom. It is ideal that these methods are to be integrated in teaching Science and 

Technology in the primary schooling years. It provides students the opportunities to think outside the box, to be 

innovative, to learn to fail in a process leading to success, and to develop the skills to forestall  final answers and 

solutions. 

Design and Technologies engages students in creating quality designed solutions for identified needs and 

opportunities on technologies contexts. Students are able to manage projects independently and collaboratively 

from conception to realisation. Design and systems thinking and design processes are applied to investigate ideas, 

generate and refine ideas, plan, produce and evaluate designed solutions. Through this process, students develop 

a sense of pride, satisfaction and enjoyment from their ability to create innovative designed products, services 

and environments. 

2.4 CRITICAL AND CREATIVE  THINKING 

2.5 DESIGN THINKING 

http://www.australiancurriculum.edu.au/f-10-
http://syllabus.nesa.nsw.edu.au/science/science-k10/)
http://syllabus.nesa.nsw.edu.au/science/science-k10/)
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Design thinking is an orientation toward learning that encompasses active problem solving and believing 

in one’s ability to create impactful change. Embracing design thinking as an approach to problem solving leads to 

the development of creative confidence (Kelley & Kelley, 2013). The methodology involves the use of strategies 

for understanding design needs and opportunities, visualising and generating creative and innovative ideas, 

planning, and analysing and evaluating those ideas that best meet the criteria for success (Brown, 2009). 

 
 
 

 
Fig. 1. The Elements of Design Thinking (Design Thinking Action Lab 2013) 

 
The elements of design thinking described are fundamental concepts in technology and engineering 

education, design and technology education, and STEM education, and they support the skills necessary for 

computational thinking (NSW BOSTES, Support document: A guide to coding and computational thinking across 

the Curriculum, 2016). 



11  

 

In order to understand the very nature of learning, teachers need to understand the theory behind 

human development. Making the links to how we learn helps to appropriately design the learning process. 

 

The Constructivism theory focuses on how humans make meaning in relation to the interaction between 

their experiences and their ideas. Constructivism assumes that meaning is made by individuals through their 

experiences. Piaget captures what is common in children's thinking at different developmental stages and 

describes how this commonality evolves over time. On the other hand, Vygotsky is known for his theory of social 

constructivism, he believed that learning and development is a collaborative activity and that children are 

cognitively developed in the context of socialization and education. The perceptual, attention, and memory 

capacities of children are transformed by vital cognitive tools provided by culture, such as  history,  social context, 

traditions, language, and religion. For learning to occur, the child first makes contact with the social environment 

on an interpersonal level and then internalizes this experience. The earlier notions and new experiences influence 

the child, who then constructs new ideas. 

 

Building on the work of Piaget, Papert (1980) stresses the importance of tools, media, and context in 

human development. The focus of constructionism is on how learners engage in a conversation with their own  or 

other people’s artifacts, and how these conversations boost self-directed learning, and ultimately facilitate  the 

construction of new knowledge. Integrating both perspectives illuminates the processes by  which  individuals 

come to make sense of their experience, gradually optimizing their interactions with the world. 

Each of these theorists relate learning to the social context of life and the experiences of an individual 

and how they make meaning. For this reason, the case study methodology was deemed most appropriate as it 

provides opportunity to illuminate a particular phenomenon or to provide insight into the lives of those being 

studied (Merriam, 1998). Bassey (1999) views educational case studies as being able to illuminate educational 

policy and enhance educational practice (p. 3). This case study was concerned with uncovering the thinking 

behind the discourse of teachers about creative and critical thinking, through the systematic and reflective 

documentation of professional learning experiences. 

 

This study tour provided me with the opportunity to investigate the latest trends in engaging students 

in the maker movement and design thinking. The aim of this study was to research and identify examples of 

3.0 THEORETICAL FOUNDATION 

3.1 JEAN PIAGET’S AND LEV VYGOTSKY’S   CONSTRUCTIVISM 

3.2 SEYMOUR PAPERT’S  CONSTRUCTIONISM 

3.3 EXPERIENTIAL LEARNING  TESTIMONY 
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best practice when utilising design thinking processes andto share examples of high quality teaching with other 

professionals. 

1) The LEGO Papert Professor of Learning Research and head of the Lifelong Kindergarten group at the 

MIT Media Lab in Massachusetts provides insights into using technology with students in interesting 

and provocative ways. Also at the MIT Media Lab Scratch (https://scratch.mit.edu/about/) online 

community project of the Lifelong Kindergarten Group was described by Resnick. 

2) The Constructing Modern Knowledge conference in New Hampshire 

(http://constructingmodernknowledge.com/). This provided a hands on design thinking experience to 

create a product that helped others in community. There many challenges highlighted over the four 

days and lessons learnt certainly provided much thought on appropriate teacher pedagogy. 

3) The Denhac hackerspace in founded in 2012 in Denver (https://www.meetup.com/denhac- 

hackerspace/). It is a community space that provides a space for people of all ages to to learn, work on 

tech projects, socialize and collaborate. 

4) Staten Island Makerspace in New York provided an insight into the power of creating a community 

space for people to gather and have a shared experience of making together. The Staten Island 

Makerspace was founded by professional visual artists Scott Van Campen and DB Lampman in 2013 

(http://www.makerspace.nyc/si-makerspace-story). This experience highlighted how the importance of 

real life experiences and problems to solve making a difference to students learning and their lives in 

community. 

5) Exploring the understanding of design thinking in practice was the Stanford d.school 

(https://dschool.stanford.edu/). The d.school describes themselves as a hub for innovation, 

collaboration and creativity at Stanford, whose mission is to help people become everyday innovators, 

everywhere. David and Paul Kelley also contributed to the developing understanding of the impact of 

design thinking through their involvement at the stanford.d.school 

 

Mitch Resnick, the LEGO Papert Professor of Learning Research and head of the Lifelong Kindergarten 

group at the MIT Media Lab in Massachusetts has been teaching and learning technology with children since the 

early 1990s. Along the way he has developed innovative tools, philosophies, and approaches to pedagogy. 

Resnick focuses on the importance of learning how to learn over formal education structures, and creative 

approaches to learning. During Resnick’s presentation at the MIT Lab, he highlighted what many of us already 

know, that the world is changing more rapidly than ever before. Today’s children will be confronted with a 

never-ending stream of unpredictable situations. Their success and happiness will depend upon their ability to 

think and act creatively. But most of today’s educational systems and technologies are not designed to foster 

creative thinking. Resnick discussed strategies for helping young people develop as creative thinkers, based on a 

framework of Projects, Peers, Passion, and Play. The 'Four P's of Creativity' strongly align with the 

3.3.1 NURTURING CREATIVE CONFIDENCE THROUGH  CODING 

http://constructingmodernknowledge.com/)
http://constructingmodernknowledge.com/)
http://www.meetup.com/denhac-
http://www.meetup.com/denhac-
http://www.makerspace.nyc/si-makerspace-story)
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Constructionist approach to learning which emphasises on the value of learners playfully creating meaningful 

projects in collaboration with peers. He focused on technologies they are developing at the MIT Media Lab, such 

as Scratch programme to support this type of learning. 

 
Scratch (https://scratch.mit.edu/about/) is an online community project of the Lifelong Kindergarten 

Group at the MIT Media Lab. It is provided free of charge and gives opportunities for students to code their own 

interactive stories, animations, and games using the Scratch programming language. In the process, they learn 

to think creatively, reason systematically, and work collaboratively, essential skills for everyone in society. 

Resnick said his researchers and creatives at the MIT Media Lab operated in a flexible learning environment 

where they worked collaboratively with peers on projects they were passionate about. He said the playful spirit 

in this workplace paved the way for risk taking and thinking outside of the box. 

