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Executive Summary 
 

The first aim of the DiSTARS project was to develop a pedagogical framework that builds on 

the essential features of creative STEM education and supports creativity as a generic element 

in the processual and communicative aspects of the pedagogy through storytelling. In the 

framework of the project’s implementation and based on project-based and inquiry 

approaches participating students were asked to create their own digital DiSTARS about the 

future missions to and on Mars. Innovative teaching strategies were proposed offering 

students high participation and enable them to generate highly imaginative possibilities and 

support students’ deeper learning. The proposed pedagogical framework was designed to 

guide the teachers during the storytelling interventions towards better realizing their 

emerging role as coaches of learning and to act as the reference point for the development of 

the assessment approaches and the enabling technologies that the project was planning to 

develop. Additionally, in order to assess the students’ learning outcomes from the proposed 

intervention, a Deeper Learning Competence Framework was proposed to capture students’ 

indicators during such creative storytelling activities and populate their Deeper Learning 

competence profiles.  

This document has been prepared following the request of the review panel in order to 

identify the DiSTARS pedagogical framework and on which research it is based, and how it is 

meant to support the different intellectual outputs. 

In this framework, the current document presents (in Chapter 1) the extensive review of the 

literature on creative and inquiry teaching and learning that consists the theoretical 

background on which the DiSTARS Pedagogical Framework was developed. The review 

focuses both on research and on practice and includes literature review, reports of central 

committees that dealt with this question all over the world and relevant outcomes of previous 

EU projects (e.g. STORIES, CREATIONS, CREAT-IT, PATHWAY) highlighting the work of the 

DiSTARS pedagogical team in the field. The last section considers pedagogies, with a focus on 

inquiry-based science education (IBSE) and the use of technologies.  

Chapter 2 presents the eight features of creative science education as follows: Dialogue; 

Interdisciplinarity; Individual, Collaborative and Communal activities for change; Balance and 

Navigation; Empowerment and Agency; Risk, Immersion and Play; Possibilities; and Ethics and 

Trusteeship. This chapter culminates with an exemplification of the inter-relationship of the 

proposed features of creative science education and IBSE pedagogies. 

Chapter 3 presents the Pedagogical Framework of DiSTARS project that is based on the 

essential features of creative science education described in Chapter 2. It details the 

underpinning theoretical concepts of Possibility Thinking, the ‘4 Ps’, Wise Humanising 

Creativity and Living Dialogic Space, alongside the DiSTARS pedagogical principles. The 

DiSTARS pedagogical team that these concepts applied to the DiSTARS case of demonstrating 

innovative approaches involving Scientific Research (Space Exploration in the case of DiSTARS 

) through creative arts-based ways, supported by the dynamics of interactive storytelling hold 

a great potential to spark young people’s interest in science and in motivating them to follow 

scientific careers.  

Chapter 4 presents the how the DiSTARS Pedagogical Framework could act as a guide for the 

work in the different work packages of the project. It defines the essential features of creative 



 

Students as Digital Storytellers: a STEAM approach to Space Exploration 
Project Number - 2020-1-DE03-KA201-077546 

STEM education and describes the DiSTARS Pedagogical Framework which is based on the 

specific features. It defines the Deeper Learning Competence Framework which provides the 

means to create learners’ deeper learning profiles based on performance indicators to be 

collected through tool-supported assessment methods. Based on that it presents a set of 

recommendations and guidelines for a) the design of the DiSTARS Storytelling Platform and b) 

for the pilots in the school classrooms. To further support the integration of the proposed 

approach to the overall work of the DiSTARS project the consortium will provide two 

additional documents, the DiSTARS Implementation Guide (and DiSTARS platform user guide) 

to support the work of teachers and a detailed presentation (ppt) on deeper learning.  

Chapter 5 aims to answer the question why the specific pedagogical approach was selected 

for DiSTARS. Here we are presenting our rationale for following the specific approach and the 

proposed roadmap for the development of the DiSTARS Pedagogical Framework. Such a 

framework holds a great potential for the design of STEAM activities, considering the current 

practices in European schools, building at the same time on well documented theoretical 

background on both current trends in creativity and science education. 
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1. Background and Literature Review: 
Theoretical Background of the DiSTARS Pedagogical 
Framework 

 

1.1. Creative teaching and teaching for creativity in science 
education 

 

There is a burgeoning area of practice and research around the shift from STEM (Science, 

Technology, Engineering and Maths) to STEAM (Science, Technology, Engineering, Arts and 

Maths) education, including work to understand the relationship between the arts, sciences 

and creativity (Chappell et al., 2019, Buck, Sotiriou, & Bogner, 2018; Colucci-Gray et al., 2017). 

Increasingly arguments have been made for the need to explore the nuances of the interaction 

between the sciences, the arts and their inherent creativity to better understand their 

potential within teaching and learning. The key aspects in creativity in education, including 

the importance of play, creative meaning-making, dialogue and relationships, the generation 

of outcomes original to the learner, personal relevance and engagement, environment, time, 

agency, empowerment, risk-taking and different ways of knowing and using knowledge, can 

be clearly linked to some strong lines of research in the field of Science education, although 

they may not be explicitly framed as such. These include work on the Nature of Science, where 

the importance of creativity in the discipline of science is clear (see Lederman 2007), 

Constructivist science education, focusing on student meaning-making, modelling, and 

generation of their own conceptual frameworks (see Taber 2009), and Argumentation in 

Science, focusing on the importance of a particular kind of evidence-based dialogue in the 

process of generating scientific knowledge and understanding (see Erduran & Jimenez-

Aleixandre 2007). It is beyond the scope of this review to explore the nuanced links between 

creativity and the above lines of research in full. In the following, we therefore explore recent 

directions in the science education literature linked to creativity and consider these in light of 

the facets of creativity already described.  

Studies that focus on teaching for creativity in Science fall into similar categories as those 

relating to creativity more broadly, taking a cognitive, psychometric or humanist view of 

creativity and studying this in the context of science learning. Thus, some studies attempt to 

measure the impact of pedagogical interventions designed to stimulate creativity through the 

use of tests of students’ creativity (Buck, Sotiriou, & Bogner, 2018, Siew, Chong and Chin, 

2014). Others focus on teacher perspectives and analysis of naturalistic lesson observations 

to identify creative processes taking place in the science classroom. In the analysis undertaken 

here, we explore the findings of the relatively limited number of studies into creativity in 

science learning using the facets of creativity identified in the earlier part of this review. We 

also analyse other research projects that, whilst not specifically focused on creativity, 

nevertheless mention creativity as an important process or outcome. Many of these are 

drawn from projects which aim to develop and synthesize good practices in Inquiry-Based 

Science Education (IBSE) like the PATHWAY large scale policy support action (Sotiriou, Bybee 

& Bogner, 2016)1. Synthesizing this literature enables us to offer some suggestions for 

pedagogies that support creative science teaching and teaching for creativity in science. 

 
1 http://pathway.ea.gr/  

http://pathway.ea.gr/
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Finally, we consider the impact of assessment of inquiry and creativity within science learning 

and the constraints and tensions that may arise for teachers in balancing ‘curriculum 

coverage’ and the teaching of specific scientific knowledge with the more open-ended 

pedagogies suggested.  

 

1.1.1. Creativity in Science Education: Purposes and Perception 
 

Creativity is a key characteristic of scientific knowledge (Lederman, 2007), defined by Meyer 

and Lederman as resulting in a product that is novel, and extends and amends our 

understanding of the natural world’ (Meyer and Lederman, 2013: 400). They delineate 

creativity (defined by the product) and creative thinking (the process) in science and argue 

that both are important in science education. Following the arguments made by Craft (2001), 

a definition of scientific creativity (incorporating both creativity and creative thinking) could 

be refined for ‘little c’ scientific creativity as activity resulting in a product that is novel to the 

learner, amending and extending their understanding of the natural world. By clearly 

delineating scientific creativity as relating to science disciplinary aims and knowledge, Meyer 

and Lederman (2013) acknowledge the role of both broader disciplinary knowledge and 

students’ own science knowledge in teaching and learning for creativity in science. 

The necessity of creative teaching and learning for creativity is part of a wider debate about 

the purposes of science education. As has been discussed by numerous scholars such as 

Schwartz (2007), science education strives for, or should strive for, conceptual understanding, 

excellence in the related skills, awareness of practical, social and ethical applications and 

issues, and some information about the archival roots of science and its place in the broader 

intellectual tradition. It should contribute to generation of people who are capable of doing 

things differently rather than simply repeating what has already been done. These ideas 

suggest that the development of creativity should be an important goal of science education. 

In terms of political aims, the literature suggests that there are multiple purposes to science 

education related to culture, employability, utility, informed citizenship, a better way of 

thinking about the world, understanding the popular media, the aesthetic appeal of science, 

sympathy to science and the importance of technology (DeBoer, 2000). In common with the 

economic imperative argument for creativity education described in section 3.1, the need to 

educate scientists of the future is regularly cited to support arguments regarding an increased 

focus on science education research and practice (Craft et al. 2012, Rocard et al, 2007, Gago 

et. al, 2004), with the ability to innovate seen as a crucial part. Although educational policy 

makers, researchers and practitioners are often unequivocal about the importance of 

research and practice in science education, they appear to have varied opinions regarding how 

they should be done effectively, not least in relation to the relevance of creativity and inquiry 

science.  

Despite this recognized need for a scientifically educated population and future scientists, a 

low level of interest in science subjects by students has been established in the literature 

(Osborne and Dillon, 2008, Sjøberg and Schreiner, 2010) though this is largely the case in 

developed rather than developing countries (Wegerif, Postlethwaite, Skinner, Mansour, 

Morgan and Hetherington, 2013). This lack of interest has been found to stem from multiple 

possible causes. Bennett and Hogarth (2005) identified the perceived intrinsic difficulty of the 

subject, the absence of well-qualified teachers, negative attitudes of society towards science 

https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.32hioqz
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.1hmsyys
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.41mghml
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.2grqrue
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and scientists (such as that science is dangerous and it creates problems), the relatively 

expensive structure of science teaching and science practical applications, and gender issues 

as the main reasons.  

In addition to these, the dogmatic structure of science as perceived by pupils is also 

considered as one of the fundamental reasons behind students’ low level of interest in science 

subjects. More recently, longitudinal research into 8 to 14 year old students’ aspirations to 

study science has revealed a broad range of sociocultural reasons for such choices, including 

gender, race and class, which has been conceptualized using the concept of ‘science capital’ 

to explain why large numbers of students see science as ‘not for me’ (Archer et al, 2013). 

Interestingly, a clear distinction is noted between ‘doing science’ and ‘being a scientist’ 

(Archer, DeWitt, Osborne, Dillon, Willis and Wong, 2013 & 2010), indicating that identity and 

personal involvement are important. Similar findings elsewhere which showed that some 

students think that in science “there’s no room to put anything of you into it” and “everything 

else is more creative, even history” (Osborne and Collins, 2001:14) highlights the importance 

of relevance, identity and creativity in engaging students in science, and resonates with 

Woods’ (1995) elements of creative pedagogy. This clearly has implications for creative 

science pedagogy in contrast with some more transmissive approaches to teaching science, 

which directly act to cultivate perceptions of science as a non-creative endeavor.  

Educators using those teaching approaches often focus on covering the expectations of the 

curriculum, which often involves well-structured problems, recipe-style-learning laboratory 

work, and tightly-timed learning activities for a necessary piece of knowledge (Lee et al., 2007, 

Niaz, 2008, Reeves et al., 2007).  

In challenging this highly structured pedagogy, both practitioners and researchers in the 

science education domain attempt to incorporate new approaches to teaching and learning, 

aiming to broaden perceptions of science and increase student interest (Craft et al., 2008, 

Cukurova and Bennett, 2014, Park Rogers and Abell, 2008). This need not require a complete 

removal of structure, but a balancing of structured tasks and teacher intervention with 

student directed agentic activity, enabling ‘bursts of creativity’ or more sustained periods of 

creative work along parallel lines to those described by Chappell (2007) in the context of 

creative arts pedagogy.  

