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Abstract 
In a third space, the boundaries between educational contexts and 
school disciplines are blurred to look at content from multiple perspec-
tives. Out-of-school organisations, like museums, can offer educational 
resources that launch a museum-school partnership into a third space. 
This thesis describes the conceptualisation and validation of such a 
third space. An interdisciplinary museum programme that supports 
the cooperation between museum educators and teachers to encourage 
students in an art-based exploration of science issues is presented. A 
systematic comparison of the museum programme with the estab-
lished Framework for Museum Practice resulted in applicable design 
recommendations for informal educators and schools that strive for a 
third space. Within an art-based science teaching strategy, this thesis 
additionally analysed students’ transformative aesthetic experiences 
and what role imagination plays in those. A newly developed visual 
analysis indicates how the museum programme offers students oppor-
tunities to look at complex aspects of the world depicted by contempo-
rary art and to discern and value their intricacy. The results show how 
the interdisciplinary approach to science issues allows links between 
the conceptual and the emotional. By using their own eyes and each 
other’s company, students observe and create science-related art, ex-
panding their knowledge, perceptions, values, and feelings. It is the im-
agination that drives cognitive operations, enabling students to envi-
sion other perspectives while at the same time considering their own 
subjectivity. With the conceptualisation of a third space, this thesis 
coins a suggestion to put the purpose of ‘subjectification’ into science 
education practice. In addition, it strengthens the position of Arts (A) 
in Science Technology Engineering Arts and Mathematics (STEAM) 
education by indicating the benefits of combining the cognitive with 
the affective and using the hands in conjunction with the head.  
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Introduction 
The more we look, the more we see.  

Observation is an active process. Observation is exploration, inquiry for the sake 
of discovering something previously hidden and unknown, this something being 
needed to reach some end, practical or theoretical (Dewey, 1910 p. 193).  

Sustained observation is a cognitive possibility to make sense of the 
complex world, of which we are a part. It is a complexity that is inherent 
in nature itself and humans’ conflicted approach to each other and the 
planet. Empowering future generations to make sense of the world with 
nuance and compassion is a critical role of contemporary education 
(OECD, 2019). Both inside and outside of school, students need oppor-
tunities to patiently look at aspects of the world to discern and value 
complexity, instead of dismissing it. With their powerful eyes, students 
can discover the complexities of images, objects, and situations. Their 
imaginative minds allow them to envision diverse perspectives while at 
the same time considering their own subjectivity (Tishman, 2018).  
 
The way students come to exist as subjects of initiative and responsi-
bility is one of three domains in the purpose of education, described by 
Biesta (2020) as ‘subjectification’. However, educational research and 
practice engage predominantly with the transmission of knowledge, 
skills, and dispositions (‘qualification’) and the traditions in which ob-
taining that knowledge occurs (‘socialisation’; Biesta, 2015). Based on 
achievement tests, such as PISA (OECD, 2018; Wiseman, 2013), cur-
ricula have become standards-driven, time-limited, and assessment-
oriented, where schools are expected to deliver directly measurable re-
sults in a narrow range of separated subjects. Yet, growing up entails 
more than academic achievement in “isolated and dry” topics (Dewey, 
1938), where scientific knowledge is offered as a fait accompli, and re-
ality is often presented through the lenses of abstract concepts sepa-
rated from students’ own experiences (Colucci-Gray et al., 2017). Alt-
hough I acknowledge the importance of ‘qualification’ and ‘socialisa-
tion’ in science education, the purpose of ‘subjectification’ asks for dif-
ferent instructional designs and teaching with the student as a human 
subject in mind. 
 
The attention for Biesta’s work has increased in recent years, especially 
at a policy level, while at the same time teachers ask themselves what 
they actually can do with ‘subjectification’ (Eidhof et al., 2021). Instruc-
tional design in science education with the purpose of ‘subjectification’ 
is limited, but it could direct educators and students towards active in-
terdisciplinary exploration and co-construction of personal relation-
ships with science in society (Colucci-Gray et al., 2019). It asks for a 

9 
 
 

Introduction 
The more we look, the more we see.  

Observation is an active process. Observation is exploration, inquiry for the sake 
of discovering something previously hidden and unknown, this something being 
needed to reach some end, practical or theoretical (Dewey, 1910 p. 193).  

Sustained observation is a cognitive possibility to make sense of the 
complex world, of which we are a part. It is a complexity that is inherent 
in nature itself and humans’ conflicted approach to each other and the 
planet. Empowering future generations to make sense of the world with 
nuance and compassion is a critical role of contemporary education 
(OECD, 2019). Both inside and outside of school, students need oppor-
tunities to patiently look at aspects of the world to discern and value 
complexity, instead of dismissing it. With their powerful eyes, students 
can discover the complexities of images, objects, and situations. Their 
imaginative minds allow them to envision diverse perspectives while at 
the same time considering their own subjectivity (Tishman, 2018).  
 
The way students come to exist as subjects of initiative and responsi-
bility is one of three domains in the purpose of education, described by 
Biesta (2020) as ‘subjectification’. However, educational research and 
practice engage predominantly with the transmission of knowledge, 
skills, and dispositions (‘qualification’) and the traditions in which ob-
taining that knowledge occurs (‘socialisation’; Biesta, 2015). Based on 
achievement tests, such as PISA (OECD, 2018; Wiseman, 2013), cur-
ricula have become standards-driven, time-limited, and assessment-
oriented, where schools are expected to deliver directly measurable re-
sults in a narrow range of separated subjects. Yet, growing up entails 
more than academic achievement in “isolated and dry” topics (Dewey, 
1938), where scientific knowledge is offered as a fait accompli, and re-
ality is often presented through the lenses of abstract concepts sepa-
rated from students’ own experiences (Colucci-Gray et al., 2017). Alt-
hough I acknowledge the importance of ‘qualification’ and ‘socialisa-
tion’ in science education, the purpose of ‘subjectification’ asks for dif-
ferent instructional designs and teaching with the student as a human 
subject in mind. 
 
The attention for Biesta’s work has increased in recent years, especially 
at a policy level, while at the same time teachers ask themselves what 
they actually can do with ‘subjectification’ (Eidhof et al., 2021). Instruc-
tional design in science education with the purpose of ‘subjectification’ 
is limited, but it could direct educators and students towards active in-
terdisciplinary exploration and co-construction of personal relation-
ships with science in society (Colucci-Gray et al., 2019). It asks for a 



10 
 
 

teaching approach where educators ‘dare to follow the students’ 
thoughts, not knowing where they are leading’ (Ekborg et al., 2013). It 
can also create a space for students’ unfolding impulses to guide and 
shape the flow of their observations (Tishman, 2018). Ultimately, the 
common denominator for applying ‘subjectification’ is teaching that 
‘brings forward and extends students’ innate interest in looking at 
things for themselves’ (Tishman, 2018, p. 111). An environment where 
they use their eyes to look deeply for an extended time and think about 
what they see, become curious, listen to what others have to say about 
it, ask questions, and acquire what is interesting to them (Yenawine, 
2013). 
 
Based on her research of visitors’ experience with art, Houssen (1980) 
co-developed a teaching method called Visual Thinking Strategies 
(VTS) for the Museum of Modern Art in New York (Yenawine, 2013). 
Except for an object to look at, other requirements for VTS are eyes, 
memories, openness, time, and structured encouragement. VTS builds 
on constructivist assumptions. It engages students in artworks through 
a group conversation technique that has deep correspondence to the 
way viewers are predisposed to construct their ideas (Yenawine, 2013). 
Shapiro et al. (2006) showed that observation of figurative paintings 
enhanced medical students’ skills in emotional recognition, cultivation 
of empathy, identification of story and narrative, and awareness of 
multiple perspectives. Open-ended dialogue between multiple viewers 
about their sustained observations and interpretations can disclose ob-
servable and imaginative meaning-making (Housen, 1980). 
 
Embodied experience, with the sensorium as being the key element, 
makes linguistic meaning possible (Johnson, 2007). Therefore, the no-
tion of meaning goes beyond the restrictions of language. The condi-
tions of embodied experience, such as form, expression, emotion, 
value, and purpose, are described by aesthetics (Dewey, 1934/2005). 
According to Johnson (2007), aesthetics is about how humans experi-
ence meaning, with art as an exemplar of meaning-making. However, 
school subjects, such as arts, which are associated with emotional ex-
perience, practicality, and the body, are perceived as less valuable than 
abstract school subjects, such as physics (Bleazby, 2015). Yet, meaning-
ful science teaching requires strategies that allow links between the 
conceptual and the emotional (Tytler, 2007). Like science, the arts can 
offer equally valid methods of inquiry to explore, discuss, communi-
cate, and make sense of the world (Kemp, 2000). Both can be invoked 
to raise provocative questions about reality and nature, where the inte-
gration of feelings with information can prompt a full range of re-
sponses (Yenawine, 2013). Science can work together with the arts to 
enhance human sensitivity to the peculiarities of places, both attentive 
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to the web of relationships that constitute culture and nature (Graham, 
2007).  
 
Although the implications of aesthetics for science education were not 
discussed by Dewey himself, multiple scholars applied his theory of ‘an 
experience’ (Dewey, 1934/2005, p. 36) in the development of educa-
tional theories and teaching strategies. Pugh and Girod (2007) estab-
lished a science pedagogy that fosters a transformative aesthetic expe-
rience that is emphasised by changing perceptions about aspects of the 
student’s world in the light of scientific ideas. To foster such an experi-
ence, these researchers provided a set of possibilities for students that 
need to be tried out in their own experience outside of school. Out-of-
school environments that bring together student lives, different knowl-
edges, and discourses are described by Moje et al. (2004) as a third 
space. A third space can facilitate ‘an experience’ that requires a trans-
action involving educators, content, environment, and students 
(Dewey, 1958). An important source of exposure to both arts and sci-
ences is through informal learning environments, such as art galleries 
and museums (Grant & Patterson, 2016). A third space can be estab-
lished by collaborative efforts between the out-of-school sector and 
schools (Stocklmayer et al., 2010). However, there is a need ‘for re-
sources to be made available to facilitate communication and collabo-
rative planning between informal providers and schools in mutual re-
spect’ (Stocklmayer et al., 2010, p. 35).  
  
With the foregoing context in mind, this thesis explores an established 
educational art-museum programme about science issues, hereinafter 
called the museum programme. The multi-day museum programme 
is initiated by the encouragement of students to engage in moderated 
dialogues about professional science-related artworks. Museum pro-
gramme participants that use their imagination in the initial meaning-
making of objects and exhibits can be the point of departure for further 
meaning-making in science (Achiam, 2016).  

The imagination is a kind of meaning-making ‘engine’ because it drives the ini-
tial reproductive establishment of the relationship between the object and the vis-
itor by synthesising a conscious conception of what is seen, and the subsequent 
creative mobilisation of the person’s background, beliefs, memories, and expec-
tations in order to create what is not seen (Achiam, 2016, p. 94).  

The museum programme culminates in development and construction 
of student’s own artworks about a science issue. Making art is discovery 
and research because it triggers curiosity, experimentation, inquiry, 
problem solving, pragmatism, sensitivity, as well as asking and formu-
lating questions (Chemi, 2017). By creating their own visual represen-
tations, students can make their thoughts, imagination, and feelings 
explicit and specific, leading to the exchange and clarification of 
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meanings between peers and adults (Ainsworth et al., 2011). This thesis 
presents a description and conceptualisation of the museum pro-
gramme design as a third space with the intention of exciting students’ 
transformative aesthetic experience and their imagination. It is an ef-
fort to provide explicit out-of-school resources and novel insights about 
how students use their hands in conjunction with their heads, and how 
they use their imagination while simultaneously relying on their rea-
soning. 

Aim and research questions 
The aim of this thesis is to conceptualise a third space that allows for 
an analysis of students’ transformative aesthetic experiences and their 
imagination in art-based exploration of science issues. The overall re-
search questions guiding this thesis are:  

- What educational design guidelines can support a third space in 
museum-school partnerships?  

- What characterises the qualities of students’ transformative aes-
thetic experiences in an art-based exploration of science issues? 

- What aspects of the imagination can affect students’ transforma-
tive aesthetic experiences?  
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Theoretical background 

As illustrated in Figure 1, this chapter aims to position the science ed-
ucational research in this thesis within a wider contemporary discourse 
on the purpose of education. Through the lens of Biesta’s idea of ‘sub-
jectification’, the following sections zoom in on the notion of a third 
space. Characteristics of a potential third space can be conceptualised 
at the intersection of out-of-school, interdisciplinary, and value-cen-
tred science education. I will describe several established features from 
these theoretical frameworks to inform and substantiate the study set-
tings of this research. Within the epistemology of a third space, subse-
quent sections will expand on the analytical framework of transform-
ative aesthetic experiences in combination with art-based teaching 
strategies. The final section of this chapter converges from the embod-
ied and intuitive aspects of aesthetics into specific properties of an an-
alytical framework for the imagination, allowing for sensitive explora-
tions of science issues. 

