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Abbreviation 

This thesis considers the role of aesthetic meaning-making in elementary 
school science learning. Children’s aesthetic experiences are traced through 
their use of aesthetic judgements, spontaneous metaphors and art activities. 
The thesis is based on four empirical studies: the first two examining chil-
dren’s language use, i.e. the role of aesthetic judgements and the signifi-
cance of spontaneous metaphors while learning science and the latter two 
dealing with how art activities mediate what elementary school children 
learn in science and what a variety of art activities with different purposes 
afford elementary school children to learn in science. 

The theoretical stance emanates from pragmatist theories and includes 
Dewey’s definition of an aesthetic experience, Wittgenstein’s later work on 
language-games, and socio-cultural perspectives. The analytic approach 
used is a practical epistemology analysis developed by Wickman and 
Östman. The empirical data consists of audio- and video recordings of ele-
mentary school children’s (aged 6–10 years) discussions in pairs or small 
groups during science lessons and photographs of children’s pictures, sculp-
tures and poems from a total of 14 different elementary school classes.  

The main findings of the empirical studies show how aesthetic meaning-
making is continuous with elementary school children’s scientific learning. 
The thesis shows how elementary school children’s aesthetic experiences 
are related to whole activities and are crucial for the direction that learning 
takes. Aesthetic experience is important in terms of how and what elemen-
tary school children learn aesthetically and normatively in science class, 
which has consequences for cognitive learning, the possibility of participat-
ing in science class and learning the genre of science. Moreover, it can be 
seen how children’s prior experiences are recurrently reconstructed and 
transformed through imaginative processes. 
 
Keywords: aesthetic experience, aesthetic judgement, art activities, continu-
ity, Dewey, elementary school, imagination, learning, meaning-making, 
practical epistemology analysis, reconstruction, science, spontaneous meta-
phors, transformation, Wittgenstein. 
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1 The growth of science education research 
– a broad scope  

For the last four decades research in science education has largely been con-
cerned with conceptual understanding and studies relating to students’ mis-
conceptions, alternative frameworks, conceptual change and preconceptions. 
For example, Driver and Easley (1978) found that students gave utterance to 
“misconceptions”, i.e. they misunderstood a concept or a phenomenon 
taught in science class. In addition they developed their own understanding 
of a concept or a phenomenon, so-called “alternative frameworks”.  

A couple of years later Posner, Strike, Hewson and Gertzog (1982) ar-
gued that learning and understanding science is a question of “conceptual 
change”. They compared conceptual change to a paradigmatic shift within 
science proper (Kuhn, 1970) and maintained that a reorganisation or change 
concerning the understanding of a concept occurs gradually when there is 
dissatisfaction, so-called anomalies, in relation to students’ existing explana-
tions and whether the new explanation is understandable, reasonable and 
necessary. Hence, conceptual change is possible when there is a cognitive 
conflict. The consequence for teaching is that teachers are to create cognitive 
conflicts, diagnose students’ thoughts and develop strategies for teaching 
and assessment. 

According to Vosniadou (1994), conceptual change can occur through 
enrichment, i.e. by adding new information to existing conceptual structures. 
There may also be conceptual change through revision, i.e. by changing 
original ideas or a whole concept area within the structure of a theory. She 
stresses that teaching should focus on strongly held preconceptions and not 
on misconceptions. 

In trying to make science more understandable and relevant to students, 
scholars have emphasised the importance of practical work (e.g. Andersson, 
1989; Harlen, 1985). However, experiments frequently have low degrees of 
freedom – if any at all – and in addition students are expected to find the 
“right” or the “true” answer (Andersson, 1989). Hence, in practice, science 
education is often directed at learning facts connected to experiments that 
show the “right” answers.  

Despite such attempts, some empirical studies show that practical work 
aimed at conceptual understanding is not sufficient to make science educa-
tion understandable and relevant to students (Säljö & Bergqvist, 1997; Lin-
dahl, 2003). Instead of learning science students often get confused. One 
example of this is a science lesson that was staged in order to help 13-year-
old students understand scientific concepts and facts relating to light, where 
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the teacher arranged experiments at the optical bench. Yet the students were 
unable to link the experiments to any theoretical context, and simply learned 
that they did not understand and that science was difficult (Säljö & Berg-
qvist, 1997). Likewise, Lindahl (2003) concludes that students are unable to 
grasp the meaning of experiments because teachers do not explicitly tell their 
students what they are supposed to learn from the experiments. As a conse-
quence, students “doubt their own capability and lose interest” (p. 261) in 
science.  

Accordingly, learning directly from experiments is not the only aspect 
involved when learning science. More and more scholars pay attention to the 
significance of “talking science” in order to enhance students’ conceptual 
understanding (e.g. Lemke, 1990; Sutton, 1995). To Lemke (1990), talking 
science is equal to doing science. He stresses that it is necessary to talk about 
what is happening in the science classroom when students are involved in 
different activities. In that way students can learn “to communicate in the 
language of science and act as a member of the community of people who do 
so” (p. 1). Communication is therefore not only of significance for learning 
the meaning of words, but also for learning how meanings of words are re-
lated. Learning the language of scientific interaction is just as important as 
learning other languages.  

The significance of interaction for learning is also stressed by, for exam-
ple, Lave and Wenger (2002) and Säljö (2005). According to Säljö (2005), 
learning first and foremost occurs through participation in activities. Partak-
ing in activities involves interaction with others and the surrounding world 
and school is a “community of practice” where such activities take place 
(Lave & Wenger, 2002, p. 98). Moreover, Lave (1996) and Säljö (2000) 
stress that learning and meaning-making are situated and dependent on so-
cio-cultural background.  

Solomon (1992) asserts that learning occurs in a social context. In order 
to make students reflect on the science content to be learned, she proposes 
that they should work in groups during science class. This is close to Säljö’s 
(2005) and Lave’s and Wenger’s (2002) notion about the significance of 
interaction and participation for learning.  

Moreover, Girod and Wong (2002, p. 200) argue that there is a need for 
“aesthetic understanding” in science education. They maintain that apprecia-
tion of the beauty of science is central to aesthetic understanding and creates 
anticipation in the learner, which in turn leads to further experiences that are 
regarded as worthwhile.  

Furthermore, Kilbourn (1998) states that metaphors are closely related to 
values in terms of “companion meanings”, a term introduced by Östman 
(1995). In his analysis of textbooks, Östman (1995) points out that values 
and norms, or so-called “companion meanings”, always occur in relation to 
the scientific content to be learned. Such companion meanings imply that 
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students do not merely learn science, but at the same time learn ways of 
viewing nature.  

In science education, research on values has traditionally been regarded 
as a motivating power for learning or as emotional states (cf. Posner, Strike, 
Hewson & Gertzog, 1982). This view emanates from analytic philosophy in 
which values are regarded as subjective contrary to objective facts, and, 
hence, analytically, values and facts are separated (Bergström, 1992). How-
ever, within pragmatist theories, in which a priori dualism of whatever kind 
is rejected, values and facts are viewed as of equal importance. In every-day 
life, facts and values merge and are difficult to differentiate. We constantly 
make decisions about how to act and what to say simultaneously valuing the 
situation: 

…only one decides what to learn or know as a result of a decision, and deci-
sions cannot be made without reference to value(s). Choices are relative to 
values. (Cherryholmes, 1999, p. 19) 

 
Every action is based upon a valuation of a situation in which we never have 
full access to all the facts. Even when learning science we have to learn rules 
in order to discern facts, value those facts, and take a stand as to how they 
should be understood. Likewise, Biesta and Burbules (2003) point out that 
education is not a technical enterprise but a human practice in which values 
and facts are inseparable. Accordingly, as empirically shown by Wickman 
(2006), values are part of the meaning-making process and of significance 
for the direction that learning takes.  

In recent decades a more holistic view of learning has emerged, where 
not only the individual’s learning as a mental acquisition of concepts is stud-
ied, but also the role of values, language and learning as participation (Sfard, 
1998). My ambition is to empirically examine how aesthetic values are in-
volved when elementary school children make meaning in science class. In 
doing this I try to trace aesthetic experience by studying children’s use of 
aesthetic judgements, spontaneous metaphors and their art activities. This is 
of special interest with regard to science education, as aesthetics is tradition-
ally looked upon as subjective, as opposed to science being viewed as an 
objective enterprise. According to Lemke (2001), the latter view, based on 
historical, economic and political aspects, has rubbed off on science educa-
tion. As very few empirical studies deal with aesthetic experience in science 
education, I have found it worthwhile to investigate this issue further. I take 
my stance in Dewey’s (1934/1980) aesthetic theory, which implies that cog-
nition, emotion, aesthetics and practice are interwoven in an aesthetic expe-
rience. When the term “cognitive” is used in the thesis, it refers to knowl-
edge of what could be true or false, for example, the transformation of fac-
tual knowledge, classifying, making comparisons and concluding.  
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Aesthetics 
According to Dickie (1971) aesthetics has two aspects: the philosophy of 
beauty and the philosophy of art. Despite this, aesthetics primarily is viewed 
as related to art, according to Gardner (1996) and Welsch (1997). But as 
aesthetics has its roots in antiquity, philosophers down the ages have pon-
dered on the meaning of “beauty”. For example, Plato regarded beauty as the 
knowledge of the perceptible and as something in itself (Guthrie, 1999). To 
Plato beauty was universal and transcendent, and the highest Beauty coa-
lesces with the most Good (Huisman, 1998); a thought that also appears in 
Kant’s (1790/2003) philosophy where morale and aesthetics are closely re-
lated. Aristotle on the other hand looked upon beauty as something within 
man and was akin to greatness and structural order, for example, symmetry, 
rhythm and harmony, which even today are still referred to as aesthetic 
qualities (Huisman, 1998).  

Contrary to Plato, philosophers like Burke and Home in the 18th century 
emphasised that beauty is a question of taste and not something in itself. 
This also forms the basis of Kant’s philosophy on aesthetics (Huisman, 
1998). 

The term “aesthetics” was introduced by Baumgarten, who aligned with 
Plato’s view of aesthetics as the science of perception. He defined aesthetics 
as the “science of sensitive knowing” (Davey, 2002, p. 40). In doing this he 
did not separate aesthetics from cognition, but viewed aesthetics as a lower 
cognitive ability than logic and perceivable through our senses. Accordingly, 
Baumgarten set out to work against the idea of beauty as a highly subjective 
experience or an objective feature of an object. Instead he tried to find unity 
and harmony contrary to the Cartesian split (Fischer, 1999).  

However, the current basis for our understanding of aesthetics is Kant’s 
(1790/2003) examination of what allows us to make aesthetic judgements. 
Kant widened the term “aesthetic judgement” by including both judgements 
of taste and judgements of the pleasant or the unpleasant. Judgements of 
taste are concerned with disinterest, i.e. we are not thinking of using the ob-
ject observed for a particular purpose (Sheppard, 1987) but instead contem-
plate it for its own sake and in this way understand its quality (Whewell, 
2002). Hence, the “true aesthetic attitude” is separated “from practical con-
cerns” (Wickman, 2006, p. 8). What is pleasant or unpleasant is thus con-
nected with the object or event itself, meaning that it simply pleases or dis-
pleases our senses, for example, “pleasant-tasting food” (Sheppard, 1987, p. 
66).  

Accordingly, aesthetic experiences are possible to detect through the 
aesthetic judgements used, which are made visible in immediate relation to 
an experience. I define aesthetic judgements in line with Kant (1790/2003) 
as related to taste, i.e. what is beautiful or ugly, and to pleasure, i.e. what is 
pleasing or displeasing. Although Kant’s aesthetics is based on a “mentalist 
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ontogeny” (Wickman, 2006, p. 8), his definition of aesthetic judgements 
makes it possible to recognise an aesthetic experience when verbalised. In 
addition, he does not restrict an aesthetic experience to inner feelings, but 
allows it to embrace taste, which broadens the possibility to 

…examine the continuity of an aesthetic experience as a whole, how it also 
concerns qualities assigned to objects, which is the continuity of what we 
find beautiful or ugly with the experiences of pleasure and displeasure. 
(Wickman, 2006, p. 9, original emphasis)  

 
Accordingly, Kant’s definition of an aesthetic judgement makes it possible 
to study expressions that deal with, on the one hand, emotions related to 
experiences of pleasure and displeasure, and on the other hand, with an 
evaluation of taste. In the latter case it is not qualities of objects, events and 
actions themselves that are of interest, but the judgements used when deter-
mining whether an object is beautiful or ugly (Wickman, 2006). In this thesis 
I make use of these possibilities.  

Studying children’s art activities is another angle when tracing elemen-
tary school children’s aesthetic experiences in science class. In using 
Dewey’s (1934/1980) aesthetic theory, it is possible to examine in what way 
art activities in school constitute a means for learning science and how such 
activities might be related to aesthetic experience.  

Metaphor 
There are different definitions of the term metaphor. Levin (2002) denotes 
that you can divide theories of metaphor into two movements: one “that see 
metaphor as a secondary use of language” and one “that see it as essential 
characteristic” (p. 285). One question is whether language can be used to 
describe reality, or whether language in itself is metaphoric. This is to be 
seen as a “watershed” concerning how to understand the role of language. 
Along with pragmatist theories I do not view words, including metaphors, as 
true representations of the world, but instead as acquiring meaning in action 
and use. 

Lakoff and Johnson (2003) argue that language itself is metaphoric and, 
in accordance with the later works of Wittgenstein, that the meaning of 
words is dependent on the context. Accordingly, it is possible to connect 
parts of their argumentation to pragmatist theories, not only with regard to 
the significance of context for understanding a word but also in their discus-
sion concerning “interaction” and “experience”. Lakoff and Johnson view 
metaphors as a matter of thought and action rather than a matter of language, 
i.e. a metaphor is a concept based on experience and creates similarities be-
tween different domains: “The essence of metaphor is understanding and 
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experiencing one kind of thing in terms of another” (p. 5, original emphasis). 
The similarities we construe build on earlier experiences, and what follows 
from a metaphor is a new way of seeing the world. In this respect metaphors 
are creative and imaginative. Moreover, Lakoff and Johnson (2003) empha-
sise the significance of interaction for understanding the meaning of a meta-
phor and state that interaction, together with experience, constitute the basis 
for conceptual systems in general, which include metaphors, when making 
meaning of the world. In addition they argue that values, including aesthetic 
values, are inherent in metaphors. As a consequence it may be possible to 
trace aesthetic experience by examining the use of metaphors – something I 
try to do in this thesis. In line with Lakoff and Johnson (2003), I define 
metaphors as creating similarities, i.e. “as if” instead of “it is” when studying 
elementary school children’s use of spontaneous metaphors in science class.  

Disposition of the thesis 
This thesis consists of two parts. In Part One I start by presenting the back-
ground to the research carried out in relation to aesthetic experience as con-
nected to taste and pleasure/displeasure. I also deal with emotions, which are 
part of aesthetic experience. Thereafter I describe research relating to spon-
taneous metaphors and art activities as resources in science education. I con-
clude this chapter by formulating the purpose of the thesis and my research 
questions. 

According to Dewey (1934/1980), an aesthetic experience is part and 
parcel of every-day life and does not only belong to art. Under the heading 
“Research framework” (Chapter 3) I discuss the significance of aesthetic 
experiences when learning from a pragmatist perspective. Furthermore, I 
discuss the role of language and art in relation to aesthetic experience. I also 
describe the term “mediation”, which has been used as an analytic tool in 
Study III.  

The analytic approach used in this thesis, is a “practical epistemology 
analysis” developed by Wickman and Östman (2002) and Wickman (2004), 
and is presented in detail in Chapter 4. The analysis method emanates from 
Dewey, the later works of Wittgenstein and socio-cultural perspectives. 

In Chapter 5 I deal with methodological questions, including choice of 
sources, collection of data, analysis method, reliability, validity and the 
question of generalisation. I also comment on the theoretical framework the 
thesis is based on. Finally, I discuss ethical considerations in relation to the 
studies. 

In Chapter 6 I give a brief outline of the findings, which are discussed in 
the empirical studies in full.  

In Chapter 7 I present the conclusions that can be drawn from the results 
and discuss what the results of the studies mean for learning science in ele-
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mentary school. Moreover, I outline the consequences of the results for sci-
ence education and suggest implications for further research within the area.  

Part Two consists of the four empirical studies that constitute the basis 
of the thesis. 
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2 Background 

There is an increasing quest for humanising and enlivening science educa-
tion, where values, emotions, aesthetics and art activities are outlined as 
possible aspects to be taken into accoount when proceeding to make science 
more attractive to students. As the theme of this dissertation is dealing with 
aesthetic experience and its role for meaning-making, it is appropriate for 
me to describe science education research, particularly as this is connected 
with the issue in question. In doing this I embrace studies concerned with 
aesthetic experience in relation to taste and pleasure/displeasure, and in rela-
tion to art activities as a means for learning science. 

As aesthetics is closely connected to emotions I outline research that has 
been carried out within this field. In addition, students’ spontaneous meta-
phors are of interest because they may refer to aesthetic contribution, which 
Domaingue (1992) argues is the case in science proper.  

Aesthetics in science education – taste and pleasure  
In the last decade many scholars have emphasised the significance of aes-
thetics in science education (e.g. Dahlin, 2001; Flannery, 1991, 1993; 
Lemke, 2001; Wong, Pugh & the Dewey ideas group at Michigan State Uni-
versity, 2001). Lemke (2001) argues that the aesthetic dimension of science 
has been neglected in science education, although considerable literature 
exists in which scientists themselves emphasise the aesthetic dimension of 
their work. The prevailing opinion is that science and aesthetics are two in-
compatible enterprises, and that this leaves science outside emotions and 
aesthetics in favour of facts. Lemke (2001) argues that if the aim of science 
education is science for all, we cannot continue to ignore features like crea-
tivity, aesthetics and emotions. Fisher (1999) pleads that modern physics 
taught at university level lacks the aesthetic dimension of science, which 
means that students are unable to perceive the aesthetics of science. This, 
according to Fisher, is due to the fact that physics is no longer experienced 
but often communicated in mathematical terms. 

Likewise, Dahlin (2001) emphasises the importance of aesthetics in sci-
ence education. He argues that the gap between children’s life worlds and 
the abstract world is much too big and that it can be reduced by aesthetic 
contribution. He stresses the role of the senses in learning science and the 
significance of “aesthetic perception” (p. 144), especially when it comes to 
younger children.  
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Wong, Pugh and the Dewey ideas group at Michigan State University 
(2001) argue that wonderment and anticipation is vital to engagement and 
deep learning:  

Anticipation is the intellectual and emotional energy that both drives and 
holds together the development of an experience. Because the consummation 
of an experience is the object of anticipation, it colors the entire activity. The 
individual looks forward to, imagine what may be or not be, and is surprised, 
disappointed, or fulfilled when consummation occurs. (p. 321) 

 
Hence, anticipation, wonderment and bewilderment are not only related to 
emotion, but to intellectual and aesthetic aspects as well.  

Flannery (1991) contends that there is a pleasure in learning science, as 
there is still so much to master. As one of the features of nature is beauty, 
and as nature is the object of science, she argues that, there is at least a pos-
sibility that aesthetics can be useful in increasing students’ understanding 
about the world. She further suggests that this extended understanding may 
help both teachers and students to appreciate science (Flannery, 1993). 
However, students’ aesthetic experiences can be related to both what is 
pleasing/displeasing and to what is beautiful/ugly. Accordingly, students can 
either conceive nature as beautiful/agreeable or as disgusting/frightening. 
What this actually means for the learning of science has received little atten-
tion in terms of empirical research.  

Aesthetics in science class – empirical research 
It would seem as though the most important empirical studies concerning 
aesthetic experience and science education have been carried out by Bloom 
(1992a, b), Girod and Wong (2002), Szybek (1999a, b) and Wickman 
(2006). All these scholars have shown that aesthetic experiences relate to 
what we broadly refer to as understanding science, interest in science and 
participation in scientific activities.  

Bloom (1992a, b) interviewed children (Grades 1 and 5) who were in-
volved in observing earthworms. He argues that learning is influenced by 
“contexts of meanings” (1992b, p. 400), i.e. not only by cognitive processes 
like categorising and drawing conclusions but also by personal experience, 
metaphors and emotions-values-aesthetics (EVA-relations), which “substan-
tially influence knowledge development process” (1992b, p. 403). One girl, 
for example, who was afraid of killing the earthworms when observing them 
remarked that “…they are depressingly see-through” (1992a, p. 185), mean-
ing that she could see what they were like inside. According to Bloom 
(1992a), EVA-relations play an important part in and are interrelated to the 
process of learning.  
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How values contribute to the dissection of a squid is described by Szy-
bek (2002). It was, for example, important to a particular girl that the squid 
was “nicely arranged”, which was her way of overcoming her negative feel-
ings when encountering the animal. Szybek (1999a, p. 188) points out that 
concentrating on a cognitive emphasis in science education leads to it be-
coming just “like, as a lesson” rather than “like, as a life”. Accordingly, Szy-
bek recommends that science education should focus on aesthetic aspects as 
well as the subject content.  

In order to empirically examine which role aesthetic experiences play 
when learning science, Girod staged lessons in geology (Girod & Wong, 
2002). He taught a Grade 4 class about rocks and pointed out to the children 
that all rocks have stories to tell. The children were then given the task of 
writing their own stories about them. In addition they were given pre- and 
post-tests relating to their conceptual understanding. Girod and Wong (2002) 
argue that teachers can create anticipation in children by using pictures and 
stories in science class. One girl expressed her delight in writing a story 
when learning about rocks and remarked on a new perception: “I think about 
rocks differently than I did before we studied them. I try to tell their stories. 
Most people don’t think about stories” (p. 220). She also did well in the 
post-test. Girod and Wong (2002) maintain that affecting children’s under-
standing of the world and how to communicate it is not sufficient. Instead 
they point out that it is also important to influence children’s experiences, 
i.e. how they think, feel and act. In doing this, Girod and Wong (2002) sug-
gest that “science can be taught in ways that borrow from aesthetic and artis-
tic pedagogy to tap the power of aesthetic experience” (p. 200). In addition 
they plead that “…conceptual understanding that results from aesthetic expe-
rience is more deeply felt because it is centred on powerful ideas rather than 
concepts” (p. 223). Hence, they stress the significance of aesthetic experi-
ence for meaning-making in the science classroom.  

Moreover, Wickman (2006) has shown that aesthetic experiences are 
continuous with a broader learning of science involving the transformation 
of factual knowledge, aesthetics and norms about how to proceed in science 
class. He examined discussions between university students taking courses 
in chemistry and biology and noticed that the students often used aesthetic 
judgements when talking science. The aesthetic judgements they used were 
not just momentary reports of mental states, but were meaningful parts of the 
activity as a whole, i.e. in making sense of the purposes of science and its 
objects of study. While learning science, students were also gradually learn-
ing about what science meant aesthetically and whether they could share and 
adopt the aesthetic requirements of science class. Aesthetic experiences were 
intimately connected to selecting between relevant and irrelevant objects, 
events and actions. In these university classes it was apparent that there was 
a close relation between cognition and aesthetic experiences. For instance a 
beautiful insect – as opposed to an ugly one – was one that had all its ap-
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pendages intact and was displayed in a way that permitted the students to 
complete their task of seeing how the insect was structured. If they failed to 
see what a beautiful insect looked like according to science, they also failed 
to learn about the structure of insects. In such a case all the insects in a sci-
ence class would look ugly to the students. This could also subsequently lead 
to the students learning that they had no place in science class. Wickman 
(2006) argues that through aesthetic experiences people learn how to adjust 
their anticipations to outcomes. In these long-term learning processes stu-
dents’ experiences as a whole – including cognitive, aesthetic and moral 
aspects – play a role, because learning also means doing and taking part in 
an activity. Wickman (2006) argues that “…without aesthetic experiences 
science or science education – or for that matter any practice – will stop” (p. 
148). Hence, according to Wickman, aesthetics carry meaning-making and 
practice forward. 

Emotions in science education 
Emotions, like aesthetics, have typically been treated separately from con-
ceptual understanding and looked upon as just a question of attitudes or mo-
tivational drive. Posner, Strike, Hewson and Gertzog (1982) state that though 
motivation and affection are not unimportant to the learning process, learn-
ing does not depend on such aspects. Instead “…learning …is a process of 
conceptual change” (p. 212). However, Head (1985) argues that aspects af-
fecting students’ motivation are of importance in the learning process. Peop-
le in general will get involved in activities they expect to be of interest, re-
warding and worthwhile. West and Pines (1983) assert that feelings as well 
as aesthetics are an integral part of what learning actually is. Hence, those 
aspects are not just a question of attitude or motivational drive, but are actu-
ally part of conceptual change. In a later article, Strike and Posner (1992) 
revise the theory of conceptual change and maintain that conceptual under-
standing must be viewed in interaction with aspects like motives, goals and 
institutional and social sources. In addition they suggest that attitudes are of 
significance for how the learner apprehends and understands the subject 
matter being taught. 

Watts (2001) claims that learning without including our feelings can lead 
to a “simmering distaste, to strong inhibitions and rancour. At the very least 
it can serve to inhibit talent, resourcefulness and creativity” (p. 201). He 
concludes that anything that makes science education less alien and empty 
has to be taken into account. However, Alsop and Watts (2003) argue for a 
more holistic and situated study of affect in science education. They empha-
sise the role of emotions and state that “learning involves moving from the 
familiar to the unfamiliar, traversing the emotional quagmire of success, 
self-doubt, challenge and classroom identity” (p. 1043). In addition, they 
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contend that emotions can bring us closer to and alienate us from the subject 
in question.  

In similar manner, Guy Claxton (1991, quoted in Alsop and Watts, 
2003) observes that emotions when learning is inevitable, although accord-
ing to Alsop and Watts (2003), most researchers still study emotions in terms 
of motivation and attitudes towards science. One exception is Perrier and 
Nsengiyumva (2003), who participated in a trauma recovery process of chil-
dren in Rwanda. They describe how a science teaching programme made a 
difference emotionally in children’s lives. Hence, it was not attitudes and 
emotions towards science that were in focus, but the therapy of the children. 
They conclude that experimental science activities may lead to a sound ex-
pression of both positive and negative feelings, which is of therapeutic inter-
est. In addition, Zembylas (2002, 2004) stresses that there is more to teach-
ing science than factual knowledge and technical teaching skills. She points 
out that science teachers’ emotions – both positive and negative – are of 
great importance when planning the curriculum and the pedagogy to be used 
and in relationships with colleagues and students. Hence, emotions are so-
cially constructed and not just a state of the individual’s mind.  

Fisher (1999) emphasises the importance of feelings in science in order 
to recognise beauty and humanise the scientific endeavour. According to him 
feelings and intellect are linked together. Through feelings it is possible to 
recognise what is of importance and what is meaningful as well as what is 
unimportant and meaningless in science. In that way it is conceivable to 
distinguish what really matters.  

Accordingly, on the one hand emotions are viewed as being concerned 
with attitudes and motivation, while on the other hand they are viewed as 
essential to the meaning-making process. I argue that emotions are an inte-
gral part of learning science in accordance with Dewey’s (1934/1980) aes-
thetic theory.  

Art in science education  
Several scholars emphasise the significance of art in science education in 
order to make science more human and accessible to students (e.g. McClure 
& Zitlow, 1991; Root-Bernstein, 1991, 1996; Watts, 2001). However, ac-
cording to Wickman (2006), most research studies deal with narrative trans-
formations. Interest in narratives in teaching and learning science is augmen-
tative (Boström, 2006). But as the research field in relation to narratives is 
large, and is outside the frame of this thesis, I merely refer to this reference 
as a recommendation for further reading. Wickman (2006) concludes that 
there is a need to examine the outcomes of art in science class and argues 
that the correlation between art and the understanding of the science subject 
taught is not always positive.  
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Adams and Fuchs (1985) strongly criticise science and technology edu-
cation for neglecting the significance of art in learning. They contend that 
instead of using art as a means in itself when trying to make meaning in sci-
ence class it is viewed as a “personal and participatory therapy” (p. 22). In 
accordance with this, Girod, Rau and Schepige (2003) suggest that we have 
to develop both the artist and the scientist in students in order to increase 
their understanding of science in class. They emphasise that art enhances 
students’ perceptual and analytic skills and should therefore be a natural 
feature of science class.  

McClure and Zitlow (1991) argue that there is a need to include the aes-
thetic dimension in science education. By adding literature, and especially 
poetry, students are able to “look beyond the facts and discover the beauty” 
(p. 28) of science. In that way, science taught in school might connect with 
students’ lives. Likewise, Watts (2001) highlights that poetry can be used to 
stimulate emotion, imagination and observation in science education and 
argues that  

…poetry and science can work together to enable learners to grow in famili-
arity with the concepts, facts, principles and processes with which they are 
working. (p. 200) 

 
In line with this Wengrowicz Cooper (2002) points out that literary art and 
science should not be viewed as two different activities since they share the 
same symbolisation, i.e. language.  

Written or spoken language has traditionally been in focus within sci-
ence education, but there are scholars who argue for different modes of ex-
pression when learning science at school (e.g. Goodman, 1969; Root-
Bernstein, 1991, 1996). Root-Bernstein (1991, 1996) claims that sensualism, 
emotion, imagination and analysis are all involved in both science and art, 
and that visual art and science could be taught in a multidisciplinary context. 
In accordance with Root-Bernstein, Furlan, Kitson and Andes (2007) suggest 
that poetry, together with artistic illustration, can promote college students’ 
learning in chemistry. Writing poems and illustrating them facilitates a better 
understanding of abstract concepts in chemistry. Needle, Corbo, Wong, 
Greenfeder, Raths and Fulop (2007) claim that co-operation between art and 
science students in liberal arts education enhances the students’ learning in 
both science and art.  