Creative science pedagogy (both teaching creatively and teaching for creativity in science) 

could therefore be expected to increase interest in and longer-term engagement with science 

for a wide range of pupils by addressing issues of relevance and agency. Given that creativity 

is a multi-faceted concept, it has been argued that this requires skills-based approaches to 

creative science education and training that include contextualised, inquiry-based pedagogies 

(Schmidt, 2011). These teaching and learning strategies in science are often open-ended, 

student-oriented, exploratory and group-based. Some pedagogical approaches in the 

literature that demonstrate these features and thus have potential for creative teaching and 

teaching for creativity include: 

● ‘Voice through Choice’ in linking their study of science to students’ diverse interests by 
offering a choice of contexts and inquiries through with to learn (Wegerif, 2011) 

● Student generation of questions and development of methods to test those questions 
and engage in meaning-making using Inquiry-Based Science Education (Bogner et al. 2013) 

● Engaging students in developing their critical and creative thinking using dialogue and 
argumentation in science (Yang, Wegerif and Pifarre, 2013) 

https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.vx1227
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.3fwokq0
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.1v1yuxt
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.4f1mdlm
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.2u6wntf
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.19c6y18
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.3tbugp1
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.28h4qwu
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● Connection of more abstract scientific concepts with real-life applications to increase 
students’ personal understanding of the relevance of science and tap into their own 
questions (Jenkins and Insenga, 2013) 

● Connecting students with the work of professional scientists to model and develop 
scientific creativity as a key part of the nature of science, empowering students through 
their own analysis of real laboratory data (Kourkoumelis and Vourakis, 2014) 

● ‘Playing’ and experimenting with scientific concepts and ideas using digital games 
(Smyrnaiou, Moustaki and Kynigos, 2012) 

● Interdisciplinary learning across Arts and Science disciplines, including reference to 
embodied learning (Chappell et al., 2019). 

 

Of course, many of these ideas connect and can be used together to promote students’ 

learning in science, both in terms of content and creativity. Whilst it can be argued that such 

pedagogies offer a learning environment that is more likely to stimulate creativity by 

embodying the creative principles of projects like CREAT-IT2 and CREATIONS3 (e.g. living 

dialogic spaces and the opportunity for genuine experiment or ‘play’), there is as yet limited 

research evidence that such contextualized, inquiry-based pedagogies do indeed stimulate 

creativity within science teaching and learning, or through what process.  

The current research therefore seeks to contribute to knowledge of the relationship between 

contextualized, inquiry-based pedagogies and creativity in science learning by developing and 

exploring pedagogical approaches from across this range within the DiSTARS project. For 

reasons of space, the remainder of this section will focus on synthesizing the current literature 

on IBSE as space for creative science pedagogy, and on recent innovative use of technology to 

support creative science teaching and learning.  

 

1.1.2. Creativity needed at school  
 

STEM curricula nowadays are expected to benefit from the integration of arts and/or creative 

aspects, thus fostering creative solutions (Henriksen 2014). Subsequently, STEAM may help to 

develop critical thinking, also regarding real-world problems, and, moreover, to make science 

learning easier. For the latter, a feasible definition of creativity would be the process of raising 

awareness of problems, closing gaps in knowledge, searching for solutions and 

communicating results with peers (Torrance 1966). It is a definition also fit for “Deeper 

Learning”, which is understood as a “21st century skill”, with aspirations so ambitious that it 

would take more than a change of curriculums (National Research Council 2012). It is, 

therefore, rather used to convey an attitude in which everyone scoops out their 

competencies, e.g. for problem-solving, which requires more than simple knowledge transfer.  

Purposeful behavior and the perseverance to achieve set goals are normally considered to 

result in good marks or a science career. Self-efficacy is, thereby, regarded as a major trigger 

and constitutes a leading non-cognitive construct related to problem-solving abilities (Özcan 

und Eren Gümüş 2019) affecting behavior via feeling, thinking, acting and self-motivating 

(Bandura 2012). The latter is regarded as an inner drive that directs an individual's behavior 

toward the fulfilment of a goal. Additionally, self-efficacy, defined as judgement or assessment 

 
2 http://www.creatit-project.eu/  
3 http://creations-project.eu/  

http://www.creatit-project.eu/
http://creations-project.eu/
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of one’s capabilities to successfully perform a particular given task (Bandura 2012), has been 

highlighted as an important predictor of general academic performance (Ferla et al. 2009). 

Learning difficulties, especially in the case of negatively rated subjects, might be due to poor 

self-efficacy (Conradty und Bogner 2016; Epstein und Fischer 2017; Schumm und Bogner 

2016).  

As creative individuals report discovery processes as enjoyable experiences, bridging 

creativity and science as closely related fields (Csikszentmihalyi 2015). Neglecting this bridge 

may lead to a focus primarily on learning rules in scientific environments without using its 

potential for creativity (Csikszentmihalyi 2000). Learning environments following the theories 

of constructivism, have more open learning environments where learners can follow 

individual conceptions and could serve as a guideline for other curricula integrating creativity. 
Thus, creativity could be viable in educational settings that follow the five steps of creative 

processes: preparation, incubation, eureka effect, evaluation, elaboration (Csikszentmihalyi 

2000). Creativity can be inspired and fostered to preserve the ability for creative (flow) across 

all age groups (Bono 1990). 

 

1.1.3. Creativity-promoting features 
 

Existing research in the field of creativity has mainly focused on individual, psychological, 

and/or personality variables, which despite of its importance offer scarce practical advice to 

educators (Beghetto 2010). Only few studies have so far been focusing on creativity-

promoting practices in classrooms (Dababneh et al. 2010). It is, however, critical to investigate 

the ways in which teachers can create environments that support creativity in educational 

settings. Many teachers may also believe that developing students’ creativity is important, but 

lack the pedagogical strategies to do so (Chan und Yuen 2014). Creativity-enhancing education 

is not a collection of interventions and techniques but a reconstruction of the learning 

environment whereby teachers constitute the most important motivational factor. Teachers 

need to reconsider their role within the classroom community, thus, being less rigid, less 

structured, more hands-on, and more open to multiple options of learning (Conradty und 

Bogner 2011). From a psychological perspective, fluid thinking and association, as well as the 

ability to change perspectives are important. Readiness to open up to the unknown and 

preparedness to meaningfully process ideas are also to be considered. Several methods may 

foster creative thinking, for example, concept mapping, mind mapping or variations of 

brainstorming (Gordon 1961; Novak und Cañas 2006). Nevertheless, more important for 

creative output than methods and techniques is the social environment. Otherwise, these 

methods would already be common practice.  

Behaviors that promote or inhibit creative potential are responsive to social backgrounds, 

working climates and educational experience. Perfectionism may cause strict target 

orientation and problem-solving rituals to prevent mistakes which could be leading to fear, 

disappointment, failure and mistakes (Grant et al. 2012). A conducive error management 

culture, with no blame for failure, may help to avoid such problems. Other factors can be both 

supportive and obstructive for creativity: e.g. social distance impairs creativity (Erez und Nouri 

2010). Strong team spirit might promote self-censorship but could also prevent presenting 

new ideas to avoid separation from the group. Another cultural disadvantage might be rooted 
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in the strict separation of work and play as playfully trying out different things could actually 

encourage the development of something new (Csikszentmihalyi 2000). 

 

1.2. Inquiry-Based Science Education (IBSE) as a space for Creative 
Science Pedagogy 

 

Inquiry-Based Science Education (IBSE) is a pedagogical approach that is designed to offer 

student opportunity to develop their knowledge and understanding of both scientific content 

and processes through engaging in investigative, experimental and problem-solving activities. 

The concept of inquiry has been part of the science education for many years, rapidly gaining 

popularity during the early 1960s. DeBoer (1991) argues that inquiry has been the most 

important purpose of science education since the 1960s, although its implementation remains 

contested and patchy across international contexts over time as a result of changing policy 

and curriculum requirements.  

Despite the recognition of it’s importance for science education, IBSE is not very well defined 

in the literature and the critical need for an agreement upon its definition has been 

emphasised recently (Capps and Crawford, 2013). The lack of a clear and accepted definition 

of IBSE leads to confusion in both research and practice (Blanchard et al., 2009). However, 

there do appear to be some essential features of IBSE (NRC, 2000: 25 as referred in Minner et 

al., 2010, Sotiriou, Bybee & Bogner, 2016) including: 

● Learners are engaged by scientifically oriented questions.  

● Learners give priority to evidence, which allows them to develop and evaluate explanations that 
address scientifically oriented questions.  

● Learners formulate explanations from evidence to address scientifically oriented questions.  

● Learners evaluate their explanations in light of alternative explanations, particularly those 
reflecting scientific understanding 

● Learners communicate and justify their proposed explanations. 
 
In addition to these, Schroeder et al. (2007) define IBSE as ‘student-centered instruction that 

is less step-by-step and teacher-directed than traditional instruction; [in which] students 

answer scientific research questions by analyzing data (e.g., using guided or facilitated inquiry 

activities, laboratory inquiries)’ (Schroeder et al, 2007:1446). As can be seen from this 

definition and the essential features of the IBSE identified, students’ investigation with 

curiosity and questions is at the core of IBSE. Rocard et al. (2007) argue that this makes 

creativity inherently part of IBSE4.  

Teaching strategies that come under the umbrella term IBSE are wide-ranging, and it is not 

the case the IBSE is synonymous with unguided ‘discovery’ learning, although the level of 

guidance offered to students engaging in IBSE activities may vary. In his discussion of 

investigative work, Wellington (1994) argued that such activity may fall across three 

 
4 For a useful summary of good practice in IBSE approaches, see the PATHWAY project Best 
Practices and Resources for implement Inquiry-Based Science Education: 
http://pathway.ea.gr/  

https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.nmf14n
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.37m2jsg
http://pathway.ea.gr/
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dimensions: Open (many possible answers) to Closed (one right answer), Pupil-led (pupils ask 

questions with no restrictions) to Teacher-led (teachers pose questions or problems for 

investigation), and unstructured (no guidance given or constraints applied) to structured 

(guidance given at all stages). The extent to which IBSE could be unguided, with student choice 

of question, investigative design and analytical approach, has led to one line of criticism of IBL 

(Inquiry based learning, including but extending beyond the field of science education) as a 

teaching approach: namely that if learning is equated with changes in long-term memory, 

unguided inquiry techniques do not lead to learning because searching for novel solutions to 

problems is an activity with high cognitive load, thus limiting the extent to which information 

can be transferred to long term memory (Kirschner, Sweller and Clark, 2006). This argument 

leads to the suggestion that until pupils have sufficient understanding and knowledge of the 

discipline, they are limited in what they can learn from inquiry-based or problem-solving 

activities: in effect, this is an argument against pedagogical approaches in science that mirror 

the process of real science and, therefore, is also an argument against the aim of teaching for 

scientific creativity in the early stages of science education which has been articulated in a 

number of studies (see: Washton, 1965; Gangoli, 1995; Kind and Kind, 2007).  

In contrast to this, there is a weight of evidence in the literature about the impact of IBSE 

approaches on students’ engagement and interest in science as well as on their disciplinary 

knowledge and understanding. The results of a number of meta-studies comparing IBSE to 

other teaching approaches in terms of impact on students’ learning gains present positive 

trends favoring IBSE practices, particularly if the instructors’ focus is on students’ active 

thinking and drawing conclusions from data (Minner et al., 2010, Schroeder et al., 2007, Furtak 

et al., 2012). This suggests that in real classrooms, the impact of pedagogical approaches such 

as IBSE are complex and go beyond straightforward questions about the impact of the level 

of scaffolding and guidance on knowledge acquisition. The importance of teacher-student 

relationships, dialogue and argumentation, interest, engagement, agency and 

experimentation – and, of course, creativity – are not measure in knowledge gains alone.  

Within IBSE approaches, the necessity of some scientific knowledge and understanding is 

emphasised since the questions on which the inquiry is based need to be scientifically relevant 

(Bogner et al, 2013). Addressing the issues raised by the application of recent developments 

in understanding of human cognitive architecture (Kirschner et al, 2006), it has been argued 

that good practice in IBSE is to offer “scaffolded” learning activities (Hmelo-Silver et al., 2007) 

in which an optimum amount of guidance should be provided when students cannot achieve 

the goals on their own throughout the learning process. So, given the need for some 

background knowledge and understanding, and scaffolding by the teacher, how might IBSE 

pedagogical approaches open a space for creative science pedagogy? 