 

 
Figure 1. Diagram of theoretical perspectives and frameworks that position this thesis in 

the discourse on the purpose of education.   
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The purpose of education 
In recent years, Gert Biesta’s work on the purpose of education has re-
ceived increased attention from educators, scholars, and politicians 
(Eidhof et al., 2021). Biesta’s conceptual three-stroke of ‘qualification’, 
‘socialization’, and ‘subjectification’ is not to be understood as a peda-
gogical method but as a perspective that offers alternatives beyond the 
current status quo of education. His work is a reaction to observations 
of international developments in educational practice, research, and 
policy that treat education as a production process (Biesta, 2015). In 
several publications, Biesta expressed concerns about a shift in educa-
tional discourse towards students as ‘learners’ and teachers as ‘learning 
facilitators’. He identified a common emphasis on measurable learning 
outcomes from (limited) subject knowledge and skills. With learning as 
the central activity, Biesta is critical of the view that teachers should 
facilitate learners to ‘own’ their learning process without asking what 
the learning is for (Biesta, 2020).  
 
To refute this, Biesta proposed that education always functions and 
should be designed in relation to three equal domains that provide a 
justification for schooling. ‘Qualification’ is about making knowledge 
and skills available for students to act, distinguish, and judge (Biesta, 
2015). ‘Socialization’ is about making students part and aware of social, 
cultural, and political traditions, and practices (Biesta, 2015). Both 
‘qualification’ and, to a lesser extent ‘socialization’, are well-repre-
sented domains in educational research and practice (e.g. Hattie, 
2008; Townsend, 2007; Wiseman, 2013). ‘Subjectification’, on the 
other hand, has remained difficult to grasp and challenging for teachers 
to translate from a theoretical concept into everyday practice (Biesta, 
2020). As illustrated by Figure 1, the applied theoretical frameworks of 
this thesis will be presented from a ‘subjectification’ perspective and 
therefore expanded upon in the following section.  
 

Subjectification 
‘Subjectification’ can be described briefly as making encounters with 
‘the real’ possible to encourage students to exist as the subject in their 
own life (Biesta, 2015). Instead of content- or learner-oriented educa-
tion, ‘subjectification’ is about world-oriented education. Biesta (2020) 
argues that ‘subjectification’ aims to awaken students’ desire to try to 
live their life as a part of the world, without thinking of themselves in 
the centre of the world. To implement ‘subjectification’ in the curricu-
lum, Biesta suggests the following set of educational parameters 
(Biesta, 2020, p. 98): 

- Interruption: “an encounter with something real… that interrupts the flow of 
intentions and initiatives.” 
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- Suspension: “slowing students down and giving them time to meet the world 
and themselves in that encounter. Time to try and fail and try again.” 

- Sustenance: “providing support so that it is possible… to stay with the diffi-
culty.” 

Framing this thesis within the concept of ‘subjectification’ and its cor-
responding set of educational parameters matches the intentions and 
characteristics of the study setting. In the discussion section, the edu-
cational parameters above will be further discussed, considering the 
museum programme and its art-based teaching strategy.  
 

Permission to wonder in world-oriented environments 
A common intention of educational research projects is to understand 
an effective transfer of knowledge and attitudes that support students 
to ‘get things right’ and ‘act in the prescribed way’ (Biesta, 2020). Biesta 
argues that, although it is important for education to be that strict on 
certain occasions, attention is also needed on creative action, genera-
tive thinking, and moral reflection when teachers cannot show how to 
be or what to do. Encounters with such reality allow for students to 
meet resistance, feel uncertain, experience frustration, and reconsider 
their points of view (Biesta, 2020). However, for students, to advance 
untested actions and opinions amongst peers can feel risky and is pref-
erably something to be avoided (Rolfe, 2010). The less certain students 
are that they ‘get things right’, the more anxious they become when 
presented with complex and ambiguous situations (Webster and 
Kruglanski, 1997). However, in current unpredictable times, students 
would benefit from managing their uncertainty in ambiguous situa-
tions and feeling empowered to express their ideas. Beghetto (2020, p. 
3) described the concept of ‘actionable uncertainty’ as:  

a state of doubt that rises to a level of awareness whereby we find ourselves at an 
impasse and feel the need to explore and enact new possibilities.  

Thus, the risk that students won’t ‘get things right’ can be seen as valu-
able pedagogical possibilities for students to meet their own sensitivity, 
contemplation, and perseverance. This ‘grown-up way of trying to live 
one’s life’ (Biesta 2020, p. 97) requires an environment with the oppor-
tunity and time for students to look for themselves, try things out, make 
mistakes, and think things through on several occasions from different 
perspectives. As Yenawine (2013, p. 2) argues, it is: 

 …not answers but permission to be puzzled and to think. Consent to use their 
powerful eyes and intelligent minds. Time to noodle and figure things out. The 
go-ahead to use what they already know to reflect on what they don’t: the first 
steps in learning. Again, not answers but ways to figure out things on their own.  
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Although designed with the best intention, in many lessons, students’ 
impulse to look at things themselves is restricted and subdued rather 
than encouraged (Tisham, 2018). However, as argued by Funtowich 
and Ravetz (1993), by developing cognitive and linguistic capacities 
that make individuals experts in entering sustained dialogues about 
relevant issues, they participate in the co-production of knowledge, 
thereby ‘democratizing expertise’. Put differently, students need space, 
time, and encouragement to confidently make sense of the world for 
themselves, together with others. Such an inclusive environment that 
encourages students’ own observations from different modes of know-
ing and various ranges of language connects well with the concept of a 
third space, as will be explained in the following sections.  
 

A third space  
Moje et al. (2004) defined a third space as in-school and out-of-school 
environments that bring together different knowledge, discourses, and 
students’ lives. This definition was further developed by Calabrese Bar-
ton and Tan (2008) who added that a third space allows students to 
work together to build their social identities while gaining epistemic 
authority. Social interactions between individuals within various phys-
ical and conceptual contexts are crucial in a third space. The art-based 
museum programme presented in this thesis brings science classes 
into a third space that is already part of different linguistic repertoires, 
cultural influences, modes of knowing, and being with others 
(Raaijmakers et al., 2021). 
 

Reality and idiosyncrasy in a third space 
The third space definition above matches Biesta’s concept of ‘subjecti-
fication’. Firstly, both concepts stress the importance of student en-
counters with the materiality and sociality of the real world (Biesta, 
2015). By providing orientation in the world, both ‘subjectification’ and 
third space create a possibility for students to check reality in the light 
of novel knowledge and culture. Additionally, Stocklmayer et al. (2010, 
p. 30) advocated that a third space is: 

a real space into which the informal sector can move, bridging the gap between 
school and community, hence blurring the boundaries between them.  

Since out-of-school organisations, like museums, are part of different 
discourse communities than schools, partnerships between the two can 
cross discourse borders, in line with Moje et al.’s (2004) definition of a 
third space. Hence, a third space can partly be informed by out-of-
school (science) education, as a later section will illustrate.  
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A second similarity between the concepts of a third space and ‘subjec-
tification’ can be found in the notion of students’ epistemic authority, 
as expressed by Calabrese-Barton et al. (2008). Students with epis-
temic authority can exist as subjects in their own life and not as the 
object of what other people want from them (Biesta, 2015). In other 
words, this could be described as educational situations and settings 
where students have the freedom to act idiosyncratically and explore 
the ‘untested’ with opportunities for responsibility. As such, a third 
space can offer possible environments for implementing education 
with the primary purpose of ‘subjectification’. Encouragement of per-
sonal connections and dialogue between students about relevant issues 
explicitly addresses the value of justifying claims and exposes the im-
portance of attending to differing views (Sadler, 2004). Hence, a third 
space can partly be informed by value-centred science education, as a 
later section will illustrate. 
 

Diversity in a third space   
Moje et al. (2004) argue that, in a third space, social interactions be-
tween participants must cross different discourse communities. Since 
different school subjects require different discourses, a third space can 
consequently be informed by the framework of interdisciplinary edu-
cation. Gutiérrez et al. (1999) especially advocate crossing borders be-
tween academic and traditionally marginalised knowledges and dis-
courses. The currently dominant school system maintains a traditional 
curriculum hierarchy that assigns a certain status to school subjects. 
Abstract school subjects, like mathematics and physics, are still per-
ceived as more valuable than subjects associated with concrete experi-
ence, practicality, and the body, such as physical education and art 
(Bleazby, 2015). The marginalisation of these ‘aesthetic’ school subjects 
is reflected in the number of curriculum hours and is another reason to 
approach a third space from an interdisciplinary perspective. Addition-
ally, a third space also involves concepts like social, cultural, and epis-
temological change (Moje et al., 2001). Academic and everyday 
knowledge should be challenged and reshaped by opposing values, 
ideas, and discussions (Calabrese Barton & Tan, 2008). According to 
Murray and Reiss (2005), science education should afford students to 
explore, discuss, accept, reject, and change values more often. Human 
values are foundational for the real world, and a third space can there-
fore be informed by the framework of value-centred science education.  
 
Thus, to establish a third space, schools should acknowledge beneficial 
out-of-school involvement. Stocklmayer et al. (2010) advocate that the 
informal sector must re-evaluate their institutions’ practice concerning 
school visits. Active collaborative planning for inclusive modes of 
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delivery between in- and out-of-school contexts is required. This holis-
tic approach should consider multiple discourses from the perspective 
of students themselves, school subjects, society, and the environment. 
There is a need for resources that facilitate partnership between the two 
sectors, driven by the school system, but in mutual respect 
(Stocklmayer et al., 2010). As outlined, such third space resources 
might benefit from being informed by out-of-school, value-centred sci-
ence, and interdisciplinary science education. 
 

Out-of-school science education 
Out-of-school contexts can be critical for revealing scientific concepts’ 
relevance in the real world. They ‘provide new connections with science 
and stimulate people to dig deeper and think more about science and 
its relationship with society’ (Braund & Reiss, 2006, p. 1379). Accord-
ing to Bennet et al. (2007), the notion of context in science educational 
research is lacking a generally accepted definition and varies widely in 
its theoretical nuances. Gilbert (2006) presented context with an em-
phasis on social circumstances, which connects to this thesis. Accord-
ing to Gilbert, a group’s composition and interaction form a context 
that should be the starting point of activities on topics of clear societal 
importance (e.g. social implications of genetic manipulation). His 
model includes a joint exploration of an issue by teachers and students 
in a ‘community of practice’. A ‘community of practice’ encompasses 
productive participant activities that frame a discussion about scien-
tific concepts, connect to prior knowledge, and develop coherent use of 
scientific language (Gilbert, 2006). The ‘community of practice’ con-
cept resonates with the concept of third space, offering ‘a way of un-
derstanding how learning science is as much about learning to negoti-
ate the multiple texts, discourses and knowledges available within a 
community as it is about learning particular concepts and processes’ 
(Calabrese Barton & Tan, 2008, p. 74). The educational context for par-
ticipants in the museum programme is defined by its design, which in-
cludes objects of inquiry (professional artworks), participant-gener-
ated objects (student artworks), interactions amongst students and ed-
ucators concerning the artworks, and the combination of museum 
spaces and classrooms where the interactions take place. 
 

Museum education 
Out-of-school contexts, like museums and science-centres, are com-
mon school trip destinations that can enhance students’ interest, moti-
vation, and conceptual understanding (Braund & Reiss, 2004; 
Storksdieck, 2001). Where museums previously exhibited objects that 
were presumed to speak for themselves, museum professionals now 
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realise that visitors bring their own experiences to an active encounter 
with an object (Achiam, 2016). From being interpretive authorities, 
museums, over the last two centuries, have shifted their role towards 
facilitating visitors’ increased interaction with an exhibition. But due to 
contextual differences between classrooms and museums, teachers 
find it difficult to adapt their practices to museum settings (DeWitt & 
Osborne, 2007). However, with the support of museum staff, the prob-
ability increases that teachers integrate museum visits into their teach-
ing practice (Xanthoudaki, 1998). Therefore, there is a need for muse-
ums to develop and improve student experiences of school trips to their 
institutions. Previous research on out-of-school learning and findings 
on educational museum programme design were summarised in Paper 
I into the following recommendations:  

- Establish equal partnerships between schools and museums, based on mutual un-
derstanding of each other’s practices (Fallik et al., 2013; Noam & Tillinger, 
2004). 

- Align school trips to museums with the school curriculum (DeWitt & Osborne, 
2007). 

- Encourage teachers and museum educators to become familiar with each other’s 
workspaces, which are students’ learning contexts (Fallik et al., 2013). 

- Examine and connect to students’ prior knowledge, experiences, and interests 
(Falk & Dierking, 2012). 

- Plan pre-visit activities to prepare students for the setting, agenda, and objectives 
of each museum visit (Falk & Dierking, 2012; Griffin, 2004). 