Goodman (1969) maintains that different forms of expression have con-
sequences for what we apprehend depending on how they are used, and that 
different modes of expression tend to make some aspects prominent and 
other restricted. According to Elgin (2002), Goodman argues that art im-
proves understanding and that aesthetics explains how. Goodman (1969) 
contends that emotions and knowledge are inseparable in aesthetic experi-
ence. Moreover, the fact that a work of art has certain referential functions in 
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that – it represents, describes, exemplifies and/or expresses something – and 
can be expressed linguistically on rational ground is also applicable to aes-
thetic experience. 

However, Pramling Samuelsson, Asplund Carlson, Olsson, Pramling and 
Wallerstedt (2008) assert that aesthetic activities should not just be viewed 
as a support in science learning, but considered for their own sake. 

Gardner (1971) argues that there is a discrepancy between science and 
art and maintains that the main emphasis is on conceptualisation and execu-
tion. He suggests that science educators should teach students how to dis-
cover and solve problems systematically, whereas art educators should in-
crease students’ knowledge about the means used in order to reduce the need 
for problem solving.  

Art in science class – empirical research 
With regard to the discrepancy concerning art in science class it is of interest 
to look at the results of empirical studies that have been carried out. Here I 
restrict myself to present empirical studies relating to the role played by art 
activities in learning science. This means that I have not taken account of 
those studies in which art activities have been used in order to evaluate stu-
dents’ conceptual understanding.  

Symington, Boundy, Radford and Walton (1981) asked more than 400 
children in preparatory school and Grades 1–3 to depict leaves mounted on 
cards. In addition the researchers observed groups of children during the 
activity and asked questions when the drawings were completed. The authors 
found that instead of making close observations of the leaves the children 
drew them from memory. For example, the children added stems despite 
some of the mounted leaves not having any. Some children made symbolic 
pictures of leaves, which meant that the art activity did not altogether en-
hance the children’s observational skills.  

Results from other studies do show that art activities promote the learn-
ing of science. Weigand (1985) examined the role of art in high school sci-
ence when students in an integrated art/science class were learning about 
camouflage, regeneration and metamorphosis. With regard to camouflage, 
the students were told to select an animal, place it in a strange milieu and 
“design a protective camouflage scheme for it” (p. 20). In like manner the 
students were told to work around the other two concepts. Weigand con-
cluded that the students in the integrated art/science class were more posi-
tively inclined towards both activities and could retain art and science 
knowledge much better than students who had not attended the integrated 
class. He therefore argues that science and art – especially drawing – en-
hance and balance each other.  

Laverne Nelson, Martin and Baldwin (1998) carried out a study into the 
relationship between young children’s art skills and their ability to perform a 
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cognitive task related to science. The children were told to draw a picture of 
whatever they liked using different coloured felt-tip markers – a picture that 
the researchers could keep. The children were then asked to identify differ-
ent materials, for example, objects made of wood and metal. The authors 
concluded that there was a high correlation between the two activities, i.e. 
“children who are advanced developmentally in their drawing ability are also 
advanced in being able to identify the properties of objects” (p. 267). Like 
Weigand (1985), Laverne Nelson, Martin and Baldwin (1998) suggest that 
both children’s observational skills and their ability to construct and define 
scientific concepts increases when their drawing skills are developed. How-
ever, the study does not reveal the cause or the effect of children’s actions in 
these settings. This means that with regard to science, children’s observa-
tional skills could contribute to their art skills and vice versa. 

Gainer and Child (1986) argue that drawing helps students to make 
closer observations and give an example of students from 12 to 16 years of 
age participating in a summer course on biological illustration scrutinising 
specimens from the natural environment. According to the authors, this re-
sulted in detailed pictures of aesthetic merit. The students were able to 
choose different artefacts, for example pencils, coloured pencils and water-
colours and it was shown that biological illustration developed the students’ 
visual acuity as well as their drawing skills.  

In like manner, Hayes, Symington and Martin (1994) asked elementary 
school children to closely observe and depict shells, rocks, snails and oil 
samples (the children were given oil samples in small containers to observe). 
The completed drawings of shells and rocks were compared with the actual 
shells and rocks by individual children. With regard to the snails and oil 
samples, the children were asked to make careful drawings so that they 
would be able to identify the objects at the beginning of the next lesson. The 
result shows that most of the children were successful in the matching and 
identifying activities, meaning that their artwork was authentic. The authors 
maintain that drawing in elementary school science promotes children’s 
observational skills and understanding of science, and that drawing also 
gives rise to questions about the observed objects. Moreover, in their inter-
views Hayes, Symington and Martin (1994) found that drawing in science 
class contributes to children’s enjoyment and satisfaction, which, according 
to the authors, is of importance for children’s future engagement in both 
subjects. In my view this is an interesting point, as emotion is a part of aes-
thetic experience.  

Kress, Jewitt, Ogborn and Tsatsarelis (2001) show that there is a need to 
use different modes of communication in science education as written or 
spoken language is not enough. It would seem that different modes are in-
volved simultaneously, such as gestures and actions, and that “meaning 
emerges from the interweaving between and across modes within a multi-
modal system” (p. 25), i.e. linguistic, visual and action modes. The particular 



 21 

situation decides which modes can be used, as each mode constitutes a 
meaning-making system and interacts with other modes. In teaching and 
learning, each mode constrains and enhances the meanings made. Accord-
ingly, different modes of communication have different consequences for 
meaning-making and the authors conclude that:  

…visual…representations…enable…students to express ideas and making 
meanings which neither they nor the teacher could readily do in a different 
mode of communication or in one mode only. (p. 127) 

 
Art is outlined as one mode of communication, and something that can also 
be used in science education. Kress, Jewitt, Ogborn and Tsatsarelis (2001) 
give the example of Grade 7 students making models of plant cells as 
homework. It was shown that the students chose the material used for mak-
ing the models carefully in order to explain not only the appearance of the 
cell but also its functions. The students’ choice of material depended on the 
specific activity being undertaken and was interwoven in their learning proc-
ess. When creating the model the students highlighted features like colour, 
texture and shape in order to create an authentic model of the cell as possi-
ble. Hence, their choices were not arbitrary but motivated, and part of the 
meaning-making process.  

Considering that there are different views of the role of art activities in 
science education, I find that further investigations into the role of art activi-
ties in learning science are motivated. 

Science education and metaphors 
Duit (1991) points to differences in definitions of a metaphor and an anal-
ogy. He defines an analogy as an explicit and a metaphor as an implicit 
comparison of structures between two domains. As the difference between 
metaphor and analogy is subtle, and there are different definitions of the 
terms (Aubusson, Harrison & Ritchie, 2006; Pramling, 2006a), I do not dis-
tinguish between them. Indeed, the term “analogy” – used most often in the 
science education context – “falls under the general category of metaphor” 
(Pramling, 2006a, p. 63). According to Duit (1991), analogies and metaphors 
can help science students to restructure what is already familiar and give rise 
to a cognitive conflict; something that may result in conceptual change. He 
also points out that metaphors are imaginative in that not only do they help 
students to visualise abstractions, they also help them to constitute a link 
between feeling and thinking. He suggests that “they may bridge the gap 
between the cognitive and affective domains of learning” (p. 653). Lemke 
(1990) argues that the connection between metaphors and emotions are of 
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importance, because the “objectivity” of science misleads students and make 
them believe that science has nothing to do with human experience.  

Muscari (1988) contends that “the metaphor is invested with the extraor-
dinary power of invoking multiple perspectives” (p. 423). He points out that 
metaphors facilitate students’ abilities to learn science and increase their 
possibility of creating “new formations of thought” (p. 424) in that meta-
phors work as mediating bridges. Flannery (1991) claims that the only way 
we can make sense of what we experience is to relate what is known to what 
is unknown. However, if students are not familiar with the content being 
taught, the metaphor or analogy used might be misleading (e.g. Dagher, 
1995b; Muscari, 1988; Quale, 2002). Muscari (1988) maintains that when 
students do not understand the problem in question the metaphors used do 
not serve as a mediating bridge but instead constitute a hindrance for learn-
ing science. Accordingly, science teachers need to choose analogies care-
fully in relation to students’ knowledge (Dagher, 1995b). According to 
Quale (2002), a metaphor may not just constitute a limit for what students 
can learn in science class but may even be counteractive when students try to 
understand the topic being taught. Harrison and Treagust (2006) maintain 
that analogies are “two-edged swords” as “the appropriate knowledge they 
generate is often accompanied by alternative conceptions” (p. 11). As analo-
gies are used to promote learning in science, examining their use is impor-
tant. It is maintained that multiple analogies are preferable when teaching 
science. This is in accordance with Duit (1991), who stresses the need for 
multiple analogies in teaching science. Moreover, Dagher (1995a) states that 
there is a need for more studies concerning analogies in science education 
and how they might encourage students to talk in the classroom and what 
this means for their understanding of science.  

Domaingue (1992) emphasises that metaphors render some aspects sali-
ent while others are disregarded. He points out that it is important to identify 
those metaphors that hide aspects in order to change them, which in turn 
leads to other metaphors rendering some aspects prominent and others being 
disregarded. This, according to Domaingue, is an ongoing process, which is 
also reflected in the range of metaphors used in the natural sciences. He fur-
ther argues that metaphors used by scientists have aesthetic connotations, 
like symmetry, elegance and simplicity, and that metaphors constitute a link 
between aesthetics and imagination; something that I examine with regard to 
science education in this thesis.  

In addition, Heywood (2002) suggests that instead of focusing on con-
ceptual understanding, research into the role of analogies in science educa-
tion should focus on how teachers can motivate students to learn science by 
using analogies. I propose that engagement is a part of aesthetic experience 
because engagement, or even disengagement, involves emotions and the 
students’ volition to participate in science class.  



 23 

Spontaneous metaphors in science class – empirical research 
A lot of empirical studies have been done on metaphors and science educa-
tion and it is impossible to incorporate them all in this thesis. Instead I focus 
on studies that examine the role of students’ spontaneous metaphors for 
learning science.  

Thomas and McRobbie (1999) investigated Grade 11 high school chem-
istry class students’ own metaphors relating to themselves as learners and 
how metaphors can encourage metacognition. The students were encouraged 
to plan their actions in the classroom and select what they thought would 
promote their learning in chemistry. The students were able to take part in 
group discussions as well as engage in individual work, and they were sup-
plied with different equipment. The teacher functioned as a discussion part-
ner and advised as and when requested. Data was collected by means of 
questionnaire responses of how the students viewed their learning processes. 
They were also told to write down which metaphors they would use to de-
scribe themselves as learners of chemistry, and the teacher replied to these 
by writing questions in order to clarify the meaning of the metaphors used. 
In addition, the students were interviewed about their view of learning. 
Thomas and McRobbie (1999, p. 679) conclude that the students’ metaphors 
“were sensitive to, and highlighted, different prominent facets of their under-
standing” with regard to themselves as learners. In that respect they propose 
that metaphors can be a means of developing students’ metacognition. 
Moreover, they suggest that metaphors “can enable students and teachers to 
develop a common language” (p, 683) about learning processes and the role 
of learners.  

Wong (1993) examined the way in which eleven secondary school 
teacher candidates made use of their self-generated analogies in order to 
advance their conceptual understanding of science. The participants were 
asked to explain air pressure by studying a cylinder device displaying three 
air-pressure phenomena, i.e. compression, decompression and return. They 
were then asked to create their own analogies in order to enhance their un-
derstanding of the phenomena. Moreover, the candidates were told to con-
tinue to construe new analogies and write down how they differed from or 
were similar to each other. Wong (1993) concludes that additional self-
generated analogies are helpful in the meaning-making process and can sup-
port learning.  

How a trainee science teacher used spontaneous metaphors in written 
dialogues with an educator was examined by Russell and Hrycenko (2006). 
The metaphors facilitated the trainee teacher’s “awareness of his profes-
sional learning” (p. 141) and through his metaphors he became aware that 
his knowledge of teaching was being enhanced and how such knowledge 
both changes and occurs. Students’ spontaneous metaphors may thus be 
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useful tools in teacher education and help to make the learning process visi-
ble.  

Cameron (2002) points out that children’s spontaneous metaphors may 
be a starting point and a means in children’s understanding of the science 
content to be learned. She gives an example of two ten-year-old girls who 
were given the task of reading a text about the ozone layer in order to assess 
whether the text was suitable for younger children. The atmosphere was 
likened to a “blanket” in the textbook, which gave rise to the utterance “it’s 
like a blanket that protects” (p. 679). Moreover, the girls referred to the fact 
that blankets on beds protect you from the cold and that “there’s another type 
of blanket which is of gases (.) [sic.] surrounds the earth” (p. 679). The 
metaphor, “blanket”, made meaning as far as the girls were concerned be-
cause blankets were familiar to them. They said that the metaphor was easy 
to understand and was helpful in the meaning-making process. However, the 
metaphor constituted a limitation as to how much the girls were able to learn 
about the ozone layer, as it simply put forward attributes and did not make 
any relational connection to the topic. The “blanket-metaphor” did not help 
the children to understand that certain wavelengths of light are reflected in 
the atmosphere – something that is also protective. Furthermore, it gave rise 
to a spontaneous metaphor in relation to the atmosphere: “a big ball of glass” 
(p. 682). According to Cameron (2002), this metaphor has the same limita-
tions as the “blanket-metaphor” and is based on prototypical perceptual simi-
larities, which children meet outside school. However, Cameron (2002) ar-
gues that “such images contribute to children’s spontaneous concepts and to 
their own image metaphors, and are a key starting point for moving concep-
tual understanding forwards” (p. 683). As such “they have an important role 
to play in restructuring understanding” (p. 683).  

In line with this Bloom (1992b) maintains that children’s own metaphors 
promote conceptual understanding in that they constitute a link between 
prior experiences and the new one, which in turn results in the children’s 
understanding of a certain phenomena being extended. Although children’s 
own metaphors might lead to contradictory ideas, emotions and images, they 
are powerful in the meaning-making process and rich in meaning (Bloom, 
1992a). He interviewed children in Grade 5 and Grade 1 during observations 
of earthworms. It was shown that the children frequently used metaphors 
when making meaning in class. One example is the metaphor “like one of 
those slinkies” (Bloom, 1992b, p. 40, original emphasis), which referred to 
how the earthworm moved. To the child the movement of slinkies was famil-
iar and the metaphor enhanced the understanding of the movement of earth-
worms.  

In a recent study Pramling (2006b) examined the role of metaphor use in 
science proper and its significance for knowledge formation as well as its 
role for learning at an individual level. He concludes that scientific meta-
phors are problematic to the learner and difficult to grasp. Of special interest 
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for this thesis is that the result also shows that children often use metaphors 
and that they open up new possibilities in the meaning-making process. 
Pramling (2006b) re-analysed excerpts of interviews with children in 
Piaget’s (1926/1951) book “The child’s conception of the world”. According 
to Pramling (2006b), even though he notices them Piaget (1926/1951) does 
not analyse the children’s use of metaphors. Pramling gives an example of a 
child being asked to explain what thinking implies (the number in brackets 
refers to the age of the child):  

TANN: (8) thinks with his “mind”. “What is the mind? – It is someone who 
isn’t like we are, who hasn’t skin and hasn’t bones, and who is like air which 
we can’t see.” (Piaget, 1926/1951, quoted in Pramling, 2006b, p. 456, origi-
nal emphasis) 

 
According to Pramling (2006b), the child compares “mind” to something 
that is familiar. Moreover, by using the wording “is like” and “isn’t like”, the 
child stresses that he is talking about “mind” in terms of something else and 
that he is conscious of doing this. Pramling (2006b, p. 456) argues that “as 
if” and “like” are “meta-communicative markers”, and are used when chil-
dren want to make themselves clear in a relevant manner. Piaget 
(1926/1951), according to Pramling, instead interprets the utterance as the 
child identifying thought with air.  

Summary 
To start with, aesthetic experiences in science class have been shown to be 
important for students’ interest in science and for students’ possibilities to 
take part in science lessons (Bloom, 1992a, b; Girod & Wong, 2002; Szybek, 
1999a, b; Wickman, 2006). Moreover, Wickman (2006) has shown that uni-
versity students’ aesthetic experiences are continuous with learning facts, 
norms and aesthetics in science class. However, this broad meaning of aes-
thetic experience has not been studied in elementary school science. Accord-
ingly, it is of interest to find out how this extended meaning of aesthetic 
experience, which is close to emotion, is continuous with learning science in 
elementary school.  

Written and spoken language has traditionally been in focus in science 
education. However, some scholars point out that there is a need for other 
modes of communication in the science classroom, and art is suggested as 
one such possible mode (e.g. Kress, Jewitt, Ogborn & Tsatsarelis, 2001; 
Root-Bernstein, 1996; Watts, 2001). The results of the empirical studies 
presented here show that art promotes observational skills and hence learn-
ing in science. Students in the described studies were mostly involved in 
drawing, meaning that other kinds of artefacts were left out. One question 
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that arises from this is what different art-based artefacts afford elementary 
school children to learn in science.  

Several scholars agree that metaphors act as bridges between prior expe-
rience and the new experience (e.g. Flannery, 1991; Muscari, 1988). Like-
wise, there is agreement among the authors presented here that metaphors 
can be misleading (e.g. Dagher, 1995b; Muscari, 1988). Studies concerned 
with students’ spontaneous metaphors and their significance in the meaning-
making process show that the metaphors are used as means and can support 
the learning of science (e.g. Cameron, 2002; Wong, 1993). Moreover, Do-
maingue (1992) and Bloom (1992a, b) argue that metaphors can be related to 
aesthetics and emotions; something that is of particular interest in the context 
of this thesis.  

Aim and research questions 
The overall claim for bringing aesthetics into science education, whether 
related to taste and pleasure or to art, is to make science more attractive to 
students and to humanise the subjects. However, as has been shown in this 
chapter, some results point to a more extended role for aesthetic experience 
in the learning of science, for example, in conceptual understanding and 
learning the norms of science class. My aim is to contribute to those find-
ings. Accordingly, in this thesis I examine in what way aesthetic experience 
is involved in elementary school science and what this means for the mean-
ing-making process. My overall research question is: 
 
– What is the role of aesthetic meaning-making in elementary school science 
learning? 
 
This thesis is based on four empirical studies, and my ambition is that each 
of the studies answers this question, albeit in different ways. In tracing aes-
thetic experience, I have examined elementary school children’s use of aes-
thetic judgements, spontaneous metaphors and their art activities.  

Children are not silent when doing science at school, but talk about their 
findings, as reflected in Study I “The roles of aesthetic experience in elemen-
tary school science” (Jakobson & Wickman, 2008) in an examination of 
children’s aesthetic experiences as expressed in aesthetic judgements. In this 
context aesthetic judgements refer to words related to pleasure/displeasure 
and to the beautiful/ugly (Kant, 1790/2003). The particular research question 
that this study is based on is:  
 
– Which roles do aesthetic experiences play in learning science in elemen-
tary school? 
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Furthermore, when studying children’s discussions during science class, I 
found that they frequently used spontaneous metaphors. In Study II, “Trans-
formation through language use: Children’s spontaneous metaphors in ele-
mentary school science” (Jakobson & Wickman, 2007), the aim was to study 
the significance of children’s spontaneous metaphors and see how they are 
related to aesthetic experience (cf. Domaingue, 1992). In this study I define 
metaphors in accordance with Lakoff and Johnson (2003) as creating simi-
larities, i.e. “as if” instead of “it is”. The research question in this study is:  
 
– What is the significance of elementary school children’s spontaneous 
metaphors for learning science? 
 
This thesis also embraces aesthetic experience in relation to art activities in 
science and art classes with reference to a biological content (III, IV). Unlike 
the tradition of teaching a specific subject, for example, chemistry, physics 
or biology in secondary school, elementary school teachers occasionally 
include art activities when teaching science. As artwork is regarded as being 
subjective, a recurring question relates to the significance that art activities 
in science class have for the direction that learning takes and hence for what 
is learned. In the class observed in Study III, “What difference does art make 
in science? A comparative study of elementary school children” (Jakobson 
& Wickman, manuscript a), the art activity was used as a way of adding zest 
to the science class. Such use of art activities in science lessons could be 
viewed as “therapy” (cf. Adams & Fuchs, 1985). In this study I examined 
how art as added zest might contribute to the meaning-making process in a 
science class. The research question stressed in this study is:  
 
– What do two sequential activities – one scientific and one artistic – afford 
children to learn in science? 
 
Girod, Rau and Schepige (2003) argue that observing is common to both art 
and science. In most of the studies relating to art in science education pre-
sented in this chapter the students were involved in drawing with reference 
to scientific content. In Study IV, “Art in science class vs. science in art 
class. A study in elementary school” (Jakobson & Wickman, manuscript b), 
I examined what art activities using a variety of resources afford elementary 
school children to learn in science class. Moreover, I expanded the object of 
analysis in the sense that I examined how two different purposes – one scien-
tific and the other artistic – influenced what children were afforded to learn. 
The research question in this study is: 
 
– What do observations and different art activities afford elementary school 
children to learn in science?  
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3 Research framework 

The focus of my thesis is the significance of aesthetic experience in elemen-
tary school science and what aesthetic experience implies for the meaning-
making process. My ambition is to trace aesthetic experience by examining 
children’s language use, i.e. aesthetic judgements and spontaneous meta-
phors, and their art activities. I take my stance in pragmatist theories, draw-
ing especially on Dewey’s (1934/1980) definition of an aesthetic experience 
and Wittgenstein’s (1969) language-games, as well as socio-cultural ap-
proaches.  

Aesthetic experience1 
Shusterman (2000) emphasises the significance of an aesthetic experience 
and says that it is part of the flow of life. Cherryholmes (1999) pleads, like 
Shusterman, for “…a broadly aesthetic way of thinking about and living in 
the world” (p. 7). Likewise, Root-Bernstein (1996) expresses a holistic view 
of an aesthetic experience and asserts that without engaging the emotions 
and the intellect feeling is impossible.  

Those remarks are in line with Dewey’s (1934/1980) holistic view of an 
aesthetic experience, which incidentally is not only reserved for art. Instead 
he sets out to recover “the continuity of esthetic experience with normal 
processes of living” (p. 10). According to Garrison (1997), Dewey argues 
that aesthetic experiences belong to people’s ordinary every-day lives in a 

                                                        
 
 
 
 
 
 
 
1 The concept “experience” has many nuances: “ex-pe-ri-ence…1. The apprehension of an 
object, thought, or emotion through the senses or mind: “the experience of art has always 
been taken to be ‘recreation’ ” (Paul Goodman). 2. Active participation in events or activities, 
leading to the accumulation of knowledge or skill. 3. The knowledge and skill so derived. 4. 
An event or series of events participated in or lived through. 5. The totality of such events in 
the past of an individual or a group. – tr.v. experienced, -encing, -ences. To participate in or 
partake of personally; undergo: “everyone experiences this feeling of loneliness, of not be-
longing.” (Brendan Behan). (the American Heritage Dictionary of the English language, 
1973, original emphasis) 
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never ending stream. Dewey (1934/1980) defines his holistic view of an 
aesthetic experience in the following words:  

…an experience…has esthetic quality; otherwise its materials would not be 
rounded out into a single coherent experience. It is not possible to divide in a 
vital experience the practical, emotional, and intellectual from one another 
and to set the properties of one over against the characteristics of the others. 
(p. 54-55, original emphasis) 

 
Accordingly, intellectual, emotional and practical aspects are equally impor-
tant and “no experience of whatever sort is a unity unless it has esthetic qual-
ity” (p. 40). Girod, Rau and Schepige (2003) consider that Dewey’s view of 
an aesthetic experience makes it possible to interweave cognitive, emotional, 
and artistic aspects in science education. 

Moreover, Dewey (1934/1980) maintains that an aesthetic experience is 
a moment when relations and connections are summed up and lead us for-
ward. Different parts of the experience are linked together and move towards 
a consummation anticipated throughout: 

The most elaborate philosophic or scientific inquiry and the most ambitious 
industrial or political enterprise has, when its different ingredients constitute 
an integral experience, esthetic quality. For then its varied parts are linked to 
one another, and do not merely succeed one another. And the parts through 
their experienced linkage move toward a consummation and close, not 
merely to cessation in time. This consummation, moreover, does not wait in 
consciousness for the whole undertaking to be finished. It is anticipated 
throughout and is recurrently savored with special intensity. (p. 55, my em-
phasis) 

 
An aesthetic experience is situated in practice, sums up what we have under-
gone and what we have done and prevents what we have experienced from 
dispersing and disappearing. Hence, aesthetic experiences are important to 
meaning-making and are in constant movement: “Every experience is a 
moving force. Its value can be judged only on the ground of what it moves 
toward and into” (Dewey, 1938/1997, p. 38). The consummation of an aes-
thetic experience is the fulfilment of the movement.  

However, Dewey points out that there are two theoretically possible yet 
opposing situations in which there are no aesthetic experiences, i.e. where 
everything is given beforehand and where nothing is given beforehand:  

In a world of mere flux, change would not be cumulative; it would not move 
toward a close. Stability and rest would have no being. Equally is it true, 
however, that a world that is finished, ended, would have no traits of sus-
pense and crisis, and would offer no opportunity for resolution. Where every-
thing is already complete, there is no fulfillment. (Dewey, 1934/1980, p. 16-
17)  
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If everything was given beforehand, everything would remain the same 
without us having to make inquiries and construe new relations in order to 
propel the proceedings forward. If nothing was given beforehand and noth-
ing was standing fast, we would not be able to reconstruct our earlier experi-
ences. This means that there would be nothing to lean against when trying to 
make meaning of new experiences. Neither of these two contrasting situa-
tions would occur because when “people see them loom in the distance, 
threatening to stop their activity, they change course, and try other ways of 
proceeding” (Wickman, 2006, p. 149). However, as pointed out by Wickman 
(2006), such threats are common in science education and have conse-
quences for students’ engagement in science class. If they are repeatedly 
faced with negative experiences in science class students might very well 
turn away from science and look for other, more positive directions for their 
proceedings in life. Accordingly, Wickman (2006) maintains that aesthetics 
plays a crucial role in learning science, not only in terms of motivating stu-
dents but also because aesthetics is closely connected with students’ lives, 
their possibility of participating in science education and with learning nor-
mative and cognitive dimensions of science.  

In this thesis I view an experience in the holistic way as outlined by 
Dewey (1934/1980). Moreover, along with Dewey (1934/1980) I see an 
aesthetic experience as being situated in an activity and as something imme-
diate. 

Learning through aesthetic experience – continuity, 
transformation and interaction  
An aesthetic experience does not occur in a vacuum but in interaction with 
the world around us, including individuals, the physical world, traditions, 
institutions and the local environment. Hence, interaction involves “contact 
and communication” (Dewey, 1938/1997, p. 38). Dewey (1938/1997) states 
that an experience is individual in some respect and that every-day aesthetic 
experiences have an active part “which changes in some degree the objective 
conditions under which experiences are had” (Dewey, 1938/1997, p. 39). 
Hence, there is continuously a change and a movement, which implies that 
the process of knowledge and learning is active.  

Although an experience is individual it also takes place in interaction 
with others. When people act jointly and towards a joint goal they modify 
their personal approaches and actions. “In this process their individual 
worlds are transformed” (Biesta & Burbules, 2003, p. 12). Moreover, inter-
actions are inseparable from the situations in which they occur (Dewey, 
1938/1997). Likewise, several contemporary scholars emphasise the impor-
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tance of interaction and state that learning is situated (e.g. Lave & Wenger, 
2002; Schoultz, Säljö, & Wyndhamn, 2001).  

Interaction as situated in practice is fundamental to Dewey, as is his 
principle of continuity:  

The principle of continuity of experience means that every experience both 
takes up something from those which have gone before and modifies in some 
way the quality of those which come after. (Dewey, 1938/1997, p. 35)  

 
Every experience is not only a consequence of the interaction between an 
individual and the world in which (s)he lives, but is also a consequence of 
the interaction between the past, the present and the future. Accordingly, 
experiences are continuous, thus implying that earlier experiences are recon-
structed in a new experience, i.e. meaning is transformed. Experience is 
therefore cumulative. Values and meanings from the past remain, are inte-
grated with the individual and have consequences for the future as they con-
stitute the basis of new meaning-making (Dewey, 1934/1980). Moreover, 
not only do the individual’s experiences change, but entire practices as well 
(Wickman, 2006). 

Consequences 
It follows from Dewey’s principle of continuity and our continuous interac-
tion with the world around us that knowledge is about relations between our 
actions and their consequences (Biesta & Burbules, 2003). The meaning of 
an action becomes apparent in the consequences, which signifies that the 
reasonableness of the consequences should also be noted (Cherryholmes, 
1999; Dewey, 1997). Or as Garrison (1997, p. 130) puts it: “People learn by 
reflecting on the consequence of their acts”. 

We can only become conscious of the consequences through our earlier 
experiences (Dewey, 1938/1997). In addition, in order to foresee the conse-
quences we have to be aware of the purpose of the activity we are involved 
in. Dewey (1938/1997, p. 67) stresses the “participation of the learner in the 
formation of the purposes which direct his activities in the learning process”. 
If students are not aware of the purpose, meaning-making might take a route 
other than the one intended, for example, by a teacher (Wickman, 2006). 
Consequently, there is always a relation between actions and consequences 
and between meaning and action. The action acquires meaning in the situa-
tion, which implies that knowledge is situated and contextual.  