 
The 'Four P's of Creativity' are now described in more detail. 

 

A) Projects 

People learn best when they are working on meaningful projects with purpose. Unlike 

other coding programs where students solve short puzzles, Scratch introduced students to 

programming through projects so they learn to express themselves creatively as they learn to 

code. Scratch also provided students an opportunity to work on meaningful projects that 

required generating ideas, designing prototypes and refining iteratively. He suggested that 

learning to code by learning to solve logic puzzles is like learning to write by solving crossword 

puzzles. Students develop language fluency by writing stories - not playing word games and 

that students develop coding fluency by creating projects not just solving puzzles. 

B) Peers 

 
Collaborative learning nurtures creative confidence, with people sharing ideas and 

building on one another's work. The Scratch online community is a place where students can 

create and collaborate with other coders from around the world. Student work is given an 

authentic platform for sharing and inspiring others. All the projects created on the community 

website are covered by a Creative Commons License so that people can remix other one 

another's projects and build on their ideas. Interaction with peers is a key feature of the 

learning process using Scratch. 

C) Passion 

 
When people work on projects they care about, they work harder and longer They 

persist in the face of challenges and learn more in the process. To date, over 5 million projects 

https://scratch.mit.edu/about/
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have been shared on Scratch. What impressed Resnick about this figure was the diversity of 

the projects shared. Students have shared stories, games, interactive birthday cards, anime 

comic strips, interactive newsletters, virtual tours, dance contests, public service 

announcements and much more. They have done this through the creative use of music, 

sounds, graphics and photos. This use of media has enriched student projects and provided a 

means for them to express themselves creatively. 

D) Play 

 
As researchers in the MIT Lab they think of play as an attitude and approach to 

engaging in the world. Through play they take risks, try new things and test boundaries. Play is 

a process of tinkering, experimenting and exploring. Resnick stated that these aspects of play 

are central to the creative learning process and were in mind when they created the Scratch 

programming language. In Scratch students are able to tinker and experiment with projects. 

They can drag scripts, images and sounds from different projects and can declare their 

projects as drafts whilst they play with various features. 

 
Resnick said he was excited about the surge of interest in making and coding. He takes the concept of 

making and encourages educators to join the Maker Movement (Anderson, 2012). The maker movement is 

about making things that you care about, things that are meaningful to you and others around you. The Maker 

Movement supports rich, creative learning experiences, to make things in collaboration with others. 

He valued the enthusiasm surrounding the Maker Movement and loved the opportunity it gave to 

reinvigorate and revalidate the Constructionist view of learning in education. He stressed that making and 

coding alone were not enough and to help prepare our students for a world that is changing more rapidly than 

ever before, we needed to embed making and coding in a creative learning process characterised by Projects, 

Peers, Passion and Play. 

 

The Constructing Modern Knowledge conference in New Hampshire 

(http://constructingmodernknowledge.com/) is a minds-on institute for educators committed to creativity, 

collaboration and computing. Unlike traditional professional development experiences for teachers, this four- 

day conference provided participants with the opportunity to actively engage in intensive computer-rich project 

development with peers in a collaborative learning space. The 2016 Constructing Modern Knowledge 

conference was keynoted by International speaker, Professor Carla Rinaldi, president of Reggio Children Faculty 

of Education at the University of Modena and Reggio Emilia (http://www.unimore.it/) . Carla spoke about the 

work of Loriz Malaguzzi and his colleagues who in the early 1960’s created student-centred early learning 

3.3.2 MAKING 

http://constructingmodernknowledge.com/)
http://www.unimore.it/)
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education centres based on the work of Dewey, Piaget and Vygotsky. The Reggio Emilia approach to learning is 

in tune to local culture and community, acknowledging the rights, needs and interests of children. The 

classroom is seen as the third teacher, providing a space in which young people learn. The classrooms or ateliers 

provide learners with a flexible learning space to tinker, make and create using real tools to solve authentic 

problems, often with the help of experts in the field. She reinforced the need for children to have access to a 

diverse range of materials and tools to construct knowledge and express understanding through the ‘hundred 

languages of children’ (Edwards, Carolyn, Gandini, Lella & Forman, George 2012). She iterated that, children 

possess a hundred languages, a hundred ways of thinking, of expressing themselves, of understanding and 

encountering others, with a way of thinking that creates connections between the various dimensions of 

experience rather than separating them. The hundred languages are a metaphor for the extraordinary 

potentials of children, their knowledge-building and creative processes, the myriad forms with which life is 

manifested and knowledge is constructed. 

 
Also at the 2016 Constructing Modern Knowledge conference was Gary Stegar, a teacher educator, 

consultant, software developer, author of ‘Invent to Learn’ (Steger & Martinez 2013) and Director of STEM at 

The Oaks School in Hollywood, California. In his presentation, he stated that making, tinkering and engineering 

are all different ways of knowing that should be visible in every learning space, regardless of subject or age of 

the students. In a makerspace, otherwise known as a learning space where students make and design things, 

Steger defines these processes loosely: 

● Making - the active role construction plays in learning where the maker has a product in mind 

when working with materials and tools. 

● Tinkering - a mindset, a playful way to approach and solve problems through direct 

experimentation and discovery 

● Engineering - extracts principles from direct experience, building a bridge between intuition 

and the formal aspects of science by explaining, measuring and predicting the world around 

us. 

Steger stated that making is something powerful and a personal expression of intellect, creating 

ownership of learning even when what you make is not perfect. He dismissed the notion of STEM or STEAM and 

quite simply the referenced the Invent to Learn approach that stands on shoulders of giants like Piaget (1936) 

and Papert (1968) who both believed in the Constructionism as a learning theory and that people build 

knowledge most effectively when they are actively engaged in constructing things in the world. 

He reiterated Constructionism as a learning theory - a stance about how you believe learning occurs, 

one that is not bound by curriculum or set of rules. In Papert’s (1968) theory of constructionism, the best way to 

construct knowledge or understanding is through the creation of something shareable, outside of a student’s 

head. These artefacts are commonly referred to as projects, even though the project development process is 
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where the learning occurs. Such artefacts are evidence of learning. Steger shared eight elements of a good 

project that may support critical and creative thinking across all key learning areas, these include: purpose and 

relevance, time, complexity, intensity, connection, access to concrete and digital resources, shareability and 

novelty. 

Steger mentioned that too often as educators we rob students of self-discovery and wild running of 

imagination, that we teach as if all scientific problems are solved and the steps are fixed. He likened this to 

teaching music theory without allowing children to hear or play actual music. Steger believes the scientific 

method is often misapplied in school to design and invention problems. He believes the best way to ensure the 

development of design thinking and computational thinking is for students to be engaged in authentic design 

activities. Educators must provide students with authentic problems to solve and opportunities to interact with 

experts beyond the four walls of the classroom. By looking at how real-world designers, engineers and scientists 

engage in deliberate tinkering, teachers may discover the way for students to think more critically and creatively 

without coercion. 

Steger referenced a design model used by programmers and engineers called the ‘iterative 

development model’ (https://www.interaction-design.org) which works through steps of design and 

development so that lessons are quickly learned and incorporated into the next making cycle. Elements of this 

cycle include: planning, requirements, analysis and design, implementation, deployment, testing and evaluation. 

When constructing new knowledge, iteration through multiple design cycles is highly effective because learners 

develop a better understanding of the requirements, tools and materials as they make tradeoffs and try to 

improve their prototype. He felt making transcends key learning areas and that trying to fit makerspaces in 

classrooms would limit student potential and imagination. When asked about the role of assessment in maker 

education Steger insisted there was no place for it, and questioned why children had to constantly prove their 

learning to teachers. 