- Allow free exploration of a museum, but offer limited choices of activities to pro-
vide structure, scaffold learning, and encourage relevant interaction (Griffin, 
2004). 

- Exploit the uniqueness of the museum setting (DeWitt & Storksdieck, 2008). 

- Encourage student discourse through open-ended questioning to promote inquiry-
based discussions (Reiss & Tunnicliffe, 2011). 

- Plan and conduct post-visit classroom activities to reinforce the experience (Falk 
& Dierking, 2012). 

 

The Framework for Museum Practice 
The design recommendations in the previous section are incorporated 
by various frameworks that can inform educational museum pro-
grammes. In Paper I, the museum programme presented in this thesis 
was subjected to a comparative analysis with the established Frame-
work for Museum Practice (FMP), developed by Dewitt and Osborne 
(2007). Besides theories of intrinsic motivation and conceptual 
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learning research, the FMP was derived from elements of Cultural His-
torical Activity Theory, concerning cognition and behaviour embedded 
in collectively organised, artefact-mediated activity systems, as de-
scribed by Engeström (1999). The FMP design principles aim to con-
tribute to ‘a theory of pedagogy in informal contexts’ (DeWitt and 
Osborne, 2007, p. 689) and subdivide intentions that support museum 
and school educators’ practice into distinct categories. A summary of 
the FMP design principles is displayed in Figure 2. 
 

 
Figure 2. Summary of Framework for Museum Practice design principles.   

In Paper I, the FMP was used as an analytical framework for a system-
atic comparative analysis of the museum programme and will be fur-
ther explained in the method section of this thesis. 
 

Value-centred science education 
A humanistic perspective in science education has increasingly been 
reinforced by educational researchers (Marks & Eilks, 2010; Sadler & 
Donnelly, 2006). Possible relationships between science and society 
can be exposed to students by encouraging authentic dialogue on sci-
entific issues within society. ‘More ethical and controversial issues’ and 
‘more discussions’ are commonly expressed desires by students about 
their science education (Murray & Reiss, 2005). By exploring possible 
values and backing up opinions with evidence, students can develop 
their argumentation skills (Hofstein et al., 2011). According to Sadler 
(2004, p. 523), value-centred science education can:  

20 
 
 

learning research, the FMP was derived from elements of Cultural His-
torical Activity Theory, concerning cognition and behaviour embedded 
in collectively organised, artefact-mediated activity systems, as de-
scribed by Engeström (1999). The FMP design principles aim to con-
tribute to ‘a theory of pedagogy in informal contexts’ (DeWitt and 
Osborne, 2007, p. 689) and subdivide intentions that support museum 
and school educators’ practice into distinct categories. A summary of 
the FMP design principles is displayed in Figure 2. 
 

 
Figure 2. Summary of Framework for Museum Practice design principles.   

In Paper I, the FMP was used as an analytical framework for a system-
atic comparative analysis of the museum programme and will be fur-
ther explained in the method section of this thesis. 
 

Value-centred science education 
A humanistic perspective in science education has increasingly been 
reinforced by educational researchers (Marks & Eilks, 2010; Sadler & 
Donnelly, 2006). Possible relationships between science and society 
can be exposed to students by encouraging authentic dialogue on sci-
entific issues within society. ‘More ethical and controversial issues’ and 
‘more discussions’ are commonly expressed desires by students about 
their science education (Murray & Reiss, 2005). By exploring possible 
values and backing up opinions with evidence, students can develop 
their argumentation skills (Hofstein et al., 2011). According to Sadler 
(2004, p. 523), value-centred science education can:  



21 
 
 

encourage personal connections between students and the issues discussed, ex-
plicitly address the value of justifying claims, and expose the importance of at-
tending to contradictory opinions.  

However, Pugh and Girod (2007) established that the push to cover 
content and achieve understanding has become so paramount that it is 
easily overlooked to discuss why the content is interesting and valua-
ble. In many international science curricula, the societal dimension is 
neglected, and the focus is on scientific facts and concepts (Hofstein et 
al., 2011). Furthermore, science centres and museums often portray 
science as factual, uncontroversial, and without ethical dimensions ra-
ther than as a means of building understanding through a fallible, dis-
tinctly human process (Rennie, 2014).  
 
Nevertheless, it is possible for the out-of-school sector to encourage 
value-centred learning experiences that personalise subject matter, 
evoke emotion, stimulate dialogue and debate, and promote reflexivity 
(Pedretti, 2004). Art museums often show idiosyncratic perceptions of 
the world through creative human expressions that, at times, can be 
provoking. Shapiro et al. (2006) showed that observation of figurative 
paintings enhanced medical students’ observational skills, showing de-
velopment of students’ skills in emotional recognition, cultivation of 
empathy, identification of story and narrative, and awareness of multi-
ple perspectives. To accomplish this, students need support to system-
atically share perceptions on objects and related content that explore 
multiple values and perspectives on the world (Houssen, 1980). In-
school and out-of- school educators need resources to scaffold stu-
dents’ action, perception, and valuing. The art-based strategy in the 
museum programme design that is presented in the study setting sec-
tion of this thesis could be one such possible resource. 
	

Interdisciplinary science education 
Except for consensus on the integration of multiple disciplines, no 
common definition of the term interdisciplinary education exists due 
to a variety of theoretical approaches (Czerniak & Johnson, 2014; Ren-
nie et al., 2012). STEM (Science, Technology, Engineering and Mathe-
matics), a concept that was coined by The National Science Foundation 
in the early 2000s, is represented in most of the research discourse on 
the meaning of interdisciplinary teaching in science education. The 
idea of STEM was that teaching should be based on its separate subjects 
as integrated and not isolated content (Maslyk, 2016). Connecting 
school subjects enhances students’ experiences of relationships among 
ideas and identification of patterns, instead of fragments of knowledge 
(Czerniak & Johnson, 2014). Furthermore, the integration of school 
subjects implicitly relies on real-world concepts that often connect with 
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students’ personal interests and experiences (Rennie et al., 2012). Cal-
abrese Barton and Tan (2008) argue that drawing from a wider range 
of funds of knowledge, which can come from merging science practices 
with other school subjects, allows for a third space that can encourage 
student empowerment and foster interest and engagement.  
 

Science Technology Engineering Arts and Mathematics (STEAM) 
In 2006, STEM was enhanced by Yakman (2008) with ‘A’ (Arts). The 
initial idea was that integration of A into STEAM stimulated the devel-
opment of creativity, imagination, and collaboration. Contemporary 
STEAM education makes an argument for learning about being a part 
of the real world by overcoming division in school subjects and contexts 
through adopting innovative pedagogies based on active learning and 
inquiry-based approaches (Breimer, 2012; Colucci-Gray, 2019; Harris 
& de Bruin, 2018). John Dewey pointed towards school subjects’ social 
origins and their applied values as early as the 1930s, and he advocated 
for the integration of knowledge from all school subjects (Bleazby, 
2015). Where conventional multidisciplinary approaches retain sepa-
rate school subject identities, contemporary STEAM educators advance 
integration by researching and communicating relevant societal issues, 
drawing on the arts, humanities, as well as STEM content and practice 
(Braund & Reiss, 2019). STEAM can offer a post-human educational 
framework where the individual becomes critically aware of themselves 
in the world instead of regarding and accepting information and 
knowledge as superior to an individual (Colucci-Gray et al., 2019). 
Through participation in equally valid methods of inquiry from various 
school subjects, students are encouraged to discover and express natu-
ral, social, political, and ideological aspects of new understandings 
(Colluci-Gray et al., 2019). Because STEAM allows students to envision 
artistic representations of ideas and solutions, they can express them-
selves through more variations (Sousa & Pilecki, 2013). Making visual-
isations is integral to scientific and artistic thinking; however, students 
are rarely systematically encouraged to create their own visual forms to 
develop and show understanding (Ainsworth et al., 2011).  
 

Aesthetics 
As mentioned earlier, Bleazby (2015) showed that alleged abstract sub-
jects, like mathematics and physics, are held in higher esteem than aes-
thetic subjects, like physical education and arts. This common curricu-
lum hierarchy reflects that intuitive response, based on experience and 
feelings, is not valued the same as ‘proper’ thinking based on concepts. 
Eighteenth-century convictions led to the still existing false assump-
tion that aesthetics cannot be about cognitive understanding, but 
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merely describe subjective mental states (Johnson, 2007). However, 
images, sounds, movement, narratives, sentences, and words do all get 
meaning from embodied experience through our senses accumulated 
through life (Johnson, 1987). Damasio (1999) defines an individual’s 
awareness of bodily responses as feelings. Comprehending and ex-
pressing one’s awareness of being in the world through resources like 
gestures, social interactions, rituals, and art are forms of embodied 
meaning that precede language as a means of reflecting and communi-
cating (Johnson, 1987). Hence, aesthetics is about how humans make 
and experience embodied meaning to become critically aware individ-
uals. Becoming critically aware of oneself as a centre of force, capable 
of actions that affect others, and the environment resonates with 
Biesta’s (2015) concept of ‘subjectification’ and is, according to John-
son (1987), at the core of moral responsibility. Critical awareness of 
oneself is the starting point for critical awareness of the quality of hu-
man existence and our connection to the natural world (Colluci-Gray 
et al., 2019). STEAM education can contribute to such critical aware-
ness by increasing attentiveness to things, artefacts, and spaces that 
encourage aesthetic experiences in relation to the collective (Colucci-
Gray et al., 2019). 
 

Transformative aesthetic experience 
‘An experience’ was coined by Dewey (1943/2005) as a central concept 
in his book ‘Art as Experience’. Although alternative implications of 
Dewey’s theory of aesthetics are possible, he argued for ‘an experience’ 
as being the epitome of successful interaction with art objects. ‘An ex-
perience’ alters an individual’s perception of being in the world by find-
ing new meaning and value in an aspect of that world (Wong et al., 
2001). ‘An experience’ can lead to engagement in ‘an idea’ and vice 
versa, an engagement in ‘an idea’ can catalyse ‘an experience’ (Pugh & 
Girod, 2007). The construct of ‘an idea’ was previously developed by 
Dewey (1958), where he separated a theoretical concept as an estab-
lished block of knowledge from ‘an idea’ as a possibility that must be 
acted upon and tried out. Hence, Dewey’s aesthetics can inform educa-
tion that engages students in ‘ideas’ and creates opportunities for ‘ex-
periences’ beyond the teaching of concepts. Pugh and Girod (2007) 
wondered what science teaching strategies would look like if aesthetics 
and art were driving forces in response to science education’s dominant 
paradigms of conceptual change and standards. Therefore, they devel-
oped an analytical tool to investigate the engagement of and learning 
by science students in a transformative aesthetic experience based on 
three principal qualities (Pugh & Girod, 2007, p. 12). 
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- ‘Active use of a concept’: “individuals… use the concept as a potential lens 
for more fully perceiving the world (particularly in everyday, out-of-school 
context where the student is not required to apply the concept)”  

- ‘An expansion of perception’: “actively use a concept, find that it allows 
them to see aspects of the world in a new way… aesthetic understanding 
pushes students to see, think, and act differently as a result of new learning”  

- ‘An expansion of value’: “personally value this way of seeing… renewed in-
terest and excitement, and added clarity in thought or comprehension” 

In Paper II, the analytical framework of transformative aesthetic ex-
periences is used to investigate student actions in the context of the 
museum programme. Building on the works of Dewey, Pugh and Girod 
(2007) propose first to craft ‘ideas’ out of concepts, and second to 
model and scaffold transformative aesthetic experiences in educa-
tional practices. The authors suggest using metaphors and ‘re-seeing’ 
as well as fostering anticipation and vital personal experiences to craft 
‘ideas’ out of concepts. Enculturation of science ideas is suggested by 
Pugh and Girod (2007) through modelling a passion for the content 
and scaffolding students’ action, perception, and values. How these 
methods connect to the theoretical foundations of the art-based teach-
ing strategy in the museum programme will be elaborated on in the 
next sections. 
 

Visual objects  
Looking at an object goes beyond mere recognition when it is perceived 
from different perspectives (Dewey, 1943/2005). Visual representa-
tions and art objects help us to exercise our ability for analogy and met-
aphor (Burns, 2018). A metaphor cannot be summarised by a single 
definition, and elaboration on its complex meaning goes beyond the 
scope of this thesis. In short, a metaphor structures one domain of un-
derstanding in terms of another domain of understanding (Brown, 
2003). A visual metaphor contains a visual object or a pictorial element 
in that object, which is compared with a physical or conceptual similar-
ity (Kogan et al., 1980). Contemporary art objects are visual metaphors 
with immediate relevance to current issues in the world. As Eisner 
(1981, p. 49) writes:  

the arts are cognitive activities, guided by human intelligence, that make unique 
forms of meaning possible...our imaginative capacities – when coupled with an 
inclination toward play – allow us to examine and explore the possibilities of this 
information.  