Furthermore, consequences are socially constructed in interactions with 
others and the surroundings, and include political, cultural, ethnic, economic 
and social aspects (Cherryholmes, 1999).  

Hence, the continuity of elementary school children’s aesthetic experi-
ences in science class is possible to examine through the consequences of 
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their actions, i.e. consequences in terms of the route that learning takes on 
the basis of a specific purpose.  

Imagination  
Garrison (1997) points out that, to Dewey, an aesthetic experience is imagi-
native in that it only acquires meaning when we are able to reconstruct and 
transform prior experiences in the new one. Again his principle of continuity 
is in focus: 

Imagination is the only gateway through which these meanings can find their 
way into a present interaction; or rather…the conscious adjustment of the 
new and the old is imagination. (Dewey, 1934/1980, p. 272, original empha-
sis) 

 
Flannery (1991, p. 583) expresses this as “an image is a reproduction of 
something”. Imagination can thus be used to convey ideas that are otherwise 
difficult to communicate and constitutes a link between our previous experi-
ences and what we are encountering in a new situation. Hence, according to 
Garrison (1997), Dewey argues that imagination, as well as emotions, are 
integrated in the intellect.  

Likewise, Vygotskij (1995) emphasises imagination and discusses the 
relationship between reproduction and creativity. Reproduction, i.e. the per-
ceiving of earlier experiences, is an essential prerequisite of thinking and is 
linked to memory, while creativity, i.e. imagination, is a requirement of con-
struing something that is new. Imagination is a form of consciousness, a 
capability of combination, which in different ways belongs to reality. “The 
process of imagination is a process of interpretation with complexes of trans-
formations, distinctions, regroupings, condensations, shrinkage and exag-
gerations” (p. 9, my translation)2 in which thought and emotion are con-
nected. Vygotskij (1995) explains that the basis of all creative activity is the 
capability of linking our previous knowledge to new combinations; some-
thing that is comparable with Dewey’s principle of continuity. An aesthetic 
experience, in which our previous experiences are reconstructed and trans-

                                                        
 
 
 
 
 
 
 
2 The original Swedish text is ”Fantasiprocessen är en tolkningsprocess med komplex av 
förvandlingar, särskiljningar, omgrupperingar, förtätningar, krympningar och överdrifter”.  
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formed, carries us forward in our doings and undertakings and makes new 
meaning possible.  

According to Wittgenstein (1953/1996), imagination is vital to “seeing”, 
otherwise you cannot take “the bare triangular figure for the picture of an 
object that has fallen over” (p. 207). He gives an example of children playing 
and using their imagination: 

…they say that a chest, for example, is a house; and thereupon it is inter-
preted as a house in every detail. A piece of fancy is worked into it. 

And does the child now see the chest as a house? “He quite forgets that it is a 
chest; for him it actually is a house”. (p. 206, original emphasis) 

 
Harré and Gillett (1994) maintain that to Wittgenstein, “the object-as-
perceived is not the object-as-it-is” (p. 166). Wittgenstein’s reflection on 
imagination when playing is perhaps familiar to us all. We have all played 
make-believe games as little children; an experience that makes us fully 
aware of the intensity of imagination when encountering new experiences 
and involves all the aspects of an aesthetic experience as highlighted by 
Dewey.  

According to Root-Bernstein (1996), numbers and logic as well as 
imagination and aesthetics should be taken into account in science education. 
However, he maintains that imagination and aesthetics are missing in the 
current science curriculum.  

Aesthetic experience and language 
One question that arises is how it is possible to know whether an aesthetic 
experience is involved or not when children are learning science. As children 
are not silent during science lessons in school it is possible to examine their 
discussions.  

Both Dewey (1934/1980) and Wittgenstein (1966) view speech as a 
form of action:  

Language is always a form of action and its instrumental use always a means 
of concerted action for an end, while at the same time it finds in itself all the 
goods of its possible consequences. (Dewey, 1925/1958, p. 184)  

 
Dewey (1934/1980) considers language, or the action of speech, as a tool for 
communicating and making meaning. We participate in activities and inter-
act with others by using language and other forms of communication. Ac-
cordingly, Dewey’s definition of language does not only include spoken and 
written language, but also, for example, products of technology and art (Gar-
rison, 1997). Nevertheless, language includes both substance and form, i.e. 
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what is said and how it is said. In action there is no difference between sub-
stance and form: they are integrated. Hence, like Wittgenstein, Dewey fo-
cuses on what a word means when used in action and not on what the word 
represents.  

Wittgenstein (1966, 1969) invented the concept of “language-games”, 
i.e. language constitutes an interplay in which the meaning of the words used 
becomes clear. To Wittgenstein language-games are not static but continu-
ously changing and word use is exceedingly situated (Wickman, 2006). Ac-
cordingly, words are not universal representations but their meaning is trans-
formed and changes all the time. Language-games arise and develop in in-
teractions with people and the physical world and we learn these language-
games in practice. Wittgenstein (1969) compares language-games to an ac-
tivity in which you pass building stones to each other: “One learn the game 
by watching how others play. Bringing building stones, reporting the number 
of available stones” (§ 564). Simultaneously, as language-games change the 
meaning of words also changes. The consequence for education is that stu-
dents do not only have to learn new words, they also have to learn new rela-
tions between the words that are already familiar to them (Wickman, 2006).  

In order to be able to participate in a language-game, the interlocutors 
have to learn its rules, namely, what counts and what is relevant (Harré & 
Gillett, 1994) and the whole culture tied to the language-game. Hence, to 
Wittgenstein, words are not true depictions of the world but instead acquire 
meaning in relation to how they are used in action (Stenlund, 2000; Svens-
son, 1994; Wickman, 2006). Moreover, language use is interwoven with our 
ways of living (Stenlund, 2000). The meaning of words is demonstrated 
when they are used in encounters, i.e. through the way the participants pro-
ceed with their undertakings in speech and action and create new relations. 
What stands fast, i.e. what is immediately intelligible, is what works for the 
participants at that particular moment. Besides, the interlocutors have to join 
the language-game and make distinctions for a specific purpose (Wickman, 
2006). 

Aesthetic judgements 
In speech we often use aesthetic judgements without paying much attention 
to them. As Wittgenstein (1966) pointed out, aesthetic judgements might 
seem negligible, but in the situations in which they are used they are satu-
rated with meaning. According to Wickman (2006), Wittgenstein follows in 
Kant’s footsteps when discussing aesthetics in terms of aesthetic judge-
ments. Again Wittgenstein (1966) advises us not to look at what the words 
used represent but to view them in action. This means that we should not ask 
ourselves what it is about an object that gives us the right to call it beautiful, 
but instead look at the situation or context in which the word is expressed 
and the significance it acquires for proceeding with the activity in question:  
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We are concentrating, not on the words ‘good’ or ‘beautiful’, which are en-
tirely uncharacteristic, generally just subject and predicate (‘This is beauti-
ful’), but on the occasions on which they are said – on the enormously com-
plicated situation in which the aesthetic expression has a place, in which the 
expression itself has almost a negligible place. (p. 2)  

 
In line with this, Cherryholmes (1999) points out that what is beautiful is 
dependent on the context, and as contexts and purposes are always changing, 
what is beautiful also changes. In accordance with Wittgenstein, he main-
tains that aesthetic values are unstable as they are “dispersed and deferred” 
(Cherryholmes, 1999, p. 32).  

Wittgenstein (1966), like Dewey (1925/1958), emphasises the immedi-
acy of an aesthetic experience. In this respect Dewey, according to Garrison 
(1997), means that interjections like “Oh!, Huh!, or Ugh!” are not necessar-
ily out of the place rather “ indicate that the exclamatory whole needs inves-
tigation to disclose its aesthetic, moral and cognitive meaning and potential” 
(p. 102).  

Positive, negative and discordant aesthetic experience 
Aesthetic judgements do not only refer to what is beautiful or pleasing, but 
also to what is ugly or displeasing (Dewey, 1934/1980; Wickman, 2006). 
Sheppard (1987) argues that “A satisfactory account of aesthetic apprecia-
tion must explain both aesthetic pleasure and aesthetic detachment” (p. 65). 
Accordingly, as pointed out by Wickman (2006), there is a need to divide the 
aesthetic judgements used into positive and negative aesthetic judgements 
when analysing verbal exchanges, for example, in the science classroom.  

Positive aesthetic judgements are used in moments of consummation and 
anticipation, according to Dewey’s (1934/1980) aesthetic theory. He sug-
gests that positive aesthetic experiences are regularly associated with mo-
ments of anticipation and moves towards consummation and fulfilment. 
Hence, positive aesthetic judgements are uttered when the participants find 
the experience pleasurable or beautiful.  

Negative aesthetic experiences are expressed in negative aesthetic 
judgements (Wickman, 2006). In such instances the interlocutors make dis-
tinctions about what does not belong to the activity they are involved in, 
what leads in the wrong direction and what they find ugly or displeasing 
(Wickman, 2006).  

In addition, there is sometimes a conflict between what the participants 
want to do and what is demanded of them, meaning that the participants 
have problems continuing with the activity, i.e. they have difficulty partici-
pating (Wickman, 2006). Such negative aesthetic experiences, expressed in 
negative aesthetic judgements, are called discordant aesthetic experiences.  

I use this division of aesthetic judgements when tracing elementary 
school children’s aesthetic experiences in science class.  
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Metaphors 
In line with Lakoff and Johnson (2003), I define metaphors as creating simi-
larities between different domains, i.e. “as if” rather than “it is”. The simi-
larities we construe build on earlier experiences, i.e. our prior experiences 
are reconstructed and transformed – something that is in line with Dewey’s 
(1938/1997) principle of continuity. Accordingly, metaphors are used in 
order to make new meanings, which then have consequences for our future 
experiences as well as our future actions.  

Like aesthetic judgements, metaphors can express negative as well as 
positive aesthetic relations to the objects, actions and events encountered (cf. 
Domaingue, 1992). Accordingly, an aesthetic experience can be traced 
through aesthetic judgements as well as the use of metaphors. In my view 
this is of considerable interest when studying elementary school children’s 
spontaneous metaphors in learning science.  

Art as experience 
Dewey (1934/1980) maintains that art is part of ordinary life in that it is pos-
sible to express meanings and values through art, whereas it is not always 
possible to express these in words. This makes it feasible, according to Gar-
rison (1997), to incorporate art activities in education. Art activities in school 
not only give students an insight into the work of an artist, but can also help 
them to look at and gain an insight into their own lives. Students’ artwork 
can also help teachers to better understand and evaluate their students’ work, 
thus embracing not only cognitive aspects but aesthetic aspects as well. 
Again Dewey’s definition of an aesthetic experience is brought forward.  

Dewey emphasises that artwork is not aesthetic in itself but only be-
comes aesthetic when it is experienced by someone. Besides, the artist’s 
prior experiences are continuously reconstructed and transformed in the 
shaping of the artwork and are a consequence of interactions in and with the 
world. Without such continuity the artist would not be able to discern new 
features of objects. Hence, a piece of art is a construction in time and not 
something instantaneous. Likewise, the observer – or listener – experiences 
the piece of artwork on the basis of his/her own previous experiences. In the 
encounter with the artwork, these experiences are reconstructed and trans-
formed and have consequences for future experiences. 

According to Dewey (1934/1980), there are similarities between the sci-
entist at work and the artist at work. Here he means that during the course of 
their work they, irrespective of the somewhat different enterprises, rely on 
values, aesthetics and cognitive aspects. Hence, values and aesthetics are not 
just related to art and cognitive aspects to science, but intellectual as well as 



 38 

emotional, practical and aesthetic aspects are involved in both enterprises. 
This is in accordance with his definition of an aesthetic experience. 

This relationship is also noted by Root-Bernstein (1996), who empha-
sises that intellect and emotion are integrated in an aesthetic experience in 
both the sciences and the arts. This is a standpoint also taken up by Good-
man (1969), who stresses that the difference between art and science is in the 
“domination of certain specific characteristics of symbols” (p. 264) and not 
in dichotomies as for example fact/feeling and truth/beauty. Moreover, 
Goodman, according to Welsch (1997), means that symbolic systems are 
aesthetically constituted and has “made clear the cognitive dimension of the 
aesthetic” (p. 56). I suggest that within science education this notion has 
been little attended to. 

Furthermore, Dewey (1899/1990) maintains that observing is common 
to both science and art and is not just a question of recognising. Instead, 
earlier experiences constitute what we are able to discern. Hence, I find it of 
interest to see in what way prior experiences are involved when elementary 
school children create a piece of art in science class and what this means for 
the direction that learning takes. Moreover, Dewey stresses that artwork in 
school develops children’s observational skills. This means that what is ob-
served has consequences for what is learned. I take this notion further when I 
examine how art activities are continuous with elementary school children’s 
meaning-making. 

Mediation  
Learning can be seen as being mediated through language and physical arte-
facts. Such activities presume interaction between the participants and be-
tween the participants and the mediating artefacts. In different communities 
of practice language use and artefacts are specialised (Säljö, 2005). School is 
one such community of practice, where students encounter a specific linguis-
tic usage and artefacts that are not always familiar to them. In my view this 
is a common situation in science education. Mediating artefacts and lan-
guage use can be difficult to understand if students are not familiar with the 
context. Accordingly, mediating artefacts should not simply be regarded as 
enhancing communication and learning. They can also become obstacles. 
Säljö (2005) gives the example of the use of a measuring instrument and 
learning how to read it. If students are not familiar with the artefact it will be 
difficult for them to use it properly. Hence, in practice, language and physi-
cal artefacts cannot be separated because the use of artefacts presumes some 
kind of communication, for example, through signs and symbolism.  

Moreover, mediating artefacts are culturally and historically constituted 
(Säljö, 2005). Lave and Wenger (2002) affirm the significance of culture 
with regard to artefacts: 
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The artifacts employed in ongoing practice, the technology of practice, pro-
vide a good arena in which to discuss the problem of access to understand-
ing…Participation involving technology is especially significant because arti-
facts used within a cultural practice carry a substantial portion of that prac-
tice’s heritage. (p. 101) 

 
Wertsch (1998, p. 24) emphasises the relation between action, culture and 
cultural tools, i.e. “the mediators of action”. According to Säljö (2005), me-
diating artefacts cannot be looked upon as passive objects, but have to be 
ascribed some kind of “agency”. Computers, for example, make it possible 
to interact with the surroundings in new ways. However, users have to be 
aware that they imply certain premises for interaction while others are disre-
garded. Likewise, mediating artefacts used in school may also impose limits. 
Mediating artefacts are thus associated with some kind of  purpose (Lave & 
Wenger, 2002; Wertsch, 1998), and influence what students learn or do not 
learn, for example, in science class.  

As meaning-making is situated and people have different previous expe-
riences, what is mediated varies between different situations (Säljö, 2000). 
This is in line with pragmatist understanding of the concept “mediation”. 
From such a perspective you study mediation as encounters in whole experi-
ences and are interested in the route that learning takes through the use of 
special artefacts.  



 40 

 



 41 

4 Analytic approach 

Participating in a practice means interacting with others and/or the physical 
world. It also implies situated talk and action – both of which are in focus in 
the analysis of the empirical material used in this thesis. The analysis used is 
a “practical epistemology analysis”, which takes its stance from socio-
cultural perspectives, Dewey and the later works of Wittgenstein (Wickman, 
2004; Wickman & Östman, 2002).  

Lave and Wenger (2002) highlight the need to be part of a practice when 
learning: 

Whether activity or language is the central issue, the important point con-
cerning learning is one of access to practice as resource for learning, rather 
than to instruction. (p. 85) 

 
Being part of a practice implies sharing experiences with others. If children 
are not able to identify with what is taught, learning might either take an 
undesired route or come to a halt. In that way, a sense of identity is insepara-
ble from learning (Lave & Wenger, 2002). Furthermore, in both socio-
cultural and pragmatic perspectives learning is looked upon as situated and 
dependent on the cultural and institutional context that give words and ac-
tions meaning (Haraway, 1988; Lave, 1996; Lave & Wenger, 2002; Säljö, 
2000; Wertsch, 1993). Lave (1996) enumerates four premises for studying 
situated learning: 

 
1. Knowledge always undergoes construction and transformation in use. 
2. Learning is an integral aspect of activity in and with the world at all times. 

That learning occurs is not problematic. 
3. What is learned is always complexly problematic. 
4. Acquisition of knowledge is not a simple matter of taking in knowledge; 

rather, things assumed to be natural categories, such as “bodies of knowl-
edge”, “learners”, and “cultural transmission”, require reconceptualization 
as cultural, social products. (p. 8) 
 

Seen from this perspective, learning is not just a matter of whether learning 
has taken place or not, but of whether the whole activity takes such a direc-
tion as to permit relevant learning, i.e. as seen from some chosen purpose. 
Learning occurs all the time, but often along unanticipated paths and unde-
sired directions. In this context the word “desired” is used to emphasise the 
fact that values may be involved in deciding the desired direction. The im-
portant question in terms of education is not whether people learn or not, but 
what they learn as a result of the numerous classroom interactions they are 
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subjected to and that direct their learning. Rogoff (1990) explicated a similar 
view when saying: 

Rather than having to explain the fact that development occurs, it is neces-
sary to determine the circumstances in which development takes one course 
rather than another. […] Development is built on the transformations and 
rhythms intrinsic to life; what needs explanation is the direction of change 
and the patterns of life that organize change in specific directions. (p. 12-13) 

 
A research agenda like the one suggested by Rogoff (1990) and Lave (1996) 
has many points of contact with the work of Dewey. When experiences are 
made continuous they are also transformed, because no two situations are 
exactly identical. This transformation, which is both natural and necessary, 
means that we continually learn new things. This is in line with the quotation 
from Rogoff and the first two notions in Lave’s (1996) list. 

According to Lemke (2001) we have to view science education as “hu-
man social activities conducted within institutional and cultural frameworks” 
(p. 296). The sociocultural background and the current situation constitute 
our actions and our language. Rules and values are interwoven in our actions 
and speech, look different in different situations and differ between different 
cultures. We participate in this pattern of action through interaction with 
others. Learning is dependent on the experiences we make in a specific situa-
tion and the experiences we bring to future contexts (Dewey, 1934/1980; 
Säljö, 2000). Every new social situation includes something unpredictable, 
even if it has similarities with earlier situations. Human beings are active and 
every situation is unique and brings new meanings. Hence, according to this 
stance, learning is situated in social contexts. We learn to handle the world 
around us, and through language we express emotions, values and attitudes 
(Säljö, 2000).  

A practical epistemology analysis 
The practical epistemology analysis used in the studies was not originally 
developed to analyse the significance of aesthetic experiences for learning, 
but to analyse the process of meaning-making and learning in general 
(Wickman, 2004; Wickman & Östman, 2002). The term “practical episte-
mology” means a “description of the epistemologies as actions actually used 
by people” (Wickman, 2006, p. 52, original emphasis), which derives from 
pragmatist theories. Dewey and Wittgenstein looked at “how experience 
(Dewey) and language use (Wittgenstein) actually took shape as part of any 
activity with a history” (Wickman, 2006, p. xii). According to both Dewey 
(1934/1980) and Wittgenstein (1966) speech is a kind of action. Wickman 
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(2006) points out that action includes speech in that when we talk to some-
body we are “acting toward other persons” (p. 53).  

Epistemology not only deals with what knowledge is, but also with how 
we get it (Grayling, 1996). Hence, learning is a central question for episte-
mology. Traditionally, epistemology has been the philosophical quest for 
certain grounds for knowledge. However, epistemology is often used as a 
term for how people learn – Piaget’s (1970) genetic epistemology being one 
example.  

Wickman (2004) claims that every educational occasion has its own 
practical epistemology, i.e. “Such epistemologies that are used in a specific 
practice” (p. 1) and that a practical epistemology is formed when students act 
and discuss in a specific situation. Wickman is interested in analysing practi-
cal epistemologies and to 

Develop a theoretical framework of learning as action that can be used by 
educational researchers to examine meaning-making, but also by teachers in 
close association with their daily work to understand the course learning 
takes in their own classrooms. (p. 1) 

 
Hence, the intention is not to find out which educational sequences are most 
effective, but to show how an analysis of practical epistemologies can be 
used in order to illuminate what students learn as a consequence of their 
interactions in specific situations. A practical epistemology analysis is thus 
an analysis from a first-person perspective. However, the meanings that are 
made, for example, in the science classroom, can be made available for re-
flection from a third-person perspective (teachers, researchers, etc) about 
how alternative and more desirable meanings could have been made. Ac-
cordingly, it is possible to examine what students talk about, how they act 
and the direction that learning takes. Such information can then be used by 
teachers to improve the curriculum in co-operation with their students. In 
short, a practical epistemology analysis involves studying the relationship 
between how we learn, i.e. how people proceed with their activity, and what 
this means for what is learned (Wickman, 2006).  

Learning – a continuous process  
The purpose of a practical epistemology analysis is to examine how the en-
counters made, for example, in science class, are involved when the partici-
pants make meaning and proceed with the activity they are engaged in, i.e. 
the direction that learning takes. Accordingly, learning “can be seen as [a] 
journey” (Wickman, 2006, p. 23) and as an ongoing process. 

Wickman and Östman (2002) view learning and knowledge as parts of a 
dynamic process in which relations are continuously construed in encounters 
between individuals and between individuals and the world. Or as Biesta and 
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Burbules (2003, p. 93) put it, “knowledge is concerned with the relationship 
between experienced objects”. Historical, institutional, social and individual 
aspects are all integrated in those encounters, which is in line with Dewey’s 
(1938/1997) principle of continuity. Accordingly, knowledge and learning 
are closely related to meaning: 

Knowledge is meaning because it is differences and similarities, in what is 
immediately intelligible, that is, what is and occurs when we act. Learning is 
a process where gaps are filled by construing new differences and similarities 
in relation to what is immediately intelligible. (Wickman & Östman, 2002, p. 
3, original emphasis) 

 
In meaning-making prior experiences are transformed – a transformation 
that has consequences for future experiences. Reconstruction (of previous 
experiences), transformation (in the new experience) and consequences (fu-
ture experiences) constitute learning. In other words, learning is a continuous 
process. A question that follows on from this relates to the route that learn-
ing takes – which does not always tally with teachers’ or students’ inten-
tions, but might deviate or go astray (Lave, 1996; Rogoff, 1990; Wickman, 
2006).  

Wickman and Östman (2002) depart from Wittgenstein’s language-
games in their formulation of a method for analysing meaning-making in the 
classroom. This implies that you examine the discussions and actions occur-
ring during a lesson and focus on what is really being expressed. What is 
true and false is decided in the language-game, and what “stands fast” is 
what works for people at that particular moment. Accordingly, the method 
means that I examine what elementary school children express in speech and 
action in a specific situation and do not ask what they ”really” mean from a 
cognitive perspective or, as Lemke (1998) puts it, ”…in terms of our specu-
lation about what may be going on in their brains” (p. 1). In a cognitive per-
spective knowledge is viewed as something personal and stored in our 
brains. In socio-cultural and pragmatist perspectives, knowledge is looked 
upon as situated and contextual.  

Operational concepts 
A practical epistemology analysis embraces four operational concepts, i.e. 
stand fast, relations, encounters and gaps (Wickman, 2004; Wickman & 
Östman, 2002). What stands fast is immediately intelligible and not ques-
tioned by the participants. This means that there is no hesitation, and the 
interlocutors can proceed with their doings. For example, we take certain 
things for granted, they stand fast, and we do not usually ask what another 
person means when (s)he asks for the newspaper or reaches for it. Words 
and actions acquire their meaning in the encounter, in this case between the 
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individuals concerned and the newspaper, and then stand fast. Something 
that stands fast is not static, however, but may change along with the specific 
situation or discourse. 

Accordingly, discourses change in different encounters. From a so-
ciocultural perspective meaning is made in the situation and the interaction 
(Säljö, 2000). An encounter is closely related to the specific situation and 
interaction, and in order to examine whether situations are alike or different 
you have to study the interaction that arises in a specific situation or dis-
course. Dewey (1938/1997) argues that “interaction” and “situation” are 
impossible to separate: 

The statement that individuals live in a world means, in the concrete, that 
they live in series of situations. And when it is said that they live in these 
situations, the meaning of the word ”in” is different from its meaning when it 
is said that pennies are ”in” a pocket or paint is ”in” a can. It means, once 
more, that interaction is going on between an individual and objects and other 
persons. The conceptions of situation and of interaction are inseparable from 
each other. (p. 43) 

 
Wickman and Östman (2002) have chosen to replace the terms situation and 
interaction with the term encounters, and they stress that “…our object of 
study is how action and meaning in a practice change as discourse change” 
(p. 4). Those encounters also embrace earlier experiences, which is in line 
with Dewey’s (1938/1997) principle of continuity. Through examining the 
encounters, which are revealed in different discourses, it is possible to study 
how the discourse is continuous in different situations. 

Relations to what stands fast are construed in encounters and consist of 
differences and similarities. By construing such relations we learn new 
things – things that are necessary in order to proceed with the activity. 
Hence, meaning is tied to the actual language-game and the specific dis-
course.  

In relating differences and similarities to what stands fast, we need to 
notice gaps. We sometimes fail to fill the gaps even though we have noticed 
them and they are then said to be lingering. It is also possible that gaps are 
continuously filled with new relations, even though the participants are talk-
ing about different things. In such instances the interlocutors might ask ques-
tions like “What do you mean by that?” in order to facilitate the discussion. 
If gaps are not filled in a way that results in a desired consequence, learning 
either comes to a halt or takes another direction. 

There is an ongoing rhythm when noticing gaps, filling them with rela-
tions construed to what stands fast, which is in line with Dewey’s 
(1934/1980) remark about rhythm as an ordered variation of changes.  

A practical epistemology analysis is advantageous when examining ele-
mentary school children’s talk during science lessons. This analytic app-
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roach makes it possible to study the role of aesthetic experience in elemen-
tary school science and its significance for the meaning-making process.  

Aim and research questions in retrospect 
The aim of this thesis is to examine how aesthetic experience is involved 
when elementary school children learn science. By using a practical episte-
mology analysis it is possible to examine children’s talk during science class 
and the consequences of their undertakings for the direction that learning 
takes. As pointed out by Cherryholmes (1999), what is intelligible is shown 
in the consequences that are made visible: 

If it is the case that the meaning of a conception is found in its conceivable 
practical consequences, then it follows that the meaning of research findings 
that we constantly consume and produce is found in their conceivable conse-
quences. (p. 9) 

 
Moreover, what is understandable is due to the experience had, including 
values, interest and knowledge. Examining consequences of actions, which 
includes speech, is in line with Dewey’s (1938/1997) principle of continuity 
in that the present experience constitutes a reconstruction and a transforma-
tion of past experiences which has consequences for future experiences 
(Cherryholmes, 1999).  

My overall research question is “What is the role of aesthetic meaning-
making in elementary school science?” My ambition is to answer this ques-
tion by examining elementary school children’s aesthetic experiences 
through their use of aesthetic judgements, spontaneous metaphors, and 
through their art activities. Accordingly, in order to answer my overall ques-
tion, I have posed more specific questions:  
 
– Which roles do aesthetic experiences play in learning science in elemen-

tary school? (I) 
– What is the significance of elementary school children’s spontaneous 

metaphors for learning science? (II) 
– What do two sequential activities – one scientific and one artistic – afford 

children to learn in science? (III) 
– What do observations and different art activities afford elementary school 

children to learn in science? (IV) 
 
The results are dealt with in full in the studies and in brief in Chapter 6.  
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5 Methodology 

Choice of sources 
As science subjects were only included in the Swedish elementary school 
curriculum in 1994 there is no tradition of teaching science in Swedish ele-
mentary school. Although elementary school teachers are supposed to teach 
science to the elementary classes, there are problems. In my experience there 
is, for example, a lack of in-service courses relating to both pedagogical 
issues and subject knowledge, which means that many elementary school 
teachers are not at all confident about teaching science and are distressed by 
their own lack of factual knowledge. A study carried out by Murphy, Neil 
and Beggs (2007) showed that half of the teachers participating in the study, 
about 150 teachers, lacked both confidence and ability to teach science at 
primary school level in the UK principally due to the lack of personal devel-
opment. Swedish studies show similar results (Schoultz & Hultman, 2002; 
Anderhag & Wickman, 2006). Accordingly, it is not easy to gain access to 
elementary school science classrooms as a researcher, as teachers feel inse-
cure when teaching science.  

The sources used in the studies principally emanate from an in-service 
course in science education that I was leading, where I simply asked whether 
the elementary school teachers participating would be interested in taking 
part in my research study, and several teachers volunteered. These particular 
classrooms are referred to in Studies I, II and III. Moreover, I was also given 
access to elementary school classrooms at the school I had previously taught 
at, which led to studies relating to art in science class and science in art class, 
as presented in Study IV.  

Collection of data 
The data that forms the basis of this thesis was collected from 14 different 
elementary school classes, one of which was visited twice and one three 
times. The schools are situated in different areas, i.e. a city, a rural area and 
middle-sized towns. The results are first and foremost based on audio-
recordings of elementary school children’s pair or small group discussions 
during hands-on activities (I–II) and during observations which included 
creating a piece of artwork (III–IV). The audio-recordings were transcribed 
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in full. It is possible, however, that the children’s voices were occasionally 
mixed up, partly due to the children talking in low voices and partly to the 
similar sound of their voices.  