Steger concluded his presentation by declaring ‘A good prompt is worth a thousand words’. He 

believes that a learner can exceed learning expectations when the following four variables are in place: a good 

prompt, appropriate materials, sufficient time and a supportive culture including a range of expertise. He 

mentioned the best project prompts emerge from a learner’s curiosity, experience, discovery, wonder, 

challenge or dilemma. However, as educators managing an overcrowded curriculum, teachers might need to 

design a prompt and should consider the following when doing so; brevity - keep them clear and concise, 

ambiguity - provide students with choice to personal their response and immunity to assessment. 

During the conference and after the first keynote speaker, the participants were asked to come up with 

a wild idea to make something, anything. No prompt or provocation was given for this, the facilitators had 

created makerspaces similar to a pop up makerspace for the conference participators to use to create. 
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The next four days proved somewhat challenging to the conference participants. The objective of the 

conference facilitators was poorly understood, lacked structure and purpose. This provoked personal reflection 

on my classroom practice and I searched for answers to: 

1) how would my students respond to this totally unstructured project time? 

2) To what end would students be actually making something? 

3) What problems were important to solve and whose needs were they meeting? 
 

A lack of understanding about the necessity of articulating expectations came to be noted by the 

conference participants. There was a lack of communication norms established to work in the makerspace, a 

lack of co-operation, projects left unfinished, frustrated participants expressed themselves in many ways. As an 

educator, these frustrations were not unlike the frustrations students experience in the classroom. Students 

require a toolkit or a scaffold, an identified skill set to work towards and need to have a mind set to persevere in 

the face of challenge and frustration. On a positive note the during the completion of the projects, participants 

documented their progress by way of photos, sketchnotes, video and blogs. The self-reflection practice was a 

key feature of every project - even the unsuccessful ones as people identified errors and embraced failure by 

way of failing up! 

Seymour Papert’s (1999) Eight Ideas Behind the Constructionist Learning Lab’ concisely summarises the key 

takeaways from this professional learning experience: 

1. Learn by doing - provide hands on and interactive learning experiences for your students 

2. Use Technology as building material - add sound and movement to bring ideas to life 

3. Enjoy hard fun - go beyond your comfort zone and be challenged 

4. Learn to Learn - take charge of your own learning and seek different sources to do this 

5. Take time - learn to manage your time and use it wisely, develop project management skills 

6. You can’t get it right without getting it wrong - nothing important works the first time. embrace failure 

as part of learning, live with imperfections 

7. Do unto ourselves what we do unto our students - let your students see you struggle and think aloud, 

reflect on your learning with them 

8. Enter a digital world where knowing about digital technology is as important as reading and writing 
 
 

As the Maker Movement continues to gain momentum there has been an increase in the development 

of Maker communities both online and in the physical world. Community-orientated Makerspaces, 

Hackerspaces and Maker Fairs have popped up in cities and suburbs all over the world to provide tech 

3.3.3 NURTURING CREATIVE CONFIDENCE IN ANY LEARNING   SPACE 
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enthusiasts, tinkerers and urban creatives innovative places to connect with like-minded people, to share and 

explore mechanical tools, electronic hardware and programming techniques (http://www.raisinggeeks.com/) . 

 

Motivated by the potential of the Maker Movement to develop creativity and innovation, schools have 

embraced the best learning principles of the Maker Culture to redefine collaborative learning spaces called 

Makerspaces. A Makerspace is a flexible learning environment where learners can connect, create, collaborate, 

communicate and potentially explore the elements of a newly integrated area, STEAM (science, technology, 

engineering, art and maths) through experiential play. A unique feature of a Makerspace is the potential for 

accessibility to tools and technology such as 3D printing, robotics, microprocessors, wearable computing, 

programming languages and networks of experts that may otherwise be unavailable in a traditional classroom. 

Progressive educators would argue that all classrooms and spaces in schools are essentially makerspaces and 

that these tools, together with teacher expertise in teaching critical and creative thinking must be amplified to 

provide our students with innovative learning experiences. With the advancement and availability of 

technology, connecting students to experts beyond the classroom has never been easier. 

 
A significant point to consider here is that STEAM is not a mandated key learning area or a program but 

rather a new acronym that reflects where, content knowledge, skills and values from a range of key learning 

areas are interwoven and multilayered in a way to reflect the nature of real world, interdisciplinary problems. It 

is through the integration of content like STEAM that students are able to develop the capacity to think 

creatively, innovate solve problems and acquire entrepreneurial skills that are immediately applicable in the real 

world. 

 
Denhac is a hackerspace in Denver (https://www.meetup.com/denhac-hackerspace/) . A hackerspace is 

a flexible making environment where people to gather learn, work on projects, socialize and collaborate. The 

mission of this hackerspace is to create and sustain a local, community driven, shared space, that enables 

education, experimentation, and collaboration, by applying the spirit of DIY to science, technology, engineering, 

and art. At the Denhac people can be found working on projects as diverse as lock picking, hardware hacking, 

software coding, sewing, building cosplay props or leatherworking. Members of this non for profit organisation 

get the benefit of 24 hour access to the space; use of shared equipment including the Lulzbot 3D printer, laser 

cutter, sewing station, soldering equipment, and project storage space. The Denhac runs a Robotic Club where 

teenagers and adults come together to design, build and program active robots to complete challenges and 

rescues. The program has attracted interest from underachieving high school students and even high school 

early leavers who were disengaged from school and had little interest or awareness of their talents in Computer 

Science. Daisy Jones is one particular college student, in her second year of Advanced Physics who is gifted in 

maths and science but had poor attendance at high school and zero interest in the traditional text book 

methods of learning. She initially attended the Denhac for social interaction with peers but soon learnt the art of 

computer programming and design with other experts in the hackerspace, through this interaction she 

http://www.raisinggeeks.com/)
http://www.meetup.com/denhac-hackerspace/)
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reignited her passion for maths and science. Jones is also an advocate for Girls in STEM, she hopes to disrupt the 

gender bias and stereotypes by mentoring younger learning through coding and programming projects. 

 
The Staten Island Makerspace in New York was founded by professional visual artists Scott Van 

Campen and DB Lampman who wanted to create a community space for people to gather and have a shared 

experience of making together. Lampman expressed the need for the local community to come together after 

being hit hard by Hurricane Sandy. In order to thrive, the community needed a gathering place to communicate 

and exchange ideas in a collaborative way, a dedicated space to be creative, inventive, to connect with others 

and get instant feedback on designs from arts to engineering, to computer sciences and industrial arts. The 554 

square metre space boasts a range of making spaces including a computer lab, sewing studio, woodshop, metal 

shop, digital fabrication lab, shared project space and private studio. The space is funded by local government 

grants and a range of short and long-term leases with fee paying members of the Makerspace. In an attempt to 

provide all students from the local community an opportunity to play, think and make using innovative learning 

tools with experts, Lampman and Van Campen have invested heavily in a STEAM Wagon. The wagon is a mobile 

STEAM (science, technology, engineering, arts and math) education and innovation lab that provides immersive 

learning experiences for students at school to tinker with fabrication equipment like a 3D printer, woodworking 

tools, embroidery machine, computers, micro-controllers, vinyl cutter and more. The workshops are agile, 

guided by student interest and passions, often sparked by a personal prompt or universal provocation. The 

workshop facilitator’s guide students through the design thinking model to identify and solve authentic 

problems. Students are provided time and resources to tinker with emerging technologies in skill-focused 

workshops, Lampman stressed the importance of giving students the time, space and resources to learn new 

skills effectively in order to take risks discover new ideas and iterative innovative solutions to problems. 