Despite this promising potential of artworks, the staff at the Museum 
of Modern Art in New York discovered in the 1980s that their teaching 
methods in museum tours did not stick (Yenawine, 2013). Conse-
quently, based on her theory of ‘aesthetic modes of understanding’, 
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- ‘Active use of a concept’: “individuals… use the concept as a potential lens 
for more fully perceiving the world (particularly in everyday, out-of-school 
context where the student is not required to apply the concept)”  
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Abigail Houssen (1980) developed a pedagogical tool called ‘Visual 
Thinking Strategies’.  
 

Visual Thinking Strategies  
‘Visual Thinking Strategies’ (VTS) offers a systematic method to ex-
plore possibilities of information (i.e. Dewey’s construct of ideas) 
within art objects through moderated open-ended dialogue. VTS is 
based on three questions that form a structure for the moderator and 
students to maintain a dialogue about carefully selected images, art ob-
jects, or artefacts: 

– What’s going on in this artwork? 

– What do you see that makes you say that? 

– What more can we find?  

Without being an authoritative source, the moderator scaffolds the stu-
dents that drive the dialogue about the art object (Yenawine, 2013). 
Supportive rephrasing of each student’s contribution to the collabora-
tive meaning-making process provides thoughtful acknowledgements 
of their expressed thoughts (Beghetto, 2020). Students that participate 
in VTS show skills ranging from simple identification to complex con-
textual, metaphorical, and philosophical interpretation (Houssen, 
1980). Besides cognitive qualities like questioning, remembering, ana-
lysing, and categorising, VTS invokes speculation (Yenawine, 2013). 
VTS also fosters a personal connection with the observed object, which 
is an important aspect of Pugh and Girod’s (2007) methods that en-
courage transformative aesthetic experiences. The structured nature 
of VTS dialogue allows for objective observation and understanding to 
be equally important as subjective and affective aspects of knowledge. 
This encourages the discovery of a narrative as a meaning-making sys-
tem supported by the chosen art object. Housen (1980) observed that 
inexperienced art spectators initially make random observations, fol-
lowed by the incorporation of these observations in short narratives to 
make sense of them. Intuitive visual sense-making efficiently supports 
daily routines, but it takes more than a quick glance to fully compre-
hend something (Tishman, 2018). The second VTS-question helps 
spectators to look carefully at the art object and talk about what they 
observe, backing up their interpretations with evidence. This part of the 
dialogue structure, led by a moderator, encourages peers to re-see an 
art object. Girod et al. (2003) explain ‘re-seeing’ as looking at an ordi-
nary object again but from a different perspective. By subsequently lis-
tening to one another and considering each other’s interpretations, the 
participants in a VTS-dialogue encourage each other to look at an art 
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object again from another perspective. These shifts of perspective ap-
peal to student’s imagination in trying to apprehend the ideas of others.   
 

Imagination  
Imagination plays a key role in embodied cognition because it emerges 
from our bodily experiences, supported by metaphorical language 
(Brown, 2003). Johnson (1987) suggests the concept of an ‘image 
schema’ in his work on a comprehensive theory of imagination. ‘Image 
schemata’ represent how the brain processes and organizes experience 
and knowledge. They have a recurring dynamic pattern of perceptual 
interactions and motor programmes that gives coherence and structure 
to the experience. Based on Johnson (1987) ‘Image schemata’ contain 
dynamic patterns that interlink the following dimensions:  

- Basic perceptual or sensory perception, e.g. feel, see, hear, and smell.  

- Motor-programme or bodily action, e.g. movement and spatial orientation. 

- Emotional, e.g. happy, sad, protective, and fear.  

- Historical, i.e. in relation to times.  

- Social, i.e. in relation to humans but also other living organisms. 

- Linguistic or sematic processing, i.e. how we use and understand language.  

Aristotle’s early idea of imagination as mere mental images is far ex-
ceeded by Johnsons extensive and nuanced dimensions of image sche-
mata. However, Aristotle’s assertion on how imagination works as a 
process is still useful. When required within thought, mental images 
can be regarded as stand-ins for the sensed ‘real’ perceptions they rep-
resent (Burns, 2015). In that way, the imagination can activate and ma-
nipulate image schemata to create fictive situations and possibilities 
based on earlier experience (Bedford, 2004). Hakarainen (2013) ar-
gued that playing in imagined situations creates a ‘zone of proximal de-
velopment (ZPD)’ in young children’s lives. The ZPD is a concept de-
veloped by Vygotski (1978) and describes the mental state of a person 
that is close to the development of new skills or knowledge. Marianne 
Achiam (2016) explored the role of the imagination in museum visits, 
and she pointed out that imagination is central to learning because it is 
involved in the synthesis of new knowledge. Based on observation of 
what is present, combined with earlier experience and existing 
knowledge that is not present, the imagination creates new mental con-
structions (e.g. Hadzigeorgiou et al., 2007).  
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Mental operations 
As described in a translation by Achiam (2016, p. 94), Dufresne-Tasse ́ 
et al. (2006) argue that by making sense of a novel object in an exhibi-
tion context, the imagination plays an important role.  

Imagination promotes first a personal contribution, an initial investment through 
which a formal relationship is established between the object and the information 
held by the visitor (reproductive imagination). This establishment situates the ob-
ject [...] and creates a first level of familiarity with it. With the aid of this famili-
arity, visitors can more easily carry out other types of investment, enriching, 
deepening, strengthening and structuring the universe of meaning they create 
(creative imagination).  

Visitors use experience, knowledge, assumptions, and conjectures as 
‘repertoires of meaning-making’ in their interpretation of objects and 
exhibitions (Achiam, 2016). Observed dialogues between visitors that 
were looking at an object or exhibition were assigned 14 ‘mental oper-
ations’ by Dufresne-Tassé et al. (2006) to identify these ‘repertoires of 
meaning-making’. The ‘mental operations’ were divided into three 
groups, depending on whether visitors were required to use their im-
agination. Dufresne-Tassé et al. (2006) assigned five ‘mental opera-
tions’ that do not require the use of imagination: exclaim, observe, 
identify, verify, and judge, as opposed to associate, predict, and sug-
gest, assigned to ‘mental operations’ that do require the use of imagi-
nation. Finally, six ‘mental operations’: justify-explain, resolve, com-
pare, grasp, clarify, and modify are possible both with and without the 
use of imagination (Achiam, 2016). Through the lens of this analytical 
framework of ‘mental operations’ that require the use of the imagina-
tion, Paper II investigated the role of the imagination in students’ ob-
servation and creation of art objects that relate to science issues.  
 

Imagination and art 
Conceptualisation and creation of artworks are drivers of imaginative 
thinking in a process of constructing and expressing coherent new 
ideas (Eisner, 1981). Through art, the imagination can be expressed 
and communicated visually (Burns, 2015). Moreover, the imagination 
of students can be articulated and shared through talking and writing 
(van Someren, 1994). In artmaking, the emphasis is on syncretism, 
meaning, and personal and fluid, intuitive connection-making (Burns, 
2015). Students’ understanding in a subjective and interpretable form 
can be presented by their art objects, and artmaking can therefore pos-
sibly, but not necessarily involve ratio and deduction. Artmaking ac-
cesses thinking that depends on the hands and senses, allowing for 
metaphorical perspectives on the world. According to Burns (2015), 
this enables originality and opens possibilities to reach intuitive con-
clusions. If logical proof is required, this can be explored afterwards. A 
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‘desire’ that Aristotle refers to as ‘imaginative movement’ is a motivated 
and cognitively active state (Burns, 2015). The museum programme 
aims to ignite participants’ ‘imaginative movement’, encouraging them 
to question and associate the science motif of artworks in relation to 
their own lives, society, and the environment.  
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Methods 

The following research methods accommodate the purposes of the two 
papers presented in this thesis, as summarised in Figure 3. The aim of 
the first paper was to describe the conceptualisation and validation of 
the museum programme and the exploration of its potential as a third 
space. The second paper aimed to describe the analysis of students’ 
aesthetic experiences and their imagination in the art-based explora-
tion of science issues in the museum programme. Since the study set-
ting of both papers consists of the museum programme context, the 
following sections will describe its general design and specific art-
based pedagogy, followed by an outline of the separate research meth-
ods of each paper.  
 

 
Figure 3. An overview of the applied research methods in Papers I and II. 

 
  

29 
 
 

Methods 

The following research methods accommodate the purposes of the two 
papers presented in this thesis, as summarised in Figure 3. The aim of 
the first paper was to describe the conceptualisation and validation of 
the museum programme and the exploration of its potential as a third 
space. The second paper aimed to describe the analysis of students’ 
aesthetic experiences and their imagination in the art-based explora-
tion of science issues in the museum programme. Since the study set-
ting of both papers consists of the museum programme context, the 
following sections will describe its general design and specific art-
based pedagogy, followed by an outline of the separate research meth-
ods of each paper.  
 

 
Figure 3. An overview of the applied research methods in Papers I and II. 

 
  



30 
 
 

Study setting 

The museum programme design 
In 2017, the Alma Löv Museum of Contemporary Art in Sweden di-
rected the development of an educational museum programme for 
schools to explore science issues by means of contemporary art. Two 
years after its initial development, the museum programme became a 
subject of research in which its structure and activities provided the 
context for both studies in this thesis. Figure 4 represents the museum 
programme design with its associated student, teacher, and museum-
educator activities. The flowchart shows a pre-and post-visit structure 
for museum educators and teachers in different school subjects to sup-
port students’ interdisciplinary and value-centred learning in both mu-
seum and school contexts. In the museum programme, student groups 
are encouraged to explore contemporary science issues, such as genetic 
engineering, climate change, animal ethics, and evolution. These issues 
are addressed by means of moderated dialogues about professional art 
with a science-related motif, followed by students’ conceptualisation 
and creation of their own artworks. For the student groups that were 
the subject of research in the second paper of this thesis, professional 
artworks were selected for phases 1 and 2 in the museum programme 
that, each in their own way, related to genetic engineering. Subse-
quently, student groups developed conceptual ideas for their own art-
works that expressed their views on genetic engineering. In phase 3, 
the museum educator (and researcher) visited the school to collaborate 
with students and teachers in the artwork construction process. Several 
weeks later, the student-generated artworks were part of a larger public 
exhibition in the local library hall, in which more than 300 students 
participated.  
 

The museum programme art-based teaching strategy 

Phase 1 ‘prepare’ 
The museum programme adapted the VTS teaching method (Housen, 
1980) as a template for the instructional design of activities in museum 
and school contexts. VTS utilises art to deepen learning across school 
disciplines (Yenawine, 2017), and its theoretical framework is de-
scribed extensively in the background section of this thesis. The aim of 
the museum programme’s adaptation of VTS is to model and scaffold 
students’ experiences with science-related art. Therefore, the museum 
programme art-based teaching strategy extended the principal line of 
VTS-questioning. As depicted in Figure 5, the operationalising ques-
tions scaffold students’ actions to perceive, inquire about, value, and 
create science-related artworks (Raaijmakers et al., 2021). In the 
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museum programme phase 1 ‘prepare’, students are encouraged to de-
construct images of two science-related artworks at school. By using 
‘deconstruction’ questions 1 and 2 in Figure 5, a teacher can address 
the first image with the whole class. These initial VTS-questions scaf-
fold students to systematically study, analyse, and discuss the artworks’ 
details together with peers. The second image is addressed by the same 
questions but applied by student groups themselves, consisting of 2–3 
individuals. During that second round of group dialogues, students are 
encouraged by their teacher to write and sketch their findings about the 
artwork on a mind-map template (question 3 in Figure 5). 
 

Phase 2 ‘explore’ 
In the museum programme phase 2 ‘explore’, the museum educator 
leads similar VTS dialogues as in the previous phase on images of art-
works at the museum. The museum educator concludes these dialogues 
with an outline of the depicted science issue’s key concepts. At this 
point, students are also reminded about the prospective creation of 
their own science-related artworks that will be part of a public exhibi-
tion. Museum programme phase 2 continues at the museum, where 
students are encouraged to repeat the same art analysis as in the pre-
vious parts, but now with a real artwork in an exhibition room. Beyond 
the previous VTS-questions, students are also asked to actively con-
sider the artwork in relation to the relevant science issue, and what they 
know or would like to know about that issue (questions 4 and 5 in Fig-
ure 5). For this inquiry, the students can consult the artwork’s descrip-
tion, a printed outline of key concepts of the science theme, their mo-
bile phones, and both the museum educators and teachers present. The 
museum visit ends with a group reflection on students’ experiences at 
the exhibition. Back at school, museum programme phase 2 continues 
in a regular lesson, where the student groups inquire more about, re-
flect on, and discuss information regarding the science issue that was 
depicted in different ways by the selected artworks at the museum. The 
student group inquiry is scaffolded by teachers that follow the turning 
point from ‘deconstruction’ to the ‘reconstruction’ line of operationali-
sation questions (5, 6, and 7) in Figure 5. The teachers also provide stu-
dents with appropriate sources of information to scaffold their inquiry 
process and encourage them to write and sketch conceptual ideas for 
their own artworks on a concept-map template. 
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Phase 3 ‘create’  
In the museum programme phase 3 ‘create’, the museum educator 
visits the school, and together with different subject teachers, they 
support students in their artwork construction process. After an intro-
duction, the museum educator continues with a brief reflection with 
each of the student groups about their art concept and how it relates 
to the science issue. From that conversation, final decisions are made 
about the student group’s visualisation and its construction. Thereaf-
ter, students engage in the creative process of constructing an artwork 
that visualises their views on a science issue. During construction, 
they are supported by museum educators and teachers applying the 
‘reconstructing’ line of questioning in Figure 5. Student groups re-
peatedly express and clarify the intentions with their artwork in con-
versations with peers and adults during the construction process. This 
provides multiple opportunities for students, museum educators, and 
different subject teachers to reflect on the science issue depicted by 
their artwork. Moreover, students are encouraged to write a descrip-
tive label, based on a template, to place beside their artwork in the 
joint exhibition. When their artworks are finished, each student group 
briefly presents and explains their intentions concerning the visuali-
sation of the science issue. 
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Figure 4. A summary of the museum program design with staffs’ and students’ main activi-
ties  (Raaijmakers et al., 2019).  