Furthermore, I was present on all occasions and took copious notes of 
what occurred, partly as a back-up record and partly for clarification. 
Moreover, I taught the unit “Fish” in six classes (IV), in which settings the 
teacher or the recreational pedagogue was present.  

I also videotaped some of the groups observing and making pictures 
(III). These video-recordings were not transcribed in full but were used to 
facilitate the analysis of the different situations. Moreover, I took photo-
graphs of the pictures made by the children involved in Study IV. Altogether 
the material consists of 41½ hours of audio-recordings, 1½ hours of video-
recordings and 78 photographs of children’s artworks.  

Analysis method 
Two specific terms derive from the research framework presented in Chapter 
3 and I use these in the analysis of the four studies: aesthetic experience and 
continuity. I also use the operational terms aesthetic judgement and meta-
phor and those terms emanating from a practical epistemology analysis, i.e. 
stand fast, relation, gap and encounter.  

By using Dewey’s (1934/1980) holistic definition of an aesthetic experi-
ence I was able track learning in a wide sense, comprising intellectual, prac-
tical, emotional and aesthetic aspects. An aesthetic experience embraces 
anticipation with regard to what is to come and a movement towards con-
summation and fulfilment, and vice versa. An aesthetic experience can also 
be negative.  

As aesthetic experience is not only made visible linguistically but also 
through, for example, gestures and facial expressions, I restricted myself to 
examining aesthetic judgements as defined by Kant (1790/2003). In this 
context aesthetic experiences embrace all expressions of values with allusion 
to such things that might be viewed as aesthetic qualities. However, not only 
did I operationally trace aesthetic experience by studying how the children 
expressed themselves in aesthetic judgements, I also studied their use of 
spontaneous metaphors. Here I define metaphors in accordance with Lakoff 
and Johnson (2003) as creating similarities, i.e. “as if” instead of “it is”. 

Another useful term is continuity (Dewey, 1938/1997); a term that made 
it possible to study meaning-making as a process. Accordingly, I examined 
how children’s earlier experiences were reconstructed and transformed in 
new situations and the consequences of their actions (which include speech). 
In that way I could analyse the direction that learning took. Such a continu-
ous process involves imagination.  
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In pragmatist theories as well as in socio-cultural perspectives, meaning-
making is viewed as active, situated and occurring in interactions with other 
people and the surrounding world. In this respect, the operational terms used 
in a practical epistemology analysis can also be used to track meaning-
making, i.e. stand fast, gap, relation and encounter (Wickman, 2004; Wick-
man & Östman, 2002). While the terms stand fast, relation and gap deal with 
linguistic meaning-making, the term encounter is about situated interactions.  

In the analysis of the material outlined in Study III I used the term me-
diation (cf. Lave & Wenger, 2002; Säljö, 2000), which made it possible to 
analyse the significance of different mediating artefacts for the learning of 
science in elementary school.  

Comments on the theoretical framework and method 
used  
Viewing an aesthetic experience along the lines emphasised by Dewey 
(1934/1980) makes it possible to study meaning-making as a holistic proc-
ess. Dewey’s (1934/1980) aesthetic theory also facilitates an examination of 
aesthetic experience in every-day life, which includes science education, and 
to embrace the meaning of art activities in elementary school science. I used 
these possibilities when studying elementary school children’s meaning-
making in science class.  

Roberts (2007) argues that there is a need for empirical studies in the 
science classroom concerning scientific literacy. He maintains that the re-
sults of such studies must be related not only to students’ scientific general 
knowledge and their ability to solve problems, but also to values connected 
to attitudes and engagement. According to Roberts (2007), the significance 
of such values has been examined through interviews and questionnaires, but 
not directly in the classroom.  

By using a practical epistemology analysis (Wickman, 2004; Wickman 
& Östman, 2002) it was possible to examine the consequences of situated 
actions and what they meant for children’s proceedings and meaning-
making. This is close to Robert’s (2007) quest to empirically examine how 
scientific literacy is involved in science education. In studying consequences 
of children’s actions it is possible to see the direction that learning takes. 
Lave (1996) points out that learning is always taking place, but what is of 
particular interest is the route the meaning-making process follows (Rogoff, 
1990).  

The empirical material used in the studies was collected through audio-
and video recordings and photographs of the participating children’s art-
work. In addition I took notes about what occurred during my visits to the 
elementary school classrooms (to a less extent when I was actually teaching) 
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(IV). However, it can be argued that the material is not sufficient, as a lot of 
things are happening in a classroom simultaneously (Kress, Jewitt, Ogborn 
& Tsatsarelis, 2001). Aspects like, for example, gestures, facial expressions 
and writings, with the exception of poems, were excluded from the analysis. 
However, each particular mode of communication or mediating artefact en-
tails different consequences for the meaning made (Kress, Jewitt, Ogborn & 
Tsatsarelis, 2001; Säljö, 2005). For example, whatever is able to be commu-
nicated through a gesture may not be able to be communicated in any other 
way. However, here I have restricted myself to studying elementary school 
children’s language-use and artwork and what those modes of communica-
tion mean for meaning-making in science class. Nevertheless, children’s 
language-use and artwork were shown to be rich in meaning and explicitly 
demonstrated the route that learning took. For example, the meaning of 
words became even more obvious through intonations and interjections, 
which is in accordance with Dewey (1934/1980) who, like Wittgenstein 
(1969), means that the meaning of words becomes clear in the situation in 
which they are used and that both what is said and how it is said are inte-
grated.  

Reliability, validity and generalisation  
Traditionally, the reliability of a study depends on the possibility of repeat-
ing the results using the same methods and the same objectives on another 
occasion (Trost, 1993). But, as pointed out by Wolcott (1994), a qualitative 
study is in-depth and shows results that are quite different than those from, 
for example, statistical surveys. Hence, it is not possible to repeat a qualita-
tive study in every single detail as it is based on encounters that occur in 
specific situations at a certain point in time. As two situations are never ex-
actly the same, it is not always possible to simulate and apply the same 
teaching and learning sequence, whether in the same class or in another 
(Cherryholmes, 1999) and expect a carbon-copy result.  

Moreover, Biesta and Burbules (2003), like Cherryholmes (1999), stress 
that values are embedded in research as well as in any other human enter-
prise. In my own case the selection of the empirical material and the analysis 
tool are coloured by my own interest of knowledge and my interpretations. If 
another theory or interest had been used the material would probably have 
been interpreted differently.  

The validity of this study therefore has to be seen in the light of pragma-
tist theories. What is valid can be said to “stand fast” for the moment, to use 
Wittgenstein’s (1969) vocabulary, but may change in another situation. Ac-
cording to Biesta and Burbules (2003) and Garrison (1997), Dewey main-
tains that we cannot generalise what knowledge is without examining the 
consequences of inquiry. Moreover, the consequences of inquiry are always 
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related to a specific situation (Biesta & Burbules, 2003). As a consequence, 
Biesta and Burbules (2003) argue that educational research can only be re-
lated to the situation in which the research takes place.  

However, as pointed out by Wickman (2006), since prior experiences are 
tested in future experiences in order to decide what is similar or dissimilar 
between two events, it is possible to generalise the results of qualitative stud-
ies. This is close to Kvale’s (1997) “analytic generalisation”, which builds 
on an analysis of similarities and differences between the studied situation 
and the situation being generalised. My studies partly confirm the results of 
previous research in the field, but also show differences. In that way the 
results are possible to recognise as “a pawn in the game” and at the same 
time create new questions. In research this is an endless story, but by recon-
structing and trying previous experiences in the future it is possible to com-
pare the outcomes and make generalisations.  

Moreover, openness and transparency are important aspects to take into 
consideration when doing research in order to make it possible for others to 
critically judge the outcome of the research (Biesta & Burbules, 2003). My 
hope is that I have provided a detailed enough description of the methodol-
ogy, the theoretical framework and the analysis used to help the readers fol-
low and assess the results for themselves. 

Ethical considerations 
A research project always embraces ethical considerations in relation to the 
purpose of the study, choice of sources, methodology, presentation and con-
sequences for the participants. The latter is very important to acknowledge 
when undertaking research in which young children are involved, as they 
have little if any understanding of the possible outcomes of the research they 
are taking part in (cf. Brodin & Renblad, 2000). Hence, in the process of 
research it is important to consider the ethical aspects carefully in order to 
protect the people participating in the research study (Good, 2001). 

The Swedish Research Council (2007) has formulated four ethical re-
quirements for the individual’s protection, i.e. the informational requirement, 
the requirement of consent, the confidentiality requirement and the require-
ment of restricted use.  

The informational requirement 
Before visiting the participating elementary school classes I informed the 
teachers, parents and children of the purpose of my research, how I was go-
ing to collect the data and how the data would be used and stored. In addi-
tion, the head teachers of the schools visited were informed in full about the 
research project. The teachers and head teachers were informed orally, and 
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the parents and children by means of a letter distributed by the teachers be-
fore my visit. As the children participating in this study were young, I 
needed the parents’ written permission to collect my data. I also wanted to 
have the children’s written approval or disapproval. I gave my e-mail ad-
dress to the parents and encouraged them to contact me if they had any ques-
tions. In addition, on all my visits I started by telling the children the purpose 
of my visit and explaining how I was going to collect the data. The children 
were also given an opportunity to ask me questions about my study.  

The requirement of consent 
No parents refused their child’s participation in my research study, although 
a few children did make it clear that they were unwilling to participate. As 
permission was not received from every parent or set of parents, the children 
who were not explicitly given the go-ahead to participate were excluded 
from the research project.  

The confidentiality requirement 
The confidentiality requirement deals with integrity, meaning that the data 
collected has to be anonymous when presented in order to avoid the possibil-
ity of the people involved in a research project being identified. This is ex-
tremely important when participants are at a disadvantage, for example, due 
to being very young (Brodin & Renblad, 2000). In like manner the schools 
visited should not be able to be identified, which is why they are referred to 
as, for example, a “middle town” or a “rural” school, nor are the teachers. 
Ensuring the anonymity of the teachers is also important. However, it is al-
ways possible that the participating teachers will be able to recognise se-
quences from their own teaching, as information about the science units be-
ing taught at the time of my visit were available in the public domain. How-
ever, it would not be easy for them to identify the children, mostly due to the 
fact that teachers do not have time to listen to every child’s reasoning in the 
space of a lesson. Moreover, the material collected is carefully stored in a 
locked safe in order to be inaccessible to people outside the research com-
munity (Gustafsson, Hermerén & Petersson, 2006). 

The requirement of restricted use 
The requirement of restricted use deals with the autonomy of people in-
cluded in a research programme. Research carried out within a field should 
not be used on other occasions, for example, in education or in lectures. In 
my case this means that I cannot use my original data, i.e. audio- and video-
recordings and photographs, when teaching students at the University of 
Stockholm, at conferences or in other lecture situations.  
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However, not only do ethical considerations need to be made in relation 
to the participants, but also within the research community. In line with this, 
Gustafsson, Hermerén and Petersson (2006) point to the importance of scru-
tinising the ethics concerning the researcher’s relation to the research as-
signment; something that is discussed briefly in the following paragraph.  

Ethical considerations concerning the researcher’s relation to the 
research assignment 
Gustafsson, Hermerén and Petersson (2006) outline eight basic rules con-
cerning the relation between the researcher and the research assignment. 
These are summarised in terms of honesty, openness, orderly work, thought-
fulness and impartiality. While all these terms are general rules of conduct, it 
is possible that conflicts might arise that highlight their significance. How-
ever, with regard to my own work as a researcher, and despite being in-
volved in working with others, I have not experienced any problems of the 
kind presented by Gustafsson, Hermerén and Petersson (2006). This may be 
due to the fact that my research is not based on a commissioned assignment 
but arises from my own interest in science education. I have nevertheless 
taken the aspects discussed by Gustafsson, Hermerén and Petersson (2006), 
to heart in, for example, the storing of data and the careful declaration of 
references, methods and results, in order to make my research reliable. If 
there are any doubts about the reliability of my findings, my research will 
not be received as a serious contribution within the field of science education 
research. In line with this, aspects relating to the ethics of the research as-
signment are of crucial importance.  
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6 The empirical studies 

I The roles of aesthetic experience in elementary 
school science 
The purpose of this study was to examine the roles of aesthetic experience 
for learning science in elementary school. In tracing children’s aesthetic 
experience, we analysed the aesthetic judgements used, i.e. words related to 
what is pleasant/unpleasant and ugly/beautiful.  

The data consists of about 25 hours of audio-recordings of children’s 
pair or small group discussions during the lessons being studied (and ranging 
from 40 to 50 min in lenght). The children were involved in hands-on-
inquiry units in biology, chemistry, physics and earth science. The units 
were “Changes” (the transformation of matter), “Solids and Liquids”, “Elec-
tric Circuits”, “Mixing and Separating”, “Buds”, “Shadows” and “Soil”. I 
visited five different schools and seven different classrooms. Children from 
all the classes except two were 6–8 years old (Swedish Grades 1 and 2). The 
exceptions were one class of children aged 9 (Grade 3) and one class of chil-
dren aged 10 (Grade 4). In order to facilitate a correct interpretation of the 
audio transcripts I was present in the classrooms during the recordings and 
took notes during the proceedings.  

The result shows that the children frequently used aesthetic judgements 
when learning the norms of science class. Learning normatively involves 
deciding which events, objects and actions ought to be included or excluded 
when proceeding with the activity in hand. It also embraces learning what 
belongs and what does not belong in science class. In general the children 
used positive aesthetic judgements when deciding what to include and which 
were the right things to distinguish in the specific situation in order to carry 
the activity forward to a consummation and a close. One example came from 
the unit “Changes”, where the children had to mix vinegar and water with 
baking soda and see what happened. The children discerned that there were 
“bubbles coming”, which they related to “carbonic acid”. The children used 
positive aesthetic judgements in relation to their findings, for example, 
“Jeez, that’s wild”. Apart from expressing the children’s joy, the aesthetic 
judgements used also communicated that the children found that “bubbles” 
and “carbonic acid” were the normatively right things to distinguish in this 
situation.  



 56 

To the contrary, the children used negative aesthetic judgements when 
making distinctions about what was to be excluded and what led in the 
wrong direction. This was obviously the case when Sanna used negative 
aesthetic judgements in communicating to the teacher that she was having 
problems arranging electric circuits in the cartoon house she built: “I’m go-
ing nuts. Oooh!” However, negative aesthetic judgements were also used 
when sorting out how to proceed with the activity in question. One example 
came from two boys investigating a soil sample in the unit “Soil” in order to 
find out what type of soil they were dealing with. In this situation one of 
them used negative aesthetic judgements, “disgusting” and “yuck”, when 
deciding that the other boy had used too much water. Too much water re-
sulted in it being impossible to roll the soil sample into a ball. Instead you 
were supposed to use a sufficient quantity of water, which was “neater”. In 
that way the boys were able to classify the soil sample, as at least consisting 
of clay.  

It was sometimes difficult for the children to continue with the activity 
in which they were involved. We call such negative aesthetic experiences 
discordant aesthetic experiences, as the children’s own personal aesthetics 
did not tally with what was demanded of them in class. One example came 
from Julia, who had trouble handling and observing earthworms. At first she 
found them “disgusting”, but later overcame her feeling of disgust when she 
noticed that the earthworm was injured. Now she found it “cute” and gave it 
a pet name. In extension, this led to the children of this group beginning to 
observe the earthworm more closely and discern the head and the “bump”. 
Hence, the children learned aesthetically about their possibilities of taking 
part in observations of earthworms.  

Moreover, the children learned to distinguish the aesthetics of science 
from other activities, i.e. learning the genre of science. One example came 
from a pair of boys studying an earthworm, which they regarded as “cute”. 
While asked by the teacher if they could think of having earthworms as pets, 
they answered that it would be “a little disgusting”. This shows that aesthetic 
judgements can be understood as parts of an activity and that they are closely 
tied to the situation in which they occur.  

Teachers did not only use aesthetic judgements when confirming that the 
children had sorted out the relevant features of the objects being observed, 
but also when confirming that the children were acting in the right way and 
when evaluating their ways of working. In the “Buds” unit the children ob-
served and described tree buds, which was a starting point for learning about 
the life cycle of a tree. The teacher confirmed that Jesper was going in the 
right direction by distinguishing that the bud was green. By saying “You 
have fine green buds”, she did not only confirm that the bud was green, but 
also affirmed that distinguishing colours was very relevant when observing 
buds. Moreover, she shared the joy of fulfilment with the children, summing 
up the description of the bud that carried the science unit forward.  
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However, the teachers’ aesthetics did not always tally with those of the 
children. One situation in which the teacher’s aesthetics differed from the 
children’s was in the “Buds” unit. By using aesthetic judgements like “nice” 
and “really pretty” in relation to the look of the bud, the teacher tried to 
make two boys discern more details of the bud they were observing. How-
ever, the boys did not latch on to the teacher’s attempt and instead wanted to 
know what to do next.  

Both teachers and children also used aesthetic judgements as cognitive 
descriptors. As such they helped the children to communicate their findings 
and carry on with the activity. As an example, the aesthetic judgement 
“nice” was used to sort out what a soil sample consisted of in the “Soil” unit. 
From prior experience the children knew what touching different types of 
soil felt like, and talking about the feature of soil using aesthetic judgements 
as cognitive descriptors helped them to sort out what kind of soil they were 
investigating.  

Summary 
The roles of aesthetic experience were shown to be not only emotional but 
continuous in the experience as a whole. Aesthetic experiences expressed in 
aesthetic judgements had consequences for the meanings made, as well as 
for learning the norms of science class and, in extension, for the children’s 
possibility to participate in science activities. Learning science also meant 
learning a special kind of aesthetics, i.e. learning how to distinguish the sci-
ence context from other contexts. Moreover, teachers used aesthetic judge-
ment when confirming and evaluating the children’s work, which did not 
always tally with the children’s aesthetics.  

II Transformation through language use: Children’s 
spontaneous metaphors in elementary school science 
The purpose of this study was to examine the significance of children’s 
spontaneous metaphors in the learning of science. Here metaphors are de-
fined as creating similarities, which is in line with Lakoff and Johnson 
(2003), that is, they are used in the sense of “as if” instead of “it is”.  

We present the results from five different schools and seven classes vis-
ited by me in connection with the thesis work. Five classes were visited 
once, one was visited twice and one class was visited three times, which 
altogether resulted in about 25 hours of audio recordings. In order to facili-
tate the interpretations of the transcripts I took notes of the proceedings. The 
children from all the classes except two were aged 6–8 years (Swedish 
Grades 1 and 2). The exceptions were one class of children aged 9 years 
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(Grade 3) and one class of 10-year-old (Grade 4). During the visits the chil-
dren were engaged in hands-on inquiry units in biology, chemistry, physics 
and earth science, working in pairs or small groups in lessons ranging from 
40 to 50 min in length. The units were “Changes” (the transformation of 
matter), “Solids and Liquids”, “Electric Circuits”, “Mixing and Separating”, 
“Buds”, “Shadows”, and “Soil”. 

The results show that the children frequently used metaphors when talk-
ing science in class in order to make sense of what they were experiencing. 
Their use of metaphors often involved a transformation of factual knowledge 
and helped the children to see certain things. One example came from the 
“Buds” unit, where Gunilla and Eva used a number of metaphors in order to 
communicate what they had distinguished when observing and describing a 
tree bud, for example, “hair”, “caterpillar” and “worms” in relation to the 
stigmas. The use of additional metaphors not only helped the girls to discern 
the stigmas but also their different qualities. Hence, children’s earlier experi-
ences were reconstructed and transformed in the new encounter, meaning 
that their use of metaphors was continuous with learning science.  

At times the children’s own metaphors constituted an obstacle to their 
communication and undertakings. This happened in the “Mixing and Sepa-
rating” unit when Jonas used the metaphor “shark tooth” when observing 
gravel, which Lena could not agree to. Instead of proceeding with the sci-
ence activity, they started to argue about the actual metaphor, which meant 
that learning came to a halt.  

The metaphors used by the children made some factual aspects salient 
and disregarded others. At the same time they experienced emotional conse-
quences related to aesthetics. Such distinctions dealt with what the children 
liked or disliked in science class. The metaphor “spinach” was used when 
wetting a soil sample to determine what it consisted of, and the metaphor 
“diamonds” was used in relation to salt in the unit “Mixing and Separating”. 
In both cases the children construed aesthetic relations to the metaphors by 
using negative (e.g. “yucky”) and positive judgements (e.g. “cool”). Hence, 
they learned that in science class certain things could be either pleasant or 
unpleasant. Simultaneously they learned that some aspects of soil looked like 
spinach and that salt crystals resembled diamonds. In this way, learning aes-
thetically through metaphor was intimately connected to cognitive transfor-
mation, independent of whether the aesthetic experience was positive or 
negative. 

Moreover, what children liked or disliked also had normative conse-
quences. When communicating norms the children frequently used aesthetic 
judgements in relation to their metaphors, as to emphasise their standpoint 
about what they should be doing. In this way the continuity of metaphors 
aesthetically and normatively came to deal with the children’s possibilities 
of participation in science class. In the “Soil” class Oskar and Jakob investi-
gated a soil sample in order to find out what it consisted of. When they wet 
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the soil Oskar could not bear to touch it. He summed up the experience by 
using the metaphor “doody”, which was “sticky”. Accordingly, such meta-
phor use had consequences for what the children were able to learn and for 
the direction the learning took.  

From what has been said it is obvious that normative, aesthetic and cog-
nitive aspects of metaphor are intimately interwoven and hard to separate. 
Children’s spontaneous metaphors are saturated with meaning and in this 
way are a means of communicating complex relationships. One example of 
the complexity of meaning embraced by the children’s own metaphors came 
from Lars and Henrik in the unit “Mixing and Separating” when they were 
observing salt. The metaphor “pearls” was used as a meaningful factual de-
scriptor of salt. In addition the boys construed the relation “round” and a 
positive aesthetic judgement, “pretty”, to the pearl-metaphor. Finally the salt 
was conceived as “square pearls”. All these relations construed were of sig-
nificance for what the boys were able to distinguish and include in the ob-
servation and hence for learning facts as well as norms about how to pro-
ceed. In extension, they learned that participating in science class could be 
exciting and fulfilling.  

Summary 
The children’s spontaneous metaphors dealt with facts, norms and aesthetics, 
all of which frequently merged, in relation to the science content taught. 
Moreover, the children used their spontaneous metaphors as stepping stones. 
The metaphors were also related to the children’s possibility of proceeding 
with their undertakings, as shown in their relation to aesthetic judgements. 
The spontaneous metaphors used were also connected to the children’s vari-
ous experiences, thus indicating that they have the potential to enliven and 
humanise the science subjects taught.  

III What difference does art make in science? A 
comparative study of elementary school children 
The purpose of this study was to examine how art and artistic activities con-
tribute to engagement and the learning of science. Here I compare two se-
quential activities in an elementary school class. The purpose of the first 
sequence was scientific and involved the children observing leaves with 
magnifiers. The second sequence had an artistic purpose, where the children 
made pictures of leaves by rubbing them with crayons. The research ques-
tion asked is: “What do two sequential activities – one scientific and one 
artistic – afford children to learn in science? I also examine the ways in 
which participation can be seen to develop through aesthetic experience.  
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I visited one class in a medium-sized town school, which resulted in 
about 2½ hours of audio-recordings, which were later transcribed, and 1½ 
hours of video recordings. The video recordings were not transcribed in full 
but used in order to facilitate the analysis. The children who took part in this 
study were 6–7 years of age (Swedish Grade 1).  

The children made certain observations depending on the activity and 
the mediating artefacts used (Table 1). In both sequences the children ob-
served the qualities of leaves and compared their findings, although in dif-
ferent ways. Moreover, using magnifiers and rubbing leaves was shown to 
embrace aesthetic experiences and the children’s imagination.  

 
Table 1 Summary of the relations the children included in the two sequences.  
 Magnifier sequence Rubbing sequence 
Cognitive qualities microscopic macroscopic 
Cognitive compari-
sons 

between individual 
leaves 

between different kinds 
of leaves 

Aesthetic qualities about what can be di-
rectly seen on leaves 

about the pictures  
(authenticity or artistic 
qualities) 

Imagination metaphor metaphor 
assemblage 

 
What was mediated differed somewhat within the two sequences, which was 
a consequence of how the artefacts mediated the children’s and teacher’s talk 
and transactions as part of the activity. Using magnifiers invited the children 
to observe the microscopic qualities of individual leaves, including similari-
ties like “hair” (thricomes) on the “underside” of the leaves, and differences 
between the individual leaves being observed, for example, that there were 
“lines” (small veins) on some leaves but not on all. Rubbing with crayons, 
on the other hand, resulted in observations of a more macroscopic kind, and 
involved comparisons between different kinds of leaves. The leaves of the 
maple tree, for example, looked like a “tree star”, which was not the case 
with leaves from other trees.  

The children were also emotionally and aesthetically involved when par-
ticipating in the two sequences, although to a lesser extent when using mag-
nifiers. When observing with magnifiers the children occasionally expressed 
their fascination by using positive aesthetic judgements, for example, “nice” 
and “weird”, about the qualities of the leaves as seen through the magnifier. 
During the rubbing sequence, though, the satisfaction of the authenticity of 
the imprints made was in focus, for example, one boy exclaimed “Here it’s 
real!” Occasionally, though, artistic licence was central and learning aes-
thetically about leaves from a naturalistic point of view was put aside in 
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favour of learning the aesthetics of free art. This was the case when Mona, 
instead of just rubbing leaves, made a figurative picture.  

Rubbing with crayons, as well as observing with magnifiers, gave rise to 
experiences of an imaginative kind, which were demonstrated in the chil-
dren’s metaphorical expressions, for example, “hair” in relation to thri-
comes, and “freckles”, which gave rise to a giggle, in relation to black dots 
on the leaves. In these situations the familiar words used had a positive aes-
thetic undertone, for example, “freckles” and “tree star”. Accordingly, it can 
bee seen that the children enjoyed participating in the activities; something 
that is of importance for their further engagement in science classes. The 
rubbing sequence occasionally involved making imaginative assemblages, 
such as when Mona made a figurative picture. In their artistic assemblages 
well-known objects like butterflies were inspired from the forms produced 
by the leaf imprints. Imagination, expressed in metaphors and assemblages, 
hence proved to be continuous with learning about the qualities of leaves, 
albeit in different ways.   

Summary 
What was mediated differed within the two activities in progress, which was 
a consequence of the mediating artefacts used and the teacher’s guidance. 
During the observation sequence the children discerned the microscopic 
qualities of individual leaves, while during the rubbing sequence it was the 
macroscopic qualities that caught their eye. In that way the children continu-
ously were afforded to learn about the qualities of leaves. Hence, the art 
activity was complementary to the observations and enhanced what the chil-
dren were afforded to learn about leaves. The children also learned aestheti-
cally about their possibility to participate in the two activities, meaning that 
they found observing and rubbing leaves enjoyable and were satisfied with 
the artistic outcomes. In both sequences the children used their imagination, 
expressed in metaphors and in the rubbing sequence also in assemblages.  

IV Art in science class vs. science in art class. A study 
in elementary school  
The aim of this study was to examine how observations and art activities 
mediate the learning of science in elementary school. The question posed is: 
“What do observations and different art activities afford elementary school 
children to learn in science?” Here I compare the results from six settings in 
which the children were involved in observing (one setting) and observing 
and depicting aquarium fish with texts and illustrations (five settings), using 
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various resources. In three of the settings the aim was scientific and in the 
remaining three artistic.  

I visited six classes in a big city school and staged six different settings: 
“talking science”, “painting” and “sculpturing” in science class and “paint-
ing”, “sculpturing” and “writing a poem” in art class. The mediating arte-
facts used were paste and tissue paper when sculpturing, watercolours when 
painting and pencils when writing a poem. Throughout the children were 
encouraged to observe the fish with magnifiers.  

The data consists of about 14 hours of audio-recordings, all of which 
were transcribed, and 78 photographs of the children’s artwork. In four of 
the classes the children were aged 8 (Swedish Grade 2) and in two classes 
the children were 7-years-old (Grade 1).  

Although the children were involved in observing and making a piece of 
art from two different purposes – an artistic and a scientific – they frequently 
construed relations to the qualities of the fish. On average a group of chil-
dren construed such relations every ½–1 min. Hence, they learned cogni-
tively about fish throughout the lesson.  

However, the different resources used afforded the children to make cer-
tain observations about the qualities of the fish. When involved in an art 
activity the children largely included qualities that were of significance to 
authenticity, while the children engaged in talking science also included 
functions and movements of the different parts of the body of the fish, for 
example, the fish “waves its fins” and “uses the back fin to steer with”. 
Some qualities proved to be difficult to include in the piece of art due to the 
children’s lack of artistic skills, which meant that at times the resources used 
limited what the children were able to incorporate in their artwork. One ex-
ample came from Rita in science class, who made a close observation of the 
scales of the fish but did not include them in her sculpture.  

The children “talking science” communicated their findings through 
speech to a greater extent than the children in the other settings. However, 
the children involved in an art activity recurrently talked about what they 
distinguished, which like the example of Rita mentioned above, did not al-
ways result in their discernment being included in their artwork. Conse-
quently talking was complementary to the artistic activity when the children 
made meaning and communicated their findings. Likewise, a couple of chil-
dren in the art class noticed that the fish had a “moustache above its mouth”, 
but did not paint it. The reverse also occurred, implying that the children 
included qualities of the fish in their artworks although they did not talk 
about what they discerned. For example, in science class, Anders included 
gills (i.e. gill covers), scales and colours in his painting, although did not talk 
about these findings.  