Learning by doing is a key focus of active and authentic learning in this Makerspace. Some examples of Maker 

Camp workshops offered include: building projects that use electromagnetism, air power, and more to hover, 

float, move, and defy gravity. Learning about computer coding, electronics, microcontrollers, 3D printing and 

wearable technology. Lampman used the design thinking approach to nurture creative confidence in the 

Makerspace because it is an approach fuelled by empathy for the problem owner. Lampman discussed how 

challenging it can be for students to not only solve problems but to also seek problems. She shared practical 

ways to embed STEAM learning through literature to help students with this and also to personalise the learning 

focus. In 2015, she led a project called the ‘Make a Difference Challenge’ where students read A Long Walk to 

Water text by Linda Sue Park as part of their English and Social Studies curriculum and were given three 

different water challenge areas to address: water scarcity; lack of clean water; and how water relates to food 

production. The text was strategically selected because the students live on an island and water is part of their 

daily life. The students were asked to design and invent machines that might make a difference for people who 

live in areas of the world where they don’t have access to water or clean water, or have to spend all day 

transporting water to grow food or travel across water for work.  The structure of this project gave students 

time to play with tools, to make with purpose and collaborate with others on an authentic problem. 
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Lampman believes that design thinking is an effective approach to nurture creative confidence in 

students, to take calculated risks, tolerate failure and experiment in their learning. She mentioned the need for 

a flexible learning environment with a diverse range of tools and access to mentors or experts to support 

students in their learning. 

 
Tom and David Kelley (The Kelley Brothers) from IDEO (https://www.ideou.com/) and the Stanford D. 

School describe design thinking as a way of finding human needs and creating new solutions using the tools and 

mindsets of designers. According to IDEO, design thinking relies on the natural- and coachable- human ability to 

be intuitive, to recognize patterns, and to construct ideas that are emotionally meaningful as well as functional. 

This methodology is used in the Stanford D. School where seven hundred students attend courses each year to 

develop confidence in their creative abilities. This confidence is developed through project-based classes. These 

are team taught with the help of industry practitioners in flexible learning spaces and students learn by solving 

real-world challenges usually in multidisciplinary teams. 

 
According to the Kelley Brothers (https://www.creativeconfidence.com/) creative confidence is a way 

of experiencing the world that generates new approaches and solutions. They claim people who possess 

creative confidence have a greater impact on the world around them because they make a choice to be creative 

and practice creativity often. Psychologist Robert Sternberg who researches creativity and leadership confirms 

that creative people do this by redefining problems in new ways to seek out solutions, take sensible risks and 

accept failure as part of the learning process, confront obstacles when challenging the status quo, tolerate 

ambiguity when they are unsure and continue to seek new ways of knowing. A prerequisite for achieving 

creative confidence is the belief that your innovation skills and capabilities are not set in stone. 

 
The influence from the conference experiences further enhanced my understanding about creativity 

and innovation in education.  It demonstrated to me that my schools are tinkering with Makerspaces to 

facilitate non-traditional interdisciplinary learning experiences to inspire creative confidence in their students. 

There are a number of ways to use the Design thinking method to structure meaningful learning experiences in 

a makerspace and beyond, especially in the integration of STEAM. Another method developed by IDEO 

(https://www.ideou.com/) for the Bill and Melinda Gates Foundation is called ‘Design Thinking in a Day’ which 

was developed primarily for use in libraries. It is simpler to use than the design thinking model by the Action Lab 

(2013) because it has less steps. Creating makerspaces in libraries was a new way for libraries to be used to 

innovate the learning spaces and experiences for students and teachers. This design thinking model has three 

sequential phases: Inspiration, Ideation and Iteration; it is a simple way to spark creative confidence as a 

beginning design thinker. Each step is explained below. 

http://www.ideou.com/)
http://www.creativeconfidence.com/)
http://www.ideou.com/)
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1. Inspiration is about framing a design challenge and discovering new perspectives on the 

opportunity through listening, observing and being open to the unexpected. I have a challenge. How do 

I approach it? As the first phase of design thinking, it is important to frame design challenges as 

questions. Phrasing projects in “How Might We” questions puts students in the mindset of arriving at 

impactful solutions, it also helps them generate as many ideas as possible along the way. Be mindful of 

not asking questions that are too broad or too narrow. It is during this time that students will define the 

challenge, identify a user group and a problem that needs to be solved. If you want students to create 

new and innovative solutions, you need to find new ways to inspire them. Some activities which may 

evoke interest and empathy include immersion in different environments or content material, 

conducting interviews, surveys, observational videos, sketching and sharing of these experiences. 

Giving students time to reflect on their learning here is key. Questions to consider may include; What 

surprised you, and what was unexpected? What or who inspired you? Did you see any interesting 

patterns? Have students write down or sketchnote takeaways and themes from what they saw in the 

world. 

 
2. Ideation is about generating ideas and making them tangible. I’ve learnt something. How do I 

interpret it and express my ideas? This is the next phase of design thinking, when you use 

Brainstorming to generate a lot of new ideas in order to create a design solution. Brainstorming rules 

are important because they allow everyone in the group to have creative freedom. Effective 

brainstorm rules include; defer judgement of good/bad ideas, encourage wild ideas, build on the ideas 

of others, stay focused on the topic, hold one conversation at a time, be visual by sketching ideas on 

post it notes and aim for quantity. The best way to find one good idea is to come up with lots of ideas. 



22  

Have your students come up with 50 ideas in 10 minutes. Once students select their favourite idea 

they can bring this idea to life by building a prototype. The purpose of a prototype is get an idea out of 

their head and into the world, so that other students and collaborators can react to it and start a 

learning conversation. Ways of prototyping may include building a model using a range of everyday art 

and craft materials found in your makerspace; designing a digital mock up; role play or a change in the 

physical environment. 

 
3. Iteration is about continual experimentation based on user feedback. I have a prototype. How 

do I test it with users to and refine it? The third phase of the design thinking process is for students to 

present their prototype to the intended user and their peers for constructive feedback. Some 

questions students may ask include; What excites you about this idea and why? If you could change 

one thing what would you change and why? What would you like to improve about this idea? What do 

you not like about this idea? With these responses in mind students are given opportunities to 

continue prototyping different iterations of their idea or product. This cycle of feedback/feedforward 

can be repeated several times until the student is satisfied with the final idea. 

 
As Educators, we are often seeking ways to nurture learning that is fueled by intellectual and 

imaginative curiosity, deep optimism, resilience to accept repeated failure and a mindset that encourages not 

just ideas but action in order to construct modern knowledge. Effective learning in a Makerspace or any 

collaborative learning space in our schools must be characterised by thinking that is purposeful and productive 

sparked by experiential play and passion. By using Design thinking in a flexible learning environment students 

have the potential to become more confident and autonomous problem-solvers and creative thinkers. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.0 CONTEXT OF THE  RESEARCH 
 
4.1 DESCRIPTION THE PROGRAM 
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The experiences of the international study, speaking to experts in the field of design thinking provided 

the framework for developing a simple short professional learning course for teachers. These teachers known as 

participants in the research were interested to learning about design thinking and the integration of multiple 

key learning areas in the stage three curriculum. Several professional learning experiences were designed for 

the teachers involved. 

1. A staff development day where teachers developed an understanding of integrating the 

curriculum and the meaning and application of design thinking. 

2. After school workshops on using design thinking across Science and Technology areas of the 

stage three curriculum. 

3. A staff day to trial Design Thinking methodology on a self-determined problem that required 

solving. 