Research studies which investigate creativity in science education in detail are limited in 

number, inquiry-based pedagogies have been considered as powerful means to help students 

in enhancing their reasoning activity, their creativity and improving their understanding of 

scientific concepts both by researchers and teachers (Liu and Lin, 2014). In order to relate 

inquiry-based science education principles to concepts in the literature on creativity and 

education, we take the ‘framework for the definition of IBSE Best Practices’ from the 

PATHWAY Project (Sotiriou et al., 2012), reproduced in Figure 1, and consider how the key 

principles outlined create a space for creative science pedagogy by drawing out some of the 

different facets of creativity and creative education identified in the previous sessions of this 

Chapter. The PATHWAY team has developed a series of basic principles that the Best Practices 

https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.1mrcu09
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.46r0co2
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.2lwamvv
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.111kx3o
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.37m2jsg
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.3l18frh
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.3l18frh
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in IBSE have to meet. The determination of the underlying principles that should govern the 

presented standardization approach is based on the concepts and the theoretical approaches 

deriving from recent educational research on the field. The PATHWAY approach imparts a 

deep understanding of content, teaches prospective teachers many ways to motivate young 

minds, especially with the appropriate use of technology, and to guide them in active and 

extended scientific inquiry, and instils a knowledge of – and basic skills in using – effective 

teaching methods in the discipline.  

These principles are:  

1. Best Practices should aim systematically to develop and sustain learners’ curiosity 
about the world, enjoyment of scientific activity and understanding of how natural 
phenomena can be explained  

2. Best Practices have to focus on all learners, both those who may later become scientists 
or technologists or take up occupations requiring some scientific knowledge and those 
who may not do so.  

3. Best Practices must have multiple goals. They should aim to develop: • understanding 
of a set of big ideas in science which include ideas of science and ideas about science 
and its role in society • scientific capabilities concerned with gathering and using 
evidence • scientific attitudes. 

4. The implementation of the Best Practice should be a clear progression towards the 
goals of science education, indicating the ideas that need to be achieved at various 
points, based on careful analysis of concepts and on current research and 
understanding of how learning takes place.  

5. The themes of the Best Practices should result from study of topics of interest to 
students and relevance in their lives.  

6. Best Practices should reflect a view of scientific knowledge and scientific inquiry that is 
explicit and in line with current scientific and educational thinking.  

7. Best Practices should deepen understanding of scientific ideas as well as having other 
possible aims, such as fostering attitudes and capabilities.  

8. Programmes of learning for students, and the initial training and professional 
development of teachers, should be consistent with the teaching and learning methods 
required to achieve the goals set out in Principle 3.  

9. Assessment should be an integral part of the Best Practices. The formative assessment 
of students’ learning and the summative assessment of their progress must apply to all 
goals.  

10. Best Practices should promote cooperation among teachers and engagement of the 
community including the involvement of scientists. 
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Figure 1. The main principles for the design of effective inquiry activities in the framework of 
PATHWAY project (Sotiriou et al., 2012) 
 
Beginning with engaging students in the scientific inquiry aiming to develop and sustain their 

curiosity draws in the need for discussion of students’ personal interests with a series of 

questions: ‘What do I know? What do I wonder about? What is interesting? What can I try?’ 

All of these questions could be considered both individually and collaboratively and discussed 

between students and with the teacher in order to reach a consensus about a scientifically 

oriented question that could be explored and investigated. This is an important element of 

the process in terms of creativity, harnessing as it does all the synergistic features of creative 

teaching and learning in science identified by Cremin et al (2015) as relevant in primary school 

settings (Study performed in the framework of CREATIVE LITTLE SCIENTISTS project5), 

suggesting that these features may also be relevant for older learners, too. These features: 

play and exploration, motivation and affect, dialogue and collaboration, problem-solving and 

agency, questioning and curiosity, reflection and reasoning, and teacher scaffolding and 

involvement, not only characterize potential ways of engaging students at the outset of an 

IBSE activity, but also link to later stages of an inquiry, as illustrated in the PATHWAY 

framework with the concepts ‘discuss, share, debate, cooperate, reflect and record’ (Sotiriou 

et al., 2012). Much of this work is clearly identified as collaborative, a key aspect to creativity 

in science that both Schwarz et al. (2015) and Abdu et al. (2015) have argued is developed 

through IBSE and can be facilitated within a whole-class context with suitable technologies. 

We shall return to this point in the next section, discussing the use of technology in creative 

science pedagogies.  

 
5 http://www.creative-little-scientists.eu/  

http://www.creative-little-scientists.eu/
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An additional key aspect to creativity identified earlier in this document relates to the notion 

of ‘possibility thinking’. This is clearly featured within IBSE as illustrated in Figure 1, as 

throughout, students engage with questions that ask them what it is possible to investigate, 

how it might be possible to gather evidence that would answer their questions, what that 

evidence tells them and thus what it is now possible to do and think about as a result. In terms 

of pedagogy, this implies that the responsibility of the teacher working with students using 

IBSE approaches is to hold open a space in which they can play with possibilities, suitably 

scaffolded to understand what is possible, feasible, safe and ethical.  

Teachers doing this thus offer the possibility for scientific creativity to emerge in and through 

their interactions with the students, in a manner parallel to the positioning of education in the 

‘gap’ – the relation – between student and teacher (Biesta, 2004). Biesta would also argue 

that such education-in-relation is the distinction between education and training: applying 

this distinction to science education and creativity leads us to suggest that although it is 

possible to ‘train’ students in scientific knowledge and processes through highly structured 

and guided means, education for scientific creativity is only possible through relational 

education of the kind highlighted in this literature review, exemplified within science in IBSE 

approaches where students have the opportunity to experiment with possibilities. 

The above discussion of IBSE has focused primarily on how it might be developed within a 

school classroom context. However, recently, the Maker Movement (Halverson and Sheridan, 

2014), has demonstrated more potential uses of IBSE in broader contexts. Due to its perceived 

potential as a driver of creativity, excitement, and innovation (Honey and Kanter, 2013), the 

maker movement has shown a rapid increase in popularity in Science Education. As Bevan et 

al. (2014) argue, making is promoted as advancing entrepreneurship, developing science, 

technology, engineering, and mathematics (STEM) workforce, and supporting compelling 

inquiry-based learning experiences for young people. In addition, Moote et al. (2013) 

introduce the CREativity in Science and Technology (CREST) scheme, which is a student-run 

science project supported by the science, engineering, and technology network. It is currently 

being implemented in schools across the United Kingdom to increase student engagement 

and motivation in science. The investigation of the approach shows that it can contribute to 

students’ self-regulation abilities as well as their motivations. CREST projects regularly take 

place outside lesson time and draw together a range of disciplinary and out-of-school learning 

contexts, thus demonstrating the broader contextual possibilities within the IBSE framework 

of pedagogical approaches that can be harnessed to open a space for creativity in science 

education. A range of digital technologies may also be adopted both within IBSE and beyond 

as enabling contexts that have the potential to support creative science teaching and learning, 

and it is to this literature that we now turn.  

 

1.3. Learning from CLIL approaches 
 

The DiSTARS project approach, which aims to combine science education and arts can learn 

from other already sophisticated approaches on cross-curriculum efforts. Such an approach 

is the so-called Content and Language Integrated Learning (CLIL) which integrates language 

learning in the curricula of STEM as well as other school subjects.  

https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.206ipza
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.206ipza
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.4k668n3
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.4k668n3
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.2zbgiuw
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The adoption of CLIL in the European arena has been rapid and widespread. There are 

numerous cases supported by research evidence for the effectiveness of the CLIL approach. 

STEM content with advanced foreign language instruction provides a unique way for students 

to gain foreign language capacities directly related to promising career pathways.  

Recent research from Kinzler's developmental psychology lab indicates that "multilingual 

exposure improves not only children's cognitive skills but also their social abilities (Kinzler, 

2016). It simultaneously promotes skills in the target language and advances content 

knowledge, making this a promising approach for students to gain STEM skills in a foreign 

language classroom (Brewster, 2004; Mehisto, Marsh, & Frigols, 2008; Smala, 2009).  

Furthermore, as evidences from numerous surveys indicate the project-based learning (PBL) 

approach seems to be very effective in CLIL classrooms: such a combination fosters foreign 

language learning by engaging students in important, real-world projects and having students 

utilize their first and second language knowledge, skills, and abilities to complete the work 

(Buck, Sotiriou, & Bogner, 2018, Stoller, 1997, 2010; Thomas, 2000). Successfully planning a 

thematic unit of PBL to integrate STEM topics into a foreign language classroom involves 

collaboration between teachers from different disciplines, identifying final outcome goals, 

creating guidelines for students, assisting students in gathering, compiling and reporting 

information in a second language, and creating useful evaluation tools to assess student work. 

The main principles of the CLIL approach could offer an effective reference framework for the 

development of the DiSTARS pedagogical framework in order to facilitate the effective 

integration of arts into the STEM activities. These principles that the project is planning to 

implement and assess in the school communities that will participate in the project, are the 

following: 

 

● CLIL is dual-focused education where attention is given to the topic as well as the 
language. Usually the topic is more important, foreign language is most of the cases the 
medium used. Whether the topic is a school subject or another, the principles are the 
same. The fact that importance is given to the topic and the language gives a more 
integrated methodology of learning and teaching, drawing attention to the educational 
process as a whole as opposed to just how languages should be taught. 

● Making content/context king means that the student is actively involved in the language; 
they are immersed in it, surrounded and engulfed in it. They are using the language but 
the context, theme and task are the driving forces. When the students are engaged and 
interested in the topic they are more motivated to use and learn the language needed 
to communicate. It also promotes a more natural use of language; simply because the 
scope of the language is so much wider than the constraints of a traditional lesson. 

● CLIL has been called education through construction, rather than instruction which again 
puts the onus on the student – they learn, they build their language because they are 
put in the position where they have to, not because they are being taught to. CLIL is 
based on language acquisition rather than enforced learning. Some people are of the 
opinion that students often learn despite their teachers; with CLIL, teachers take much 
more of a facilitator role than instructor. 

● Fluency is more important than accuracy. The nature of CLIL lessons means that the 
students will produce (and be exposed to) a vast array of language; the focus is firmly 
on communication and accuracy comes with time. Making mistakes is a natural process 
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in language learning and, as we all know, language doesn’t have to be accurate to be 
communicative. CLIL exposes learners to situations calling for genuine communication. 

● CLIL promotes critical thinking and collaboration skills as well as language competence. 
It produces life-long learners and students are sent out with real-world skills and 
enhanced motivation and self-confidence. 

We will come back to these principles in the next Chapter defining the key features of Creative 

Science Education. 

 

1.4. Use of Technology to support creative science teaching and 
learning 

 

The first context in which studies have shown that ICT environments can support students’ 

learning in ways that link to creative education is in their potential facilitation of dialogue and 

collaboration. As highlighted above, collaboration has been identified as a key aspect of 

creative education across a range of studies both within and beyond the discipline of science. 

Similarly, the concept of ‘Living Dialogic Spaces’ (Chappell and Craft 2011) highlights the 

importance of dialogue in creativity. Wegerif’s work explores the potential of dialogic 

pedagogies in supporting learners’ thinking and how technology might help develop this 

potential (Wegerif, 2012; Wegerif, 2010). Technology-supported collaborative dialogue has 

been studied in the context of science education by Pifarre et al. (2012), who suggest that ICT 

environments such as wikis may help raise students’ awareness of key collaborative scientific 

processes in IBSE.  

Using different technologies to explore similar skills, the Metafora project saw Smyrnaiou et 

al. (2012) exploit computer modelling, in the form of exploring, designing and building 

computer models of complex scientific phenomena. They conclude that working 

collaboratively with constructionist game microworlds that are designed to invite students to 

explore the fallible model underpinning the game and change it so as to create a new game, 

may provide students opportunities to bring into the foreground their conceptual 

understandings. 