The children also learned about their own relation to the fish being ob-
served, which was shown in their use of positive aesthetic judgements and 
through their moral considerations. Typically, a group of children used posi-



 63 

tive aesthetic judgements every 1–3 minutes. Considering the number of 
positive aesthetic judgements used by the children, observing the fish ap-
peared to be a pleasant experience. Besides, learning aesthetically was 
shown to embrace cognitive learning as well as learning norms about how to 
act and what to exclude and include in order to successfully carry the activity 
forward. One example came from Johanna in the setting “talking science”. 
When she started to observe the fish, she simultaneously distinguished that it 
was “beautiful” and that there was “glitter” on its body. She also discerned 
that the fins looked like “scarves”, which you could see if you used the mag-
nifier. Positive aesthetic judgements were also used to sum up the whole 
experience of encountering the fish, such as, “cool”. In addition, the chil-
dren’s aesthetics had moral ramifications, which was most accentuated in the 
settings “talking science” and “writing poems”. Amanda’s poem is perme-
ated with confidence and trust about the well-being of the fish, for example, 
it “feels well” and everything is “calm and silent”. Henric, in art class, was 
eager to create a good environment for the sculptured fish and included coral 
reef and seaweed, which were related to as being “fine” and “nice”, respec-
tively.  

Besides this, the children seemed to be satisfied with the artwork they 
created, which was shown by the positive aesthetic judgements they used in 
relation to their artwork. Their satisfaction was most often concerned with 
the authenticity of the piece of art in question, regardless of the purpose of 
the activity. For instance, in art class Sebastian was quite pleased with his 
painting and expressed that it was the “nicest” when compared to that of his 
classmate, as he had painted the fish “exactly”. The children also expressed 
their satisfaction with artistic qualities in terms of aesthetic judgements, for 
example, “nice” and “fine”, which were most frequent in the settings that 
had an artistic purpose.  

Summary 
The result shows that the different modes of communication used afforded 
the children to include certain qualities of the fish in their observations and 
in their artwork. At times the resources used constituted a hindrance for what 
the children were able to include in their works of art. In such cases their 
word use was shown to be complementary to the art activity. The reverse 
also occurred, meaning that the children included certain qualities of fish in 
their artwork without talking about what they had discerned. Moreover, the 
children learned aesthetically about fish, which had consequences for the 
direction that learning took and for their possibility of participating in the 
activity. They also gave utterance to moral considerations concerning the 
well-being of the fish, which was also related to the children’s possibility of 
taking part in the activity. 
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7 Discussion 

The main findings of the empirical studies that form the basis of this thesis 
show how aesthetic meaning-making is continuous with elementary school 
children’s learning in science. Aesthetics, which is close to emotion, has 
often been regarded as separate from cognitive learning and conceptual un-
derstanding, meaning that aesthetics and emotions have been related to mo-
tivation and attitudes in science education (cf. Alsop, 2005). However, the 
empirical studies carried out by Szybek (1999a, b), Bloom (1992a, b) and 
Girod and Wong (2002) show that aesthetic experience is of significance for 
what students understand in science as well as for the possibility of taking 
part in science class. In addition, Wickman (2006) has empirically shown 
how aesthetic experience is of importance for university students learning 
the norms of science, and how aesthetics, norms and cognitive learning 
merge. The results of my studies are in accordance with the findings of 
Wickman (2006). This means that I show how elementary school children’s 
aesthetic experiences are related to the activity as a whole and that they are 
crucial for the direction that learning takes. By studying elementary school 
children’s use of aesthetic judgements, spontaneous metaphors and art ac-
tivities from pragmatist and socio-cultural perspectives I show how aesthetic 
experience is of importance for how and what elementary school children 
learn:  

 
• aesthetically 

  and 
• normatively in science class 

  which has consequences for  
• cognitive learning 
• the possibility of participating in the science classroom  
• learning the genre of science 
 

The results also show that children’s prior experiences were frequently re-
constructed and transformed in new encounters in science class, which is an 
imaginative process. In this section I discuss these conclusions and the con-
sequences they, according to me, have for science education.  
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Learning through aesthetic experience  
Some scholars maintain that aesthetics ought to be brought to the fore in 
science education in order to enliven and humanise the subjects (e.g. Dahlin, 
2001; Flannery, 1991, 1993; Lemke 2001). According to Wickman (2006), 
aesthetic experience is an obvious part of learning science. Without aesthetic 
experience in science class, students would turn to other activities because:  

… the aesthetic experiences in science class become interwoven with stu-
dents as individual and social persons, because they interact with the aesthet-
ics, norms, and knowledge of their prior experiences. Students’ aesthetic ex-
periences in these ways are intimately concerned with what students wish to 
be surrounded by and, at the same time, with what gives them joy and sor-
row. All of these aspects are evident in the science classes here examined. 
When we realize that aesthetic experience has this integral role in learning 
science, it becomes meaningless to ask if science education should be made 
more aesthetic. Such a question would be like asking whether students should 
learn any science in science education. Aesthetic experience is there when 
science as educational practice is made continuous with students’ lives. 
(Wickman, 2006, p. 148) 

 
Accordingly, aesthetic experience cannot be added to science class but is 
instead an integral part of the whole experience in a specific practice. Such 
significance of aesthetic experience in science education has typically been 
disregarded. I have empirically shown how aesthetic experience is present in 
elementary school science class – for better or worse – which is in accor-
dance with the findings of Wickman (2006).  

Learning through aesthetic experience also includes emotions. Zembylas 
(2002, 2004) emphasises the significance of emotions in teaching science 
and that emotions are construed in a social context. Watts (2001) and Alsop 
and Watts (2003) argue that emotions are of great significance when learning 
science as they may render a dissociation from the subjects as well as the 
reverse. Aesthetics and emotions are closely related. This relation was dem-
onstrated when elementary school children were involved in observations, 
investigations and art activities in science class. When they found an object 
beautiful or an investigation pleasing, they simultaneously enjoyed taking 
part in the activity. However, an aesthetic experience has a wider meaning, 
as asserted by Wickman (2006) in the quotation above, which was shown in 
how elementary school children used aesthetic judgements and spontaneous 
metaphors in various ways when involved in science and art activities.  

Learning the aesthetics… 
When we are involved in different activities we evaluate the specific situa-
tion and take our stance about how to proceed (cf. Cherryholmes, 1999). 
What follows is that in learning science at school – or any subject for that 
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matter – values, including aesthetic values, constitute an integral part of the 
meaning-making process. An aesthetic experience in science class is em-
braced to learn a certain taste as well as learning what is pleasant or unpleas-
ant. Learning the aesthetics of science therefore means making certain aes-
thetic distinctions. Elementary school children’s learning of such distinctions 
can be seen in the aesthetic judgements used in situated activities in science 
class. Accordingly, aesthetic judgements are indicators of whether students 
are able to make such distinctions or not. Although aesthetic judgements are 
immediate and situated in a specific activity, they constitute an important 
part of the meaning-making process. This is in accordance with the findings 
of Wickman (2006), who points out that students learning science at univer-
sity frequently use aesthetic judgements when making meaning.  

A positive aesthetic experience may mean that children anticipate what 
is going to happen when proceeding with an activity to its consummation 
and close and therefore choose to follow that path. On the contrary negative 
aesthetic experiences may lead to children stopping what they are doing 
because they are disappointed when things do not go their way. They may 
even seek to avoid such actions in the future. Accordingly, aesthetic experi-
ences are of importance for the direction that learning takes.  

In the long run, a negative aesthetic experience needs to be transformed 
into a positive one. Such a transformation is necessary if children are to pro-
ceed with their undertakings and learn what is demanded of them in science 
class. An example of the transformation of a negative aesthetic experience 
into continuous learning came from Julia in Study I, who when first observ-
ing an earthworm could not bear to touch it as she found it “disgusting”. 
When she noticed that it was injured, however, she overcame her feeling of 
disgust and instead found the earthworm “cute”, gave it a pet name and si-
multaneously learned how to handle it, meaning that she was able to con-
tinue to take part in the observation of earthworms. This is closely related to 
the example cited by Szybek (1999a, 2002), where a student arranged a 
squid “nicely”, as compared to nice arrangements in the kitchen, in order to 
overcome her feelings of disgust and fright when dissecting the creature. 
Accordingly, the aesthetics of science class need to be learned. If Julia or the 
student in Szybek’s example (1999a, 2002) had not succeeded in learning 
how to handle the animals in question and transform their negative aesthetic 
experiences into positive ones, it is highly likely that they would have 
stopped doing what was demanded of them, i.e. observing earthworms and 
dissecting squids.  

Earlier studies have shown that children’s own metaphors are related to 
emotions (Bloom 1992a, b). Domaingue (1992) maintains that metaphors 
used in science proper have aesthetic connections, which I suggest is also the 
case in science education, particularly as the children in my studies used 
spontaneous metaphors when learning the aesthetics of science class. The 
children’s spontaneous metaphors often had an aesthetic undertone, for ex-
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ample, salt crystals were related to “diamonds” and a soil sample to “doody” 
(II). Furthermore, the relation of metaphors to aesthetics was explicitly em-
phasised by additional aesthetic judgements. The aesthetic undertone of the 
“diamond” metaphor was emphasised by the positive aesthetic judgement 
“cool” and the “doody” metaphor by the negative aesthetic judgement 
“yech”. Accordingly, children’s spontaneous metaphors and aesthetic 
judgements are used in learning a certain taste and in learning what is aes-
thetically pleasing or displeasing in science class and indicate children’s 
volition and possibilities of participating in school science activities.  

Moreover, many of the children expressed satisfaction with their art-
work, which was demonstrated through their use of positive aesthetic judge-
ments like “nice” and “fine” in relation to the finished picture or sculpture. 
As pointed out by Hayes, Symington and Martin (1994), this can lead to 
further engagement in science education and enliven and humanise the sub-
ject. In this way children may be willing to participate in similar activities in 
the future, which will have consequences for their further scientific learning.  

…and norms of science class… 
Aesthetic experiences are closely related to learning normative dimensions 
of science class, meaning that they do not only deal with what the partici-
pants like or dislike. They also – simultaneously – deal with what is the right 
or wrong way to act (Wickman, 2006). In this respect the elementary school 
children used aesthetic judgements when making choices about how to carry 
the activity forward. Typically positive aesthetic judgements were used 
when the children decided what to include and what belonged to the science 
activity they were involved with, and they used negative aesthetic judge-
ments when deciding what to exclude and what did not belong. An example 
of how aesthetic judgements were used to learn the science class norms 
came from a girl who advised her classmate, in aesthetic terms, how to pro-
ceed with the activity they were involved in, namely, when using the magni-
fier properly, what you will see is “awesome”.  

Just as the aesthetic undertone of the metaphors used was emphasised by 
additional aesthetic judgements, children’s normative uses of spontaneous 
metaphors were stressed by aesthetic judgements. Children investigating a 
soil sample construed the spontaneous metaphor of “cotton” to the soil sam-
ple, and by additional aesthetic judgements like “nice”, “smooth” and “mar-
vellous” the children showed that participating in the activity was pleasur-
able. The relations between the metaphor “cotton” and the positive aesthetic 
judgements also meant that the children discerned what to include and that 
they could proceed with the activity and sort out what the soil sample con-
sisted of.  

Normative uses of spontaneous metaphors and aesthetic judgements also 
sum up children’s experiences of proceeding in different ways, whether posi-
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tive or negative. The metaphor “cotton” in the above example summed up 
the whole positive aesthetic experience of observing a soil sample, while the 
negative aesthetic judgement “disgusting” summed up the experience of 
having earthworms as pets. Aesthetic experiences are thus of significance for 
further participation in science class and negative aesthetic experiences need 
to be attended to as they may lead to children not wanting to participate in 
the specific activity. However, children’s normative choices may not always 
be of advantage in learning the scientific content being taught. The scientific 
norms are not always self-evident, and children often have to learn the norms 
of science class, which in itself is a continuous process. Learning the norms 
of science class is also a question of learning how to distinguish the scien-
tific context from other contexts, i.e. learning the genre of science (see be-
low).  

When children are involved in art activities in science class they also 
make normative decisions about what to include and exclude in their artwork 
and how to proceed. As the children in my studies were frequently engaged 
in creating naturalistic artwork they were often seen to make normative deci-
sions based on a scientific purpose. The children involved in painting and 
sculpturing fish included those qualities of the fish that were of importance 
for the authentic look (IV). However, when the purpose of the lesson, or a 
sequence of the lesson, was purely artistic, the children chose other ways of 
proceeding and other qualities were then included in their artwork. The chil-
dren occasionally included qualities that were more artistic than scientific, 
but their naturalistic approach was predominant.  

…has consequences for cognitive learning 
Learning the norms and the aesthetics of science class consequently directs 
the route learning takes. If students fail to learn the aesthetics of science 
class and the norms about how to proceed they consequently fail to learn 
cognitively in relation to the science subject being taught. If Julia had not 
learned how to aesthetically overcome her feeling of disgust when encoun-
tering the earthworm, and normatively about how to handle it, she would not 
have been able to carry on observing the earthworm and distinguish parts of 
its body. However, children are not always able to transform a negative aes-
thetic experience into a positive one. Julia did not succeed in doing this on 
her own, but in interaction with her classmates in the specific situation. If 
children are not able to transform a negative aesthetic experience into a posi-
tive one and proceed with their undertakings, their learning of the scientific 
content will decrease and they may, in the long run, drop the subject of sci-
ence.  

Aesthetic judgements were used as factual descriptors. As such the chil-
dren used aesthetic judgements in order to sort out and characterise specific 
features of objects being observed or investigated. Two children involved in 
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sorting out what a soil sample consisted of succeeded in their task by using 
an aesthetic judgement as a factual descriptor (I). The aesthetic judgement 
“nice” referred to the children’s earlier experiences of clay and sand, both of 
which were pleasing to the touch. The children can also be said to give a 
reason for why the sample consisted of those items by their use of the aes-
thetic judgement “nice”. They already knew that some types of soil are not 
pleasant to touch, and therefore excluded those types of soil samples in this 
situation.  

The children used spontaneous metaphors as stepping stones when try-
ing to make meaning in science class. In that way there was a recurrent 
transformation of factual knowledge. This is in accordance with the findings 
of Bloom (1992b), where, for example a girl used the metaphor “slinkies” 
when describing how earthworms move. However, as pointed out by Do-
maingue (1992), each metaphor makes some aspects salient while others are 
disregarded, meaning that the metaphors used helped the children to discern 
certain things. The children seemed to be aware of this when using addi-
tional metaphors, for example, “hair”, “caterpillars” and “worms” when de-
scribing the stigmas of a tree bud, which in turn deepened their learning. 
This supports Wong’s (1993) findings that additional self-generated meta-
phors are a means of supporting learning in science.  

As was the case for aesthetic judgements, the children rarely asked about 
the meaning of the metaphors used. They did not seem to need to question 
the metaphors but they were immediately intelligible to their classmates. The 
children were thus able to communicate their findings and make meaning in 
science class. However, there were exceptions: one being when two children 
could not agree that gravel looked like a “shark-tooth”, and that the particu-
lar metaphor was appropriate to use.  

Moreover, the children used spontaneous metaphors when sorting out 
and classifying objects in science class. As an example, the metaphor “tree-
star” was used in relation to maple leaves; a metaphor that was not useful 
when describing other leaves (III). The metaphor thus helped the children to 
discern which qualities are significant when learning science. In other words 
they were able to distinguish that maple leaves and birch leaves are quite 
different.  

According to Pramling (2006b), children’s spontaneous metaphors are 
“meta-communicative markers”, meaning that children are aware that they 
are communicating one thing in terms of another. This is also supported by 
my results. Elementary school children seem to know that they are making 
comparisons between different domains when using spontaneous metaphors 
because they use words such as “like” and “as if” in relation to them. In ad-
dition, children’s awareness about the metaphoric nature of the words used 
was demonstrated by their giggling and interjections. For example, the 
metaphor “freckles” in relation to dots observed on leaves gave rise to laugh-
ter. Accordingly, learning science also embraces a humorous aspect, which 
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is rarely studied in science education but which is nevertheless related to an 
aesthetic experience (cf. Wickman, 2006).  

Art activities in science class are closely related to depicting an object as 
precisely as possible, meaning that vision is the predominant sense used (cf. 
Hayes, Symington & Martin, 1994). Previous studies on art in science edu-
cation have shown that art activities are of significance for learning to ob-
serve and consequently for cognitive learning (cf. Hayes, Symington & Mar-
tin, 1994; Weigand, 1985), which again is supported by my studies. At first a 
boy observing leaves could not see any “lines” (veins) on his leaf, but when 
he rubbed the leaves the veins emerged as “sticks”. This transformation 
meant that the veins that were first looked upon as a two-dimensional pattern 
were now conceived as constituting a three-dimensional pattern. Accord-
ingly, art activities may enhance children’s observational skills in various 
ways, which indicates that art is a valuable aspect of learning science and is 
compatible with scientific activities. The children studied demonstrated a 
naturalistic approach and made their artwork as authentic as possible. This 
means that they learned about the qualities of the objects being observed and 
depicted, which in turn were not only communicated through the artwork 
created but also linguistically. Again aesthetic judgements and metaphors 
were recurrently used by the children when trying to make meaning in class. 
Accordingly, different modes of communication help children to experience 
a wider array of qualities in the science classroom (cf. Goodman, 1969; 
Kress, Jewitt, Ogborn & Tsatsarelis, 2001; Root-Bernstein, 1991, 1996).  

Concurrent learning – a blend of aesthetics, norms and cognition  
Bloom (1992a, b) shows how emotions, values and aesthetics are interre-
lated in the meaning-making process and are of importance for what students 
are able to learn. The results of my studies support the findings of Bloom in 
that aesthetics is interwoven in the experiences made in science class. 
Moreover, I have shown how learning the norms and the aesthetics of sci-
ence class is of significance for the route that learning takes and how values, 
norms and facts frequently merge when elementary school children are 
learning science. The same aesthetic judgement simultaneously involved 
learning whether the experience was aesthetically positive or negative and 
how to carry the activity forward. Depending on what the children decided to 
include and exclude in the activities they were involved in, they learned cer-
tain things about the objects being observed and investigated. The example 
of sorting out what a soil sample consisted of by means of the aesthetic 
judgement “nice”, demonstrates that the children found taking part in the 
activity pleasurable. It also shows that they decided what was important to 
include and how they were finally able to determine what the soil sample 
consisted of.  



 72 

In a similar way the same spontaneous metaphor frequently encom-
passed a blend of cognitive, normative and aesthetic learning that is difficult 
to separate. An example of this is when salt crystals were related to “round 
pearls”, “pretty pearls”, “snowball” and finally to “square pearls”. In the 
encounter with salt crystals the children learned what was relevant to include 
in the observation and that taking part in this science activity was pleasur-
able. They also learned what salt crystals look like. The spontaneous meta-
phors were therefore of significance when the children communicated these 
relations. Accordingly, aesthetic experiences are of importance for the direc-
tion that learning takes. 

Teachers’ use of aesthetic judgements and spontaneous metaphors 
Elementary school teachers, like university teachers (Wickman, 2006), re-
currently used positive aesthetic judgements when helping children to distin-
guish what belongs in science class and when confirming and evaluating the 
children’s work. They also used aesthetic judgements in order to sum up that 
consummation of an experience would be reached if the children succeeded 
in accomplishing the set task. This is also a question of taste, which has con-
sequences for children’s proceedings in science class. As children’s aesthet-
ics do not always tally with those of the teacher – or with other children’s – 
it is not always apparent that they have understood the intended meaning. In 
such instances the activity may stop or take another, and from the teacher’s 
point of view, more undesirable direction. A teacher’s use of positive aes-
thetic judgements thus not only has consequences for the children’s sense of 
well-being, but also for how they proceed, and additionally, for what chil-
dren are able to learn cognitively and conceptually.  

The teachers occasionally used spontaneous metaphors when talking to 
the children, like ”threads” in relation to veins of leaves and ”hairs” in rela-
tion to the stigmas of a bud. However, as the focus of my study is on chil-
dren’s use of spontaneous metaphors it is possible that the teachers used 
metaphors to a greater extent than is evident in my results (II). With a single 
exception, on the occasions that metaphors were used by the teachers they 
were intelligible to the children and could be said to serve as bridges be-
tween what was already familiar and what was new (cf. Flannery, 1991; 
Muscari, 1988). In those encounters the teachers’ metaphors helped the chil-
dren to observe qualities they may not otherwise have noticed. Just as chil-
dren might not agree with their classmates’ metaphors – like the metaphor 
“shark-tooth” in relation to gravel – they might not always agree with those 
of the teachers. In such situations the learning intended by the teacher may 
take an undesired direction or come to a halt.  
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Aesthetic experience – a question of participation 
Learning the norms and the aesthetics of science class results in a continuous 
transformation of the relation between children and the scientific activities 
they are involved in. Aesthetic experiences are intimately interwoven with 
children’s possibilities of taking part in science class – for better or worse. If 
children often experience that they do not succeed in science class, or that 
participating in science activities recurrently is a negative aesthetic experi-
ence, there is a risk that they may switch off from science and instead learn 
that they do not belong. If children are not willing to participate in the sci-
ence activity proposed by the teacher, the learning outcome will be re-
stricted, at least from the teacher’s point of view. In extension, children’s 
aesthetic experiences are important indicators of what they learn about them-
selves with regard to science, which in turn is a question of identity (cf. 
Brickhouse, Lowery & Schultz, 2000; Lundegård, 2007; Wenger, 2004; 
Wickman, 2006). Dahlin (2001) and Szybek (1999a) maintain that it is im-
portant that science education relates to children’s lives. If science education 
does not appeal to children and they do not find that science has any mean-
ing in their own lives, they will most certainly turn their backs on the sub-
jects.  

Children’s use of negative aesthetic judgements and negative aesthetic 
spontaneous metaphors does not necessarily mean that the aesthetic experi-
ence as a whole will be conceived as negative. Instead, negative aesthetic 
judgements and metaphors may help children to sort out what does not count 
in science class and learn what is important to include. This was the case 
when a soil sample was referred to as being too wet, meaning that it was 
impossible to role it into a ball and hence to find out whether it consisted of 
clay. In this situation the negative aesthetic judgement “disgusting” was 
used, as opposed to using the positive aesthetic judgement “nice” to indicate 
that the right amount of water should be added. A negative aesthetic judge-
ment or metaphor does therefore not necessarily imply that learning is going 
astray. Although the encounter with a soil sample was summed up as being 
“like spinach”, which was related to negative aesthetic judgements as 
“blooch” and “yucky”, the children were able to proceed with their undertak-
ings. Not only that, in using the negative aesthetic metaphor they were also 
able to observe certain things about the soil. This is in accordance with the 
example of Bloom (1992a), where a girl noticed what was inside an earth-
worm despite finding it “depressingly see-through” (p.185). 

However, in the long-term, recurrently negative aesthetic experiences 
need to be transformed into positive ones in order to encourage students to 
get involved in science. The children sometimes succeeded in doing this 
themselves, for example, when learning how to handle earthworms. After 
first being regarded as “disgusting”, the earthworm was finally conceived as 
“cute”. Accordingly, aesthetic experiences are continuously transformed, 
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and both positive and negative aesthetic experiences are necessary in order 
to make meaning in the science classroom.  

An aesthetic experience also involves moral considerations about the 
right or wrong way to act. Garrison (1997, p. 77) asserts that, to Dewey, 
morals are part of “practical wisdom”. Moral considerations are thus con-
tinuous and as such emanate from situations that have some distance from 
the actual situation experienced, and are reconstructed. Like aesthetic values, 
moral values “cannot be avoided in science education, because all knowing 
as action (saying or doing something) has ethical aspects and involves inclu-
sion and exclusion of meanings” (Wickman, 2006, p. 45). This was evident 
when the children were involved in depicting and observing aquarium fish 
(IV). Their moral considerations about the well-being of the fish and how 
they ought to be treated may lead to dissociation from taking part in similar 
activities in the future, or vice versa. Accordingly, values are of crucial sig-
nificance in the meaning-making process and cannot be excluded from the 
learning of science.  

Learning the genre of science 
The aesthetics of science differs from the aesthetics of other enterprises, for 
example, an insect that is beautiful in a scientific context may not be beauti-
ful in the context of art or every-day life. A certain wasp may be looked 
upon as beautiful from a scientific point of view, and as ugly from an every-
day angle in that it may constitute a threat. As argued by Schoultz (2002) 
students have to learn to communicate within different contexts and also 
learn to separate them in order to enhance learning in different areas. An 
aesthetic experience in science class thus involves learning to sort out the 
aesthetics of the science class from the aesthetics of other contexts, i.e. learn-
ing the genre. Just as university students need to learn what a beautiful insect 
looks like from a scientific point of view (Wickman, 2006), elementary 
school children need to learn what is aesthetically displeasing or pleasing in 
the discourse of the science class. Such distinctions do not come suddenly 
but are gradually learned by the participants. To some of the children observ-
ing earthworms in science class was a positive aesthetic experience, as in 
this encounter the earthworms were considered “cute”. However, having 
them as pets would be “disgusting”. The children thereby communicated that 
they were able to alternate between different domains, i.e. science and every-
day life, meaning that two parallel aesthetics met in this encounter.  

Moreover, the fact that children are inventive was highlighted in Szy-
bek’s (2002) example of a student overcoming her sense of disgust when 
dissecting a squid. Similarly, Julia managed to carry out an observation of 
earthworms even though she found them repugnant at first. In both cases the 
animals were first of all conceived as disgusting, but on learning the aesthet-
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ics of science a transformation occurred with regard to what was aestheti-
cally pleasing or displeasing. Accordingly, aesthetic experience, whether 
positive or negative, is linked to a specific situation.  

Learning the genre was extended in Study III and Study IV to also em-
brace learning the aesthetics of art class, although this time with reference to 
a biological content. However, the children’s naturalistic approach to art 
activities pointed to them being tacitly able to sort out the genre of science. 
For example, a “nice” painting was the equivalent of an authentic copy of 
the object observed. When the art activities had an artistic purpose it is logi-
cal to suggest that rather than making their artwork as authentic as possible, 
the children would have instead produced imaginative paintings and sculp-
tures. Learning the genre of art, for example, could also embrace making 
non-figurative pictures and sculptures of the objects observed. However, 
with the exceptions of a couple of assemblages when rubbing leaves (III), 
the children did not create pictures or sculptures simply by using their 
imagination. This may be due to the fact that the art activities were related to 
a biological content.  

Aesthetic experience – a continuous and imaginative 
process  
According to Carlsen (2007), “language is central to science” (p. 67) and 
science teaching. Language is not only used in communication and interpre-
tation, but is also “a tool for participation in communities of practice” (p. 
69). As such, language is used when solving shared problems in science and 
in science class in order to achieve a common understanding. However, 
learning science means learning a new language (Lemke, 1990). As scien-
tific language is not always familiar to elementary school children they tend 
to use every-day words, such as aesthetic judgements and spontaneous meta-
phors, when trying to make meaning in science class. Spontaneous meta-
phors therefore serve as bridges between past experiences and the present 
one (cf. Dagher, 1995a; Muscari, 1988; Wong, 1993), which I also suggest 
to be the case with aesthetic judgements.  

Children’s prior experiences were frequently reconstructed and trans-
formed in new encounters in class. Accordingly, learning is to be seen as a 
continuous process. In this process the children frequently used their imagi-
nations, as was demonstrated in their use of aesthetic judgements, spontane-
ous metaphors and in their artwork, albeit in different ways. 

Children’s spontaneous metaphors were derived from past experiences 
and functioned as a means in the meaning-making process. In addition, what 
children conceive as ugly/beautiful and pleasing/displeasing requires the 
reconstruction of earlier experiences being transformed into the new situa-
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tions. In this respect the continuity of an experience is imaginative. With 
regard to the children’s artwork their imaginations were occasionally fired 
by the assemblages made, which indicates that their previous art activity 
experiences were reconstructed and transformed. It is worth reiterating here, 
however, that the children frequently demonstrated a naturalistic approach 
when involved in art activities.  

Accordingly, children’s aesthetic experiences do not only relate to the 
actual situation but are also constituted by earlier personal experiences being 
reconstructed and transformed into new encounters. However, what is con-
ceived as beautiful/ugly and pleasing/displeasing differs between cultures, 
whether different group constellations or entire societies (Wickman, 2006). 
Cultural differences relating to interpretation and choice of metaphor have 
also been noticed (Thomas, 2006). Thomas (2006) suggests that by examin-
ing students’ metaphors it is possible to get “a window into their culture in 
relation to teaching and learning” (p. 108).  

A cultural understanding of what can be denoted as related to taste and 
pleasure/displeasure and choices of spontaneous metaphors is part of chil-
dren’s prior experience. Consequently, children’s aesthetics may differ from 
those of the teacher or other children’s. One example came from a teacher 
who tried to encourage the children to observe a bud closer by using the 
aesthetic judgement “really pretty”. In this encounter the aesthetic judgement 
used by the teacher did not make sense to the children, who, instead of pro-
ceeding with the observation, wanted to know what would happen next. 
When teachers’ and children’s aesthetics do not tally the proceedings in class 
may take an undesired direction, at least from the teachers’ point of view. 
When previous experiences are not shared by the participants, gaps might 
not be noticed – or if they are noticed, not filled. In such instances the activ-
ity either takes another route or comes to a halt.  