 
 

The research conducted used a qualitative approach through a case study. Face-to-face interviews and  

voice recordings were used to gather the data. The following questions comprised the content of the interview: 

1. How does teachers’ understanding of critical and creative thinking influence their pedagogy in Science 

and Technology? 

2. How does teachers’ understanding of critical and creative thinking influence student behaviours in 

Science and Technology? 

 

The participants of this study were five teachers exploring Science and Technology with a focus on 

creative and critical thinking skills in a Stage Three setting. These teachers were approached to take part in this 

study due to their keen interest in nurturing critical and creative thinking in projects they designed for students in 

their Makerspace/Design Studio/STEM Room. These teachers were also seeking ways to develop STEM based 

design challenges using design thinking as a way to familiarise themselves with the Australian Design and Digital 

Technologies Curriculum. The researcher was put in contact with these teachers through networked colleagues 

on Twitter. 

The five teachers came from two different schools and varied in age and experience. None of the teachers had 

experience with design thinking but were aware of the engineering design cycle that forms the working 

technologically outcomes in the syllabus. 

 

4.2 METHODOLOGY 

4.3 PARTICIPANTS 

4.4  SETTINGS 
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School A is a primary school located in south-western Sydney. It is composed of approximately 725 

students. The school started a Makerspace in the school library facilitated by the Librarian and ICT teacher. A 

Makerspace is a virtual and physical space that serves as a community hub. It is a flexible learning environment 

where learners can connect, create, collaborate, communicate and potentially explore the elements of an 

integrated curriculum. STEM is a focus in the school, students are engaging in coding and robotics. For the purpose 

of this study Teacher 1 is identified as Mrs. Andrews and Teacher 2 as Ms. Ross. 

School B is located in south Sydney. It is a K-12 school, with a junior school catering for grades 3-5. The 

school comprised an established Design Studio where students tinker with robotics, coding and digital creativity 

tools to solve problems and create digital products. The ICT integrator works with the classroom teachers. For the 

purpose of this study Teacher 3 is identified as Mr Josie, Teacher 4 as Ms Kootis and Teacher 5 as Ms Ray. 

Insights and perceptions were gathered and clarified through a participant interview on the elements of the video 

and lesson plans. Teachers were asked questions relating to their understanding of critical and creative thinking 

and the reasons why they chose various strategies within the lesson. This pre-data collection provided further 

questions of inquiry for the researcher as the professional learning was designed and developed for the teachers. 

The data ascertained through the video and documentation formed the basis of analysis for understanding teacher 

pedagogy and critical and creative thinking. 

 

The data was collected in three phases. A video and document analysis of lesson plans were used to 

determine and understand the pedagogy teachers type of instructions applied by the teachers use in the 

classroom for critical and creative thinking. Insights and perceptions were gathered and clarified through a 

participant interview on the elements of the video and lesson plans. Teachers were asked questions relating to 

their understanding of critical and creative thinking and the reasons why they chose various strategies for every 

lesson. The data collected through the video and documentation formed the basis of analysis for understanding 

teacher pedagogy and critical and creative thinking. 

Phase One 

 
This stage involved the collection of lesson plans and a science lesson video which focused on teaching critical 

and creative thinking. It followed an in-depth semi-structured interview by the researcher to develop a deeper 

understanding of the participants’ knowledge and skills of critical and creative thinking. The video was analysed 

by the classroom teacher to ascertain the common behaviours of students’ engagement with the subject matter. 

The basis of reflection was the Stage 3 Working Technologically outcomes from the NSW Science & Technology K-

6 syllabus outcomes. For the purposes of this study an observational checklist was created by the researcher to 

support the reliability and consistency of the tool used by all participants. It also 

4.5 DATA ANALYSIS 
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included aspects of design thinking which are not currently included in the Stage 3 Science working technology 

outcome. Aspects included: 

● expressing empathy through descriptions of human emotion, physical necessities, surprising insights 

and/or needs on the part of users 

● generating a large, diverse range of ideas and concepts from very practical to very difficult 

 
● rapidly prototyping a solution for user needs including a range of iterations moving from high to low 

resolution 

● working collaboratively to achieve team goals with all members contributing 

 
● telling a captivating/engaging story that ties the prototyping, point of view and empathy expressed for 

the user 

The observational checklist was piloted with a Stage 3 teacher not taking part in this study to test its validity and 

is included as Appendix A. 

Phase Two 

 
Phase two involved the collection of lesson plans and subsequent video of a science lesson. It focused on 

teaching critical and creative thinking after participation in a professional learning experience introducing design 

thinking. The video was analysed by the teachers and the researcher to determine the common behaviours of the 

students’ engagement with the subject matter using working technologically outcomes as the basis for reflection. 

Phase Three 

 
The aim of phase three was to explore changes in understanding, knowledge and skills of participants 

and to examine the student behaviours. The in-depth, semi-structured interview involved a comparison of the 

pre-professional learning lesson plan and video and the post lesson plan and video. The analysis of data described 

the behaviour of the group as a whole, rather than the behaviour of each individual in the group. 

The research questions during the in-depth, semi-structured interview were generative and designed to 

elicit a narrative of the participants’ journey in understanding, knowledge and skills of teaching critical and creative 

thinking within the context of Science and Technology. 

 
 

 

4.6 DATA COLLECTION 
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A combination of data sources including surveys, interview recordings, observational checklists, field notes and 

photos were collected during this study over a period of 10 weeks. 

 

In answering the first research question, “How does teachers’ understanding of critical and creative 

thinking influence their pedagogy in Science and Technology?” it is important to have a description of teachers’ 

concept of critical and creative thinking. 

 

During Phase One interviews teachers expressed their views on critical and creative thinking as a general 

concept and in the context of a Stage 3 science and technology lesson. 

All five teachers believed that creativity can be applied to every domain of knowledge, not only in the 

areas of visual arts, music, drama and artistic performance. All of them believed that the use of digital technology 

can enhance creativity. Three out of five teachers agreed that creativity is about finding connections between 

things that have been connected before. Two respondents believed that creativity varies according to the ages of 

pupils. Three out of the five participants agreed that creativity is an inborn talent and that it cannot be explicitly 

taught and assessed. All five teachers expressed their belief that everyone can be creative and that school is the 

place to develop this fundamental skill. They expressed an openness to nurture critical and creative confidence 

within their school context and for the purpose of this study in their science and technology lessons. 

“No, we can’t teach creative thinking, but we can provide experiences to foster children’s natural 

abilities and encourage it.” 

“I don’t think we can teach it, but we can implement ways and strategies within our teachers to enforce 

and bring out creative thinking from our students” 

“To some degree, it gets harder as students get older, as a result of it being trained out of them, but it is 

essential for our students to be critical and creative thinkers for their future.” 

“Some students are naturally more inclined toward being creative thinkers, but with the right support 

other students are able to be taught the skills and steps toward achieving this.” 

“I don’t think we can specifically teach it, however we can implement ways and strategies within our 

teaching to bring it out.” 

 

5.0 FINDINGS 

5.1 CRITICAL AND CREATIVE THINKING IN   EDUCATION 

5.2 THE TEACHERS’ UNDERSTANDING OF CRITICAL AND CREATIVE THINKING IN SCIENCE 
AND TECHNOLOGY. 
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All five teachers participating expressed a shared understanding of critical and creative thinking. They identified 

that critical and creative thinking were interrelated and comprised of knowledge, values, attitudes, skills and 

processes. These key understandings were expressed through asking and posing questions, making predictions, 

clarifying ideas and concepts, engaging in first-hand investigations and design projects, considering alternative 

solutions when problem solving, seeking possibilities, making evidence-based decisions, and analysing and 

evaluating evidence. In addition, creative thinking was described as lateral thinking, active problem solving sought 

through the generation of new ideas and in collaboration with others. When asked to describe how critical and 

creative thinking might be observed in a science and technology lesson, the teachers named hands on learning as 

part of design and make group projects that involved technology and mixed materials. One teacher mentioned 

the need for empathy as a key feature of creating a product or solution, where students explored, created and 

tested their solution based on the needs and wants of their end user. Two teachers mentioned students designing 

a testable question or line of inquiry to pursue with others. Collaboration was a key feature in all discussions, 

teachers identified the need for students to work cooperatively to generate ideas, design prototypes, test 

solutions and give feedback. These skills are relevant to the Stage 3 working technologically outcomes. The 

following comments highlight the teachers understanding of critical and creative thinking. 