 

Paper I 
The following research questions guided the first paper: 
- To what extent is the museum programme design consistent with the 

FMP? 
- How can the museum programme design contribute to a third space? 
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Figure 5.  Model of actions and operationalising questions for systematic analysis and 

synthesis of artworks in the museum programme based on VTS (Raaijmakers et al., 
2019).  

Data description 
The compared datasets in Paper I comprised 44 museum programme 
design guidelines (hereinafter ‘guidelines’) and 38 FMP design instan-
tiations (hereinafter ‘instantiations’). The ‘guidelines’ concisely de-
scribe applications of resources, structural characteristics, and instruc-
tions to prepare and direct museum-educators, teachers, and students 

34 
 
 

 
Figure 5.  Model of actions and operationalising questions for systematic analysis and 

synthesis of artworks in the museum programme based on VTS (Raaijmakers et al., 
2019).  

Data description 
The compared datasets in Paper I comprised 44 museum programme 
design guidelines (hereinafter ‘guidelines’) and 38 FMP design instan-
tiations (hereinafter ‘instantiations’). The ‘guidelines’ concisely de-
scribe applications of resources, structural characteristics, and instruc-
tions to prepare and direct museum-educators, teachers, and students 



35 
 
 

during the museum programme. The formulation of the ‘guidelines’ is 
general enough to apply in various out-of-school contexts, but suffi-
ciently tailored to support participants in each specific context. Hence, 
the ‘guidelines’ describe wider pedagogical intentions as well as the di-
rections and responsibilities for specified activities. For the sake of 
analysis, all ‘guidelines’ were organised according to the FMP princi-
ples (DeWitt & Osborne, 2007), as described in the background sec-
tion. This subdivision was accomplished by determining the intended 
contribution of each ‘guideline’ to the programme’s overall design. To 
formulate their ‘instantiations’, DeWitt and Osborne (2007) collabo-
rated with museum educators from a space gallery in London to de-
velop an ‘activity unit’ for students. The ‘instantiations’ describe gen-
eral rules for structure, activities, and resources to implement and op-
erationalise the FMP design principles in the space gallery context. 
Three examples of compared ‘guidelines’ and ‘instantiations’ are pre-
sented in a section of the comparative data analysis matrix in Table 1.  

 

Table 1. Section of the comparative data analysis matrix, exemplifying the museum pro-
gramme design guidelines deemed to be consistent (+), partially consistent (±), 
and inconsistent (-) with FMP design instantiations. 

 
 

Data analysis 
A copy of the ‘guidelines’ and ‘instantiations’ was provided to each of 
the four authors of Paper I. Based on a comparative analysis method 
used by Dierdorp et al. (2011), each ‘guideline’ was compared to a re-
lated ‘instantiation’ by each individual author separately. To ‘guide-
lines’ that were clearly consistent with ‘instantiations’, + symbols were 
assigned. To guidelines that were clearly inconsistent with ‘instantia-
tions’, – symbols were assigned. Additionally, if a guideline partly 
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matched an instantiation, e.g. if they had the same outcome, but the 
method to achieve the goal differed fundamentally, a ± symbol was as-
signed. Due to the nature of this evaluation, a three-point scale (con-
sistent, +; partly consistent, ±; and inconsistent, -) was deemed to be 
sufficient to assess the consistency of each comparison. Where a two-
point scale would confine the analysis, leaving no room for nuances in 
the comparison, a larger scale would involve distinctions on a level that 
is too detailed. The individual authors separately entered their assigned 
scale points in a comparative data analysis matrix, with a column to 
include remarks. Subsequently, the four authors discussed similarities 
and differences between their individual data analysis matrices until a 
consensus was reached on all 44 comparisons. This resulted in a final 
scale point assignment, which was compiled into a final comparative 
data analysis matrix. Table 1 shows a small section of the matrix with 
the results of three example comparisons between ‘guidelines’ and 
their counterpart ‘instantiations’. 

Paper II 
The following research questions guided the second paper: 
- What qualities define student groups’ aesthetic experiences in the mu-

seum programme? 
- What characteristics do the participant-generated artworks and student 

dialogue disclose, which shape the qualities of student groups’ aesthetic 
experiences? 

- How do students use their imagination when creating and discussing 
science-related art in the context of the museum programme? 

 

Participants 
Ninety-two, 15 and 16-year-old, secondary school students from four 
different classes participated in the museum programme exploring ge-
netic engineering in the autumn of 2019. During participation in the 
museum programme, each class was subdivided into 36 student 
groups (pairs and trios). These student groups were the investigated 
unit of analysis in Paper II. Visual data were collected from 22 student 
groups, comprising 59 participants. Audio data were collected from 12 
of those 22 student groups, comprising 31 participants. Individual par-
ticipating students were indicated in excerpts with the abbreviations 
S1, S2, S3, etc. In this thesis, I refer to the students both as participants 
and students.  
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Data collection 

Visual data 
The visual data consisted of 22 digital images of participant-generated art-
works. A selection of these images, taken by the author, is included in Figure 
9. The collected images contained twenty clay sculptures and two water-col-
our paintings that were created during a 6-hour time frame with suitable 
tools and art supplies. Participating students were assisted and observed by 
the first author during the entire course of the artwork construction process, 
and during their subsequent presentation. Furthermore, student groups 
wrote descriptive artwork labels for a public exhibition of their artworks. 
Copies of the descriptive labels were collected as a complement in the anal-
ysis of the visual data.  
 

Audio data 
The audio data were collected during three separate occasions in the se-
quence of the museum programme. On each occasion, twelve student 
groups were recorded while participating in dialogues and activities. With 
varying lengths between 30 to 270 minutes, a total of 36 audio recordings 
of dialogues between participants were collected. The first recording occa-
sion was at the museum, where student groups had moderated dialogues 
about their exhibited artworks. The second recording occasion was at 
school, where student groups discussed their own art-concept designs in re-
lation to their inquiry, knowledge, and view on genetic engineering. The 
third recording occasion was also at school and contained student group di-
alogue during the process of artwork construction and the subsequent 
presentation of the final student-generated artworks in front of the class. 
 

Analytical framework 
An analytical framework for the aesthetic properties of participant-gener-
ated objects was developed to analyse the collected visual and audio data. 
Figure 6 shows a flowchart of the consecutive steps in the thematic analysis 
of images and audio recordings. Inspired by Clarke (2005), Drew and Guil-
lemin (2014), and Saldana (2016), the analytical framework in Paper II in-
cluded writing of analytic memos for visual data and thematic coding that 
will be described in detail in this section.   
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Figure 6. Flowchart with sequential steps in the developed analytical framework for the 

analysis of visual and audio data (Raaijmakers et al., under review).  

 

Analytic memos of visual data 
Systematic documentation of findings in the 22 images of participant-gen-
erated artworks was obtained by writing analytic memos. The collections of 
observations and thoughts for every artwork in the analytic memos were 
used as an analytical tool in the subsequent coding process (Saldana, 2016). 
Visual data in the form of a single image can be analysed through three main 
levels of analysis: its contexts, its content, and its referents (Ball & Smith, 
1992). Consequently, these levels can be addressed by three kinds of ana-
lytic memos: a ‘locating-memo’ that describes the image context, a ‘big-pic-
ture-memo’ that describes the image content, and a ‘specification-memo’ 
that describes the image referents (Clarke, 2005). The three types of ana-
lytic memos are concisely described in Table 2.  
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Table 2. Three types of analytic memos consecutively used for single image data analysis 
of participant generated artwork. 

 
 
Because all participant-generated artworks in this study were created 
under comparable circumstances as part of the museum programme, 
only one locating-memo was written for all images. Although according 
to Clarke (2005), a big-picture-memo preferably includes a first im-
pression of the researcher, this was not possible in the case of Paper II. 
In the role of both researcher and museum-educator, the author of this 
thesis saw the artworks come about while supporting students in their 
construction process. Descriptive impressions of finished artworks in 
the big-picture-memos were, therefore, informed by the authors’ ob-
servational notes during the process of construction. Interpretation of 
artwork referents was inextricably connected to observable artwork 
content, hence creating an overlap between descriptions in the big-pic-
ture memos and the specification-memos. Each author in Paper II sep-
arately wrote specification-memos for all 22 artwork images. Their 
writing was guided by a questionnaire that was composed in order to 
systematically address the aesthetic properties of participant-gener-
ated artworks.  
  

Aesthetic properties 
For analytical deconstruction of images on participant-generated artworks 
into big-picture-memos and specification-memos, a questionnaire on aes-
thetic properties was composed, inspired by Clarke (2005), Cohen et al. 
(2014), and Drew and Guillemin (2014). The aesthetic properties question-
naire was used by each individual author to write separate specification-
memos that described and interpreted the aesthetic properties of a partici-
pant-generated artwork as listed in Table 3.  
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Table 3. List of aesthetic properties for systematic analysis of participant-generated art-
works.  

 
 

Data analysis 

Visual data 
To analyse the observations and interpretations of each specific artwork, 
codes were assigned to selected phrases from the analytic memos. Codes 
comprised one or more words that represent the condensed meanings of 
phrases and often referred to a single or a combination of aesthetic proper-
ties, as listed in Table 3. Thereafter, with attention to similarity and distinc-
tion, comparable and complementing codes were grouped in distinctive cat-
egories. Hence, category names describe a group of manifest content that is 
visible and obvious in the data. Connected categories were consequently 
grouped into themes informed by Pugh and Girod’s (2007) theoretical 
model of transformative aesthetic experiences. The theme names express 
an interpretive meaning to the data, intended to communicate underlying 
theoretical concepts (Erlingsson & Brysiewicz, 2017). The developed analyt-
ical framework aimed at supporting a systematic transition from literal con-
tent to abstract meaning. Hence, a transition from concrete observable vis-
ual data described by analytic memos followed by codes and categories into 
abstract interpretative themes.  
 

Audio data 
To affirm and complement the findings from the visual data analysis, audio 
data were analysed to find similar interpretive patterns as in the analytical 
memos. Initial familiarisation with the audio data generated a selection of 
audio fragments, where the recorded student-group dialogue contained el-
ements from the list of aesthetic properties in Table 3. Transcripts were pro-
duced from a selection of audio fragments that consequently were analysed 
in the same fashion as the analytic memos in the visual data analysis. After 
the analysis of 12 from a total of 36 audio fragments of student group dia-
logues, data saturation was reached as no new codes or categories were 
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assigned (Cohen et al., 2018). Figure 7 shows two worked examples of the 
subsequent steps in the thematic analysis of visual and audio data.  
 

 
Figure 7. Flowcharts with sequential steps in the thematic analysis of visual and audio 

data (Raaijmakers et al., under review).  

 

Trustworthiness 
Although validity and reliability issues are addressed in both papers, this 
section discusses the thesis’s general trustworthiness. To establish trust-
worthiness, the overall research quality and possible threats to the validity 
of this thesis were considered based on Robson and McCartan (2016). The 
museum programme, being the study setting of this thesis, was designed 
and tailored for schools by the author in the capacity of a museum educator. 
To avoid bias and conflicts of interest, objective evaluation based on theo-
retically robust conceptualisation and validation of its design was crucial. 
Therefore, the data analysis in the research designs of both papers was 
based on established and acknowledged theoretical frameworks; the FMP 
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by Dewitt and Osborne (2009), and transformative aesthetic experiences by 
Pugh and Girod (2007). Furthermore, ‘observer triangulation’ and ‘data tri-
angulation’ (Robson & McCartan, 2016) were applied in both papers. The 
comparative analysis in Paper I was conducted and peer-monitored equally 
by all four authors to increase its reliability and produce a transparent rich 
description of the two designs compared. In the same fashion, the analysis 
of visual, audio, and written data in Paper II was submitted to ‘observer tri-
angulation’. In Paper II, several methods of data collection were used. This 
‘data triangulation’ involved the collection of: visual data of student-gener-
ated objects, audio data of student dialogue, student writings of descriptive 
labels and concept maps, and note-taking. To guard against researcher bias, 
the entire research process in this thesis was systematically peer monitored, 
-debriefed and -supported by a supervisor group. The analytical processes, 
development of categories, themes and interpretation of the results were 
also discussed with outside research colleagues in the field. Both Paper I 
and the manuscript for Paper II were reviewed on multiple occasions by in-
dependent experienced science education researchers. Nevertheless, the va-
lidity of the conclusions inevitably rests on the validity of assumptions un-
derlying the applied theories and the quality of my interpretations. Applica-
tions of the museum programme, with appropriate adjustments, in various 
cultural settings and with various focal scientific issues, would be valuable 
for assessing the external generalisability of the conclusions in this thesis. 
 