Similarly, children’s use of spontaneous metaphors is not always agree-
able to other children. One example of this was a boy and girl who could not 
agree that the gravel observed looked like a “shark-tooth”. Rather than pro-
ceeding with the activity they grumbled about the metaphor used (II). This 
may be a question related to gender. Boys and girls have different interests, 
different experiences and different points of reference that do not always 
correspond.  

Moreover, the interpretation of the purpose of an activity depends on 
earlier experiences, meaning that the participants may interpret the purpose 
of what they are doing in different ways. Here there could be a clash be-
tween, for example, teachers’ and children’s views of how to carry the ac-
tivities forward. This happened when a boy was involved in building a card-
board house in which he was to install electric connections, which was the 
teacher’s intention. Two purposes were thus involved in the activity: an ar-
tistic purpose (fit the house) and a scientific purpose (make the lamps light 
up). However, instead of installing lamps the boy was eager to make the 
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house “cosy”. In this situation interior artistic fittings prevailed over the 
teacher’s scientific intentions. Consequently, in such situations the meaning-
making takes a course that is different from that intended by the teacher.  

Language use and art activities – advantages and 
disadvantages 
It was possible to examine the significance of elementary school children’s 
aesthetic experiences through the use of aesthetic judgements, spontaneous 
metaphors and through the use of mediating artefacts in the art activities the 
children were involved in. Children’s language use and the various mediat-
ing artefacts were shown to restrain as well as promote children’s meaning-
making in science class depending on the situation.  

Language use 
That metaphors constitute both a limitation and an enhancement for what 
students can learn in science is well known (cf. Domaingue, 1992; Lakoff & 
Johnson, 2003; Sutton, 1995). The elementary school children studied in the 
context of this thesis principally used spontaneous metaphors as momentary 
situational factual descriptors, which served as stepping stones and bridges 
between prior experiences and the new one. In that way they helped the chil-
dren to discern certain things and communicate their findings. Two children 
construed the relation “crystals” to salt apparently without knowing that 
pieces of salt are known as crystals. They proceeded to fill the gaps with 
relations like “little round things”, “This here is all wet like…” and yet an-
other metaphor, “bubbles”. That salt crystals look like “bubbles” means that 
the children observed that salt crystals are round. Besides, the spontaneous 
metaphors used by the children were immediately intelligible to their class-
mates. Some qualities of the objects observed by the children were disre-
garded through their metaphor use: an example of this being the metaphor 
“lines” construed in relation to veins. My interpretation is that this metaphor 
did not help the children to see that veins are three-dimensional. Aside from 
this, spontaneous metaphors are a means or resource when learning science 
and help the children to carry the activity forward. Children’s spontaneous 
metaphors thus constitute a starting point for meaning-making in science 
class (Cameron, 2002). Moreover, the children seemed to be tacitly aware of 
the limitations of their metaphors when using additional ones (e.g. “hair”, 
“caterpillar” and “worms” in relation to the stigmas of a bud), which were 
not in conflict but instead deepened the children’s observations and en-
hanced their meaning-making.  
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In addition, the use of aesthetic judgements both promoted and limited 
what the children were able to learn in science class, independent of whether 
the experience was positive or negative. In both cases some aspects were 
highlighted by the children while others were disregarded. In one encounter 
a soil sample was related to the aesthetic negative metaphor “spinach”, 
which was emphasised by the negative aesthetic judgements “blooch” and 
“yucky”, and in another to “nice”. In both encounters the aesthetic judge-
ments used, as well as the metaphor, were quite understandable to the other 
children in these groups and they learned that some aspects of soil look like 
spinach and some types of soil are nice to touch.  

If children do not agree with the aesthetic judgements or spontaneous 
metaphors being used they may abort their activities – which happened when 
two children could not agree that gravel looked like a “shark-tooth”. Such 
disagreements constitute a limitation for children’s proceedings and hence 
for what they can learn. A disagreement may also lead to learning taking 
another course, which also means that learning could be enhanced. Chil-
dren’s disagreements and agreements may depend on cultural aspects and 
gender, which may in turn imply a limitation or enhancement for what chil-
dren are able to learn.  

Mediating artefacts  
Different modes of communication have different consequences for the 
learning outcome (cf. Goodman, 1969; Kress, Jewitt, Ogborn & Tsatsarelis, 
2001). Each mode has its advantages and disadvantages, meaning that what 
is made salient in one mode may be disregarded in another. The children 
who were primarily involved in art activities distinguished the appearance of 
the fish being observed (IV). However, those children who were involved in 
talking about their findings without painting or sculpturing were more alert 
as to how the fish moved, while the children writing a poem construed rela-
tions of a moral nature.  

Different forms of representation, for example, writing poems, painting, 
and sculpturing involve learning norms about how to carry on, i.e. what to 
include or exclude, which depends on the mediating artefacts used (Säljö, 
2005). Just like the case concerning spontaneous metaphors and aesthetic 
judgements, different artefacts render some things salient and disregard oth-
ers. Different mediating artefacts also involve learning norms for different 
ways of acting and are therefore of importance for the meaning-making 
process. Children need to learn how to handle different mediating artefacts 
by using them to make meaning in science education. Different mediating 
artefacts are used in the science classroom, which are often specific and un-
familiar to students. If students cannot use them properly, learning may go 
astray (Säljö, 2005). This was evident in that the mediating artefacts were 
not familiar to the children and proved difficult to master, which constituted 
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a limitation for what they were able to include in their artwork. For example, 
it was difficult for the children to include minute details when sculpturing 
the fish because the tissue paper stuck to their hands. Another example came 
from the setting “writing poems”. As the children were not used to this mode 
of communication it constituted an obstacle for what they were able to in-
clude in their poems. Accordingly, there is a need for complementary medi-
ating artefacts when learning science – an aspect that should also apply to 
other subjects and content.  

Teachers’ guidance 
Teachers’ guidance is of importance for what children are able to discern 
and learn. Such guidance is largely normative, meaning that what is of inter-
est to observe and how to act is pointed out by the teacher. Although teach-
ers’ guidance promotes learning, a too strong guidance may result in aes-
thetic experiences being disregarded or limited. If teachers fully determine 
the direction that learning is to take, there is little room for children’s inter-
action with each other and for discoveries of their own. I suggest that there is 
a need to balance between the teacher’s supervision and children’s own deci-
sions about how to carry the activity forward.  

Consequences for science education 
As an aesthetic experience embraces several aspects of the meaning-making 
process and is crucial for the direction that learning takes, it is important to 
pay attention to this in science education.  

Children’s aesthetics is a question of taste, which does not always coin-
cide with the teachers’ aesthetics or those of other children. Julia’s feeling of 
disgust when encountering earthworms, the boy making a cosy house instead 
of installing electric circuits and the disgust when investigating a soil sample 
are all examples of how aesthetic taste can differ and clash with the meaning 
intended by teachers. In such instances it is important that science teachers 
pay attention to the fact that two different tastes are involved, namely, the 
teacher’s and the child’s, in order to help children proceed with their under-
takings and learn the scientific content being taught.  

With regard to the boy making a cosy house, two genres were confused, 
i.e. the genre of science and the genre of art. This was also the case when 
earthworms were conceived as cute in science class, but as disgusting as 
pets. In this encounter the genre of science and the genre of every-day life 
were mixed up. Such confusion needs to be acknowledged if children are 
going to recognise the scientific discourse from other discourses.  

It is crucial to distinguish children’s moral considerations and negative 
aesthetic experiences in science education. But since one and the same activ-
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ity may be conceived in various ways by the participants this can constitute a 
dilemma. However, children’s solutions of how to proceed with an activity 
they find displeasing or immoral can be brought to light in science class and 
thus help other children in their proceedings. Teachers may also have to 
reconsider the curriculum and take account of children’s emotional, aesthetic 
and moral considerations. 

The different meanings of spontaneous metaphors and aesthetic judge-
ments and the fact that they like art activities can render some aspects salient 
and disregard others is a feature that has to be addressed in science educa-
tion. This issue has been discussed at length in relation to metaphors (e.g. 
Domaingue 1992) and different modes of communication (e.g. Kress, Jewitt, 
Ogborn, & Tsatsarelis, 2001) but not with regard to aesthetics in science 
learning with the exception of Wickman (2006). Such meanings have to be 
attended to as they are of importance for what students are able to learn in 
science class.  

Implications for further research  
Aesthetic experience is of significance in the meaning-making process. This 
is applicable when children make meaning in science class as well as in 
other content areas at school, and in extension in every new encounter that 
occurs. Besides, elementary school children and teachers use aesthetic 
judgements in the same manner as university students and teachers (Wick-
man, 2006). In addition, university students (Wickman, 2006) and elemen-
tary school children alike used aesthetic judgements when learning cogni-
tively, aesthetically and normatively in science. One question pertaining to 
this is whether the use of aesthetic judgements in science education is gen-
eral, and to what extent they are used at the intermediate levels. I have drawn 
attention to the fact that cultural differences with regard to aesthetic experi-
ence may have significance for the direction that learning takes. In line with 
this I have pointed out that there may be differences in how an aesthetic ex-
perience is conceived by boys and girls. I suggest that cultural differences 
and similarities, with regard to aesthetic experience in science education, 
need to be studied further, as do differences and similarities with regard to 
gender. Moreover, I have shown that in some situations children use aes-
thetic judgements to a lesser extent than in others (I, III). As children’s aes-
thetic experiences are shown to be of significance for the route that learning 
takes, it would seem important to investigate this phenomenon further.  

The use of spontaneous metaphors as a means of learning science was 
outlined in Study II. These results are in line with the findings of Wong 
(1993), who carried out a study showing that trainee teachers used self-
generated metaphors when learning science. Likewise, Cameron (2002) in-
vestigated elementary school children’s use of spontaneous metaphors and 



 81 

concludes that they served as a means in science class. Again the question 
that follows is how spontaneous metaphors are used in secondary school. 
Moreover, I showed how spontaneous metaphors are related to learning the 
aesthetics and the norms of science class. As such the use of metaphors is of 
significance for the route that learning takes and I propose that there is a 
need for more studies on this issue. Harrison and Treagust (2006) found that 
Grade 12 students seldom used metaphors when talking science in class. 
There is a possibility that elementary school children, who do not yet know 
the genre or the language of science, are more likely to use metaphors when 
talking about their findings than older students. I also suggest that if teach-
ers’ guidance is strong, students‘ metaphoric use may be limited, an aspect 
that would also be worth studying in more detail.  

Specific art activities in science class were shown to enhance and restrict 
what children were afforded to learn (III, IV). This is in line with the find-
ings of Kress, Jewitt, Ogborn and Tsatsarelis (2001), who maintain that dif-
ferent modes of communication have various consequences for meaning-
making. What this means for science education could also be extended and 
compared to other forms of representation. I suggest that there is a need for 
further investigation into the significance of different mediating artefacts and 
how they might be used to create a science education that reflects aesthetic 
experience as Dewey intended it. 
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Abstract. In this article we examine the role that art activities play in aes-
thetic experience and the learning of science. We compare the recordings of 
two sequential occurrences in an elementary school class. The purpose of the 
first sequence was scientific and involved the children in observing leaves 
with magnifiers. The second sequence had an artistic purpose, where the 
children made pictures of leaves by rubbing them with crayons. The material 
was analysed by means of a practical epistemology analysis and Dewey’s 
philosophy of aesthetics and socio-cultural approaches using the concept of 
mediation. The results show that what was mediated in the two sequences 
differed. When observing with magnifiers the children discerned the micro-
scopic qualities of the individual leaves, and when rubbing they observed the 
macroscopic qualities of the classes of leaves; the mediating artefacts used 
thereby having an effect on learning. The children also learned how to take 
part in the activities aesthetically. What the results mean for the use of artis-
tic activities in science education is discussed.  

Introduction 
In this article we study how art and artistic activities may contribute to en-
gagement and the learning of science. We compare two sequential activities 
in an elementary school class. The purpose of the first sequence was scien-
tific and involved the children observing leaves with magnifiers. The second 
sequence had an artistic purpose, where the children made pictures of leaves 
by rubbing them with crayons. The question we ask here is how these two 
different activities afforded the children making certain observations and 
thereby learning specific things about the qualities of leaves. We also exam-
ine the ways in which participation can be seen to develop through aesthetic 
experience. Finally, we discuss what the results mean for the use of artistic 
activities in science education.  



 2 

The problem of how art can contribute to science education might be 
perceived as having little significance, as art has traditionally been viewed as 
a more subjective and emotional activity than science, which depends on 
cognitive and objective interests (e.g. Gardner, 1971; Strike & Posner, 
1992). However, several scholars have pointed out that such a view tends to 
disregard the often complex and contingent processes involved in science 
and the science classrooms; processes that closely resemble those of art (e.g. 
Bloom, 1992a, b; Cherryholmes, 1999; Jakobson & Wickman, 2008; Wick-
man, 2006). Many argue that both science and art are creative activities that 
are complementary, compatible and possible to combine (e.g. Fischer, 1999; 
Root-Bernstein, 1996; Watts, 2001; Weisskopf, 1979; Vickers, 1988).  

The arguments for using art in science education can be divided into two 
camps (Adams & Fuchs, 1985): those who argue that art can be used as a 
motivating power or as a means of injecting zest into the classroom and 
those who claim that art is a means for learning science. At the same time it 
has been argued that more empirical studies are necessary in order to deter-
mine whether such arguments can be supported (Watts, 2005; Wickman, 
2006). Here we study both questions in terms of what children were afforded 
to learn cognitively and aesthetically about leaves. 

Although several scholars have emphasised the importance of incorpo-
rating art in science classes on rational or ideological grounds, few empirical 
studies address the significance of artistic activities for the learning of sci-
ence. Most studies are concerned with investigating the significance of de-
picting objects as precisely as possible. In line with this, Symington, 
Boundy, Radford and Walton (1981) found that instead of drawing leaves 
from a close observation, children tended to draw them from memory. How-
ever, some results suggest that drawing in conjunction with learning science 
could contribute to the enhancement of children’s observational skills 
(Hayes, Symington, & Martin, 1994; Laverne Nelson, Martin, & Baldwin, 
1998). Moreover, Hayes et al. (1994) found that the art activities they used 
in science classes promoted the children’s enjoyment and satisfaction. 
Weigand (1985) carried out an empirical study in which high school students 
in an integrated art/science class used drawing in order to learn about ethol-
ogy. Weigand claims that students in the integrated class had a more positive 
attitude to both science and art and a better retention of both art and science-
related knowledge, than those students who had not attended the integrated 
class. On the basis of his results he argues that art should be used in order to 
enrich and enliven science education. 

An empirical study of special interest here is that of Kress, Jewitt, Og-
born and Tsatsarelis (2001), in which they describe Grade 7 students making 
models of plant cells as homework. The material used for making the models 
was carefully chosen by the students in order to explain the structure of the 
cell and its functions. Accordingly, the material used was motivated and 
interwoven in the students’ meaning-making processes as part of the purpose 
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of the specific activity. Consequently, Kress et al. claim that spoken or writ-
ten language is not enough when communicating science, but that different 
modes of communication (such as making models instead of writing about 
the cell) have different consequences for the meanings made. In socio-
cultural parlance the different modes of communication could be viewed as 
different kinds of mediation embedded in various kinds of activities, and that 
such differences have consequences for what teachers and children talk 
about and hence for what children can learn (cf. Säljö, 1996; Wertsch, 1995). 
Kress et al. (2001) studied activities where different modes of communica-
tion were used but that had a straightforward scientific purpose. Here we 
take their results further and compare two activities – one with an artistic and 
the other with a scientific purpose. Both activities focus on the same biologi-
cal objects (leaves) although employ different mediating resources (crayons 
and magnifiers, respectively) in order to determine what the children learn. 
To our knowledge such a comparison of what scientific versus artistic activi-
ties afford students to learn has not been made before. 

Theoretical background 
One question that recurs with regard to mediation is what it is that is being 
mediated. In this article we use the concept ‘mediation’ in the sense of hu-
man actions mediated by the artefacts used (Wertsch, 1995). We include 
language use as action, in that talking means acting towards other people 
(Searle, 1997; Wickman, 2006). This is in line with Wittgenstein 
(1953/1996), who maintains that language is part of an activity and if we 
want to understand the meaning of words we have to look at the activity in 
which they are used. Hence, according to Wittgenstein, words first acquire 
meaning when they occur in a language-game, i.e. in a specific situation as 
part of an activity. This view of meaning-making as learning in action has 
also been used by a number of socio-cultural studies (e.g. Lave, 1996; Ro-
goff, 1990).  

In this study we are especially interested in how the artefacts used in art 
and science education, mediate the teachers’ and the children’s actions and, 
accordingly, what the children are afforded to learn. Mediating artefacts are 
culturally and historically constituted and participating in an activity means 
that the artefacts used carries the heritage of the specific practice. However, 
mediation does not occur automatically, but is shaped by interactions with 
more competent users and peers (Wertsch, 1998; Wertsch, Del RíO, Alvarez, 
1995; Vygotsky, 1986). We do not view mediation as passive, mechanical 
and determinate. Instead, mediation has to be examined empirically in that it 
is not only dependent on the situated activity and its specific purpose, but 
also on the interlocutors’ earlier experiences of similar situations. This can 
be said to constitute a pragmatist understanding of the concept of ‘media-
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tion’, where you study mediation as encounters and are interested in how 
these encounters influence the direction that learning takes by the use of 
certain artefacts (Wickman & Östman, 2002). 

We have adopted the meaning of an experience in accordance with 
Dewey’s (1938/1997) principle of continuity, which means that our previous 
experiences are continually reconstructed and transformed when making 
sense of new situations. In accordance with this, observing, whether the aim 
is scientific or artistic, is not just a question of absorbing facts. Instead, prior 
experiences need to be carried into the new experience, so that it is expanded 
and deepened and can be made sense of (Dewey, 1934/1980). The question 
is to determine how earlier experiences are used when children make sense 
of new ones and what this means for the direction that learning takes. In 
addition, imagination is necessary when prior experiences are reconstructed 
and transformed into new encounters. Hence, imagination constitutes a link 
between what has gone before and what is new (Dewey, 1934/1980). 
Moreover, Dewey’s principle of continuity indicates that learning and mean-
ing-making are continually taking place; something that is also stressed by 
Lave (1996). However, the direction that learning takes does not always 
embrace the expected and desired route of, for example, the teacher or with 
reference to accepted scientific knowledge (Rogoff, 1990). 

Dewey (1925/1958; 1899/1990) argues that observing is the common 
denominator in art and science. Moreover, he maintains that there is no other 
work in school than art 

that better develops the power of attention, the habit of observation and of 
consecutiveness, of seeing parts in relation to a whole. (Dewey, 1899/1990, 
p. 174) 

 
To Dewey (1934/1980), observing in both science and art always involves 
determining what to include and exclude when trying to compose an integral 
whole in order to carry the activity forward. What is observed and what can 
be learned is thus dependent on a particular activity. Accordingly, observing 
how the activity is mediated is of considerable interest.  

By using a practical epistemology analysis (PEA) emanating from 
Dewey, the later works of Wittgenstein and socio-cultural approaches, it is 
possible to empirically describe the direction that learning takes (Wickman, 
2004, 2006; Wickman & Östman, 2002). Traditionally, epistemology deals 
with questions about how we acquire knowledge and what knowledge is 
(Grayling, 1996). Rorty (1991) suggests that knowledge is ‘habits of action’ 
(p. 1) that are necessary for the management of our every-day lives. A PEA 
adopts a definition of knowledge that is close to Rorty’s, i.e. a study of how 
we learn such habits when participating in specific activities, for example, in 
the science classroom. A PEA is also a paraphrase of Piaget’s (1970) genetic 
epistemology, which focuses on the development of an individual’s mental 
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capacities. Like Piaget’s genetic epistemology, a PEA focuses on ‘the devel-
opment of the human mind’ (Wickman, 2006, p. 52). There is a difference, 
however, in that a PEA maintains that the unit of analysis is not individual 
mental capacities but the activities of individuals as participants in a social 
practice, which is in accordance with socio-cultural perspectives (Wertsch, 
1995). Hence, a PEA empirically describes people’s speech and actions in a 
specific activity and what this tells us about what they are afforded to learn.  

Although a PEA is related to other discourse analytic methodologies 
(e.g. Coulon, 1995; Gee & Green, 1998; Hutchby & Wooffitt, 1998), it is 
particularly developed to analyse meaning-making in order to determine 
whether what occurs in the classroom influences students’ learning, and if 
so, how (Lidar, Lundqvist & Östman, 2006; Wickman, 2004; Wickman & 
Östman, 2002). What is learned does not only involve conceptual issues, but 
also values, ways of acting and the participants’ own relation to the activity. 
It can therefore be used to analyse aesthetic and moral development (Jakob-
son & Wickman 2007, 2008; Wickman, 2006).  

In line with the theoretical considerations described above we demon-
strate how two sequential activities, i.e. observing and rubbing leaves for 
two different purposes in an elementary school class, mediate the teacher’s 
and the children’s actions. What significance do these two purposes and the 
mediating artefacts used (magnifiers and crayons, respectively) have for the 
direction the teacher’s and the children’s actions takes, what are children 
afforded to learn conceptually about leaves as a result, and how do they con-
tribute to children’s aesthetic experiences? 

Methodological approach 
We use two simple operational concepts borrowed from PEA, namely rela-
tion and encounter, to describe the direction that learning takes (Wickman & 
Östman, 2002). In the context of this study, the relations that the children 
construed about what they observed in the specific situation are particularly 
relevant. When relations are successfully construed in communication, the 
participants can proceed with the specific activity to learn new things. One 
illustrative example of this is when Julia and Susan observed leaves using 
magnifiers (turns 19-20): 
 
Julia: …and then it’s dotted. It’s got freckles. 
Susan: Yes, it has [giggles]. 
 
In the above discussion, Julia construed the relations ‘freckles’ and ‘dotted’ 
to the leaf in order to make meaning of and communicate what she was ob-
serving. Such relations entail that both continuity and transformation occurs, 
i.e. that learning and meaning-making are taking place. Borrowing Dewey’s 
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(1938/1997) vocabulary, words from previous experiences are made con-
tinuous with the new experience and carry the participants’ undertakings 
forward. The relations construed by Julia were immediately intelligible to 
Susan, and the girls thereby were afforded to learn that the observed leaf was 
‘dotted’ or ‘freckled’.  

While the term relation deals with meaning-making in a linguist sense, 
the concept of encounter deals with the interactions that take place and what 
these mean for learning in the actual situation. In the example above, there 
was not only an encounter between Julia and Susan but also one between 
Julia, Susan, the leaf and the magnifier. Such situated encounters can be 
analysed to see whether the relations found, e.g. that leaves have ‘dots’ or 
‘freckles’, are influenced by the particular encounters that occur. Encounters 
that involve artefacts like magnifiers and crayons can be used to see how 
such artefacts mediate student conversations and other actions. 

Both our sequences included a lot of encounters. During the observation 
sequence of the lesson encounters took place between the children, between 
the children and the teacher, as well as between the children, the magnifiers 
used and the objects observed. The rubbing exercise also included similar 
encounters, although instead of using magnifiers the children used crayons 
and pieces of paper, which meant that the artefacts and their purposes were 
quite different. By means of a PEA it is possible to analyse what the children 
were afforded to learn about leaves within the two different lesson se-
quences.  

The children participating in this study worked in small groups during 
the 40 minutes lesson and audio-recordings were made of four group conver-
sations. All the small group discussions were audio-recorded by means of a 
microphone placed on the children’s desks. These recordings were then tran-
scribed. At times it was very difficult to determine what the children were 
saying because they spoke in very low voices. In addition, the voices of the 
children sometimes sounded quite similar, which means that they might have 
occasionally been confused in the transcripts. While the children were rub-
bing leaves we used two video cameras in order to follow their actions, i.e. 
their discussions, activities and artistic results. We chose to put the video 
cameras on a stand and focus them on two groups. In that way we were able 
to follow these two groups from start to finish rather than having mixed 
fragments of all the groups. The video recordings were not transcribed in 
full, but were used as a complementary backup in the analysis. In addition, 
the first author was present during the entire lesson and took notes of what 
was happening in the classroom as a whole.  
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The study setting 
In order to study the significance that observing leaves from a scientific and 
from an artistic purpose has for what elementary school children are afforded 
to learn about leaves, the first author visited one classroom once in a me-
dium-sized town school. The children visited were 6– 7 years of age (the 
Swedish Grade 1) and at the time of recordings 14 children were present in 
the classroom. 

The first author asked the teacher before the visit to plan a science lesson 
that included an art activity. Rubbing leaves is an ordinary activity in Swed-
ish elementary schools in autumn, but mostly related to art rather than sci-
ence. Before the first author collected the data that constitute the basis of this 
study, she was present in the class one school-day. The children then were 
given the opportunity to become acquainted with cameras, recording equip-
ments and the researcher.  

The teacher had started the unit entitled ‘Autumn’ the day before the re-
searcher’s visit, and allowed the children to pick up different tree leaves 
from the ground outside, which she had then put in a press. During the visit 
the children were involved in observing and rubbing the collected leaves 
using two different mediating artefacts (magnifiers and crayons and pieces 
of paper, respectively) with reference to a biological content – in other 
words, the Autumn unit.  

Results 
Under this heading we first deal with the role that scientific observations 
using magnifiers plays in what children notice and are afforded to learn 
about the qualities of leaves. Secondly, we demonstrate how artwork, pro-
duced by rubbing leaves with crayons, influenced the meaning-making proc-
ess about leaf qualities. Under separate sub-headings we discuss what the 
children were afforded to learn cognitively and aesthetically about leaves as 
a consequence of the different mediating artefacts used and the teacher’s 
changing purposes. Finally, we compare the events that occurred within the 
two different sequences.  

Learning about leaves using magnifiers 
At the beginning of the lesson the teacher distributed a number of different 
leaves to each group telling the children that they should:  

Pick up a magnifier and select one or two of the leaves that I have given you 
and observe them very closely. Talk to each other while you’are observing 
the leaves and tell each other what you see. It’s really good if you talk about 
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what you are observing, ‘cause later on I’m going to ask you what you saw 
on the leaf. [our emphasis]  

 
The purpose of this part of the lesson was scientific, which implied that the 
children were expected to make close observations of the leaves using mag-
nifiers. We can see here how the magnifying tool, as part of the activity of 
‘observing and describing’, mediates the instructions given by the teacher, 
where she emphasises that the children should observe what is on the leaf. 
After this introduction each child picked a leaf from the heap and observed it 
closely. They then continued to pick out other leaves, all the time making 
observations and talking about their findings. Moreover, during the observa-
tion sequence the teacher continuously posed questions to the whole class, 
thereby helping the children to participate in their classmates’ observations 
of leaves despite being in separate groups. 

Cognitive learning  
During this observation sequence the children made a number of observa-
tions relating to leaf qualities. The mediating artefact used apparently af-
forded the children to observe certain qualities of leaves while others were 
excluded. For example, they first and foremost distinguished the microscopic 
details of the leaves. In doing that the children compared individual leaves 
and noticed the differences and similarities between them. They also located 
their findings on their individual leaves. One example came from Eva, who 
discerned that the leaf she was observing had ‘hair’: 
 

1. Eva: I can see hair. 
2. Teacher: It looks like hair. Is it on the underside or on the upper 

side of the leaf?  
3. Eva: The underside.  
4. Teacher: Can the rest of you see it as well?  
5. Paula: Yeah!  
6. Teacher: That there’s hair on the underside?  
7. Paula: Yeah! 

 
The observation made by Eva was also confirmed by Paula from another 
group in the class (turns 5, 7). Paula’s classmate, Mona, had previously told 
Paula that she could see ‘lots of hair’ on the leaf she was observing. This 
observation resulted in Paula taking a closer look at Mona’s leaf, although 
she did not comment on what she saw. However, when Eva brought up this 
quality of leaves in the class discussion, Paula immediately agreed, which 
indicated that she had observed the hair on Mona’s leaf. When asked by the 
teacher where you could see ‘hair’ (turn 2) – on the leaf’s under- or upper 
side – Eva immediately responded that there was hair on the ‘underside’ of 
the leaf, which Paula concurred with (turn 7). The children did not therefore 
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only observe microscopic qualities, noticing that there were similarities be-
tween the leaves, but were also able to locate their findings. It is also appar-
ent that locating this quality did not mean distinguishing classes of leaves 
with or without hair. The important thing was to see that hair is a quality that 
can occur on leaves. All these construed relations might seem negligible, but 
with regard to the children’s age they can be said to be a first step in learning 
biologically about leaves and, subsequently, learning about trees.  