“Higher order thinking - able to question and critically analyse what they know and go beyond that.” 

“To analyse, evaluate, synthesise information to come to a solution.” 

“Thinking deeply about topics or processes and determining what information/resources or strategies 

are appropriate for the task.” 

“Critical thinking is about analysing and interpreting information.” 

 
“Thinking outside the box, looking differently at things from a different perspective.” 

 
“Creative thinking is the ability to use your own ideas to collaborate, implement and alter your ideas to 

achieve a certain outcome.” 

“Creativity is about Imagining, questioning and not accepting something as it is.” 

 
From the summary of the comments it can be seen that teachers understanding is based on a simple 

definition. When teachers were asked about the application of these skills they reverted to activity based 

implementation reflective of low-level application. This is indicative of the statement “hands on and make 

something with peers”. 

This understanding was also illustrated in the choice of strategies used to support critical and creative thinking in 

science and technology, as indicated below. 
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● Open ended tasks/challenges with reflective questions 

 
● Use of digital technology tools like padlet, mind maps 

 
● Giving students problems to solve and encouraging them to examine things from alternative 

perspectives 

● Hands on learning experiences using everyday materials 

 
● Encouraging independence by saying, ‘no idea is a bad idea’ 

 
● Discovery learning opportunities to play and manipulate items to make something 

 
● Brainstorming to generate new ideas 

 
● Collaborative discussion and questioning 

 
All teachers acknowledged they were challenged in thinking of ways to nurture critical and creative thinking 

in science. They indicated a repeated use of some creative thinking strategies like mind mapping, think pair share, 

teacher-led class discussions, and digital mind maps to brainstorm ideas because they were familiar and fast. 

However, they noted a dissatisfaction with the quality and quantity of ideas generated and a lack of divergent 

thinking taking place amongst students. The teachers were keen to explore innovative ways to enrich creative 

thinking techniques to include sketching, modelling and prototyping of student ideas. They identified these as 

scaffolds to support students to input information rather than opportunities for developing the skills required for 

critical and creative thinking. 

The teachers identified factors that may limit or prevent supporting critical and creative thinking in a 

science and technology lesson. These included: 

● lack of resources in the classroom - digital and physical 

 
● traditional methods of teaching ‘teacher on stage’ reinforced by school leaders or parent community 

 
● fear of failure by students and loss of control of the lesson by teachers 

 
● low expectations for students or suggestions that redirect the lesson away from strict learning 

intentions and success criteria. 

Student learning behaviours observed in phase one of the data collection included the teacher exploring how 

students undertook the task at the beginning of each lesson. In all lessons observed the students generated 

between 1-10 ideas by way of mind mapping and brainstorming in pairs and then groups. A scribe was assigned 
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to each group and most students appeared to be involved and engaged in the brainstorming process. The students 

then selected one idea and developed it by sketching a blueprint for the design task. The teachers had provided 

students with appropriate digital research resources to support the pre-identified task. Students worked 

collaboratively to achieve the team goals using a range of appropriate materials for the task. In all lessons 

observed, the students ran out of time to test their product or solution and had little to no feedback from peers 

or the user about their end design. 

 

During phase one interviews, teachers were asked to explain what they understood about design 

thinking and its application or integration in a science and technology lesson. The teachers’ responses were 

vague and limited to suggesting that it may be something to do with using design to support, scaffold or 

enhance metacognition when planning a project or designing a product. Two teachers suggested that it might 

have something to do with thinking like a designer and creating something guided by specific design principles. 

Two teachers were aware of its inclusion in the Australian curriculum, but everyone was interested to learn 

more. 

 

Phase two of this case study involved the collection of lesson plans and subsequent video of a science 

lesson. When teachers reflected on their sample science and technology lesson using the observation checklist 

for critical and creative thinking, they were able to identify various changes in student behaviour. 

Students were given opportunities to explore and define the learning tasks by discussing the users’ needs and 

wants. Teachers developed persona profiles for students to explore and identify user needs using empathy maps. 

In some instances, teachers co-created a design criteria with students that considered not only function but also 

aesthetics and environmental sustainability. Some examples of science and technology lessons or design 

challenges included: 

● How might we redesign the school backpack for primary students? 

 
● How might we design a lunch box for Ms Ray that will keep her spaghetti warm and yoghurt cold? 

 
● How might we design an ensuite for ‘Emily’ with light and privacy using the fixed wiring of the house? 

 
● How might we wolf proof the homes of the Three Little pigs? 

 
Teachers provided students with a broader range of creative thinking strategies to support the generation 

of large, diverse ideas and concepts from practical to complex. These included: 

5.3 TEACHERS ASSUMPTIONS OR INITIAL THOUGHTS ON DESIGN   THINKING 

5.4 NEW LEARNING WITH DESIGN  THINKING 
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● Introducing the ‘Rules of Brainstorming’ to students and provided sufficient time for students to 

collaboratively discuss, rank and reflect on the ideas generated. The rules of brainstorming are: 

o One conversation at a time 

 
o Go for quality 

 
o Encourage wild ideas 

 
o Be visual 

 
o Stay on Topic 

 
o Build on the ideas of others 

 
o Defer judgement - NO Blocking 

 
● Students were asked to come up with 100 ideas in 10 minutes and were then asked to organise the ideas 

into three categories ‘Safe bet’, ‘Long Shot’ and ‘Hail Mary’. Some teachers chose to use the ‘Now, How 

and Wow’ strategy instead, to rank and prioritise the main ideas that will guide their design solution. 

● Students were given time and materials to rapidly prototype their highly ranked ideas and communicate 

them to others in the team. There was a variety of sketched, modelled and digitally represented 

prototypes. 

● Students were observed making collaborative adjustments to their prototypes as they investigated 

material suitability and referred to the users’ needs. 

● Students evaluated their learning by ‘telling an engaging the story’ of their users’ needs and how the 

product or solution meets their brief. 

● Students were observed engaging in self and peer assessment of the final product by making reference 

to the established design criteria. 

The teachers noted the high level of engagement and creative confidence that students demonstrated during 

the lesson. They engaged the students at the beginning of the lesson using a range of creative warm ups. These 

included word association exercises and naming alternative uses. This highlighted to students the  different modes 

of being creative and that creativity can be improved through practice. All five teachers noted that more students 

were authentically collaborating, taking risks and sharing their voice. The teachers felt supported by the scaffolded 

resources provided to them during the design thinking professional learning experience and felt confident using 

these tools to support the process in their classrooms. Time was an issue, 
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with some teachers extending the allocated science and technology lesson to complete the design challenge  

and incorporate aspects of English or Mathematics. 

These lessons took place in a classroom and not the Makerspace or STEM room or design studio. Students 

and teachers rearranged classroom furniture to support collaborative learning and curated a central location for 

a range of digital resources and materials that were accessible for all students. Some teachers expressed how 

using pens and post it notes encouraged students to take more risks and discuss ideas with each other in a more 

open and friendly environment beyond digital screens. 