As well as offering alternative approaches to learning within class in ways that can contribute 

to creative teaching and learning, other studies have explored the ways in which technologies 

can enable students to engage with the work of professional scientists through accessing and 

analyzing real data and through virtual experiences in real laboratories. For example, 

Kourkoumelis and Vourakis (2014) describe an interactive tool for analysis of data from the 

ATLAS experiment taking place at the world’s highest energy particle collider at CERN. They 

introduce the tool, called HYPATIA6, that enables students of various levels to become 

acquainted with particle physics and look for discoveries in a similar way to that of real 

research. They deploy the same tool to introduce the cutting edge of modern research to 

school physics rather than using more traditional school contexts and content. These 

researchers have also used virtual visits, science cafes and visits to CERN exposition with the 

purpose of investigating effective IBSE, concluding that a workshop where the students are 

introduced to one of the large LHC experiments, followed by a virtual visit to the experiment’s 

Control Room and the opportunity to perform interactive analysis of real data is an effective 

 
6 https://hypatia.iasa.gr/  

https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.1egqt2p
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.3ygebqi
https://docs.google.com/document/d/1kBX54QcuVMZAQLMLBjaWjgLzjh4AHHQK/edit#heading=h.3ygebqi
https://hypatia.iasa.gr/
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approach to using such tools to engage students and support their science learning. In terms 

of scientific creativity, the opportunity to work with real data, and real scientists, is likely to 

enhance students’ understanding of both the role of creativity within science and offer them 

opportunities to think differently about novel ideas – playing with different possibilities – as a 

result of engaging with the discipline of science in a different contextual environment that the 

school lab setting. 

Among the most relevant ICT tools to support the effective introduction of creativity in 

education is digital storytelling. In a recent review (2017) from the SPOKES Magazine the 

unique potential of digital storytelling in science communication is presented7. Science 

museums and science centres communities have been at the forefront of storytelling, using it 

in very creative ways to engage visitors in exhibitions and collections. Cristophe Chaffardon, 

Head of Education in Cite de l’Espace in Toulouse presents a recent H2020 project 

(http://www.chessexperience.eu/) in the framework of which two museums the Acropolis 

museum in Athens (archaeological, filled with what we call “mute” objects) and Cité de 

l’Espace (a science centre with many interactive objects) were involved to create engaging 

storylines for their visitors. The aim of the project was to use mobile devices to develop 

engaging DiSTARS at the museums. “At Cité we had two personas: Luca, a 10 years old boy 

and Céline, a mother whose main concern is the education of her children but who is also 

looking to be surprised herself” C. Chaffardon says. Digital storytelling is one mode of twenty-

first century learning (Niemi H. & Multisilta, J., p. 4, 2015). Digital DiSTARS derive their power 

by weaving images, music, narrative and voice together, thereby giving deep dimension and 

vivid colour to characters, situations, experiences, and insights (Thesen, 2011). 

With the current expansion of digital tools and on advanced interfaces, the media and the 

tools used for narrating are changing (Åberg, Lantz-Andersson & Pramling, 2014). Scholars in 

the field of media and education have found that "digital storytelling in many ways (helps) to 

support students’ learning by encouraging them to organize and express their ideas and 

knowledge in an individual and meaningful way" (Sadik, p.490, 2008). Digital stories have 

proven to be a powerful medium to express their voice with intellectual depth in a form other 

than writing (Sukovic, p.206, 2014). Meaningful engagement in literacy in which students can 

invest their identities are crucial in today's linguistically and technologically diverse world. 

Research findings demonstrate that students who were involved in storytelling activities were 

active architects of their own understanding (Papadopoulou & Vlachos, 2014, p. 250) while 

creating a digital story consists of using a mixture of visual, gestural, auditory and linguistic 

skills (Green, 2005, p. 28). Barrett (2006) found that digital storytelling facilitates the 

convergence of four student-centered learning strategies: student engagement, reflection for 

deeper learning, project-based learning, and the effective integration of technology into 

instruction (Sadik, 2008, p. 490).  

In the framework of the DiSTARS project storytelling will be used to facilitate the framework 

of Creative STEM education in the participating classrooms. As described before and based on 

the findings from the extended literature review, we believe that storytelling could act as a 

catalyst in the interaction between STEM and Arts as it provides a basic framework for 

engaging students while they are discovering their own learning pathways. The storytelling 

process offers additionally unique opportunities for the evaluation team to assess the full set 

 
7 http://www.ecsite.eu/activities-and-services/news-and-publications/digital-spokes/issue-
29#  

http://www.chessexperience.eu/
http://www.ecsite.eu/activities-and-services/news-and-publications/digital-spokes/issue-29
http://www.ecsite.eu/activities-and-services/news-and-publications/digital-spokes/issue-29
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of competences that are forming the deeper learning paradigm. We will have the chance to 

monitor numerous activities during the authoring of their DiSTARS, during the development 

of their projects and during the presentations and the discussion that will take place. The 

evaluation team will design, and the technical team will deliver a series of applications 

(dashboard tools and conversational agents) to support the evaluation. 

 

1.5. Issues of Assessment in Creative science teaching and learning 
 

Where learning is open-ended, novel or creative, how to assess such learning remains a vexed 

question. Given the importance of assessment of and for learning within current educational 

systems across Europe and internationally, not least within a high-profile subject such as 

Science, this is an issue to which we must now turn. Assessment of pre-defined scientific 

learning objectives, whether related to content or skills, is relatively straightforward. Where 

what is to be learned is, by definition, uncertain at the outset, strategies for assessment 

become much more challenging.  

It has been argued in the literature that providing formative feedback contributes to pupils’ 

development of creativity more effectively. Similarly, Lucas, Claxton, and Spencer (2013) 

argue that formative assessments can help teachers be more precise and confident about 

assessing students’ creativity as well as helping students be able to better understand what it 

is to be creative. However, formative assessment valuing creative dispositions is not at the 

forefront of the neo-liberal performativity culture that is increasingly permeating national 

education policies (this is currently a particularly strong trend in the UK). As Craft (2008) puts 

it “the powerful drive to raise standards and to make performance judgments about 

individuals and about schools, can be seen as being in tension with an almost equally powerful 

commitment to nurturing ingenuity, flexibility, capability” within national government 

education policies. 

Educators wishing to use creative pedagogies to promote students’ scientific creativity are 

therefore likely to find themselves having to negotiate this tension through the processes of 

assessment of the outcomes of their creative pedagogies in terms of both knowledge and 

skills, as well as in relation to creativity. In terms of Inquiry-based Learning, the challenge of 

assessment has been identified and explored within the EU funded SAILS project (Strategies 

for the Assessment of Inquiry Learning in Science). Focused around formative assessment 

approaches, the SAILS project has identified strategies for the assessment of a range of 

cognitive and affective outcomes of IBSE: reasoning skills, scientific literacy, scientific 

knowledge, interest and motivation, attitudes and beliefs, and self-concept and future 

orientation. However, they note that the goals and aims of IBSE projects were identified in 

terms of ‘assessable outcomes’ by Csapo, Csikos, Korom, Németh, Blck, Harrison, van Kampen 

and Finlayson (2012)8.  

Whether creativity is an ‘assessable’ outcome of science education remains a contested issue. 

It may be the case the science can learn from the Arts in the assessment of creativity. For 

example, Small (2009), in the context of judgement of personal responses to poetry, 

suggested that by evaluating outcomes across a continuum from the personal to the public, 

insight into the creative process in a way similar to the assessment of learning power (see 

 
8 http://www.sails-project.eu/sites/default/files/outcomes/d2-1.pdf  

http://www.sails-project.eu/sites/default/files/outcomes/d2-1.pdf
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Deakin Crick, 2009) might be achieved. Importantly, he argues for the need for ‘teachers, as 

an integral part of inquiries, involve learners in co-designing criteria for evaluation’, with the 

teacher and students having ‘joint responsibility for assessing enquiry based learning and 

creative activity (Small, 2009: 269). This argument points towards the use of some strategies 

for peer and self-assessment of scientific creativity in dialogue with teacher assessment. This 

kind of approach might be beneficial in enabling science educators to negotiate the tension 

between assessment of learning outcomes in terms of the attainment of curricular knowledge, 

and the assessment of more intangible outcomes such as motivation and creativity.  

Finally the CREATIONS EU project literature review (Chappell et al., 2015) found that when 

delivered by skilled teachers, supported by effective training and sustainable, embedded 

pedagogical transformation transcending short-term partnership (Ben-Horin, 2015), creative 

pedagogies had the potential to be generative and exciting, enabling discussion and access to 

abstract scientific ideas, and facilitating understanding of students’ thinking. 

The main objective of the DiSTARS project is the promotion of deeper learning in STEM 

combined with Arts. Deeper learning (in contrast to simple learning) goes beyond memorizing 

facts and information. Deeper learning is meant to generate fascination with the subject 

matter and durable (i.e., tenacious) and useful knowledge and related skills (Dummer, Cook, 

Parker, Barrett, & Hull, 2008). This resides on the assumption that various basic intellectual 

and motivational abilities have to be used in an orchestrated manner to effectively solve STEM 

problems and to lead to some tenacious STEM competency.  

By considering the purposes and pedagogies of creativity in relation to science education, with 

a focus on IBSE and the use of technologies as particular pedagogical approaches that have 

the potential to open a space for creative science teaching and teaching for scientific 

creativity, we have demonstrated both the potential strengths and challenges offered by 

engaging with this work in science education. We have argued for the rich opportunities 

offered within science pedagogy for teaching for creativity that the DiSTARS project will aim 

to explore and develop.  

 

2. The essential features of Creative Science Education – Key 
Features of the DiSTARS Pedagogical Framework 

 

This Chapter synthesizes what has been gleaned from the literature review, experiences and 

findings from previous projects to collate together the essential features of Creative Science 

Education. These features capitalize on developments in the area which have seen the ‘STEM 

to STEAM’ (science, technology, engineering and maths to science, technology, engineering, 

arts and maths) agenda take a much stronger hold in education across Europe and beyond. 

This can be seen internationally for example in the writing of NMC (2015), Rabalais (2014) and 

Daugherty (2013), and in the work of organisations like ‘STEM to STEAM’ 

(http://stemtosteam.org) and ‘STEAM not STEM’ (http://steam-notstem.com).  

Before detailing the essential features, it is important to emphasize that they should be read 

in the context of the definition of creativity in science education (based on the findings of the 

CREAT-IT project (Craft et al, 2014). This is:  

http://stemtosteam.org/
http://steam-notstem.com/
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“Purposive and imaginative activity generating outcomes that are original and valuable in 
relation to the learner. This occurs through critical reasoning using the available evidence to 
generate ideas, explanations and strategies as an individual or community, whilst 
acknowledging the role of risk and emotions in interdisciplinary contexts”.  
 
While the definition clearly focuses on creativity in science education in relation to the learner, 

we should step back to also acknowledge the teacher’s creativity too. In the literature and 

practice, we can see the distinction between a focus on pedagogy (‘creative teaching’ or 

‘teaching creatively’) and a focus on learning (‘teaching for creativity’). Although these have 

been distinguished, setting them apart is perhaps not useful; it is more helpful to focus on the 

interaction of teachers’ and students’ creativity. McWilliams (2008) and Biesta’s (2004) work 

is particularly pertinent here. McWilliams argues for a ‘meddling in the middle’ approach to 

creative education where teachers engage in the dynamic of learning with learners. They bring 

their own creativity and ‘not knowing’ into the relationship by valuing uncertainty, 

encouraging and modelling risk-taking alongside students and actively co-evaluating with 

students what is occurring.  

Another angle on this, is to consider creative education as occurring in the relational 

interaction between teachers and students. Biesta (2004) argues that we should think of 

pedagogy as relational, that is, that education happens in the relational interaction between 

teachers and learners, not via a process of knowledge transmission. We would argue that the 

essential features can be successfully applied if this is done from a place where teachers are 

seen as engaging in the dynamic of learning with learners, and where the act of creative 

education is viewed as relational rather than as about the distinct component parts of teacher 

and learner exchanging information. Based on the analysis done in the previous part of the 

document we can define the essential features of Creative Science Education: 

● Dialogue: practice can allow for dialogues (questions leading to answers leading to 
questions...) between people, disciplines, creativity and identity, and ideas. This 
dialogue needs to acknowledge embodiment (i.e. dialogue is not simply a verbal 
activity) and difference and allow for conflict and irreconcilable difference. It is 
important to facilitate open discussion of the questions generated by students (bottom 
up) and bring these into dialogue with live questions from professional science and 
science education (top down). 