Like Eva and Paula, the other children in class made comparisons be-
tween the leaves they were observing and distinguished that there were mi-
croscopic similarities, such as ‘holes’, which the children related to bugs 
eating on the leaves, and ‘dots’, which at times were referred to as bugs. 
However, the children did not only notice similarities but also differences, 
for instance, when observing the small veins on various kinds of leaves:  
 

8. Douglas: I’ve got lines. 
9. Ted: Not me. 
10. Laura: I can see lines. 

 
When trying to make meaning and communicate his findings, Douglas con-
strued the relation ‘lines’ to the small veins on the leaf being observed; a 
term apparently understood by the other children in this group. Laura stated 
that she could also see ‘lines’ on her leaf, whereas Ted could not see any on 
his. Ted thereby noted that some leaves had ‘lines’, i.e. there were differ-
ences between the individual leaves being observed. Comparisons like this 
thus enhanced the children’s learning about leaves and made them include 
qualities observed by their classmates. However, the actual words used lim-
ited the children’s observations of the veins somewhat, in that they looked 
upon them as lines forming a two-dimensional pattern and did not distin-
guish that you could also feel them when touching the leaf. In that way the 
magnifier, together with the children’s use of words, contributed to the sali-
ence of some of the properties and to others being disregarded. It can there-
fore be concluded that observing with magnifiers primarily mediates quali-
ties by means of vision. 

The leaves’ specific traits were not mediated directly to the children by 
the artefacts alone. The teacher was also active in this mediation via her in-
structions about the norms or procedure of the activity. Such norms relate to 
what to include/exclude and how to act when carrying the activity forward or 
bringing it to a close. In line with this, the teacher tried to improve the chil-
dren’s observations by regularly posing questions to the whole class. In that 
way she did not only encourage the children to make close observations, but 
also laid down the general outlines for what to include and, in addition, how 
to act, i.e. using magnifiers, when proceeding with the activity. Accordingly, 
she influenced how the artefact mediated the actions of the children in this 
specific class in that she drew the children’s attention to certain qualities of 
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leaves, which mostly resulted in the children carrying the activity forward in 
accordance with the teacher’s demands:  
 

11. Teacher: Listen! Can anybody see them? If you’re thinking about 
and looking at the leaf you can see, if you’re looking really closely, 
that there’are little tiny, tiny threads inside the leaf.  

12. Laura: There’are threads inside there! 
13. Susan: Mm. 
14. Paula: I don’t have to look ‘cause there aren’t any here.   
[   ] 
15. Julia: How nice! Look! These have threads too.  

 
In this situation the teacher drew attention to the smallest veins, stating that 
there were ‘tiny threads’ inside the leaves. Laura, who earlier had agreed 
with Douglas’ discernment that there were ‘lines’ on the leaves they were 
observing (turns 8–10), responded immediately to the teacher’s comments. 
In other words a shift occurred in that instead of merely perceiving the veins 
as lines Laura was now able to observe the veins as threads inside the leaf. In 
that way the teacher’s comments promoted Laura to make an even closer 
observation of the veins. The fact that there were threads inside the leaves, 
was also quite intelligible to Susan and Julia (turns 13 and 15). Conse-
quently, the teacher’s comments and questions throughout the observation 
sequence enhanced what the children distinguished and thereby what they 
were afforded to learn about the qualities of leaves. However, the teacher’s 
attempts to improve the children’s observations did not necessarily have the 
desired effect on all the children. Paula did not agree that there were threads 
inside the leaf she was observing nor to that she had to take a closer look at 
them (turn 14).  

The teacher’s guiding questions made the children more aware of what 
to include in their observations with the magnifier. Hence, the children in-
cluded microscopic qualities of the leaves throughout the magnifier sequence 
and, when proceeding with the activity, they discerned that such qualities 
formed patterns on the leaves. Susan, for instance, noticed that there was a 
‘black dot’ on her leaf and the teacher encouraged further observations:  
 

16. Susan: Mm. Weird…like a black dot. 
17. Teacher: Yes, looks like a black dot here…Julia! 
18. Julia: There’re a lot of dots on the leaf.  
[…] 
19. Julia: First it’s brown and then it’s dotted. It’s got freckles. 
20. Susan: Yes, it has [giggles]. 
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Aesthetic learning 
Observing leaves using magnifiers meant that the children distinguished 
certain qualities of leaves. However, cognitively learning about leaves also 
had aesthetic consequences, which are closely related to emotions. Accord-
ingly, the children occasionally expressed what they liked or disliked by 
using aesthetic judgements, i.e. words relating to what the children found to 
be beautiful/ugly and pleasing/unpleasant about the activity and the qualities 
of the leaves. One example came from Julia, who liked the occurrence of 
threads inside the leaf and which she positively expressed in the aesthetic 
judgement ‘nice’ (turn 15). Julia thereby assented both to the activity and 
that participating in science class could be nice. Likewise, Susan’s use of the 
aesthetic judgement ‘weird’ (turn 16) here meant that she was willing to 
proceed with the activity distinguishing more qualities of leaves, although 
used in a different context the word may have had a more unpleasant ring to 
it. This demonstrates how the words used acquire their meaning in situated 
interactions through specific activities. At times the children also expressed 
their excitement about what they were seeing by using positively toned inter-
jections like ‘Oooh [devoutly]!’ and ‘Oh [in a devout tone], it’s shiny!’ – 
expressions that indicated that they were willing to continue the activity. 
One example came from Paula and Mona who began to observe the leaves 
using magnifiers before the teacher actually had started the lesson: 

 
21. Paula: [inaudible] white dots like sand. 
22. Mona: Oooh! [devoutly] 
23. Paula: Then there are pieces of fluff there. 
[   ] 
24. Paula: Two green dots on this one [the leaf]. 
25. Mona: Where? [looks at Paula’s leaf] 
26. Paula: There…there. 
27. Mona: Here I can see lots of hair! 
28. Paula: Where did you say? [looks at Mona’s leaf] 
29. Mona: Lot’s of hair! 
 

Paula’s comparison to sand had a positive aesthetic undertone, which was 
emphasized by Mona’s interjection ‘Oooh!’ When the girls observed that 
dots on leaves look like sand, they simultaneously proceeded with the activ-
ity, which resulted in them distinguishing more qualities of leaves, like 
‘pieces of fluff’, ‘green dots’ and ‘lots of hair’. 

The use of aesthetic judgements was rare during the magnifier sequence, 
although the children’s imaginations tacitly showed that they were emotion-
ally and aesthetically involved in the activity. By using words from before 
they were able to reconstruct and transform previous experiences in the new 
encounter when trying to make meaning of what they were observing. The 
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children’s imaginations constituted a bridge between prior experiences and 
the new one, which was shown through their choice of words, for example, 
‘freckles’ (turn 19) and ‘sand’ (turn 21). Such distinctions frequently in-
volved an anticipation of what would occur when continuing to observe. 
Accordingly, by interacting with leaves as mediated by magnifiers, the chil-
dren did not only learn cognitively about the qualities of leaves, but in addi-
tion learned about their own aesthetic relation to that particular activity. In 
the long run this impacts on children’s possibilities to participate in science 
classes and their further engagement or disengagement in science activities.  

Learning about leaves through an art activity 
After a while the teacher interrupted the lesson by saying: ‘Let’s see if we 
can make a picture of the leaves’. She went on to show the children how to 
make a picture by rubbing leaves through a piece of paper using crayons. 
Accordingly, there was not only a shift in the mediating artefact used, but 
also with regard to the purpose of the activity. This shift, from observing 
with the use of magnifiers to making pictures with crayons, had conse-
quences for what the children were afforded to learn about leaves.  

Cognitive learning 
During the rubbing sequence the teacher asked the children to choose differ-
ent kinds of leaves and compare them with each other. She then encouraged 
the children to proceed by observing the leaves. The children duly compared 
the different kinds of leaves with each other and discerned macroscopic dif-
ferences between the species they were rubbing. Those qualities that were of 
little interest for the resulting imprints were excluded throughout the exer-
cise. An example of this came from Ted, Laura and Gisela, who were rub-
bing maple leaves while simultaneously distinguishing the shape:  

 
30. Teacher: Oh [with admiration], how nice you’ve got it Laura! What 

a large leaf you’ve got under there.  
31. Laura: No, that’s the tree star. 
32. Teacher: Is it that you call a tree star? Why do you call it a tree 

star?… Yesterday when we’were out walking you said that it was a 
tree star.  

33. Ted: They’re stuck on sticks like that, up in the trees.  
34. Teacher: Okay. So it looks like a star…up there? Is it only that leaf 

you’re calling a tree star, or can you call this a tree star [shows an-
other leaf] as well? 

35. All in chorus: No! 
36. Teacher: Who figured this out? 
37. Gisela: Be’cause they’re a little bit starry, like this… pointed. 
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The teacher confirmed Laura’s picture by using the positive aesthetic 
judgement “nice”, and noticing that Laura was rubbing a large leaf. Laura 
rejected this comment from the teacher, however, and instead construed the 
relation ‘tree star’ to the leaf being rubbed. Her wording was immediately 
intelligible to the other children in this group. It was quite clear that the ma-
ple leaf looked like a ‘tree star’ because they are ‘stuck on sticks…up in the 
trees’ (turn 33) and are ‘a bit starry’ and ‘pointed’ (turn 37). Besides, the 
word ‘tree star’ could only be used when describing the leaves of the maple 
tree (turns 34–35). In this way the children were given the possibility to dis-
tinguish that leaves from different trees have different shapes and thereby 
were afforded to learn to recognise different species even though they could 
not explicitly name the trees. Accordingly, the rubbing activity mediated talk 
about the shape of different kinds of leaves, meaning that the artistic activity 
enhanced what the children were able to learn about leaves in class. This was 
shown when Eva showed her rubbings to the researcher. Eva was able to 
describe that leaves from different trees look special: 

 
38. Researcher: Yes, look! How nice!...Lovely! And you have rubbed 

different leaves, haven’t you? 
39. Eva: Yeah. 
40. Researcher: Yes. In what way do the leaves differ? 
41. Eva: That one is round [points at the aspen leaf on her rubbing] and 

that one is a bit bigger [points at the oak leaf] and that one is a little 
star [points at the maple leaf]. 

 
However, during the rubbing sequence the children did not talk about the 
microscopic or macroscopic similarities between the different individual 
leaves, which were now excluded from the observation. Instead they en-
gaged in communicating the macroscopic qualities observed through distin-
guishing different kinds of leaves in accordance with the teacher’s purpose. 
Like the children in turns 30–37, Mona noticed the shape and size of the 
maple leaf: 
 

42. Mona: I’ll pick the leaf star.  
[   ] 
43. Mona: I’ll pick a large leaf. 

 
Like the children above, Mona compared the leaf of the maple tree to a star, 
although used a slightly different wording. Accordingly, she observed that 
different kinds of leaves have different shapes, although she was not explicit 
about the shapes of other kinds of leaves. Moreover, Mona later stated that 
she was going to pick a ‘large’ leaf. Hence, she distinguished that the size of 
different kinds of leaves varies – that there are small and large leaves. Her 
classmates did not make any remarks about her observations, which was 
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frequently the case during the rubbing sequence, although the children did 
observe a lot of differences between the different kinds of leaves. This be-
came obvious when the teacher posed questions and commented on the chil-
dren’s artwork. The teacher’s role was therefore of significance for what the 
children communicated about their findings.  

Again the teacher staged the scene by posing questions relating to differ-
ences in the leaves, thereby encouraging the children to include different 
kinds of leaves in their rubbing, which meant that scientific learning was 
also included in this artistic part of the lesson:  

 
44. Teacher: Is there a difference between the various leaves, do you 

think, or are they similar?  
45. All in chorus: No, there’s a difference. 
46. Teacher: Yes, that’s right! What’s the difference do you think, 

Gisela? 
47. Gisela: That they’re different sizes. 
48. Teacher: They’re different sizes. 
49. Douglas: And the line isn’t in the same spot.  
50. Teacher: No-o! And here you can see the line a bit more clearly, 

can’t you? 
51. Douglas: Ye-ah.  
 

All the children in this group agreed that there were differences between the 
various kinds of leaves (turn 45). Gisela distinguished that they varied in 
size, which was also confirmed by the teacher in turn 48. Although not ex-
plicitly described as biological species, Gisela was able to differentiate be-
tween different kinds of trees, which she had expressed earlier when talking 
about the ‘tree star’ (turn 31). However, in this biological art activity neither 
the teacher nor the children took this discernment further to include the nam-
ing of trees. As in turn 8, Douglas maintained there were ‘lines’ to bee seen 
on the leaves, meaning that he still perceived the veins as lines forming a 
two-dimensional pattern. Nevertheless, his discernment increased during the 
rubbing sequence, as he now observed that the ‘lines’ were shown to have 
various locations and were visible to varying extents on different kinds of 
leaves. Like Gisela, Douglas was able to sort out the different types of trees, 
even though there was no discussion about species. Accordingly, the 
teacher’s questions about differences between the leaves helped to mediate 
the children’s art activity in terms of what was important to include in carry-
ing the activity forward. By posing the questions she also encouraged the 
children to talk explicitly about the differences between the leaves that were 
of importance for the outcome of the rubbing. Hence, the mediating artefact 
and the experienced teacher were both of significance for what the children 
were afforded to learn about leaves in the rubbing activity.  
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The children occasionally taught each other how to proceed with the ac-
tivity. One example of this was when Paula advised her classmates how to 
make the imprints: ‘You just put a leaf up-side down, then put a piece of 
paper over it and then you draw a bit so that you can see it, and then it’s like 
a leaf’. At the same time as she imparted this advise as to how to proceed 
with the activity she distinguished that leaves have an upper and an under 
side. This discernment was of importance in the creation of the artwork and 
authenticity of the imprint, which meant that the veins were of significance 
for the outcome of the picture. When learning this, the veins became clearly 
visible to Ted, who had previously been unable to distinguish any veins on 
the leaf he was observing (turn 9):  

 
52. Ted: Here it’s real! 
53. Teacher: Here it’s real! Look! What makes it real? 
54. Ted: The sticks! 
55. Teacher: Yes, do you think they’are like the sticks inside the leaf? 
56. Ted: Yeah. 
57. Teacher: Yes, like the sticks that you’ve been putting in all direc-

tions. 
58. Ted: Here there’are almost no sticks.  
59. Teacher: There’are almost none. Do any of the leaves have lots of 

sticks? 
60. Ted: This one. 

 
During the rubbing Ted construed the relation ’sticks’ to the veins. This eve-
ryday word was used when communicating to the teacher what he had dis-
tinguished, and the meaning was quite intelligible to her. His wording, i.e. 
‘sticks’, indicates that he could not just see the veins but could also feel them 
sticking up. However, the children seldom construed relations involving 
senses other than vision, for instance the sense of smell or touch. From being 
called ‘lines’ (turns 8–10) and regarded as a pattern of two-dimensional 
lines, the veins were now perceived as a pattern of three-dimensional shapes 
that emerged as a result of rubbing, and which Ted discerned through the 
artistic activity. Moreover, the ‘sticks’ were shown to be of significance for 
the authentic look of the imprints (turns 52–54), which was also confirmed 
by the teacher in turn 55. Ted also made comparisons between the different 
kinds of leaves and noticed that all leaves do not have the same number of 
veins (turns 58 and 60); again something that was confirmed by the teacher 
(turn 59). Ted was therefore able to sort out different kinds of leaves and, in 
extension to this, had acquired the potential to identify different species. The 
rubbing of leaves thus enhanced Ted’s observational skills and promoted 
what he was able to learn about leaves. Although he did not only construe 
the relation ‘sticks’ to the veins but also to the stems of the leaves (turn 33), 
he did not encounter any problems when communicating his findings. No-
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body asked Ted what he meant by ‘sticks’ in either situation, which indicates 
that his wording was fully intelligible to the others. This illustrates the im-
mediacy of words and that their meaning is dependent on interactions taking 
place in a specific situation.  

Aesthetic learning 
But the art activity did not only involve cognitive learning. In addition the 
children construed positive aesthetic relations to the qualities of the leaves 
being observed as well as to the artwork taking shape. In that way they 
communicated that observing and rubbing leaves was a pleasant activity in 
which to partake. However, they did not use aesthetic judgements when ex-
pressing their delight, but aesthetic meaning was instead shown as an under-
tone, for example, when the children compared the leaves to previously 
known qualities or objects, as was the case with ‘tree star’ (turn 31) and ‘leaf 
star’ (turn 42). Stars twinkling in the night sky are beautiful to look at, and 
imagining that leaves look like stars might result in them being worthwhile 
to observe. This was accentuated when Laura showed her rubbing to the 
researcher and stated that she had rubbed a ‘starry sky’: 

 
61. Laura: Starry sky. 
62. Researcher: Why did you choose that leaf? [a maple leaf] 
63. Laura: It was so nice. 

 
Accordingly, the positive aesthetic undertones of the words used pointed out 
that observing and rubbing leaves was nice. Such distinctions deal with chil-
dren’s emotions and aesthetics, both of which are of importance for their 
participation in science class. 

Moreover, the children were shown to be aesthetically pleased with the 
imprints made from a naturalistic point of view; the children made a point of 
creating authentic imprints akin to a scientific purpose. To Ted the veins 
emphasised the authenticity of the picture (turns 52–60). Likewise Susan 
pointed out that ‘you can see black much better than the other colours, I 
think’. In that way she noticed that the shape of the leaves as well as the 
veins became most visible when using a black crayon. Accordingly, the 
combination of choice of colour and observing the veins emerging on the 
paper when rubbing meant that the children were satisfied with the final 
authentic imprint. Furthermore, when proceeding with the activity Susan 
stated that ‘I’ll rub more leaves …on the back [of the paper]‘, which indi-
cated that she enjoyed rubbing leaves. In similar manner Leif expressed his 
satisfaction by concluding that his picture was ‘a real painting’, that he 
wanted to give to his daddy as a present. Accordingly, the children through-
out were quite satisfied with the authentic imprints made, meaning that they 
were aesthetically pleased with their finished artworks.  
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The children’s experiences of art and science differed, however, thus 
meaning that the purpose of an activity has consequences for the direction 
that learning takes. Accordingly, taking part in an artistic activity during a 
science class does not necessarily mean that the scientific assignment takes 
precedence over the artistic. Instead, some of the children enjoyed making 
nice pictures from an artistic point of view, which occasionally resulted in 
imaginative and figurative pictures. This was most accentuated in Mona’s 
picture. While rubbing leaves she composed a picture showing, for example, 
trees, birds, clouds, butterflies, sun and grass. She carefully chose which 
leaves to rub and either rubbed a small area of the leaves or tore them to 
pieces in order to fulfil her work of art. However, when observing leaves 
using a magnifier, she distinguished lots of details, like ‘lots of hair’ and 
‘black dots and holes’. Accordingly, she discerned which properties of the 
leaves were important to include in the observation, although when making 
the picture she made choices about what to include from an artistic point of 
view. Mona was thus able to distinguish the two different activities, i.e. do-
ing science and doing art, and discern what to include and exclude within the 
two domains. At first Paula, in the same group, rejected Mona’s effort of 
making a figurative picture: 
 

64. Paula: So. Like this. Is that the troll? It looks like a butterfly. It 
looks like a butterfly. 

65. Mona: Yeah, Yeah. It is. 
66. Paula: You shouldn’t make [inaudible, a figurative picture?]  
67. Mona: Yes, I’m doing what I want. 
68. Paula: Oh, which leaf looks like that then? [points at Mona’s pic-

ture] 
[…] 
69. Paula: Can you make one like that for me [butterfly]? The same? 
70. Mona: I can’t make exactly the same. 
71. Paula: The same colour. 
72. Mona: Yeah. The same colour. 

 
Paula pointed out that you were supposed to make an authentic imprint 
(turns 66, 68). Accordingly, Paula’s purpose was more naturalistic and hence 
more scientific, whereas Mona had a freer artistic picture in mind. But Paula 
then shifted from naturalism to free art and obviously liked the picture made 
by Mona – especially the butterfly (turn 69). Hence, Paula learned from 
Mona what to include when making a piece of art, meaning that in this situa-
tion you could make a figurative picture instead of authentic imprints. In 
such instances the artistic purpose restricted what the children might learn 
biologically about leaves and instead enhanced their artistic skills. 

However, the children involved in free art did not seem to be altogether 
unfamiliar with observing the leaves from a scientific point of view. They 
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occasionally became aware that their imprints looked authentic, meaning 
that in spite of the artistic focus they could shift from art to science when 
carrying the activity forward:  

 
73. Laura: Teacher, look! Teacher! Look I’m mixing a little [colour]. I 

like that. 
74. Teacher: Yeaah! It’s very nice! You really can see what the leaf 

looks like. Can’t you? 
75. Laura: Mm. 

 
Laura was eager to show her picture to the teacher, telling her that she liked 
what occurred. Hence, she was aesthetically pleased with the result of her 
rubbing and expressed anticipation about the fulfilment of the picture when 
proceeding with the activity. At the beginning of the lesson Laura had ob-
served that her leaf had ‘lines’ on it (turn 10), which she later perceived as 
‘threads’ (turn 12). When rubbing the leaves, though, she was involved in 
making a picture by mixing colours that she liked. The teacher confirmed her 
artwork by using a positive aesthetic judgement, ‘very nice’, and by saying: 
‘You really can see what the leaf looks like’, which Laura agreed to. Con-
trary to the children continuously being involved in making authentic im-
prints, Laura was engaged in pure art rather than art related to science. In 
spite of that she was able to shift perspective when the teacher confirmed 
that the imprint looked authentic.  

Learning about leaves through different mediating artefacts – a 
comparison 
Table 1 shows a comparison of the learning afforded in the two sequences of 
this lesson. As has already been indicated, the children not only made certain 
observations depending on the mediating artefacts used, but also on the 
teacher’s purposes and comments during the exercises. In both settings the 
children observed qualities of leaves and compared their findings, although 
in different ways. Moreover, using magnifiers and rubbing leaves was shown 
to embrace aesthetic experiences and the children’s imagination.  
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Table 1 Summary of the relations the children included in the two sequences.  
 Magnifier sequence Rubbing sequence 
Cognitive qualities microscopic macroscopic 
Cognitive compari-
sons 

between individual 
leaves 

between different kinds 
of leaves 

Aesthetic qualities about what can be 
directly seen on leaves 

about the pictures  
(authenticity or artistic 
qualities) 

Imagination metaphor metaphor 
assemblage 

 
Throughout the lesson the children were involved in noting the qualities of 
leaves, which meant that there were continuous opportunities for cognitive 
learning. Moreover, what was mediated differed between the two sequences. 
Using magnifiers invited the children to observe the microscopic qualities of 
leaves, including similarities and differences between the individual leaves 
being observed (turns 1–7 and 8–10). Rubbing with crayons, on the other 
hand, resulted in observations of a more macroscopic kind and involved 
comparisons between different kinds of leaves. This meant that the children 
were sometimes able to sort out the different species even though they did 
not use the relevant biological terms (turns 30–37, 38–41).  

During the two sequences the children also learned norms relating to 
what to include or exclude. To a great extent these norms were mediated by 
the teacher within the two sequences (turns 11–15 and 44–51), which was 
shown to be of importance for directing the activities of the children and 
hence for what the children might subsequently learn about leaves. By pos-
ing questions and commenting on the qualities of the leaves the teacher fre-
quently drew the children’s attention to what was of interest to notice. Dur-
ing the magnifier sequence the teacher emphasised that the children should 
observe using the magnifier, which resulted in the children making compari-
sons relating to microscopic similarities and differences between the indi-
vidual leaves. Likewise, the teacher communicated what was of importance 
to include during the rubbing sequence, i.e. using various kinds of leaves. In 
that way the children proceeded to observe scientifically relevant qualities 
about the leaves during the art activity.  

Moreover, the children expressed their emotional and aesthetic involve-
ment in the two sequences, although to a lesser extent when using magnifi-
ers. When observing with the magnifiers the children occasionally expressed 
their fascination by using positive aesthetic judgements (turns 15, 16 and 22) 
about the qualities of the leaves observed, although during the rubbing se-
quence (e.g. turns 52–60) the main focus was on the satisfaction of the 
authenticity of the imprints made. Occasionally, though, artistic licence was 
central and learning aesthetically about leaves from a naturalistic point of 
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view was put aside in favour of learning the aesthetics of free art (e.g. turns 
64–72).  

The rubbing, as well as observations using magnifiers, gave rise to expe-
riences of an imaginative kind, which were then demonstrated in the chil-
dren’s metaphorical expressions (e.g. turns 1–7, 19 and 21). In addition, the 
rubbing sequence involved making imaginative assemblages of their im-
prints (turn 64–72). Hence, in order to communicate their findings, the chil-
dren made comparisons of objects or qualities they had previous experiences 
of, which involved using words they were already familiar with. This indi-
cates how imagination is needed in order to reconstruct and transform prior 
experiences when making meaning of new ones. In such situations familiar 
words had a positive aesthetic undertone (turns 16–20 and 30–37). Accord-
ingly, it can be seen that the children enjoyed participating in the activities; 
something that is of importance for their further engagement in science 
classes. In their artistic assemblages well-known objects like butterflies were 
inspired from the forms produced by the leaf imprints. Moreover, the rela-
tions construed by the children throughout this exercise were immediate and 
fully intelligible to others, and the meaning-making process often took the 
route outlined by the teacher. In that way, observing using magnifiers and 
rubbing using crayons, were continuous, albeit along different routes, with 
learning about leaves in science class.  

To sum up, the children continuously were afforded to learn more about 
the qualities of leaves in both the sequences used by the teacher. The 
teacher’s direction and the mediating artefacts used encouraged the children 
to make close observations in both the scientific and the artistic sequences. 
In that way, the children frequently proceeded with the activity and made 
observations of a scientific kind throughout the lesson. In addition, they 
learned norms relating to how to proceed when observing and rubbing in 
order to do the task, which was frequently tantamount to the children’s 
pleasure and satisfaction of having carried the activity to its fulfilment.  

Discussion  
So, what about art in the science classroom? Contrary to scholars who claim 
that art in science education can only be used as a motivating power or a 
means of adding zest, this study has shown that artistic activities can be used 
in order to enhance children’s meaning-making of scientific content (e.g. 
Adams & Fuchs, 1985). We have demonstrated how different modes of 
communication have different consequences for the meaning made, as 
pointed out by Kress et al. (2001), and hence for the route that learning takes 
(Rogoff, 1990). This should be of interest to teachers when staging science 
lessons as well as to science education researchers for further examination.  
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What was mediated differed somewhat within the two activities in pro-
gress, which was a consequence of how the artefacts mediated the children’s 
and the teacher’s speech and transactions as part of the activity. The interac-
tions between the children and the teacher obviously influenced the details of 
this mediation. This illustrates the complexity of staging a lesson; something 
that teachers are tacitly aware of although seldom communicate as they have 
a limited vocabulary concerning when it comes to teaching and learning 
(Tobin & Tippins, 1996). Nevertheless, the children learned scientifically 
relevant things about leaves during both parts of the lesson, albeit distin-
guishing somewhat different qualities.  

Mediation occurred through learning different norms relating to how to 
act and what to include and exclude. Consequently, what was mediated was 
embedded in the specific activity the children were partaking in, as argued 
by Wertsch (1995) and Säljö (1996). Accordingly, the leaves observed and 
rubbed were not just objects, but ‘developed and became visible’ during the 
two lesson sequences. Observing and rubbing were therefore complementary 
activities, meaning that the combination of science and art enhanced what 
the children were afforded to learn about leaves; something that has been 
stated by many scholars (e.g. Watts, 2001), but not demonstrated compara-
tively before. At the same time it illustrates that the teaching of science can 
be enriched by using a number of mediating resources and activities in that 
these encourage the learning of different subject matter content. The results 
also show the supplementary importance of the teacher in helping the chil-
dren to appropriate the artefacts in fruitful ways for learning. Both sequences 
were aesthetically pleasing and inspiringly imaginative. Hence, although the 
artistic activity proved inspirational to the children, as has also been shown 
in earlier studies (e.g. Hayes et al., 1994), there is nothing to suggest that it 
was better in this respect than the scientific activity. Again, this can be dem-
onstrated through the comparative approach. It is of interest, though, that the 
kinds of aesthetic experiences mediated differed between the two types of 
activities. Examining how such different kinds of aesthetic experiences sup-
port science learning is therefore of educational importance.  

Some of the different qualities of the leaves were excluded in both se-
quences, for example, the names of the trees and the colours of the leaves. 
Again this is related to the purposes of the activities and the mediating arte-
facts used. In focusing on microscopic and macroscopic qualities such dis-
cernment falls outside the scope of the children’s observations and emphasis 
of what was important to include. Although the children observed that dif-
ferent kinds of leaves have different shapes, their discernment did not lead to 
an identification of species, but to a comparison of already known objects 
(turns 30–37, 41 and 42). Likewise, the children did not talk about the 
autumn colours of the leaves, which might seem surprising as such colours 
are rich in tone. Even though the children may have tacitly noticed the col-
ours, relations involving the brilliantly coloured autumn leaves were ex-
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cluded from the children’s discussions. This means that, in this situation, the 
children were afforded little opportunity to learn more systematically about 
the actual colours of the leaves. During the rubbing sequence the children 
were mostly engaged in making as authentic an imprint as possible, meaning 
that the veins and shapes of the leaves were of interest to include in the pic-
tures. Accordingly, the real colours of the leaves were secondary in the se-
lection of which colours to use in order to create artistic pictures from the 
leaves emerging on the paper when being rubbed.  

Furthermore, to a large extent the children overlooked those qualities of 
leaves that could be referred to senses other than sight, which was the main 
sense employed when using the magnifiers and when rubbing. However, 
Ted’s discernment about the veins emerging as three-dimensional forms 
when rubbing (turns 52–60) shows that the children noticed that it was pos-
sible to feel the veins being mediated by the artefact. The children did not 
construe relations of, for example, smell and sound (e.g. a rustling sound) or 
qualities relating to touch (e.g. smooth or rough). In that way, and in both 
parts of the lesson, the mediating artefacts used served to bring certain quali-
ties to the fore while other were excluded. Again this shows that different 
modes of communication have different consequences for what children can 
discern and hence for what they are afforded to learn (Kress et al., 2001).  