 

Teachers were asked to share their understanding of critical and creative thinking in science and 

technology after reflecting on the change in student behaviours during the phase two sample lesson. Two teachers 

changed their view about being able to teach critical and creative thinking. One mentioned that ‘creativity could 

become a good habit, if teachers and students practised it enough’. One teacher noted that she ‘felt more 

confident encouraging the students to take more risks’. Three teachers suggested that having more ‘creative 

thinking tools and strategies’ to use, scaffolded more divergent thinking. All five teachers identified an 

improvement in the quality of ideas and prototypes as the students tinkered with a range of possible solutions 

instead of settling for one to begin with. They agreed that group collaboration was highly effective for promoting 

critical thinking because the team had the potential to produce better results than any individual and students 

were exposed to different perspectives while clarifying their own ideas. 

At the beginning of the study the five teachers were limited in their understanding of design thinking and its 

effectiveness as a methodology to support critical and creative thinking. Here are their collective thoughts on how 

the implementation of design thinking has impacted on student behaviours during a science and technology 

lesson. 

● Improved collaboration amongst students with a supportive environment encouraging wild ideas and 

feedback. 

● New ways of generating and developing ideas fostered metacognition 

 
● Students generated more ideas in a shorter time span 

 
● Students were engaged in active learning, flexibly utilising different areas of the classroom to support 

their thinking as they sketched, modelled and sketched their designs 

● Students ‘told stories’ about their end user, their prototype and design solution using authentic 

metalanguage of design thinking 

5.5 A CHANGE IN TEACHERS UNDERSTANDING OF CRITICAL AND CREATIVE 
THINKING IN SCIENCE AND TECHNOLOGY. 
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● Student’s confidently shared projects expressing their level and depth of understanding about the 

design thinking process throughout the process 

● Students gave personalised and practical feedback to other team members focussing on the design 

users needs without teacher instruction 

● Student-centred learning driven by student voice and opinions was ongoing 

 
● Teachers facilitated the learning and guided student thinking along the way with questions  like:  

“Why?” and “How come?” 

● Students created a diverse range of solutions and products based on the users’ needs 

Teachers’ comments: 

‘Prototyping is a powerful tool that encourages risk-taking focusing on rapid development not perfectionism and 

embracing failure’ 

‘Design Thinking principles are transferrable and can be used to creatively solve any problems. I can see myself 

using this methodology across a range of key learning areas’ 

‘Design thinking supports iterating and the feedback loop when creating solutions to problems, thus reinforcing 

the computational thinking concepts in coding but in real life’ 

‘Design thinking gave students practical strategies to develop creative confidence, there was a shift in thinking 

and doing than in previous lessons’ 

‘We tell students learning is better with others, with design thinking students created solutions to new problems 

working collaboratively towards an authentic team goal’ 

‘It’s hard to explain what creative confidence is, but I can see it and I can feel it. There has been a shift in student 

mindsets about their creative potential’ 

‘How can I capture their thinking? It is hard to assess creative thinking, do we even need to actually? 

‘Teaching empathy is challenging, how do you evoke students to empathise with a user all the time?’ 

‘Student engagement was at an all-time high, every single student shared an idea or thought, it was like 

somebody gave them permission to think’ 

 
 

Students’ comments 
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‘I liked having to design a product to suit the needs of a student, it made my research easier and I could personalise 

my solution for them instead of my teacher just telling me to make something’ 

‘I liked the choice we had, it was very open at first but then when we looked at our 30 ideas we realised we had 

some good ideas and that choosing our own design task was better learning’ 

‘I don’t think I’m creative and I usually don’t like sharing my ideas with people because the words don’t come out 

but using different prototyping material helped me explain and show my ideas to everyone in a fun and flimsy way’ 

‘Usually with projects we never have time to finish or get feedback or even make changes to our product. It was so 

good having so many people share their critique with us, we felt like real designers making a difference’ 

‘ I was a little bit nervous not knowing exactly what the teacher wanted me to make, I usually like following 

instructions but this project made me think creatively and I’m usually more of a science person’ 

‘I usually have to say come on to people for ideas but when Miss taught us the brainstorming and ideating rules  it 

helped us try harder and have a go, I liked how wild ideas were encouraged to help us think outside the box’ 

‘Trying to meet the design principles of the architectural pig and make the house wolf proof and sustainable was 

very challenging, we had had to break the team up to work on different parts but we all agreed on the same  idea. 

I liked working on different things on the same team. My skills are coding so I could use Arduinos to make the house 

wolf proof without worrying about all of the other project. I like projects like this, I would have stayed in if Miss let 

me’ 

‘Prototyping is so much fun and helps you visualise your ideas quickly instead of waiting for the end. I could see my 

teacher was interested in the idea more than what I made at the end’ 

‘The rules for brainstorming helped me take risks because it gave us freedom to be wild, I usually only go wild in 

drama not science’ 

‘I wish we had more time to keep working on our projects because sometimes you’re just in the zone’ 

 
‘I don’t usually like working with other people because I do all the work but with this project, I needed their help 

and they needed mine and I think our ideas were better together’ 

‘It was like the teacher wasn’t even there, all the learning came from us, she just walked around and asked 

questions like some of the other students. I liked how she didn’t teach us how to solve a problem, it was cool, I 

loved it’ 

‘Design thinking is like coding because you have to make changes like loops and variables and you always code 

with a partner so they can test your lines of code, it’s hard to be a design thinker on your own’ 
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The purpose of this study was to determine the understanding and ability of the teacher participants to 

develop critical and creative thinking skills in the context of teaching and learning by introducing a design thinking 

model in their classes. To accomplish that goal, reaching some prerequisite goals were required. These included 

identifying the importance of creative and critical thinking individually; using creative and critical thinking together 

in students' learning processes and using creative and critical thinking in teachers' mentoring process in the field 

of science and technology. Determining what these thinking processes mean and how they contribute with the 

field of science and technology education assumed a high degree of importance during the literature review 

conducted for this study. 

Two methods of research instrument were used to derive a comprehensive analysis of the study. Firstly, 

a face-to-face interview was conducted with five teachers from different schools and with varying levels of 

teaching experience about their basic knowledge and insight on creativity and critical thinking. All  respondents 

have expressed their agreement on nurturing a critical and creative confidence within their school context. Later 

on, the researcher introduced the Design Thinking Model and its capacity to assist in further improving the 

learning process of the students. This model acknowledges the use of empathy to better understand problems, 

and brainstorming and collaboration of the students to create better results in their learning outcomes. During 

this phase, the researcher learned that not all teachers were aware of the relevance and effectiveness of 

incorporating this model into their teaching environment. Hence, to further test the effect of practising the Design 

Thinking Model in the learning-teaching curriculum, all participants' lesson plans were collected and videos of 

their on-going lessons in class applying the Design Thinking Model were then recorded. 

The teacher-participants involved in this study, provided their students with a broader range of  creative 

thinking strategies to potentially support the generation of a larger, better and diverse ideas. These strategies 

include the ‘Rules of Brainstorming’ which allowed the students to efficiently collaborate with each other in their 

concept generation without prejudices towards each of their ideas to fully optimize teamwork. After idea-

generation, the students were asked to make prototypes and explain them within their teams. In this model, 

testing their prototypes among one another was critical to formulate better results. This promotes a collaborative 

way of learning lessons discussed in their Science and Technology classes as opposed to learning individually with 

only the available resources and materials they can work on. 