● Interdisciplinarity: This is grounded in the interrelationship of different ways of thinking 
and knowing which means allowing space for different ways of thinking (e.g. problem-
finding, exploring, reasoning, reflecting, questioning, experimenting) around shared 
arts/science threads or through lines. At the arts/science interface there are also three 
different ways of knowing (knowing that - propositional knowledge, knowing how - 
practical knowledge, knowing this - aesthetic or felt knowledge), as well as 
acknowledging the embodied alongside the verbal. Within interdisciplinarity it vital to 
respect rigorous science and art discipline knowledge, as well as understanding the 
importance of discipline-relevant materials (e.g. bodies, props, paper and pencil, 
sculpting materials, Bunsen burners and test tubes, chemicals, equations) and how 
creativity might interact with these disciplinary knowledge bases differently, albeit in 
the context of science education. 

● Individual, collaborative and communal activities for change: practice can allow adult 
professionals and students to engage at all three levels, and particularly in relation to 
communal engagement can take advantage of the shared identities within which 
participants will work, allowing for difference but with a shared creative process and 
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purpose. Employing available tools such as technology (e.g. social media, online 
resources, sharing facilities, interactive storytelling and novel science-focused 
technologies) to support this process, can also build on what is possible creatively face 
to face.  

● Balance and navigation: practice can generate creativity in education by balancing 
control and freedom, structure and openness, stepping back and stepping in, and prior 
knowledge and new knowledge; practice can also acknowledge the common 
educational tensions and dilemmas of accountability/assessment, marketisation and 
resource/time pressures and navigate these with creativity rather than pursuing a 
creativity Versus performativity mentality. 

● Empowerment and agency: empowering pedagogies can allow both learners and adult 
professionals to gain a greater sense of their own agency and ability to express 
themselves, and to then know what to do with that in order to be more creative 
scientists and to develop more creative science teaching techniques. This means 
enabling pupil agency and encouraging children to try out (and critique) their own ideas 
and questions in investigations. 

● Risk, immersion and play: allowing for these three processes to happen across 
teaching/facilitation and learning and recognizing how pedagogy can assist in creating 
literal space as well as ‘thinking’ space for these to occur. This can be achieved by 
creating a trusting space in which mistakes are possible and there is no fear of failure. 

● Possibilities: practice can allow for multiple possibilities both in terms of thinking and 
spaces, and know when it is appropriate to narrow or broaden these in the context of 
asking ‘what if’ questions 

● Ethics and trusteeship: adult professionals and learners consider the ethics of their 
creative science processes and products and are guided in their decision-making by 
what matters to them as a community, acting as ‘trustees’ of that decision-making and 
its outcomes. 

It is important to remember the importance of inquiry learning here. To this end this section 

culminates with an explication of how these features work within a science inquiry learning 

process. It must be noted that this is one way that the creative education features and inquiry 

learning might interact, not the way. Given the breadth of IBSE frameworks available in the 

literature, in order to exemplify one approach to drawing on the essential features in relation 

to IBSE, we have chosen to use the recent synthesis of the essential features of IBSE produced 

by the PATHWAYs project (Bogner, Schmid and Dieser 2013). Although these are presented in 

a tabular format, the process is in practice highly organic, with students and teachers in 

dialogue with each other drawing on a range of personal and disciplinary knowledge to thread 

across and between these features. The narrative in Table 1 demonstrates how the essential 

features of Creative Science Education are closely linked to, and thread throughout, processes 

of Inquiry-based Science Education. The appearance of many of the features numerous times, 

particularly the importance of dialogue, shows how creativity is embedded within IBSE as a 

relational pedagogy. It is vitally important that this interrelationship is emphasized and 

practiced within all DiSTARS implementation activities and workshops. Teachers have choices 

about the extent to which an inquiry is student-led or teacher-directed, and it would often 

appear to be the case that there is greater opportunity for students and teachers to ‘be 

creative’ where IBSE is at the open, student-led end of the spectrum. However, as 

demonstrated from the numerous interconnections between creative education and IBSE, 

through teacher-student dialogue and an expectation that students will have agency in their 

interpretation of questions and evidence, it is possible for a balance to be found between 
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openness and structure which maintains creative possibilities even in a more strongly teacher-

directed inquiry.  

Essential features 

of IBSE 

Interaction with Creative Science Education Features 

QUESTION:  

students investigate 

a scientifically 

oriented question 

Students pose, select, or are given a scientifically oriented question to 

investigate. Balance and navigation through dialogue aids teachers 

and students in creatively navigating educational tensions, including 

between open and structured approaches to IBSE. Questions may 

arise through dialogue between students’ scientific knowledge and 

the scientific knowledge of professional scientists and science 

educators, or through dialogue with different ways of knowledge 

inspired by interdisciplinarity and personal, embodied learning. 

Ethics and trusteeship is an important consideration in experimental 

design and collaborative work, as well as in the initial choice of 

question.  

EVIDENCE:  

students give 

priority to evidence 

Students determine or are guided to evidence/data, which may come 

from individual, collaborative and communal activity such as 

practical work, or from sources such as data from professional 

scientific activity or from other contexts. Risk, immersion and play is 

crucial in empowering pupils to generate, question and discuss 

evidence.  

ANALYSE:  

students analyse 

evidence 

Students analyse evidence, using dialogue with each other and the 

teacher to support their developing understanding.  

EXPLAIN:  

students formulate 

an explanation 

based on evidence 

Students use evidence they have generated and analysed to consider 

possibilities for explanations that are original to them. They use 

argumentation and dialogue to decide on the relative merits of the 

explanations they formulate, playing with ideas.  

CONNECT:  

students connect 

explanations to 

scientific 

knowledge 

Students connect their explanations with scientific knowledge, using 

different ways of thinking and knowing (‘knowing that’, ‘knowing 

how’, and ‘knowing this’) to relate their ideas to both disciplinary 

knowledge and to interdisciplinary knowledge to understand the 

origin of their ideas and reflect on the strength of their evidence and 

explanations in relation to the original question.  

COMMUNICATE:  

students 

communicate and 

justify explanation 

Communication of possibilities, ideas and justifications through 

dialogue with other students, with science educators, and with 

professional scientists offer students the chance to test their new 

thinking and experience and be immersed in a key part of the 

scientific process. Such communication is crucial to an ethical 

approach to working scientifically.  

REFLECT:  

students reflect on 

the inquiry process 

and their learning 

Individual, collaborative and community-based reflective activity for 

change both consolidates learning and enables students and teachers 

to balance educational tensions such as that between open-ended 

inquiry learning and the curriculum and assessment requirements of 

education.  

Table 1: Essential features of IBSE and how they interact with the features of Creative Science 

Education
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The translation of the essential features of Creative Science Education into practice through IBSE will be taken 
forward in many deliverables and outcomes of the DiSTARS project. The next chapter presents how all these 
concepts are integrated in the DiSTARS Pedagogical Framework. 

3. The DiSTARS Pedagogical Framework 
 

3.1. Detailed Description of the DiSTARS Pedagogical Framework 
 

This Chapter aims to integrate the project’s vision along with the key findings of the literature review and 

demonstrates how the DiSTARS Pedagogical Framework is being developed on the essential features of 

creative science education. Figure 2 offers an overview on the DiSTARS Pedagogical Framework. At the core 

of this approach are the students’ DiSTARS and a set of accompanying pedagogic principles which are directly 

related with the Deeper Learning Paradigm adopted by DiSTARS project. The aim of the consortium is to be 

able to describe and inform these DiSTARS via the inquiry and creative learning approaches in order to 

generate innovative practice and creativity in STEM related activities. Figure 2 therefore represents the 

consortium understanding of how the theories and ideas emerging from the extended literature review 

presented in Chapter 1 can be synthesised together conceptually for DiSTARS in order to achieve the effective 

introduction of creative STEM teaching, combined with arts in real school settings. 

 

 

Figure 2: The DiSTARS Pedagogical Framework that is based on the integration of arts into STEM activities, 
simulating the ways in which subjects naturally connect in the real world. 
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Creative STEM education is the main context within which DiSTARS project has been developed. At the 

bottom of the graph arts education philosophy and methods is positioned as a “holder” within which creative 

STEM education (as opposed to all STEM education) is being nurtured, grown or “encultured” via arts 

practice. As we move in towards the centre of the graph we can see that one of the main drivers for DiSTARS 

creativity is possibility thinking for all involved. This means being able to ask “what if” and “as if” questions:  

● what if I/we choose to explore this scientific question rather than that one…?;  
● what if I/we use this arts approach to help me explore my question...? 
● how can I/we imagine this as if I were…?;  
● what happens if I as student collaborate with that artist as if I…?.  

 

This is strongly encouraged in the way the DiSTARS pedagogic principles are ultimately employed in order to 

help students and teachers imagine new ideas in STEM education; to shift from “what is” to new possibilities 

of “what might be”. As we move in another layer towards the centre of the graph, we can see four key 

defining features of DiSTARS classroom environments. These are the 4Ps of engagement in creative STEM 

education (Craft, 2011): 

● pluralities: opportunities for students and teachers to experiment with many different places, 
activities, personal identities, and people  

● possibilities: opportunities for possibility thinking, transitioning from what is to what might be, in open 
possibility spaces  

● participation: opportunities for students and teachers to take action, make themselves visible on their 
own terms, and act as agents of change 

● playfulness: opportunities for students and teachers to learn, create and self-create in emotionally 
rich, learning environments. 

 

We then come closer to the heart of the DiSTARS graph and find WHC (Wise Humanising Creativity) and LDS 

(Living Dialogic Space). The WHC that is being sought in DiSTARS is not only an individual activity, but also 

happens in collaboration with fellow learners, teachers and other adult professionals (artists, researchers, 

space experts). These individual and collaborative creative activities form part of a wider web of ethically 

guided communal interaction geared towards both helping children and young people become more creative 

and assisting teachers in becoming more creative in how they teach science. For this reason, WHC is 

positioned very close to the heart of the DiSTARS graph as it is one of the main aims of the DiSTARS pedagogic 

principles. Alongside and integrated with WHC, is LDS, always a partner to WHC in terms of conceptualising 

ideas and developing practice. Again, LDS is at the heart of the DiSTARS graph because its methods 

(participation, emancipation, working bottom up, debate and difference, openness to action, partiality, and 

acknowledging embodied and verbal modes of knowing) are fundamental to allowing WHC to happen. 

Chappell et al, (2012) have evidenced the importance of dialogue at the heart of engaged, creative learning 

in the arts and it is this kind of dialogue that has been highlighted and applied within the DiSTARS approach.  

Students’ DiSTARS promote the idea of dialogue between people, disciplines, creativity and identity, and 
ideas. This dialogue acknowledges and allows for conflict and irreconcilable difference. It might be argued 
that facilitating open discussion of the problems pupils are facing in understanding scientific concepts and 
in solving scientific problems is key to a pedagogy which acknowledges their values, needs and 
expectations as citizens of the European Society. 
 
As detailed above all of these layers of conceptual ideas have been synthesised together not only to develop 

this DiSTARS graph and accompanying narrative but also to generate DiSTARS own set of unique working 

pedagogical principles. Hence the connector in the image between WHC and LDS, and the students’ DiSTARS 

are these principles. The principles represent the unique way that the consortium ideas come together in 

order to underpin the DiSTARS pedagogies.  
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So, via these processes the consortium aims to contribute to developing creative young minds with deep 

knowledge in STEM and creative STEM teaching pedagogies. Embedded within this is the vitally important 

notion that students and teachers are creating wisely and humanely, and that cyclical developments occur 

between their creativity and their identity. As they generate new ideas; this in turn generates change in 

them as ‘makers’; they are also developing or ‘becoming’ themselves. Slowly, small changes accumulate to 

contribute to “journeys of becoming” (shown developing across the layers in Figure 2). These individual 

journeys accumulate together, embedded within an ethical awareness of the impact of creative actions on 

the group. Through this process small-scale creative changes or “quiet revolutions” can take place for the 

group as a whole (shown as emerging from the heart of the students’ DiSTARS).  