Ethical considerations 
No potential conflict of interest was reported by the authors of Papers I and 
II. The school management, teachers, and students were all informed about 
the purpose of this research project and participated voluntarily., Students 
could withdraw from participation at any time during the course of the re-
search project. All participating students read and signed an informed con-
sent form that was also approved and signed by their guardians. Under 
guarantee of full confidentiality, participating students agreed that their 
statements in audio recordings and writings could be included in published 
papers and presentations at conferences. The Ethical Research Committee 
of Karlstad University approved the research methods adopted in this the-
sis.  
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Results 
Figure 8 presents the overall research design of this thesis, comprising 
two condensed pathways for both studies. Specifically, it indicates the 
relation of the summarised results to the chosen methods, research 
questions, and contributions to educational research and practice. The 
next sections will describe the separate results of Papers I and II in 
more detail.  
 

 
Figure 8. Flowchart of the research design to indicate the relation between research ques-

tions, methods, and results.  

Paper I 
To conceptualise and validate the museum programme, the first paper 
described the extent to which its structural and pedagogical design was 
consistent with the FMP. The results of a comparative analysis of the 
museum programme ‘guidelines’ and FMP ‘instantiations’ are summa-
rised in Table 4. Of the 44 ‘guidelines’, a total of 28 were found to be 
consistent (+), nine partly consistent (±), and seven inconsistent (-). 
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Table 4. Number of comparisons between the museum programme design ‘guidelines’ that 
are consistent (+), partly consistent (±), and inconsistent with the FMP design ‘in-
stantiations’. 

 
FMP principles and corresponding museum programme ‘guidelines’ 
that have the potential to contribute to a third space were discussed 
during the final process of the comparative analysis. Table 5 summa-
rises potential contributions of the museum programme design guide-
lines to a third space.  
 
Table 5. Potential contribution of museum programme guidelines and corresponding FMP 

principles to a third space. 
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during the final process of the comparative analysis. Table 5 summa-
rises potential contributions of the museum programme design guide-
lines to a third space.  
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Figure 9. A selection of visual data showing seven images of participant-generated art-

works on genetic engineering by 15–16 year old student-groups. From left to right: 
‘Spider goat’, ‘The machine of babies’, ‘Cure’, ‘Alpha-helix’, ‘All in one’, and 
‘Square pig’ (Raaijmakers et al., under review).  
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Paper II 
To investigate the qualities that define student groups’ aesthetic expe-
riences in the museum programme, the second paper described the 
analysis of participant-generated artworks and student dialogue in art-
based exploration of science issues. The resulting classification of 
themes and categories of the visual data’s thematic analysis of partici-
pant-generated artworks is summarised in Table 6. Whereas categories 
and themes were formulated based on generalising words and phrases, 
the codes upon which they were based were literal. Codes specifically 
related to concrete objects such as factories, or concepts such as genet-
ically modified organisms. A total of twenty-two participant-generated 
artworks were analysed to result in the presented thematic classifica-
tion. A selection of six of these student artworks is shown in Figure 9 to 
illustrate the variation in aesthetic expression by student groups that 
explore aspects of genetic engineering in the museum programme. 
 
Table 6. Classification list of assigned themes and categories based on the visual analysis 

of 22 participant-generated artwork images.  
 

 

Aspects of students’ imagination can be observed in the visual compo-
nents and aesthetic properties of participant-generated artworks that 
were described by the analytic memos. In addition, the recordings and 
transcriptions of student dialogue from science-related artwork analy-
sis, conceptualisation, and creation also showed aspects of student im-
agination. Based on Dufresne Tassé et al.’s (2006) analytical frame-
work of ‘mental operations’ (translated by Marianne Achiam 2016), 
both visual and audio data indicated rich expressions of students’ men-
tal operations with the use of imagination. Table 7 illustrates the iden-
tification and assignment of ‘mental operations’ to a small selection of 
analytic memo sections and excerpts from the student groups’ dia-
logue. For each of the four themes, an illustrative excerpt exemplifies 
specific connections in the data between students’ mental operations, 
imaginative aspects in the artwork, and their resulting impact on stu-
dents’ aesthetic experience. Paper II comprises an extensive systematic 
treatment of student-dialogue excerpts that indicate the use of mental 
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operations with imagination for each subsequent category from the 
thematic analysis. 
 
 

 

Table 7. Selection of illustrative excerpts that show students’ use of imagination and its 
impact on their aesthetic experience.  
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Discussion 
This thesis describes a research-based conceptualisation and valida-
tion of a museum programme as a third space. Moreover, it presents 
an analysis of students’ aesthetic experiences and their imagination in 
art-based exploration of science issues within that third space. As a 
novice researcher and from my experience as a science teacher and mu-
seum educator, there were three main reasons for me to take on the 
challenge of this licentiate project. Firstly, contemporary science edu-
cation’s emphasis on swift academic achievement often deprives stu-
dents of experiencing real and meaningful situations (Biesta, 2020). 
This piqued my personal interest in educational endeavours that at-
tempt to implement Biesta’s theoretical concept of ‘subjectification’ by 
creating opportunities for students to develop a world-oriented ‘self’. 
Secondly, disciplinary borders favour a utilitarian view of knowledge 
and creativity, undervaluing disciplines like the arts (Dillon, 2008). 
Therefore, I was curious how the arts can be invoked to raise provoca-
tive questions about nature and the world we take part in. Thirdly, 
there is a need ‘for resources to be made available to facilitate commu-
nication and collaborative planning between informal providers and 
schools in mutual respect’ (Stocklmayer et al., 2010, p. 35). This cita-
tion, amongst similar arguments from other scholars in the field, af-
firmed my personal experience as an educational professional in the 
school and museum contexts. I sum up these reasons briefly at the be-
ginning of this section to frame the following discussion about the pos-
sible consequences and implications of the findings in Papers I and II. 
Meeting my own (and certain others’) desires in relation to the current 
state of science education is, however, not a “quick fix”. Unless we take 
and make opportunities to slow down, observe, try, fail, try again, fail 
again, and fail better, new authentic pedagogies will not happen.  
 

Third spaces through museum-school partnerships 
To answer the question “What educational design guidelines can support a 
third space in museum-school partnerships?”, the museum programme de-
sign was systematically described and then examined in relation to Dewitt 
and Osborne’s (2007) FMP in Paper I. The comparative analysis validated 
the museum programme’s design to guide museum educators, teachers, and 
students in partnership with out-of-school organisations. In addition, dis-
tinctions in the educational design of the museum programme from the FMP 
indicated its potential as a third space.  
 
Paper I implies that a partnership with out-of-school organisations like mu-
seums can bring science education into a third space. I found that the 
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museum programme in this thesis is one such environment that offers a 
third space, bringing together different knowledge, discourses, and students’ 
lives, as initially described by Moje et al. (2007). An environment where sci-
ence education can become part of the reality and lived experiences of stu-
dents through various linguistic repertoires, cultural influences, modes of 
knowing, and being with others (Colucci-Gray, 2020). To accomplish such a 
third space environment, several guidelines can be considered in the design 
of a museum-school partnership.  
 
Mutual acquaintance and recognition between in-school and out-of-school 
staff prior to student participation initiates the establishment of a third 
space. This is consistent with recommendations by Fallik et al. (2013) who 
addressed the gap between in-school and out-of-school educational staff. 
Physical meetings between museum personnel and participating teachers 
were therefore incorporated in the museum programme design and showed 
encouragement of mutual understanding and respect for each other’s prac-
tices. Tal and Steiner (2006) emphasised the importance of mutual recogni-
tion, where both staffs discuss the purpose and teaching approach of a mu-
seum-school partnership. The initiating meetings in the museum pro-
gramme led to collaborative facilitation of students’ transformative aes-
thetic experiences in both the school and museum contexts. 
 
A pre- and post-visit structure, as proposed by Falk and Dierking (2012), is a 
design characteristic that facilitates a third space. Through the pre- and post-
visit structure of the museum programme, students encountered reciprocal 
support from teachers and museum educators in alternating contexts. Stu-
dent-groups experienced the physical presence of different subject teachers 
in an out-of-school context, followed by the physical presence of a museum-
educator in a school context. Educators from different disciplinary contexts 
had time and space to scaffold student group conversations on the same sci-
ence issue together. Through their own specific background, identity, and ex-
pertise, each educator contributes with different perspectives, knowledge, 
and linguistic repertoires to a collective problem. This is similar to student 
practices represented in the work of Gutiérrez et al. (1999) and therefore re-
inforces a third space. 
 
A museum-school partnership that is based on an interdisciplinary teaching 
approach encourages a third space environment. The art-based science 
teaching strategy in the museum programme advanced a third space because 
it allowed for different subject teachers to approach a science issue from dif-
ferent subject perspectives. Additionally, students themselves experienced 
the freedom to approach a science issue from an aesthetic, scientific, and so-
cietal perspective. Therefore, the input of knowledge and skills to analyse and 
create science-related art can be rooted in scientific, artistic, and humanistic 
discourses (Colucci-Gray et al., 2013). Furthermore, students were encour-
aged to express their novel knowledge, insights, and views in a distinctive 
expressive form, rather than traditional written forms of assessments associ-
ated with science education. This alternative way of communication can offer 
a way to break down barriers in science education that students find hard to 
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cross (Braund & Reiss, 2019). The interdisciplinary approach was explicitly 
noticed by students in the museum programme, as the following excerpt il-
lustrates. The context of this dialogue was phase 2 in the museum pro-
gramme (see Figure 3), where a history teacher instructs student groups to 
discuss possible concepts for their own science related artwork. 

Student: “Now I have an important question!” 

Teacher: “ok…” 

Student: “yeah, what we are doing now… does that belong, a little, to art-lessons 
as well?” 

Teacher: “Yes, it does. Your teachers will look at it from different perspectives”. 

Student: “And maybe a little engineering as well with the modelling clay… how 
to construct…?”  

The student in this example connects skills and knowledge from other 
school subjects to the exploration of a science issue. Hence, this science 
teaching approach can take provocative questions about nature and the 
world, across disciplinary borders, into the discourse and creativity of 
the arts, humanities, and languages.     
 
Value-centred teaching offers empowering contexts and instructions 
for students that support a third space. Calabrese Barton and Tan 
(2008) argued that a third space allows students to work together to 
build their social identities while gaining epistemic authority. Students 
in the museum programme were offered time and space to explore and 
exchange possible views and values associated with contemporary sci-
ence issues. The art-based science teaching strategy enhanced value-
centred teaching by offering a possibility for personal inquiry and sub-
jective expression, informed by factual knowledge of science concepts. 
This approach has the potential to involve students in visual and verbal 
socio-scientific argumentation, where they discover the importance of 
possessing some basic scientific knowledge to be able to critically as-
sess information and take informed positions (Christenson, 2015). The 
following excerpt illustrates students’ tentativeness in search of a nu-
anced position when discussing a possible concept and form for their 
science-related artwork.  

Student 1: “What will be our message? One wants to get some thought from the 
creation and not just a figure because it is fun, but one would like to 
have…” 

Student 2: “a thought behind”. 

Student 1: “a message, yeah, what message should we have?... that it’s bad with 
genetic engineering?...” 

Student 3: “don’t change!... if it’s not necessary” 
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Student 2: “hmm” 

Student 1: “Or, you can create something that has to do with medicine…”. 

Student 3: “hmm, or that you create something that has to do something with 
both the good and the bad sides”. 

In this example, and many other transcriptions in Paper II, students’ 
verbal pauses and reformulations reveal expressions of students’ ten-
tativeness in their reasoning. This indicates that the art-based teaching 
approach encourages students’ actionable uncertainty. This state of 
doubt rises to a level of awareness whereby students feel the need to 
explore and enact new possibilities (Beghetto, 2020). Such an experi-
ence of uncertainty has been recognised as triggering an inquiry, new 
possibilities for thought, and also action. 
 