Comparison of the results before and after the introduction of the design thinking Model was relevant 

to address the research questions posed in the first chapter of this study. The changes in teachers’ perception  on 

creative and critical thinking using design thinking model created a domino effect amongst the students. The 

freedom given to students to think for themselves, share ideas with one another, and to collaborate in making 

these ideas a reality was a breakthrough. This scenario reflected Vygotsky’s constructivism wherein students learn 

through others by working together to achieve one goal. There was an instantaneous change of mindset 

6.0 DISCUSSION 
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and behaviour which allowed them to go outside the box and explore creatively. The interaction with teachers 

and co-students were vital as it pushed them to discover new ways of learning. 

 

Creative and critical thinking through design thinking is a powerful tool in developing a new generation of 

learners that can transform and impact our globalised world. Radical changes require radical measures. If we want 

to influence and be the catalyst of change, we must strengthen our foundation and revive our ways. The following 

research questions arose from this study: 

● How do we teach empathy? 

● What is the best way to integrate design thinking in the classroom? 

● How might we assess what students have learnt through design thinking? 

● What professional learning experiences would best support teacher confidence in design thinking? 
 
 
 

Implementing creative and critical thinking in teachers’ pedagogy proved to be challenging. The use of 

the design thinking model was effective in eliciting change amongst the teachers and students. This study showed 

a change in perception of the role of creative and critical thinking amongst the teachers. They deemed consistency 

in the practice of creativity as essential for optimal learning as well as channeling confidence in the ideation 

process. This change was supported by the perception of the students upon introduction of new creative 

strategies and thinking methods following the design thinking model. Utilising empathy was effective in bringing 

about better solutions to problems and producing potent models. 

Upon incorporating the design thinking Model, it has been drawn that when the students' critical thinking 

and creativity is utilized and improved by discussing prototypes and further actions within a group setting, a better 

quality of work can be created. Through the collaborative workflow amongst the students, an improvement in 

developing new ideas was observed. Students became more engaged in active learning and the use of an authentic 

metalanguage of design thinking as the result of acquiring helpful feedback from fellow students and their 

moderators and teachers. 

 
 

Through this case study, the teachers became aware that a repeated use of familiar creative thinking 

strategies were not enough in eliciting enough quantity and quality of ideas from the students. Thus, they were 

able to explore ways to enrich their techniques. 

7.0 IMPLICATIONS FOR  RESEARCH 

8.0 CONCLUSION 



36  

 
 
 
 

APPENDIX A. OBSERVATIONS OF CRITICAL AND CREATIVE THINKING IN A STAGE CONTEXT 
 

 
Inspiration, Imagination & Innovation 
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Observations of Critical and Creative Thinking in a Stage Context 

 
• Please attach the copy of a Stage 3 science/stem lesson or activity that this checklist is being marked 

against 

• Use the checklist to identify the student behaviours observed by your students as a whole group 

 
OUTCOME 

 
ST3-5WT - A student plans and implements a design process, selecting a range of tools, equipment, materials 

and techniques to produce solutions that address the design criteria and identified constraints 

CONTENT 

 
Students explored and defined a task by: 

 
• exploring needs for, or opportunities to undertake, the task 

 
• identifying the users' needs and wants using techniques, eg observations, surveys, interviews and 

market research 

• expressing empathy through descriptions of human emotion, physical necessities, surprising insights 

and/or needs on the part of users 

• developing a design brief individually and in collaboration with others 

 
• reframing the original challenge around a user where needs are stated as verbs 

 
• developing design criteria that considers, where relevant, function, aesthetics, social and 

environmental considerations 

• planning the process considering constraints where relevant, eg time, finance, resources and 

expertise 

 
Students generated and developed ideas by: 

 
• selecting and using creative thinking techniques, including mind-mapping, brainstorming, sketching 

and modelling 

• generating a large, diverse range of ideas and concepts from very practical to very difficult 
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• selecting and using research techniques appropriate to the task 

 
• selecting and using techniques for documenting and communicating design ideas to others, eg 

drawings, plans, flow charts, storyboarding, modelling and presentations, using digital technologies 

• identifying a range of appropriate materials for the task 

 
• selecting and using techniques to investigate the suitability of materials 

 
• applying established criteria to evaluate and modify ideas 

COMMENTS: 

 
 
 

Students generated and developed ideas by: 

 
• selecting and using creative thinking techniques, including mind-mapping, brainstorming, sketching 

and modelling 

• generating a large, diverse range of ideas and concepts from very practical to very difficult 

 
• selecting and using research techniques appropriate to the task 

 
• selecting and using techniques for documenting and communicating design ideas to others, eg 

drawings, plans, flow charts, storyboarding, modelling and presentations, using digital technologies 

• identifying a range of appropriate materials for the task 

 
• selecting and using techniques to investigate the suitability of materials 

 
• applying established criteria to evaluate and modify ideas 

COMMENTS: 

 
Students produced solutions by: 
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• testing the suitability of materials, considering whether the test was fair or not 

 
• rapidly prototyping a solution for user needs including a range of iterations moving from high to low 

resolution 

• developing a plan and specifications to guide production 

 
• working collaboratively to achieve team goals with all members contributing 

 
• using their plans and production sequence 

 
• for a design project, selecting and safely using a range of tools, equipment and related techniques to 

cut, edit, join, manipulate and shape materials and/or information 

COMMENTS: 

 
Students evaluated by: 

 
• identifying the strengths and limitations of the process used 

 
• self or peer assessing the final product by using the established design criteria 

 
• telling a captivating/engaging story that ties the prototyping, point of view and empathy expressed 

for the user 

COMMENTS: 
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APPENDIX B. TABLE 1. COMPARISON OF DIFFERENT STUDENT LEARNING BEHAVIOURS 
OBSERVED IN LESSON SAMPLE A DURING PHASE 1 AND PHASE 2 OF THE CASE  STUDY. 
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Student learning behaviours 

observed Phase 1 

 
Student learning behaviours observed Phase 2 after teacher 

professional learning experiences in design thinking 

 
Phase 1 Science and Technology Lesson Sample A 

 
‘Mirror, Mirror’ - explore how lights travel in straight lines and how mirrors can be used to reflect light  around 

corners. 

Students: 

 
● documented and communicated design ideas to others through drawing 

 
● identified and used a range of materials suitable for the task 

 
● tested the suitability of materials 

 
The students did not explore or define the task as it was set for the students. They were provided with hands 

on, shared experiences of how light travels. The students had previous knowledge about light and were able to 

complete the task quickly and independently. The students were not involved in any ideas generating or 

prototyping. 

 
Phase 2 Science and Technology Lesson Sample A 

 
‘The Block Challenge’ - Students were given the persona profile of Emily and are asked to design a new bedroom 

with ensuite for her that will give adequate light and privacy in the day and night. The design constraint for this 

challenge was that the current wiring in the bedroom is fixed. 

Students: 

 
● identified the user’s needs and wants using observations and interviews 

 
● developed a design brief collaboratively with others 

 
● developed a design criteria that considered form 

 
● used a range of creative thinking techniques including mind-mapping, brainstorming, sketching and 

modelling 

● documented  and  communicated  design  ideas  to  others  through  drawing,  modelling  and digital 
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technologies 

 
● identified a range of appropriate materials for the task 

 
● tested the suitability of materials 

 
● rapidly prototyped a solutions for user needs using a range of iterations moving from high to low 

resolutions 

Students spent time unpacking ‘Emily’s story’ to develop empathy for her and interviewed her to further 

identify her users’ needs. The students were engaged in the ‘Block Challenge’ as it reflected an authentic 

learning context. Students expressed frustration with the design constraint and required several iterations of 

their original design. The design process was timed to support rapid prototyping. A future direction would be 

to give students time to inquire into how architects maximise light as part of their structural design. This 

reinforcing the need for content knowledge too. 
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