The DiSTARS approach is based on the fact that ideas generated through individual, collaborative and 

communal activities have a potent capacity to contribute to engagement and change. The layer of communal 

engagement is particularly important in terms of the societal level of the Responsible Research and 

Innovation, and the idea that innovators need to be mutually responsive within and beyond their 

communities. The idea of communal engagement (Chappell, 2008) acknowledges that when working 

creatively people exist in groups with shared identities which shape their ideas and thinking, and which may 

be challenged by the thinking of other groups. This raises ethical questions which need consideration if these 

challenges are to be overcome (Craft, Claxton and Gardner, 2008) and people are to be genuinely engaged 

in scientific debates and questions via education. 

Of vital importance to nurturing empowerment and agency, dialogue, individual, collaborative and 

communal activities for change and ethics and trusteeship are two more DiSTARS principles which finally 

resonate with the way the scientific issues are research outcomes have to be communicated to the students. 

The first is the importance of rigorous Discipline knowledge. This means STEM disciplines knowledge but it 

is also embedded in the idea that there are different ways of knowing in the world, alongside those prioritised 

within the scientific realm which scientists must engage with in order to generate conversations between 

their ideas and those of the “public” in order that a shared dialogue can be ongoing rather than a one-way 

conversation. The second is the promotion of the idea of professional wisdom. At its heart, the DiSTARS 

approach values the idea that teachers bring a wealth of often intuitive teaching and discipline knowledge 

and expertise; they cannot be viewed as “information deliverers”. It is their professional wisdom that can 

make the STEM learning process creative and can engage children and young people in meaningful ways. 

Today, the Art and STEM are perceived as intrinsically different and separate, both pedagogically and 

culturally. It seems to be an opportune time to initiate an experiment, which pushes the boundaries of subject 

interconnection in schools, while simultaneously providing a vehicle for creative STEM education, the 

acquisition of skills and having fun while learning. In fact, there is an unparalleled level of connection between 

these two disciplines. As Wenham (1998, pg.61) states “there is and always has been significant common 

ground between art and science, encompassing not only issues of mutual concern but also modes of 

enquiry.” If we accept that artists and scientists (amongst others) are searching for understanding and 

meaning, then this is our first common bond between the two disciplines, and our starting point. Deckert 

(2001, pg.125) says science is “usually seen as rational and analytical and art often considered subjective and 

emotional.” With perceptions of art and science so diametrically opposed in our society, it is necessary to be 

clear about their commonalities and where opportunities for meaningful collaboration exist. 

 

3.2. Teachers as Coaches of Learning 
 

To achieve rigorous discipline knowledge for students and professional wisdom for themselves is a quite 

demanding task for teachers. They must exchange the “instructor” role for that of the coach of learning or in 

other words to “learning strategist” as the white paper (2016) from the National Commission on Teaching 
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and America’s Future (NCTAF) says9. DiSTARS project presents a new vision for teaching, and outlines 

strategies for how teachers’ roles and conditions can support and enable deeper learning for students. 

Teachers can successfully achieve rigorous discipline knowledge for students when they “personalize learning 

experiences, apply real-world knowledge to learning, and use technology in a way that enhances and 

empowers student learning”. DiSTARS pedagogical framework incorporates all the above-mentioned 

characteristics of a deeper learning experience in STEM combined or better “synchronized” with Arts. 

Furthermore, by providing a method to profile students in terms of their Deeper Learning competences and 

visualize these profiles through Analytics dashboards, the DiSTARS project further supports the teachers to 

monitor and scaffold their students’ competence development and deliver their role as coach. Synchronised 

integration perhaps involves the relearning of subjects from the perspective of identifying their common 

ground, and in the case of the arts, a more knowledgeable awareness of the essence of art education may 

be required. These requirements exceed those of the familiar cross-curricular or thematic approaches, but 

the gains are greater. Neither subject plays a supporting role. Both subjects are given equal weighting and 

subject labels removed. Synchronised integration of art and science is a natural symbiosis of what is common 

and complimentary to furthering knowledge and understanding in both disciplines. It is clear that such an 

approach poses new challenges for teachers. 

In most cases, teachers' attitudes are not on the professional development curriculum, although these are 

likely to have a particular effect on students (Guskey, 2016; Hattie, 2018). With the changing social needs 

and demands of the 21st century, professional development is of particular importance when not focusing 

on the subject, but on the methodology (Yue, 2019). Flexible creative teaching practice is needed that makes 

educators more readily to adapt to the ecological, social, and economic challenges that humanity currently 

faces (Henriksen, Mishra, & Fisser, 2016; Hensley, 2018). 

 

4. How the DiSTARS Pedagogical Framework is used in the project’s tasks 
 

The aim of this Chapter is to transform the essential features of the DiSTARS approach to practical terms for 

the work in the framework of the project for a) the National Coordinators who have the responsibility for 

implementing the DiSTARS interventions in the participating schools, b) the technical team who develop the 

DiSTARS infrastructure, and finally c) the research team who focus on the development of the evaluation 

instruments to assess the deeper learning competencies and to populate the learners deeper learning 

profiles. In the next two sections we are describing the proposed students’ activities and based on them the 

pedagogical, technical and assessment requirements for DiSTARS project. 

 

4.1. Students’ Activities 
 

We are presenting the learners activities that our research team expects to implement in the different 

educational settings. We are proposing indicative phases for the structure of the DiSTARS. We need to note 

though that this is done just for providing an initial concept for the DiSTARS development. Educators and 

learners will be able to follow their own paths and to develop their sequence (event multi-path DiSTARS) of 

the storyline they are interested in. In the following we are presenting for each phase the opportunities for 

deeper learning that we are expecting to offer to the learners, the proposed partnership between arts and 

science and the foreseen educational outcomes for the learners involved (evidence of deeper learning). 

 
9 2016 NCTAF Report, “What Matters Now: A New Compact for Teaching and Learning”.  
http://educationcounsel.com/matters-now-new-compact-teaching-learning/  

http://educationcounsel.com/matters-now-new-compact-teaching-learning/
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Phases of action Learners Activities 

 

STORY CREATION 

Opportunities for Deeper Learning:  

Learners will create storyboards and flipbook-style animations with paper and 
pencils that depict life in the first Martian community. They will work with 
scientists and engineers to learn about the Martian environment, and the 
challenges it would pose to the first inhabitants. In order to recreate Mars 
environment with scientific accuracy they will be invited to explore the planet 
imagery produced by Mars exploration missions and understand its main 
features and characteristics. They will have to explore the planet geology and 
identify good spots for establishing a human colony. They will have to 
understand the effects of the lower gravity in our body and identify solutions to 
handle these problems. Learners will explore drawing, visual communication 
and image making to develop their ideas and concepts. They will learn basic 
drawing skills and experimented with different illustration techniques. Then 
they will use the computer to add expressions and emotions to their work. 
Learners must consider what people in the first community on Mars will do with 
their time and how they might feel. Learners can add Martian music and sound 
effects to help tell their DiSTARS. Their videos are uploaded on the DiSTARS 
Storytelling Platform.  

Arts and science integration:  

Science, Math, Visual Arts and Music 

Evidence of Deeper Learning:  

Learners:  

● Enjoy and be able to challenges requiring them to apply knowledge in 
nonroutine ways.  

● Understand key principles and relationships within a content area and 
organize information in a conceptual framework.  

● Learn, remember and recall facts relevant to an area.  

● Know and be able to use the language specific to a content area.  

● Apply facts to real word situations.  

● Be familiar with and be able to use effectively the tools and techniques 
specific to a content area.  

● Evaluate, integrate and critically analyze multiple sources of information.  

● Communicate concepts to others in written presentations.  

● Structure information and data in meaningful way. 

 

 

 

 

PLANNING A MISSION 
TO MARS - 

PREPARATION 

Opportunities for Deeper Learning:  

Learners will work with 3D design software to create a community on Mars. 
Learners began with the goal of creating a healthy and sustainable community 
for 100 people. Learners will have to think on how they will select the first settlers 
in terms of gender, age, profession etc. To get there, the learners will work with 
local architects and scientists to understand the nature of a healthy community 
and how life may change while living on Mars. Then, learners will team up to 
create their designs using commonly found materials, such as cardboard and 
paper cups. Next, the learners will take their community plans to the next level 
by recreating it with 3D design software commonly used by architects. The 3D 



 

Students as Digital Storytellers: a STEAM approach to Space Exploration 
Project Number - 2020-1-DE03-KA201-077546 

design software as well as the resulting 3D world will be integrated in the 
authoring and delivery environment of the DiSTARS Storytelling Platform. 

Arts and science integration: 

Science, Math, Computing, Visual Arts, 3D Worlds and 3D Visualizations 

Evidence of Deeper Learning:  

Learners: 

● Enjoy and be able to challenges requiring them to apply knowledge in 
nonroutine ways.  

● Understand key principles and relationships within a content area and 
organize information in a conceptual framework.  

● Learn, remember and recall facts relevant to an area.  

● Learn and can apply theories relevant to a content area.  

● Know and be able to use the language specific to a content area.  

● Apply facts to real word situations.  

● Be familiar with and be able to use effectively the tools and techniques 
specific to a content area.  

● Evaluate, integrate and critically analyze multiple sources of information.  

● Structure information and data in meaningful way.  

● Formulate problems and generate hypotheses.  

● Identify data and information needed to solve a problem.  

● Reason and construct justifiable arguments in support of a hypothesis.  

● Collaborate with others to complete tasks and solve problems successfully.  

  

 

THE TRIP TO MARS 

Opportunities for Deeper Learning:  

Learners imagine how they will travel to Mars and return to the earth by this 
spaceship. They play in a blue screen set, and digitally synthesized with their 
drawing and virtual scenery. To make a movie, children have to use different 
types of talent, for example, painting, acting, writing a script, coordinating roles, 
and building spaceships and Martian buildings with simple materials. Art, Math, 
Science, Literature, and learning to communicate are very important in this kind 
of activity. Their videos will be uploaded on the DiSTARS platform.  
Arts and science integration: 

Science, Math, Performing Arts, Science Theatre, Science Movie.  

Evidence of Deeper Learning:  

Learners: 

● Enjoy and be able to challenges requiring them to apply knowledge in 
nonroutine ways.  

● Understand key principles and relationships within a content area and 
organize information in a conceptual framework.  

● Learn, remember and recall facts relevant to an area.  

● Learn and can apply theories relevant to a content area.  

● Apply facts to real word situations.  

● Be familiar with and be able to use effectively the tools and techniques 
specific to a content area.  
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● Evaluate, integrate and critically analyze multiple sources of information.  

● Structure information and data in meaningful way.  

● Formulate problems and generate hypotheses.  

● Identify data and information needed to solve a problem.  

● Reason and construct justifiable arguments in support of a hypothesis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A SUSTAINABLE 
COMMUNITY ON MARS 

OR MOON 

Opportunities for Deeper Learning:  

Learners will brainstorm on what we need for a successful and sustainable 
community on Mars keeping in mind the Martian environment, the needs of the 
settlers, and the materials available. Learners create different artifacts (paintings, 
dioramas, biospheres, and constructions with simple means). All learners’ 
constructions will become part of a Martian landscape which can be completed 
with craters and lava tubes. At this stage, they will have to think of innovative 
solutions to produce a self-sustained environment capable of hosting humans on 
an alien planet. They will have to explore the consequences of the thin 
atmosphere on the attempts to grow plants and how to retrieve water. All this 
work will be performed with the support of experts in the field. Scale is a 
challenge with this age group. The community need to fit on the predefined 
diorama. The different stages (including descriptions, decisions and optimum 
solutions) of the development of the community will be uploaded on the DiSTARS 
platform.  

Arts and science integration:  

Science, Math, Arts and Architectural Design 

Evidence of Deeper Learning:  

Learners: 

● Enjoy and be able to challenges requiring them to apply knowledge in 
nonroutine ways.  

● Understand key principles and relationships within a content area and 
organize information in a conceptual framework.  

● Learn, remember and recall facts relevant to an area. Learn and can apply 
theories relevant to a content area.  

● Know and be able to use the language specific to a content area.  

● Apply facts to real word situations.  

● Be familiar with and be able to use effectively the tools and techniques 
specific to a content area.  

● Evaluate, integrate and critically analyze multiple sources of information.  

● Structure information and data in meaningful way.  