To sum up, the novel and authentic museum programme meets 
Stocklmayer and colleagues’ (2010) call for resources that facilitate col-
laboration between informal providers and schools in mutual respect. 
The design of the presented school-museum partnership with its art-
based teaching strategy encourages open-ended dialogue about sci-
ence, art, and society without the confines of school subjects. Although 
the museum programme is not a sheer out-of-school context, Paper II 
shows that its design encourages students to have transformative aes-
thetic experiences, as will be discussed in the next section. Pugh and 
Girod’s (2007) initially defined transformative aesthetic experiences 
as students applying a science concept in everyday experiences without 
compulsion. However, an argument can be made for transformative 
aesthetic experiences to be encouraged both outside and inside of 
school. Third spaces, like the museum programme, which blurs the 
lines between school subjects and learning environments, can be an as-
set for transformative aesthetic experiences and allow students to 
build and gain what Calabrese Barton and Tan (2008) call ‘epistemic 
authority’.  
 

Art-based exploration of science issues 
To answer the question “What characterises the qualities of students’ 
aesthetic experiences in an art-based exploration of science issues?”, 
participant-generated artworks and dialogues about art were examined 
in Paper II. The results from the visual and audio data analysis showed 
how the art-based teaching strategy in the museum programme al-
lowed students to perceive and value aspects of the world in new ways 
by actively using the concept of genetic engineering. As will be illus-
trated in the next section, participating students had ‘an experience’ 
(Dewey, 1934/2005) that altered their perception of being in the world 
by finding new meaning and value in an aspect of that world (Wong et 
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al., 2001). This implies that the design of the museum programme en-
ables transformative aesthetic experiences for participating students. 
In accordance with Pugh and Girod’s (2007) analytical tool of trans-
formative aesthetic experiences, ‘active use of the concept’, ‘expansion 
of perception’, and ‘expansion of value’ were identified qualities re-
vealed by the data in Paper II. However, Paper II resulted in a fourth 
quality, namely ‘expansion of emotion’.  
 

Emotions 
Meaningful science teaching requires strategies that allow links be-
tween the conceptual and the emotional (Tytler, 2007). Emotions can 
be defined as embodied responses to events, sensations, or thoughts, 
focusing attention on a given situation or a need for a reaction (Dama-
sio, 1999). The data of Paper II indicated students’ awareness of their 
own and others’ emotions when observing and creating artworks, as 
illustrated by the following example.  

Student 16: “I believe it is in pain”. 

Student 17:  “Exactly, it is in pain because it is like sad”. 

Student 16: “Because it’s lifting its leg”. 

Student 18: “The hind leg over there, yeah. The left hind leg to be extra clear”.  

Student 17: “But look what eyes it has!” 

These findings correspond with the work of Shapiro et al. (2006) who 
showed the development of medical students’ skills in emotional recog-
nition, cultivation of empathy, identification of story and narrative, and 
awareness of multiple perspectives when observing paintings. In addi-
tion, the data in Paper II indicated students’ awareness of the deliber-
ate use of aesthetic properties to communicate feelings and to provoke 
emotional reactions from potential spectators of their own artworks. In 
the following example, a student proposed to exaggerate visual ele-
ments in his group’s own artwork in order to provoke emotional reac-
tions to deliver a message.  

S19: “How can you show your thoughts and feelings in an artwork?”  

S20: “It’s not possible”. 

S19: “I don’t know”.  

S20: “With colour”.  

S21: “No… one creates… eh… you create your feelings in an image… we want 
to share our thoughts that we do not want it to be this way, right?... by 
showing an exaggerated image of how distorted reality can become”. 
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Other transcriptions exemplified how student groups often reflected on 
the use of contrast and colours during the conceptualisation of their 
artwork to communicate their shared feelings about possible conse-
quences of genetic engineering. Therefore, Paper II reveals a fourth 
quality, ‘expansion of emotions’, which complements the other three 
qualities as an equal part in defining a transformative aesthetic expe-
rience originated by Pugh and Girod (2007). Moreover, the addition 
can be underpinned by Dewey’s (1934/2005) definition of art and the 
artistic process as a symbolic act that mediates ideas, opinions, values, 
ideals, and emotions.  
 
To sum up, students that participated in the museum programme had 
transformative aesthetic experiences that constituted ‘active use of the 
concept’, ‘expansion of perception’, ‘expansion of value’, and ‘expan-
sion of emotion’. For each of these qualities, distinctive characteristics 
were identified in Paper II, which will be discussed in the following sec-
tions. This classification of characteristics in student’s transformative 
aesthetic experiences can be considered in the development of novel 
teaching strategies. If schools and museums attempt to create oppor-
tunities for students to develop a world-oriented ‘self’, one possible ap-
proach is the encouragement of student’s transformative aesthetic ex-
periences. That might challenge in-school and out-of-school educators 
to ‘dare to follow the students’ thoughts not knowing where they are 
leading’ (Ekborg et al., 2013, p. 614). To support this, VTS offers a solid 
structure for educators to scaffold open-ended conversations 
(Yenawine, 2013). The conversation technique allows for students to 
make their own observations and interpretations, to remain open to 
multiple interpretations, and to back up their ideas with evidence 
(Burchenal & Grohe, 2007).  
 

Concepts 
For the quality ‘active use of the concept’, the following characteristics 
were identified in Paper II: active use of the concept itself, active use of 
its direct and indirect consequences, but also active use of related con-
cepts. Most student groups in Paper II initially noticed direct conse-
quences of genetic engineering in the form of GMOs. After ‘re-seeing’ 
(Girod, 2003) artworks with the support of VTS, students started pay-
ing attention to and discussing the indirect consequences of genetic en-
gineering. This also often happened when the indirect consequences 
were not visually represented. Students’ interest in the actual working 
of genetic engineering or related concepts often developed after partic-
ipating in several VTS discussions, particularly during the development 
of their own artwork concepts. This connects with the earlier men-
tioned work of Beghetto (2020) who argues that conversations 
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supporting actionable uncertainty have been recognised as triggering 
inquiry, and new possibilities for thought and action. Valuable new 
possibilities for thought are illustrated by the following example of a 
student group conversation.  

Student 1: “Black apples… where do we get black from then?”  

Student 2: “Black, you can get from eh… I don’t know…”  

Student 1: “Does it have to be an animal? But… on the other hand… animals and 
apples do not have the same DNA or?…”  

Student 2: “No…  

Student 1: “It must be some plant that is black…”  

Student 3: “GMO can be included, right? A genetically modified organism, eh… 
where they have taken the colour…”  

Student 1: “Taken the DNA-code for the colour black”. 

Student 3: “Yes, the DNA-code for black colour from black currents”. 

Student 1: “And put it inside apple instead”. 

Student 3: “Can one say like replaced?” 

Student 1: “Yes! It replaced the colour green from apples”. 

Using the concept of genetic engineering, these students discussed a 
possible artwork that represents a deviant apple tree with provocative 
and meaning-bearing black apples. Therefore, this student group sug-
gested different organisms, plants, and animals that could provide a 
genetic code for the colour black. As minimal as the imaginative effort 
of their innovative artistic concept appears, it raised essential biological 
questions about DNA as a common blueprint for all organisms and the 
possibilities to exchange DNA. This is already implied by the line “… 
animals and apples do not have the same DNA or?…” in the conversa-
tion of this student group. However, when this particular artwork was 
finalised and presented in front of the class (and later in public), the 
artwork invoked the same question for all classmates. As a result, many 
participating students in that class realized for the first time that 
plants, as well as animals, and thus they themselves, are built up from 
the same DNA. On that day, these students saw a fundamental aspect 
of the world in a new way, making their experience with an artwork a 
transformative aesthetic experience in their science education.  
 

Perceptions 
For the quality ‘expansion of perception’, Paper II classified the char-
acteristics: temporal perspective, personal perspective, societal 
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perspective, environmental perspective, and conceptual perspective. 
The results in Paper II show an expansion of students’ perception, 
which contributed to students’ critical awareness of themselves. 
Awareness about their existence in space and time in relation to other 
humans and the rest of the natural world connects to Dewey’s (1958) 
work, ‘Experience and nature’. Although separately identifiable, cate-
gorised perspectives were often observed in combination with each 
other. Almost all student groups approached the issue of genetic engi-
neering at some point in their participation in the museum programme 
from a temporal perspective or, in other words, on a time scale. The 
participant-generated artwork titled ‘All in one’ (Figure 9) expresses a 
temporal perspective, a future solution on a current problem, in com-
bination with an environmental perspective, the human ecological 
footprint. Another example is the participant-generated artwork titled 
‘Cure’ (Figure 4) expressing a personal perspective, a student family-
member suffering from hereditary cancer, in combination with a soci-
etal perspective, possibilities in health care and medicine development.  
 
Closest to common classroom practice is an example of a conceptual 
perspective on genetic engineering. The participant-generated artwork 
‘Alpha-helix’ (Figure 9) was created by a student group that initially 
showed a fascination for the shape of DNA molecules, as depicted in 
many media. Using the classic metaphor of a spiral staircase, the stu-
dents imagined how that structure would translate to the available art 
supplies on artwork construction day. They created a floating three-di-
mensional double helix from steel wire, clay, and paint, allowing for the 
exploration of DNA’s structure and discovering the systematics of op-
posing base pairs, as Johnson (1987) describes, using their heads and 
hands to make embodied meaning of the concept. Moreover, the stu-
dents were able to explain the physical shape of a double helix and the 
genetic concepts of base pairs, insertion, deletion, and substitution to 
their peers when presenting their own artwork without any formal ed-
ucation on the subject.  
 

Values 
For the quality ‘expansion of value’, Paper II classified the following 
characteristics: explorative, resolving, reflective, and critical. Since val-
ues depend on the perspective from which one approaches a problem, 
the quality ‘expansion of value’ is intrinsically linked to ‘the expansion 
of perspective’. Students are well aware of values being an aspect of the 
human response to science (Tytler, 2007). The assignment of values to 
the implication of a science issue or to a science concept itself only be-
comes meaningful in the light of its perspective. An illustrative example 
from Paper II is the participant-generated art installation named 
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‘Designer baby’ (Figure 10). During its visual analysis, the following 
was noted about the artwork in its specification memo. 

‘In a restaurant setting with a set table and a menu, the viewer is presented with a 
baby’s head on the dinner plate. The baby’s head is not realistic and appears 
somewhat cartoonlike. The squinty look on the baby’s extremely large blue eyes 
makes it look absurd, indicating that this student group chose to motivate or test 
their position on genetic engineering of humans. On the menu, the viewer expects 
entrees and main dishes as in real restaurants. However, we are presented with 
different choices of small features and main features. The small features com-
prise eye colour (brown, green, blue), nose (small, medium, large), lips (small, 
medium, large), and hair colour (black, brown, blond). The main features com-
prise height (short, medium, long), IQ (80-120, 120-160, 160-200), physique 
(small, medium, large), and gender (girl, boy).  

 
Figure 10. Participant-generated artwork titled ‘Designer baby’. 

 
The student group that created this artwork related critically to genetic 
engineering’s moral implications of designer babies from a personal 
and societal perspective. With their installation, the students created a 
narrative that connects information about personal characteristics like 
gender and body shape with the cultural setting of a restaurant. Instead 
of meeting a common, expected, and recognisable social situation at a 
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set table, the spectator is provoked with making choices about another 
person’s being. Narrative cognition consists of stories of interest rooted 
in human action and intention (Tytler, 2007). Telling a story about de-
signer babies through their artwork encouraged these students to visu-
ally problematise moral responsibilities in biology. Thus, besides 
teaching key concepts according to scientific discursive conventions, 
science becomes meaningful when infused with those contexts, aes-
thetics, and narratives that allow students to reflect on the value of 
these understandings (Wyman et al., 2016). 
 
In Paper II, the quality ‘expansion of emotion’ was classified into four 
distinct characteristics: pleasing, encouraging, discomforting, and pro-
vocative. All appreciative feelings about the artist’s craftsmanship, the 
artwork’s shape, colours, and other aesthetic properties are pleasing 
emotions. Some of the assigned codes that make up this category in-
clude beautiful, nice, symmetrical, skilful, lovely, cute, happy, bal-
anced, gorgeous, warm, and stunning. However, beauty depends on 
who is looking, and as Burns (2015) argues, the purpose of art goes be-
yond beauty and decoration. The contemporary art that students en-
countered in the context of the museum programme is not intention-
ally produced to comply with general beauty guidelines. Many of the 
museum’s represented artists have an urge to change and create art 
that adapts to the world around it. More importantly, the conceptual 
ideas of professional artists at the museum, and for that matter even 
the participating students in the museum programme, communicate a 
perspective and a feeling. The idea that ‘science, like art, is valuable be-
cause it provides an interesting and pleasing way to see and be in the 
world’ (Pugh & Girod, 2007, p. 24) is not enough in my eyes.  
 