● Formulate problems and generate hypotheses.  
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● Identify data and information needed to solve a problem.  

● Reason and construct justifiable arguments in support of a hypothesis.  

● Persist to solve complex problems.  

● Collaborate with others to complete tasks and solve problems successfully. 

 

MARTIAN DiSTARS  

 

Opportunities for Deeper Learning:  

Learners will design and construct models of the spaceships, buildings on Mars, 
landers and rovers using 3D printers. In this way, they will develop further their 
dioramas and create step by step more realistic representations of their DiSTARS 
(as part of the activities presented in the previous stages). The completed model 
can be exhibited at the end of the project during a school event. As the project 
evolves, learners will collaborate on site planning to figure out which building 
should go together and how they would be connected.  
Arts and science integration:  

Science, Math, Computing, Arts and Architectural Design, 3D Printing 

Evidence of Deeper Learning:  

Learners: 

● Understand key principles and relationships within a content area and 
organize information in a conceptual framework.  

● Learn, remember and recall facts relevant to an area.  

● Learn and can apply theories relevant to a content area.  

● Apply facts, processes and theories to real word situations.  

● Evaluate, integrate and critically analyze multiple sources of information.  

● Identify data and information needed to solve a problem.  

● Reason and construct justifiable arguments in support of a hypothesis.  

● Persist to solve complex problems.  

● Collaborate with others to complete tasks and solve problems successfully.  

● Work as part of a group to identify group goals.  

● Communicate concepts to others in written and oral presentations.  

● Participate in a team to plan problem solving steps and identify resources 
necessary to meet group goals.  

● Communicate and incorporate multiple points of view to meet group goals.  

● Listen to and incorporate feedback and ideas from others. 

  

 

LIVING COMMUNITY 
ON MARS  

Opportunities for Deeper Learning:  

Learners will work with scientists, engineers, garden experts, artists and 
designers. They will work on common projects developing e.g. Martian gardens 
that serve two purposes - they are beautiful, hold a variety of plants from all over 
Earth, and provide food for the Martian community. Learners will take their 
DiSTARS to the next level by using the advanced interfaces of the platform. 
Learners’ models that will be created by the 3D functionality of the authoring tool 
and models that will be created through the 3D printer will be integrated in the 
same story and they will come to life through the use of Augmented Reality 
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interface of the DiSTARS Storytelling Platform.  
Arts and science integration:  

Science, Math, Computing, Arts and Architectural Design, 3D Printing, 
Augmented Reality 

Evidence of Deeper Learning:  

Learners: 

● Enjoy and be able to challenges requiring them to apply knowledge in 
nonroutine ways.  

● Understand key principles and relationships within a content area and organize 
information in a conceptual framework.  

● Learn, remember and recall facts relevant to an area.  

● Learn and can apply theories relevant to a content area.  

● Know and be able to use the language specific to a content area.  

● Apply facts to real word situations.  

● Be familiar with and be able to use effectively the tools and techniques specific 
to a content area.  

● Evaluate, integrate and critically analyze multiple sources of information.  

● Structure information and data in meaningful way.  

● Formulate problems and generate hypotheses.  

● Identify data and information needed to solve a problem.  

● Reason and construct justifiable arguments in support of a hypothesis.  

● Persist to solve complex problems.  

● Collaborate with others to complete tasks and solve problems successfully.  

● Participate in a team to plan problem solving steps and identify resources 
necessary to meet group goals.  

● Communicate and incorporate multiple points of view to meet group goals.  

● Listen to and incorporate feedback and ideas from others.  

● Provide appropriate feedback to their peers.  

● Communicate concepts to others in written and oral presentations. 

Phases of action Learners Activities 

 

STORY CREATION 

Opportunities for Deeper Learning:  

Learners will create storyboards and flipbook-style animations with paper and 
pencils that depict life in the first Martian community. They will work with 
scientists and engineers to learn about the Martian environment, and the 
challenges it would pose to the first inhabitants. In order to recreate Mars 
environment with scientific accuracy they will be invited to explore the planet 
imagery produced by Mars exploration missions and understand its main features 
and characteristics. They will have to explore the planet geology and identify 
good spots for establishing a human colony. They will have to understand the 
effects of the lower gravity in our body and identify solutions to handle these 
problems. Learners will explore drawing, visual communication and image 
making to develop their ideas and concepts. They will learn basic drawing skills 
and experimented with different illustration techniques. Then they will use the 
computer to add expressions and emotions to their work. Learners must consider 
what people in the first community on Mars will do with their time and how they 
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might feel. Learners can add Martian music and sound effects to help tell their 
DiSTARS. Their videos are uploaded on the DiSTARS Storytelling Platform.  

Arts and science integration:  

Science, Math, Visual Arts and Music 

Evidence of Deeper Learning:  

Learners:  

● Enjoy and be able to challenges requiring them to apply knowledge in 
nonroutine ways.  

● Understand key principles and relationships within a content area and 
organize information in a conceptual framework.  

● Learn, remember and recall facts relevant to an area.  

● Know and be able to use the language specific to a content area.  

● Apply facts to real word situations.  

● Be familiar with and be able to use effectively the tools and techniques 
specific to a content area.  

● Evaluate, integrate and critically analyze multiple sources of information.  

● Communicate concepts to others in written presentations.  

● Structure information and data in meaningful way. 

 

 

 

 

PLANNING A MISSION 
TO MARS - 

PREPARATION 

Opportunities for Deeper Learning:  

Learners will work with 3D design software to create a community on Mars. 
Learners began with the goal of creating a healthy and sustainable community 
for 100 people. Learners will have to think on how they will select the first settlers 
in terms of gender, age, profession etc. To get there, the learners will work with 
local architects and scientists to understand the nature of a healthy community 
and how life may change while living on Mars. Then, learners will team up to 
create their designs using commonly found materials, such as cardboard and 
paper cups. Next, the learners will take their community plans to the next level 
by recreating it with 3D design software commonly used by architects. The 3D 
design software as well as the resulting 3D world will be integrated in the 
authoring and delivery environment of the DiSTARS Storytelling Platform. 

Arts and science integration: 

Science, Math, Computing, Visual Arts, 3D Worlds and 3D Visualizations 

Evidence of Deeper Learning:  

Learners: 

● Enjoy and be able to challenges requiring them to apply knowledge in 
nonroutine ways.  

● Understand key principles and relationships within a content area and 
organize information in a conceptual framework.  

● Learn, remember and recall facts relevant to an area.  

● Learn and can apply theories relevant to a content area.  

● Know and be able to use the language specific to a content area.  

● Apply facts to real word situations.  



 

Students as Digital Storytellers: a STEAM approach to Space Exploration 
Project Number - 2020-1-DE03-KA201-077546 

● Be familiar with and be able to use effectively the tools and techniques 
specific to a content area.  

● Evaluate, integrate and critically analyze multiple sources of information.  

● Structure information and data in meaningful way.  

● Formulate problems and generate hypotheses.  

● Identify data and information needed to solve a problem.  

● Reason and construct justifiable arguments in support of a hypothesis.  

● Collaborate with others to complete tasks and solve problems successfully.  

  

 

 

 

THE TRIP TO MARS 

Opportunities for Deeper Learning:  

Learners imagine how they will travel to Mars and return to the earth by this 
spaceship. They play in a blue screen set, and digitally synthesized with their 
drawing and virtual scenery. To make a movie, children have to use different 
types of talent, for example, painting, acting, writing a script, coordinating roles, 
and building spaceships and Martian buildings with simple materials. Art, Math, 
Science, Literature, and learning to communicate are very important in this kind 
of activity. Their videos will be uploaded on the DiSTARS platform.  
Arts and science integration: 

Science, Math, Performing Arts, Science Theatre, Science Movie.  

Evidence of Deeper Learning:  

Learners: 

● Enjoy and be able to challenges requiring them to apply knowledge in 
nonroutine ways.  

● Understand key principles and relationships within a content area and 
organize information in a conceptual framework.  

● Learn, remember and recall facts relevant to an area.  

● Learn and can apply theories relevant to a content area.  

● Apply facts to real word situations.  

● Be familiar with and be able to use effectively the tools and techniques 
specific to a content area.  

● Evaluate, integrate and critically analyze multiple sources of information.  

● Structure information and data in meaningful way.  

● Formulate problems and generate hypotheses.  

● Identify data and information needed to solve a problem.  

● Reason and construct justifiable arguments in support of a hypothesis. 
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A SUSTAINABLE 
COMMUNITY ON MARS 

OR MOON 

Opportunities for Deeper Learning:  

Learners will brainstorm on what we need for a successful and sustainable 
community on Mars keeping in mind the Martian environment, the needs of the 
settlers, and the materials available. Learners create different artifacts (paintings, 
dioramas, biospheres, and constructions with simple means). All learners’ 
constructions will become will become part of a Martian landscape which can be 
completed with craters and lava tubes. At this stage, they will have to think of 
innovative solutions to produce a self-sustained environment capable of hosting 
humans on an alien planet. They will have to explore the consequences of the 
thin atmosphere on the attempts to grow plants and how to retrieve water. All 
this work will be performed with the support of experts in the field. Scale is a 
challenge with this age group. The community need to fit on the predefined 
diorama. The different stages (including descriptions, decisions and optimum 
solutions) of the development of the community will be uploaded on the DiSTARS 
platform.  

Arts and science integration:  

Science, Math, Arts and Architectural Design 

Evidence of Deeper Learning:  

Learners: 

● Enjoy and be able to challenges requiring them to apply knowledge in 
nonroutine ways.  

● Understand key principles and relationships within a content area and 
organize information in a conceptual framework.  

● Learn, remember and recall facts relevant to an area. Learn and can apply 
theories relevant to a content area.  

● Know and be able to use the language specific to a content area.  

● Apply facts to real word situations.  

● Be familiar with and be able to use effectively the tools and techniques 
specific to a content area.  

● Evaluate, integrate and critically analyze multiple sources of information.  

● Structure information and data in meaningful way.  

● Formulate problems and generate hypotheses.  

● Identify data and information needed to solve a problem.  

● Reason and construct justifiable arguments in support of a hypothesis.  

● Persist to solve complex problems.  

● Collaborate with others to complete tasks and solve problems successfully. 

 

MARTIAN DiSTARS  

 

Opportunities for Deeper Learning:  

Learners will design and construct models of the spaceships, buildings on Mars, 
landers and rovers using 3D printers. In this way, they will develop further their 
dioramas and create step by step more realistic representations of their DiSTARS 
(as part of the activities presented in the previous stages). The completed model 
can be exhibited at the end of the project during a school event. As the project 
evolves, learners will collaborate on site planning to figure out which building 
should go together and how they would be connected.  
Arts and science integration:  



 

Students as Digital Storytellers: a STEAM approach to Space Exploration 
Project Number - 2020-1-DE03-KA201-077546 

Science, Math, Computing, Arts and Architectural Design, 3D Printing 

Evidence of Deeper Learning:  

Learners: 

● Understand key principles and relationships within a content area and 
organize information in a conceptual framework.  

● Learn, remember and recall facts relevant to an area.  

● Learn and can apply theories relevant to a content area.  

● Apply facts, processes and theories to real word situations.  

● Evaluate, integrate and critically analyze multiple sources of information.  

● Identify data and information needed to solve a problem.  

● Reason and construct justifiable arguments in support of a hypothesis.  

● Persist to solve complex problems.  

● Collaborate with others to complete tasks and solve problems successfully.  

● Work as part of a group to identify group goals.  

● Communicate concepts to others in written and oral presentations.  

● Participate in a team to plan problem solving steps and identify resources 
necessary to meet group goals.  

● Communicate and incorporate multiple points of view to meet group goals.  

● Listen to and incorporate feedback and ideas from others. 

  

 

LIVING COMMUNITY 
ON MARS  

Opportunities for Deeper Learning:  

Learners will work with scientists, engineers, garden experts, artists and 
designers. They will work on common projects developing e.g. Martian gardens 
that serve two purposes - they are beautiful, hold a variety of plants from all over 
Earth, and provide food for the Martian community. Learners will take their 
DiSTARS to the next level by using the advanced interfaces of the platform. 
Learners’ models that will be created by the 3D functionality of the authoring tool 
and models that will be created through the 3D printer will be integrated in the 
same story and they will come to life through the use of Augmented Reality 
interface of the DiSTARS Storytelling Platform.  
Arts and science integration:  

Science, Math, Computing, Arts and Architectural Design, 3D Printing, 
Augmented Reality 

Evidence of Deeper Learning:  

Learners: 

● Enjoy and be able to challenges requiring them to apply knowledge in 
nonroutine ways.  