Science and art offer opportunities to make sense of the world by look-
ing, thinking, and sharing ideas that are not only interesting and pleas-
ing but also contested, discomforting, critical, complex, and provoking 
(Yenawine, 2009). I believe that tough and sensitive issues cannot be 
avoided in school; instead, we need innovative pedagogical tools for 
students to safely explore and take well-informed positions. Hence, the 
museum programme can be one possible educational design to imple-
ment Biesta’s (2015) theoretical concept of ‘Subjectification’. The mu-
seum programme constitutes ‘real’ situations that possibly encourage 
students to exist as the subject in their own life. To support my argu-
ment, I refer to Biesta’s (2020) concrete set of educational parameters: 
interruption, suspension, and sustenance. Firstly, students’ moderated 
encounters with science-related art in the museum programme inter-
rupt the flow of intentions and initiatives that usually are associated 
with science education. Secondly, VTS conversations slow students 
down and create suspended time to observe, reflect, take in other 
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perspectives, and reconsider their own positions. Thirdly, the pre- and 
post-visit design of the museum programme, and the nature of its art-
based teaching approach, provide support to students and educators so 
that it is possible to stay with one science issue represented in many 
different artworks.  
 

The role of the imagination in aesthetic experiences 
To answer the question “What aspects of the imagination can affect 
students’ aesthetic experiences?”, the results of the visual and audio 
analysis in Paper II were examined through the lens of a framework for 
the imagination developed by Dufresne-Tassé et al. (2006; translated 
by Achiam, 2016). The wide divergence in the collection of participant-
generated artworks (of which some are presented in Figure 9) obvi-
ously shows how imagination plays an important role in students ‘ac-
tive use of the concept’. The art-based strategy encouraged most stu-
dents to think about the direct physical consequences of genetic engi-
neering for humans, animals, and plants by imagining a plethora of 
GMOs. However, as will be discussed in the following section, every 
participant-generated artwork, their imagined GMOs, and ideas about 
genetic engineering were created with different perspectives, values, 
and emotions in mind.   
 
To expose the role of the imagination in students’ transformative aes-
thetic experiences during the museum programme, there will be a dis-
cussion of a selection of concrete observations with students that use 
‘mental operations’ involving the imagination (Achiam, 2016). In an 
earlier example of the student group that created the artwork named 
‘black apples’, different organisms, plants, and animals were suggested 
as contributing to the genetic code for the colour black. These partici-
pants used their imagination by proposing alternative conditions out-
side their immediate context. Based on the work of Achiam (2016), this 
is consistent with the mental operation of ‘suggesting’.  
 
The data analysis in Paper II also showed that students used their im-
agination to replace (parts of) a concept in order to explore its conse-
quences, rather than to actively explore the concept itself. The partici-
pant-generated artwork titled ‘The machine of babies’ (Figure 9) con-
tains a machine that is represented by a grey box being fed with DNA 
at the top. Somehow it excretes a genetically modified human on a con-
veyor belt on the other side. The machine represents students’ incom-
plete or absent knowledge of how GMOs are created, making it a met-
aphor for the concept of genetic engineering. This corresponds to the 
work of Burns (2015) who argues that imagination can make meaning 
and replace knowledge where this is absent for the time being. 
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Association is described by Achiam (2016) as a mental operation where 
participants connect something with information from their experi-
ence. The students in this example associate an incomprehensible con-
cept with a machine, which, in their experience, looks like a box that 
does something without knowing what’s going on inside. Although they 
did not fully grasp the concept of genetic engineering, these students 
still showed the capacity to share ideas and join discussions about pos-
sible consequences of genetic engineering. I was informed in advance 
by their teacher that these were students with learning difficulties. 
Therefore, with their contribution to the museum programme, they 
surprised the involved educators and empowered their own abilities. 
 

  
Figure 11. Participant-generated artwork titled ‘No Difference’. 

 
Students who participated in the museum programme were encour-
aged to explore the nature and implications of their novel understand-
ings about genetic engineering. Discussing, conceptualising, and con-
structing artworks offered students an approach to process the science 
issue from any imaginable perspective. Putting a personal, societal, en-
vironmental, and conceptual perspective on a time scale allowed for 
students to use Achiam’s (2016) mental imaginations to suggest, pre-
dict, or resolve future situations. In the participant-generated artwork 
titled ‘No difference…’ (Figure 11), students imagined how a genetically 
modified fish species would evolve and affect the environment after be-
ing placed back into a natural habitat. Students visualised a process of 
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change over time on an ecological level and evolutionary scale by paint-
ing three frames. By suggesting and visualising possible unforeseen 
consequences that genetic engineering can have in the future, students 
explore, develop, and express their critical awareness of humanity’s po-
sition towards others and the world (Colucci-Gray, 2019). 
 
 
Initially, the art-based strategy invokes most students to engage in un-
realistic, boundless, and sometimes crazy exploration of imaginative 
possibilities, thereby emphasising the explorative value of the concept 
(Zittoun & Cerchia, 2013). Permitting this playful, initial approach by 
students towards, for them, a new concept, allows their imagination to 
actively test the concept in ‘fantastical’ situations, as described by 
Burns (2015). Physical and moral untenable organisms and situations 
were often the initial results of the students’ ‘fantastical’ imagination 
about genetic engineering. However, they were often followed up by 
discussions, reconsiderations, and, subsequently, more appropriate 
modifications of their initial concepts. Modifications, as described by 
Achiam (2016), are mental operations that can involve imagination 
when students are nuancing or diminishing their positions and per-
spectives. These modifications could be understood as an aspect of the 
earlier mentioned development of students’ critical awareness (Co-
lucci-Gray, 2019), being a process that leads to better-informed posi-
tions on contemporary science issues. The art-based strategy offers a 
possibility for students to try out, express, share, and reconsider their 
own views on a certain aspect of the world, without them being ex-
pected to produce a ‘right answer’.  
 
In particular, the mental operations of grasp, justify, and modify were 
observed by students that aimed to resolve, reflect, and apply their crit-
ical positions on the concept of genetic engineering. These mental op-
erations can involve students’ imagination to discover meaning, moti-
vate, test, prove, or nuance their position. In the following dialogue ex-
ample, a student approached genetic engineering from a personal per-
spective that offered her group members an insight on the expansion 
of values and emotions caused by a transformative aesthetic experi-
ence with the artwork titled ‘Alba’ of Eduado Kac.  

Student 1: “I hate genetics!” 

Student 2: “I think it can be good in some contexts, but it’s not good if it is used 
to change…” 

Student 1: “No, I feel sorry for that bunny that illuminates (referring to Eduardo 
Kac’s artwork Alba)”. 

Student 2: “Hmm (affirmative), it maybe didn’t want that”. 
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Student 3: “No” 

Student 2: “But with diseases, one can anyway find it’s quite good”. 

Student 1: “Yeah, to develop something to get rid of them?” 

Student 2: “Then, you can eradicate the whole… but like typhus and such dis-
eases”. 

Student 1: “Yes, but we have no need for illuminating bunnies; I do not think 
so”. 

Student 2: “No, right…” 

While discussing a concept for their own artwork, student 1 imagined 
what the bunny thinks or feels about being genetically modified to light 
up in the dark. Having compassion or empathy requires individuals to 
imagine themselves under the same conditions as the observed or dis-
cussed subject, allowing a personal perspective (Chemi, 2014). The stu-
dents in this example listened to a classmate that might have motivated 
and justified her critical position on the use of genetic engineering by 
associating the situation of the bunny with her own experiences of in-
voluntary exposure. The mental operations of justify-explain and asso-
ciation, as suggested by Achiam (2016), apply to the described exam-
ple. By questioning human infringement on the intrinsic value and in-
tegrity of the bunny, these students showed sensitivity (“it maybe didn’t 
want that”) and critical awareness of human attitudes superior to the 
natural world (Quin, 2019).  

Conclusions 
The museum programme design has the potential to guide museum 
educators, teachers, and students in a third space. A third space mu-
seum-school partnership can be established by considering:  
- Mutual recognition through physical meetings between the respec-

tive staffs prior to student participation.  
- Inclusion of a pre- and post-visit structure where educators from 

both contexts provide students with reciprocal support. 
- An interdisciplinary teaching strategy where input of knowledge 

and skills from students and adults are rooted in scientific, artistic, 
and humanistic discourse. 

- A value-centred approach that offers empowering contexts and in-
structions for students to explore possible views and values associ-
ated with contemporary issues.  

The qualities of transformative aesthetic experiences contain distinc-
tive characteristics that can be affected by students’ imagination as fol-
lows: 
- ‘Active use of the concept’ is characterised by students’ use of the 

concept itself, its direct and indirect consequences, or related 
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concepts. Imagination allows students to suggest new conditions 
for the concept and to associate or replace it with contexts from 
their own experience.  

- ‘Expansion of perception’ is characterised by exposure to the con-
cept from a combination of temporal, personal, societal, environ-
mental, and conceptual perspectives. Imagination allows students 
to predict and suggest future situations, resolve current situations, 
and to conceptualise visualisations that involve the concept. 

- ‘Expansion of value’ is initially characterised by students’ bound-
less exploration of imaginative concept possibilities. Subsequently, 
imagination allows resolving, reflective, and critical values when 
students grasp and justify their positions on imaginative associa-
tions and modifications of the concept from a certain perspective.   

- ‘Expansion of emotion’ comprises pleasing, encouraging, discom-
forting, and provocative characteristics. Students’ previous experi-
ence with their own feelings allows their imagination to associate 
emotions with appropriate situations. The imagination also allows 
students’ translation of emotions into the aesthetic properties of art 
to convey their intentions to spectators.  

If we accept that the purpose of compulsory science education is to 
gain confidence as sensitive subjects of initiative, we must allow stu-
dents space and time to safely try out and share idiosyncratic observa-
tions, perspectives, values, and emotions together with peers and 
teachers. Experimental and innovative educational endeavours that 
build on knowledge and reason in mutuality with sense, embodied ex-
perience, and imagination are therefore indispensable. 
 

Implications 
The results of the studies included in this thesis contribute to the prac-
tices of formal and informal science education. The museum pro-
gramme design can inform museum educators and teachers on how to 
engage in museum-school partnerships that offer reciprocal support 
for a creative exploration of exhibitions. Applicable ideas for an art-
based science teaching strategy are proposed to contribute to over-
throwing the traditional school subject hierarchy (Bleazby, 2015) and 
narrow discourse divisions. As the descriptions and analysis of student-
generated artworks and student-group conversations show, the art-
based science teaching approach can offer an alternative means for stu-
dents to gain confidence in exploring, expressing, and sharing 
knowledge in conjunction with their feelings, as suggested by Johnsons 
(1987). Communication through visual modes drawn from the arts 
could offer ways to reduce the gap between the way students reflect and 
express themselves, on the one hand, and the abstract modes of com-
munication and goals in the science curriculum, on the other (Braund 
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& Reiss, 2019). By framing the conceptualisation of the museum pro-
gramme in Biesta’s (2015) view on the purpose of education, this thesis 
attempts to introduce an educational design that makes the theoretical 
concept of ‘subjectification’ accessible for application in educational 
practice.  
 
Additionally, this thesis advances the fields of science, art, and museum 
educational research. The museum programme pushes on the FMP 
principles with additional design guidelines, which, compared with the 
FMP, could inform new research on the implementation and nature of 
a third space in out-of-school contexts. Description of the potential 
benefits of deploying art-based science teaching strategies in the con-
text of the museum programme can contribute to further development 
of STEAM and the nature of aesthetics in science education. Paper II 
describes a novel research method that combines description and anal-
ysis of visual data with student-group conversations and can support 
other researchers that want to use student-generated objects as data. 
The thesis also contributes by providing new knowledge about the con-
ditions of transformative aesthetic experiences and the role of imagi-
nation in the meaning-making of scientific issues. The critically im-
portant notion of imagination drives cognitive operations as making 
meaning of a concept, replacing a concept where knowledge is absent, 
and feeling empathy. If we agree that the purpose of compulsory edu-
cation is about students gaining confidence as ‘subjects of initiative’, 
we must permit them time and (third) space to safely try out and share 
personal observations and reflections together with others. Further ex-
ploring the practice and theory of innovative educational efforts that 
aim for ‘subjectification’ is highly desirable, thus contributing to future 
generations that rely on their knowledge and reason in mutuality with 
their senses and imagination.   
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Powerful eyes, imaginative minds

Students can discover the complexities of images, objects, and aspects of 
the world with their powerful eyes. With their imaginative minds, they can 
envision diverse perspectives while at the same time considering their own 
subjectivity. This thesis shows that by using their eyes and imagination in an 
art-based exploration of science issues, students can expand their knowledge, 
perceptions, values, and feelings. The presented art-based teaching approach is 
enveloped by an interdisciplinary museum programme that allows links between 
the conceptual and the emotional. Its design is conceptualised in this thesis 
as a third space, crossing boundaries between educational contexts and school 
disciplines. Guidelines are offered to support museum-school partnerships and 
an instructional design that builds on the framework of transformative aesthetic 
experiences. In addition, embodied and intuitive aspects of the imagination in 
conjunction with rationality about science issues, direct a discussion about the 
purpose of ‘subjectification’ in science education.
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