● Understand key principles and relationships within a content area and organize 
information in a conceptual framework.  

● Learn, remember and recall facts relevant to an area.  

● Learn and can apply theories relevant to a content area.  
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● Know and be able to use the language specific to a content area.  

● Apply facts to real word situations.  

● Be familiar with and be able to use effectively the tools and techniques specific 
to a content area.  

● Evaluate, integrate and critically analyze multiple sources of information.  

● Structure information and data in meaningful way.  

● Formulate problems and generate hypotheses.  

● Identify data and information needed to solve a problem.  

● Reason and construct justifiable arguments in support of a hypothesis.  

● Persist to solve complex problems.  

● Collaborate with others to complete tasks and solve problems successfully.  

● Participate in a team to plan problem solving steps and identify resources 
necessary to meet group goals.  

● Communicate and incorporate multiple points of view to meet group goals.  

● Listen to and incorporate feedback and ideas from others.  

● Provide appropriate feedback to their peers.  

● Communicate concepts to others in written and oral presentations. 
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4.2.  Pedagogical, Technical and Assessment Requirements for DiSTARS  
 

In this framework, we are delivering a set of recommendations and guidelines for  
 

a) the pilots in the school classrooms describing the pedagogical requirements (descriptions, 
Educators’ preparation and support) for the DiSTARS implementation in the school settings and detailed 
definitions for the context of use (timing, curricula, tools). These carefully planned activities are crafted 
to provide powerful and transformative experiences by immersing participants in the process of science 
inquiry, problem solving and collaborative learning.  
 
b) the development of the DiSTARS Storytelling Platform and the additional technical features 
(authoring tool, digital library, analytics engine and dashboard tools, conversational agents), describing a 
series of technical requirements from the user’s perspective. The technical partners will have the 
opportunity to validate their services with a quite demanding audience in institutions that are 
characterized from a resistance to change and to innovation. They will develop the latest technologies 
through user-friendly interfaces to support learners to present their own visions in creative ways.  
 
c) the assessment of the Deeper Learning Competencies of the learners and the population of their 
Deeper Learning Profiles. Learners, involved in the DiSTARS activities, are more likely to feel a sense of 
personal investment in a scientific investigation as they will actively participate in the creation of their 
DiSTARS and will add their own aesthetic touches to the different tools they are using. The inquiry-based 
pedagogy addresses a variety of learning styles and strengthens higher order thinking skills essential for 
success in STEM related courses. The educational research team of the consortium is looking forward to 
monitoring this process. They are proposing and developing a systematic framework to capture the 
indications of competences development that are related with deeper learning in STEM. To observe such 
changes needs significant time and detailed research plan. 
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Figure 3: The overall concept of the project: The DiSTARS storytelling platform will provide the means and 

the tools along with the necessary collaborative and personalisation functionalities to introduce learners and 

monitor their performance in extended episodes of deeper learning in STEM combined with Art-related 

activities (visual and performing arts, music, movie making, 3D design). The platform will introduce learners 

in a progressive exploration of the different technologies that can be accommodated from the system, from 

simple text and video uploading to advanced augmentations of leaners’ artifacts 

 

5. Why the proposed framework was preferred to others 
 

The final chapter aims to answer the question why the specific pedagogical approach was selected for 

DiSTARS. Here we are presenting our rationale for following the specific approach and the proposed roadmap 

for the development of the DiSTARS Pedagogical Framework. We believe that such a framework holds a great 

potential for the design of STEAM activities, considering the current practices in European schools, building 

at the same time on well documented theoretical background on both current trends in creativity and science 

education. In order to exploit and share our work and findings the DiSTARS consortium has organized during 

the last period of the project one working meeting10 and an international conference11 (Creating Conditions 

for Deeper Learning in Science – EDEN Open Classroom Conference) with the representatives of the three 

projects that were approved under the same call (weDraw12, eCraft2Learn13, iMuSCica14) to discuss their 

pedagogical approaches and the deeper learning paradigms that were adopted in the framework of their 

implementation in real school environments. The exchange of experiences and findings clearly demonstrate 

that the DiSTARS Pedagogical Framework is supporting the development of long term STEAM project-based 

activities that are taking into account the needs of both teachers and students while at the same time it can 

be adopted to the existing curricula of different European countries. In the next paragraphs we are describing 

the different reasons for adopting the proposed framework instead of others. 

● It is full in line with the aims of the specific call. The DiSTARS project is a Research and Innovation Action 

under the ICT-22-2016 (Technologies for Learning & Skills) action line of the HORIZON 2020 programme. 

According to the call text Innovation and Research Actions have to develop “technologies for deeper 

learning of Science, Technology, Engineering, Mathematics, combined with Arts (STEAM), improving the 

innovation and creative capacities of learners and supporting the new role of teacher as a coach of the 

learner. Activities may cover both foundational research (tapping into a mix of disciplines, including SSH 

disciplines) and/or component and system level design with pilot testing, to support (user-driven) real-life 

intervention strategies with new enabling technologies (e.g. new interfaces, affective computing, mixed 

reality learning environments, 3D technologies, wearable technology).” As described in the previous 

chapters and in the different project deliverables the DiSTARS Pedagogical Framework was designed to 

meet the specifications of the ICT-22-2016 call. DiSTARS Pedagogical Framework presents a new vision for 

teaching, and outlines strategies for how teachers’ roles and conditions can support and enable deeper 

learning for students. Teachers can successfully achieve deeper learning with students when they 

“personalize learning experiences, apply real-world knowledge to learning, and use technology in a way 

that enhances and empowers student learning”. DiSTARS Pedagogical Framework incorporates all the 

above-mentioned characteristics of a deeper learning experience in STEM combined or better 

“synchronized” with Arts. Furthermore, by providing a method to profile students in terms of their Deeper 

 
10 http://creations2018.ea.gr/wp-content/uploads/CREATIONS_D7.8.pdf pages 15 and 16 
11 http://deeperlearning.ea.gr/  
12 https://www.wedraw.eu/  
13 https://project.ecraft2learn.eu/  
14 http://www.imuscica.eu/  

http://creations2018.ea.gr/wp-content/uploads/CREATIONS_D7.8.pdf
http://deeperlearning.ea.gr/
https://www.wedraw.eu/
https://project.ecraft2learn.eu/
http://www.imuscica.eu/
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Learning competences and visualize these profiles through Analytics dashboards, the project further 

supports the teachers to monitor and scaffold their students’ competence development and deliver their 

role as coach. Synchronized integration perhaps involves the relearning of subjects from the perspective 

of identifying their common ground, and in the case of the arts, a more knowledgeable awareness of the 

essence of art education may be required. These requirements exceed those of the familiar cross-

curricular or thematic approaches, but the gains are greater. Neither subject plays a supporting role. Both 

subjects (science and art) are given equal weighting and subject labels removed. Synchronized integration 

of science and art is a natural symbiosis of what is common and complimentary to furthering knowledge 

and understanding in both disciplines. 

 

 

● It develops further the work of the DiSTARS pedagogical team. DiSTARS pedagogical team is working in 

the field of creative science education for many years. Our work is focusing on transferring theoretical 

approaches to real school settings. Numerous schools, teachers and students have been introduced in 

related activities. The results of our interventions demonstrate that there is significant educational added 

value on teachers professional development and their changing role as coaches of learning (e.g. Sotiriou, 

Bybee and Bogner, 2016), on students educational outcomes (e.g. Buck, Sotiriou and Bogner, 2019, 

Chappell et al., 2019) and on the development of innovative instruments that could monitors students 

competence development (e.g. Kaiser, Roczen and Bogner, 2008, Schmid and Bogner, 2014). Our team 

has also significant expertise in developing and implementing large scale ICT-based interventions in 

schools (e.g. Sotiriou et al., 201615) as well as road mapping documentation for the integration of such 

interventions in real school environments (Sotiriou et al, 201716). DiSTARS project is offering the 

opportunity to our team to bring previous work in different areas together in order to demonstrate the 

impact of our approach on students learning. The DiSTARS Pedagogical Framework has been designed to 

integrate the research work of our team in the primary school curricula – along with the development of 

an advanced educational platform – in order to support the realization of a large scale experiment 

(involving about 1500 students in different EU countries) to demonstrate the development of deeper 

learning competences. Relying on this experience the intervention design (WP1), and the assessment 

framework (WP6) form the basis for the development of objective and standardized student assessment 

instruments to meet the challenges of the DiSTARS project. 

 

● It can be implemented in real school environments. STEM initiatives and actions are in place in the 

participating countries and in other Member States. However, the approaches adopted are fragmented 

and the quality of provision is unevenly developed. As a result, current STEM initiatives on education lack 

outreach and impact. Therefore, DiSTARS consortium has addressed the need for better coordination 

between stakeholders and for more strategic approaches to be developed. The priority is in line with the 

Renewed EU Digital Education Action Plan17 to promote the modernization and uptake of relevant 

STE(A)M subjects through more multi-disciplinary programmes. It is also in line with the Communication 

on School development and excellent teaching for a great start in life18. Both documentations also 

stressed the need for better cooperation between different education sectors, research, business and 

 
15 Sotiriou, Sofoklis & Riviou, Katerina & Cherouvis, Stephanos & Chelioti, Eleni & Bogner, Franz. (2016). 
Introducing Large-Scale Innovation in Schools. Journal of Science Education and Technology. 25. pp 1-9. 
10.1007/s10956-016-9611-y.  
16 https://portal.opendiscoveryspace.eu/en/how-to-use-osos?qt-learn_osos=0#qt-learn_osos  
17 https://ec.europa.eu/education/education-in-the-eu/digital-education-action-plan_en  
18 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52017DC0248&from=EN  

https://portal.opendiscoveryspace.eu/en/how-to-use-osos?qt-learn_osos=0#qt-learn_osos
https://ec.europa.eu/education/education-in-the-eu/digital-education-action-plan_en
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52017DC0248&from=EN
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public sectors. Teaching and learning of STEM is part of the key competences outlined in the Council 

Recommendation on Key Competences for Lifelong Learning19.  

 

Key competences 

The European Commission works with EU Member States to support and reinforce the development of key 

competences and basic skills for all, from an early age and throughout life. Key competences include 

knowledge, skills, and attitudes needed by all for personal fulfilment and development, employability, social 

inclusion and active citizenship.  

 

The approach is to promote key competences by:  

● Providing high-quality education, training and lifelong learning for all 

● Supporting educational staff in implementing competence-based teaching and learning approaches  

● Encouraging a variety of learning approaches and contexts for continued learning 

● Exploring approaches to assess and validate key competences 

 

In this framework the project had to design and implement an EU level action to promote a STEAM approach 

to STEM education. This action can support Member States to reform their education systems with a lifelong 

learning approach to improve the quality of STEM education, to increase enrolment and academic success of 

students, address gender segregation and to produce a well-qualified and diverse workforce with the right 

STEM skills. DiSTARS approach (including the guides produced, the implementation effort and the extended 

evaluation work):  

 

● Focuses on the alignment with local, regional initiatives and national strategies and objectives with 

special focus on multidisciplinary learning and project-based approach;  

● Proposes curricula reform for STEM with a STEAM approach including real-world applications, 

inquiry-based and ICT-enriched learning, collaborative practices, with a transdisciplinary focus and 

the use of extra-curricular activities in order to deliver the wider range of skills that drive innovation 

and creativity and nurture forward-looking skills, including entrepreneurship skills;  

● Focuses on innovative teachers’ professional development programmes in related pedagogies with 

multidisciplinary approaches.  

 

  

 
19 https://ec.europa.eu/education/education-in-the-eu/council-recommendation-on-key-competences-for-
lifelong-learning_en  

https://ec.europa.eu/education/education-in-the-eu/council-recommendation-on-key-competences-for-lifelong-learning_en
https://ec.europa.eu/education/education-in-the-eu/council-recommendation-on-key-competences-for-lifelong-learning_en
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