To conclude, although the purpose of the lesson studied was partly sci-
entific and partly artistic, and the mediating artefacts changed, this study has 
shown that different modes of communication – observing, rubbing, and 
talking – have various consequences for what children are afforded to learn. 
In line with this, the magnifier sequence and the art activity were continuous 
with learning about leaves in elementary school class, which indicates that 
science and art are compatible and possible to combine. It is important to 
note, however, that the artistic aim sometimes took precedence over the sci-
entific, which suggests that art as an addition of zest may not always pro-
mote the learning of the scientific topic taught. Further research is therefore 
needed to examine the difference that art can make in science classes.  
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Abstract. We examine how observations and art activities mediate what 
elementary school children learn in science. We compare results from six 
different settings in which the children were involved in observing and de-
picting fish with texts and illustrations using various resources. In three of 
the settings the aim was scientific, and in the remaining three artistic. The 
data has been analysed in the light of pragmatist theories and socio-cultural 
perspectives (a practical epistemology analysis). The results show that dif-
ferent resources afforded the children to observe certain qualities and disre-
gard others. In both the science and art classes the children learned about 
aesthetics, which involved moral considerations.  
 
Sommaire. Nous examinons comment des observations et des activités ar-
tistiques nous font savoir ce que les enfants apprennent en science au niveau 
de l`école primaire. Nous comparons les résultats obtenus dans six cadres 
différents où les enfants se sont consacrés à l`observation et la description de 
poisons avec des texts et des illustrations, utilisant diverses resources. Le but 
été analysées sous l`angle de theories pragmatique et de perspectives so-
cioculturelles (une analyse épistemologique pratique). Les résultats ont mon-
tré que des ressources différentes amenaient les enfant à observer certaines 
qualités et à en ignorer d`autres. Dans les classes de science comme dans les 
classes d`art, les enfants ont eu des connaissances d`esthétique impliquant 
des considerations morales.  
 
Key words: elementary school, science, art, pragmatism, mediation 

Introduction 
In this article we examine how observational and art activities may promote 
the learning of science in elementary school. We compare the results from 
six different settings in which the children were involved in observing (one 
setting) and observing and depicting fish with texts and illustrations (five 
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settings) and using a variety of resources. In three of the settings the aim was 
scientific, and in the remaining three artistic. Our main research question 
centres on what these different activities afforded children to learn about the 
qualities of fish. The children were also aesthetically involved when observ-
ing and depicting the fish; something that became apparent in their use of 
aesthetic judgements with regard to what they found pleasing/displeasing 
and beautiful/ugly (Kant, 1790/2003). We discuss what this means for the 
direction that learning takes.  

Art in science education is traditionally viewed as subjective and emo-
tional in contrast to science, which is regarded as an objective and cognitive 
enterprise (e.g. Gardner, 1971; Strike & Posner, 1992). However, several 
scholars have drawn attention to the fact that art bears a close resemblance to 
science, meaning that values and emotions are not only embedded in art, but 
also in science and in the science classroom, and are important aspects to 
take into account when considering the direction that learning takes (e.g. 
Bloom, 1992a, b; Jakobson & Wickman 2008; Wickman, 2006). This is 
contrary to the ideas of some researchers who approach emotions merely as 
a motivational drive or a question of attitudes (e.g. Novak, 2002; Posner, 
Strike, Hewson, & Gertzog, 1982; Strike & Posner, 1992). Goodman (1969) 
maintains that the difference between art and science is simply a matter of 
the symbols used, and that both activities are cognitive. In line with this, 
many scholars emphasise that science and art should not be viewed as differ-
ent enterprises, but as being compatible (e.g. Fischer, 1999; Root-Bernstein, 
1991, 1996; Watts, 2001; Weisskopf, 1979; Vickers, 1988).  

Although many scholars emphasise the significance of art in science 
education a few empirical studies relate to the use of art activities in the sci-
ence classroom. Weigand (1985) examined the role of art in high school 
science and concludes that scientific and artistic modes of inquiry enhance 
and balance each other; something that is also argued by Laverne Nelson, 
Martin and Baldwin (1998). Moreover, some empirical studies show that art 
activities enhance children’s observation skills (e.g. Gainer & Child, 1986; 
Hayes, Symington, & Martin, 1994; Laverne Nelson, Martin et al., 1998). In 
going a step further, Hayes, Symington et al. (1994) maintain that drawing in 
elementary school science contributes to children’s enjoyment and satisfac-
tion.  

Kress, Jewitt, Ogborn and Tsatsarelis (2001) carried out an empirical 
study of special interest in which they argue that different modes of commu-
nication, i.e. different forms of representation, need to be interwoven into the 
science classroom in order to promote the meaning-making process. Spoken 
or written language is not enough when communicating science, they say. In 
line with this, Jakobson and Wickman (manuscript) examined what was 
mediated when elementary school children observed and rubbed leaves in a 
science class. Different mediating artefacts were used (magnifiers and cray-
ons) and it was shown that the mediating artefacts, together with the 
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teacher’s objectives and interventions, afforded the children to observe the 
leaves’ different aspects and features. The study confirms the findings of 
Kress, Jewitt et al. (2001), which are that different modes of communication 
have various consequences for what children are able to learn. Here we ex-
pand the analysis to include what children learn when involved in observa-
tions and artwork in a science class and in an art class using biological ob-
jects (aquarium fish) and a variety of different resources (magnifiers, water-
colours, tissue paper and paste, writing and verbal discussions).  

Theoretical background 
We use a practical epistemology analysis (PEA) that takes its stance from 
Dewey and the later works of Wittgenstein and from socio-cultural ap-
proaches (Wickman, 2004; Wickman & Östman, 2002a). Learning is seen as 
part of the meaning-making process and regarded as active. The unit of 
analysis in a PEA is similar to that in socio-cultural approaches, which 
means that we analyse actions as situated in whole activities (e.g. Harré & 
Gillette, 1994; Wertsch, 1995).  

We view talk as action, starting from Wittgenstein’s (1953/1992) lan-
guage-games, because talking means acting in relation to others (Wickman, 
2006). Wittgenstein (1953/1992) argues that language is part of an activity 
and together with that activity constitutes a language-game. In order to un-
derstand the meaning of the words used – including aesthetic judgements – 
we need to study a particular situation that is itself situated in a language-
game (Harré & Gillett, 1994; Wittgenstein, 1966).  

When using a PEA we analyse the interactions in a specific situation and 
what this means for how the ways of learning influence which route learning 
takes. This is in accordance with Lave’s (1996) notion that learning is con-
tinually taking place. Both Rogoff (1990) and Lave (1996) emphasise that 
learning is a habit and part of a natural rhythm. This means that our experi-
ences are continually being transformed in interactions with the world 
around us, which is in accordance with Dewey’s (1938/1997) principle of 
continuity. In line with this, observing is not merely a question of perceiving. 
Instead, previous experiences are reconstructed and transformed in the expe-
rience, which then is expanded and deepened (Dewey, 1934/1980). There 
might be a problem here though, in that learning does not always takes the 
direction demanded by, for example, a teacher (Rogoff, 1990). In this con-
text, PEA makes it possible to follow how interactions in class produce cer-
tain meanings and identify where these meanings represent the desired con-
tent.  

Besides pointing out, that both scientists and artists make observations, 
Dewey (1925/1958, 1899/1990) also maintains that artwork develops chil-
dren’s observational skills. Observing, whether in a science or an art class, 
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always involves making decisions about what to include and exclude in or-
der to carry the activity forward. Accordingly, what is being distinguished 
has consequences for the direction that learning takes and hence for what is 
learned. In deciding the route of our actions, we also need to decide how we 
feel about them. Such decisions are frequently expressed as aesthetic judge-
ments and are regularly shared and communicated by the participants 
(Jakobson & Wickman, 2008; Wickman, 2006). This is in accordance with 
Dewey’s (1934/1980) holistic definition of an aesthetic experience, which 
embraces cognitive aspects, emotions, values and doings. An experience that 
makes sense is also, and inevitably, an aesthetic experience.  

Although a PEA is related to other methodologies of analysing discourse 
(e.g. Coulon, 1995; Gee & Green, 1998; Hutchby & Wooffitt, 1998), it is 
particularly developed to analyse meaning-making from a first person per-
spective. The meaning that is made can also be reflected on from a third 
person perspective, e.g. teachers or researchers, in order to identify the route 
that learning takes. In line with this, a PEA was used to track the meaning-
making process cognitively as well as aesthetically (Jakobson & Wickman, 
2007, 2008; Lidar, Lundqvist, & Östman, 2006; Wickman, 2004, 2006; 
Wickman & Östman, 2002a, b). 

In accordance with the theoretical considerations outlined above, in this 
article we study how different encounters influence what children learn 
about fish in both a science and an art class. We also examine how aesthetic 
experience constitutes children’s possibilities of participation in the activi-
ties.  

Methodological approach 
A PEA consists of a number of operational terms (Wickman, 2004; Wick-
man & Östman, 2002a). The terms used in the analysis of the empirical ma-
terial referred to in this article are the relations construed by the children in 
the science and art classes and the encounters that occurred there. Learning 
takes place when relations are construed, which in effect means that the par-
ticipants can proceed with the activity they are involved in. One example of 
this is Anders and Douglas simultaneously observing a fish with magnifiers 
and painting the fish (turns 5–6): 

 
Anders: Oh, oh! [in a warning tone] He’s really got lots of fins at the 

rear end.  
Douglas: Yes. 

 
Anders thus construed the relations “really got lots of”, “fins” and “at the 
rear end” to the fish. All these relations construed were both immediate and 
apparently fully intelligible to Douglas, who agreed. Accordingly, the boys 
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learned something new about fish, as indicated by Anders’ interjection of 
“Oh, oh”. But learning can also take an undesired direction in the sense that 
it is not as fruitful as the intended or expected meaning. This happens when 
the participants are unable to construe relations in the desired manner, which 
leads to learning taking another direction or coming to a halt.  

Although the term “relation” deals with linguistic meaning-making, the 
term “encounter” refers to the interactions that take place in a specific situa-
tion. In the above excerpt there was not only an encounter between the boys, 
but also between the boys, the fish and the resources being used, namely, 
magnifiers and watercolours. In all six settings encounters took place be-
tween the children, between the children and the fish and between the chil-
dren and the different resources. It is possible to analyse these occurring 
encounters and construed relations with a PEA in order to see what the chil-
dren learned about fish within the different settings.  

The study settings 
As the aim of the study was to examine what children learned about the 
qualities of fish when observing them in science and art classes, the first 
author visited six classes in a city school. In adition to audio-recordings, all 
of which were later transcribed, 78 photographs of the children’s art work 
were collected. In four of the classes the children were aged 8 (Grade 2) and 
in two of the classes they were aged 7 (Grade 1).  

The children worked in pairs or small groups during the lessons, which 
were 15-45 minutes long. Recordings were made of 26 pair or small group 
conversations by means of a microphone placed on the children’s desks and 
later transcribed. It was difficult to determine what the children were saying 
at times, because they spoke in very low voices. In addition, some of the 
children’s voices were very similar, which led to some confusion in the tran-
scripts.  

Of the six different settings, three had a scientific purpose and the re-
maining three an artistic one. Moreover, the same resources (with two excep-
tions) were used in both the art and science classes, i.e. watercolours, tissue 
paper and paste. In one of the science class settings the children were told to 
talk about their experiences, whereas in one art class setting the children 
were asked to write a poem. Throughout the children were encouraged to use 
magnifiers when observing the fish.  

The reason for choosing the unit “Fish” was threefold: the aquarium fish 
(goldfish of different types) were alive and had different shapes and colours 
and the teachers could expand the unit to apply to, for example, ecology. 
After the introduction the children in all six settings were given one fish per 
pair or small group in a little aquarium with a lid and each child was given a 
magnifier.  
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Results 
In this section we first of all look at what the children were afforded to learn 
about the qualities of fish in the science class by using different resources. 
Secondly, we demonstrate what happened as a result of observing the fish in 
the art class, this time using different resources and what this meant for the 
children’s meaning-making. Under the separate sub-headings we illustrate 
how the different resources used afforded the children to make certain ob-
servations about the qualities of fish and how language use and art activities 
appeared to be complementary. The children did not only learn cognitively 
about fish, however, but also aesthetically. We close by showing how learn-
ing the aesthetics of science was prominent in all six settings, how learning 
the aesthetics of art played a conspicuous part and what this meant for the 
direction the learning took.  

Learning about fish in science class 
The children participating in the science class were told to paint, sculpt and 
talk about their findings and to make close observations of the fish with 
magnifiers. Accordingly, three different settings were staged: talking sci-
ence, painting and sculpturing. In all three settings the first author began by 
asking the children to “look very closely at the fish”. As the resources being 
used changed, the instructions naturally differed. The children observing the 
fish with magnifiers were told to talk about their findings, while the children 
observing the fish and producing artwork were told to “paint the fish accu-
rately as you can” and “create a sculpture that is as like the fish as possible”. 
The instructions thus mediated that the children were to observe scientifi-
cally relevant qualities and that the artwork should be as authentic as possi-
ble.  

As the children making sculptures from tissue paper and paste were not 
used to working with the material the children’s teacher showed them how to 
make a two-dimensional sculpture on drawing-paper first. She also encour-
aged the children to experiment with the material.  

Different resources – different learning consequences  
In all three settings the children frequently construed relations to the quali-
ties of the fish being observed. However, the different resources used af-
forded the children to discern certain qualities of the fish. Although the chil-
dren in all the settings made the same discernment, e.g. that the fish had 
eyes, they also made different choices about what to include in the observa-
tion. To illustrate this we present two examples of the children observing the 
fins of the fish. The first one came from Jens and Eric in the setting “talking 
science”: 
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1. Eric: It waves its fins. 
2. Researcher: Yeah. 
3. Eric: It uses the back fin to steer with. 
4. Jens: It waves its back fin like this. 
 

Eric noticed that the fish “waves its fins”. He also construed the relation 
“back fin”, meaning that he did not just name the fin but also located it. Eric 
also stated that the fish used the “back fin” to “steer with”, which means that 
he observed that different fins have different functions. This little chat high-
lights the immediacy of the experience, and that like Jens and Eric the chil-
dren frequently construed a lot of relations to the fish being observed in a 
short space of time. In addition, like Eric the children repeatedly used the 
correct terminology when communicating what they had discerned, e.g. fin, 
scale and gill (i.e. gill cover). This could be due to the fact that some of them 
had aquarium fish at home and that many of the children had been fishing. 

Like the boys in turns 1–4, Anders and Douglas, who were painting, dis-
tinguished the fins of the fish, although in this encounter aspects other than 
those discerned by Jens and Eric emerged:  
 

5. Anders: O-h, oh. [in a warning tone] He’s really got lots of fins at 
the rear end. 

6. Douglas: Yes. 
7. Anders: Like this. Like this. Isn’t it Douglas? It was like this 

[points at his painting]. 
8. Douglas: Yes, look! 
9. Anders: Can you see? One, two, three. Three on each side and 

then at the rear end and then up there. 
 
In one sentence Anders construed a lot of relations to “he” (i.e. the fish), 
such as “fins”, “really got lots of“ and “at the rear end”. Anders did not only 
use the correct terminology, but also observed that the fish had lots of fins, 
and located them by using the expression “at the rear end”. He continued to 
observe the fish and distinguished that it had “sides” and that there were 
“three” fins on each side. In addition he construed the relation “up there” to 
the back of the fish, where he also could see fins. Besides locating the fins he 
also counted them – although not the “rear” fins as there were a lot of them 
(turn 5). This information was of importance to Anders because it enabled 
him to make his painting as authentic as possible. His painting is detailed 
and includes fins, colour, gills and scales (Figure 1), which indicates that the 
art activity was continuous with learning about the qualities of the fish. 

He also labelled the different parts of the fish he painted. Such labelling 
was unique, however, and only appeared in this setting. This might be due to 
the fact that elementary school teachers often ask children to write about 
what they have been drawing in science class as a way of checking what 
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they have learned, particularly as children’s pictures are often difficult to 
decipher.  

 
 
 
 
 
 
 
 
 
 

Figure 1. Anders’ painting with attached information about the names of the different parts of 
the fish. 

 
Accordingly, the resources used appear to be of importance for what chil-
dren observe and are therefore of significance in the meaning-making proc-
ess. Different modes of communication afford children to make certain deci-
sions about what to include and exclude in order to carry the activity for-
ward. When painting the fish it was important to include details that made 
the artwork authentic. Like Anders and Douglas, the children involved in an 
art activity had a naturalistic approach, which resulted in them including 
qualities like fins, colours and patterns in their artworks, and excluding 
qualities that were of little consequence for authenticity, e.g. the movement 
of the fish. Eric and Jens, on the other hand (turns 1–4), made discernments 
that were almost impossible to include in a piece of art, but that were fully 
possible to include when talking about what was being observed. Like Eric 
and Jens, the children involved in talking science noticed the movement of 
the fish to a larger extent than those children who took part in the other set-
tings. Lars, for example, observed that the fish “opens its mouth”, while 
Karina observed that the fish “does not blink” and Emma stated that “It’s got 
eyes that move all the time”. In this way specific qualities of the fish were 
overlooked in some of the different settings, while others were observed and 
noted.  

Language and making images  
The children involved in making images frequently excluded details that 
were hard to paint or sculpture, which indicated that some of the resources 
constituted a limitation when depicting the fish due to the children’s artistic 
inexperience. However, they continuously communicated their findings lin-
guistically when observing the fish. In addition, the children excluded quali-
ties that were of little or no interest for the authenticity of their artwork, such 
as function and movement. Moreover, when talking about and observing the 
fish, the children in all settings frequently compared the qualities of the fish 



 9 

to familiar objects or qualities when trying to make meaning of what they 
were discerning. Accordingly, prior experiences were reconstructed and 
transformed in the new encounter, meaning that there was a continuous 
transformation of factual knowledge. Language and artwork were therefore 
regarded as complementary in the meaning-making process. An example of 
this is Rita and Roger, engaged in sculpturing, who observed the scales of 
the fish:  

 
10. Rita: He’s got a skin like a snake, you know!  
11. Roger: Yeah. 
12. Rita: He’s got things like scales. [inaudible]…He’s got skin like a 

snake. 
13. Researcher: Okay. What does it look like? Can you explain? 
14. Rita: Like this, when you touch it you get hold of a little piece so 

that you can lift it.  
15. Researcher: Okay. 
16. Rita: If you hold it that way it might hurt a bit.  
17. Researcher: Okay.  

 
Rita construed the relation “skin like a snake” to “he” (the fish), meaning 
that her prior experiences of snakes were reconstructed and transformed in 
this encounter. She continued to construe the correct scientific relation of 
“scales”, although she later referred to the fish having “skin like a snake”. 
When asked by first author to describe snakeskin, she said that there was “a 
little piece so that you can lift it” (turn 14). Rita’s use of additional familiar 
words and comparisons thus enhanced what she was able to learn about fish. 
Another example came from Eric, who distinguished that the fish “waves its 
fins”, probably comparing the movement to hands that are waving (turn 1). 
Like Eric and Rita, the children repeatedly compared qualities of the fish to 
objects they were already familiar with. In that way they linguistically com-
municated their findings, although the qualities observed were not always 
included in the artwork. Despite Rita’s close observation of the scales they 
were not included in her sculpture or that created by Roger. Consequently, 
art and language were complementary in the meaning-making process and 
continuous with learning about the qualities of fish. 

The children did not talk about all their findings but some of the quali-
ties were only included in their artwork. One example of this is Anders (Fig-
ure 1), who did not talk to his classmate Douglas about the scales but never-
theless included them in his painting. It is possible that the artwork took up a 
lot of the children’s time, with the result that they had little or no time to talk 
about everything they observed. However, the artwork was shown to en-
hance children’s observation skills in that they observed those qualities that 
were of importance for authenticity (cf. Figure 1).  
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The children did not just include visible details when observing, painting 
and sculpturing the fish, but also their own relation to it. Rita, for example, 
stated that “you get hold of a little piece so that you can lift it”, which ended 
up in a reflection about how to handle fish, i.e. lifting up the piece in “that 
way might hurt a bit” (turns 14 and 16). This is a question of ethics – you 
should not hurt the fish by lifting the scales in the wrong direction, meaning 
that she was concerned for the well-being of the fish. Children’s moral con-
siderations should have consequences for their further engagement or disen-
gagement in science.  

Learning about fish in art class  
The children participating in art class were asked to produce a painting, 
sculpture or write a poem about the fish. Three settings were thus staged: 
“painting”, “sculpturing” and “writing a poem”. The first author repeated the 
instructions about how to write a poem to the children participating in this 
setting in an attempt to help them understand what they were expected to do. 
Poetry is not always easy for younger children to write as turned out to be 
the case here. Many of the poems were written as stories. The children in the 
other two settings were encouraged to “paint as nice a picture as you can of 
the fish. As nice as you can – real pieces of art” and to “make a nice model 
of this fish”. In addition, the teacher showed the children how to handle the 
tissue paper and paste and make a two-dimensional sculpture on drawing-
paper. This was done because the children participating in this setting were 
not very familiar with this particular technique. In these settings the instruc-
tions mediated that the children should produce nice paintings and sculp-
tures, meaning that although they were encouraged to use magnifiers when 
observing the fish there was plenty of scope for free artistic expression. 

Different resources – different learning consequences  
In all three settings the children recurrently construed relations to the quali-
ties of the fish being observed. Again the resources used were shown to be of 
significance for what the children included and excluded in their artwork. 
The children also exhibited a naturalistic approach when painting and sculp-
turing, which indicated that observing was a means of distinguishing what 
was of importance for the authenticity of the artwork being produced. Henric 
and Morgan, both involved in sculpturing the fish, observed colours, patterns 
and shapes in their close observations of the fish:  

18. Henric: It’s golden. It’s got black dots and grey stripes and a little 
orange tuft and then it’s orange.  

19. Morgan: No, it’s got two! 
20. Henric: Yes, two. 
21. Teacher: What’s the thing that moves at the rear end called? 
22. Henric and Morgan in chorus: Fins. 
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Henric immediately construed the relation “golden” to the colour of the fish 
and in addition observed that there were patterns in the form of “black dots” 
and “grey stripes”. He concluded that the fish had “a little orange tuft”, 
which was corrected by Morgan as being two rather than one (turn 19), and 
that the entire fish was “orange”. Furthermore, when asked by the teacher 
the boys immediately construed the relation “fins” to “the thing that moves 
at the rear end”, thus showing that they were familiar with this part of the 
body by using the correct terminology. Accordingly, the boys construed a lot 
of relations to the qualities of the fish in a short space of time. Morgan’s 
sculpture shows the “black dots” and “stripes” as well as the colour of the 
fish. He also sculptured the fins, observing that the fish had lots of them 
(Figure 2, next page). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Morgan’s sculpture showed lots of details like black dots, stripes, the fins and the 

colour of the fish. 
 
Similarly, the children who were involved in sculpturing and painting the 
fish also construed relations to the qualities of the fish, such as colour, 
shapes and patterns that were to be included in the resulting artwork. Arthur, 
painting the fish, observed that “It’s got yellow dots”, while Emma, involved 
in sculpturing, noted that “It’s got one such stripe…And it’s got black up 
there on the fin, at the very rear end”. Hence, sculpturing and painting en-
hanced the children’s observational skills and were continuous with learning 
about the qualities of the fish. 

The resources used sometimes limited what the children were able to in-
clude in their artwork. This was obviously the case in the setting writing 
poems. Although the children observed the fish and construed relations to its 
qualities, for example, that it was “fat”, had “black dots”, was “golden” and 
that “it’s got a really big tail”, the writing itself constituted an obstacle as to 
what the children were able to incorporate in their poems. Instead they were 
anxious about the spelling and how to express themselves in writing. What 
was most accentuated in this setting was that the children not only learned 
about the qualities of fish, but also about their own relations to the observed 
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fish. In doing so, the children expressed moral considerations, which mostly 
embraced feeling sorry for the fish in one way or another. Martin and Erica, 
for example, were concerned about how the fish would “manage the week-
end”, in the sense that they were concerned about how to feed the fish so that 
it would survive the weekend. Amanda, on the other hand, was quite satis-
fied with the fish living in the little aquarium:  

A little fish is swimming and rests its thoughts. Oh, how well it feels. No 
shark will eat it and it is thinking like this. I feel well, I am not worried about 
me because I feel that well. Here it is so calm and silent. Here nobody needs 
to be afraid. The little fish is thinking. 

 
In her poem Amanda construed moral relations of caring for the fish in writ-
ing that the fish “feels well” and “nobody needs to be afraid”, as well as 
relations of a philosophical kind, for example, “rests its thoughts” and “the 
little fish is thinking”. Her poem is permeated with confidence and trust 
about the well-being of the fish, and also with warmth and love. Again this 
shows how different resources constitute children’s choices about what to 
include when proceeding with the activity they are engaged in. Amanda’s 
reflections in extension are an integral part of learning the aesthetics of sci-
ence, i.e. about what she finds pleasing or displeasing, and what is beautiful 
or ugly. Such discernment was shown to occupy the children’s time most 
frequently in both science and art classes.  

Accordingly, the resources used are of importance for what children dis-
cern and for the meaning-making process. Different resources afford chil-
dren to make certain decisions about what to include and exclude in their 
artwork. When sculpturing the fish it was important to include colour and 
pattern (Figure 2), whereas when writing poems the well-being of the fish 
was in focus, which ended in moral considerations (cf. Amanda’s poem). 
Such considerations are hard to express in a painting or a sculpture, but can 
be formulated in writing. Hence, some qualities were disregarded in both 
settings for the benefit of others.  

Language and art 
Like the children participating in the science class, the children who took 
part in the art class frequently excluded those qualities of the fish that were 
difficult to sculpt, paint or write about. However, the children communicated 
their findings in talk, implying that what was excluded in their artwork was 
sometimes included in their oral communication. When talking to each other 
and trying to make meaning of what they were observing the children made 
comparisons to familiar qualities or objects. Accordingly, previous experi-
ences were reconstructed and transformed in the encounter with the fish. 
One example came from Lisa and Arthur in the painting setting:  
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23. Lisa: It looks like a moustache above the mouth. 
24. Arthur: Mm. 
 

Lisa construed the relation “moustache” to a quality that she observed above 
the mouth of the fish. Hence, when trying to make meaning of what she ob-
served, she used words that were already familiar to her. Such comparisons 
helped the children to communicate their findings and were meaningful to 
their classmates. Another example came from Henric, who compared the 
nare to a “tuft” (turn 18). Hence there was a continuous transformation of 
conceptual, cognitive knowledge.  

But the resources used also obstructed what the children were able to in-
clude in their artwork, particularly in view of their limited artistic skills. 
Despite Lisa’s and Arthur’s close observation of the “moustache” (turns 23–
24), it was not included in their paintings. Painting small details, like a 
moustache, with watercolours might result in the colour floating away and 
spoiling the painting. On the other hand, as the children frequently talked 
about what they were discerning and distinguishing, the painting and the 
talking were complementary, contributed to the scientific meaning-making 
process and helped the children to continue with the activity.  

The reverse also occurred, in that the children included qualities of the 
fish in their artwork that had not been communicated orally. An example of 
this came from Victor and Klas in the painting setting, who linguistically 
distinguished the colour of the fish: 

  
25. Victor: What are you supposed to start with?  
26. Klas: I don’t know. I’ve started with the little rounded part up 

there…yellow…yellow as gold. 
27. Victor: And a little orange. 
28. Klas: Yeah. 

 
When the boys started to talk about how to proceed with the activity, they 
also began to observe the fish. Klas construed the relation “up there”, pre-
sumably to the back of the fish, and simultaneously discerned that the back 
was “the little rounded part up there”. He then went on to construe relations 
to the colour of the fish as “yellow” and extended the observation to a com-
parison: “yellow as gold”. Again, previous experiences were reconstructed 
and transformed in the new encounter, meaning that there are various nu-
ances of yellow. In addition, Victor noticed that the fish was “a little or-
ange”. As the boys proceeded with the activity they stopped talking about 
the appearance of the fish. But as can be seen in Figure 3, Victor’s painting 
incorporates the shape of the fish as well as its gill covers, fins and nare. He 
also noticed that the colour of the fish changed. Accordingly, he observed 
the fish throughout the activity without discussing his findings, and was 
instead involved in making the painting as authentic as possible. Like Victor, 
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the children engaged in painting and sculpturing displayed a naturalistic 
approach to their artwork. In that way the resources facilitated the children’s 
scientific learning about fish, even though they did not talk explicitly about 
their findings.  

 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Victor included details in his painting (e.g. gill covers, fins, and nares) that he did 

not talk about. 

Learning the aesthetics of science and the aesthetics of art  
In all settings the children learned the aesthetics of science and of art, which 
could be identified from their use of aesthetic judgements. In order to dem-
onstrate that the use of aesthetic judgements was not casual and infrequent, 
we present data that shows that the children repeatedly used aesthetic 
judgements when talking about what they distinguished as part of the activ-
ity they were involved in. Typically, a group of children used aesthetic 
judgements every 1–3 min (Table 1). The aesthetic judgements used with 
regard to the artwork were related to the authenticity of the fish being 
painted or sculptured and were scientific in nature. However, the children 
also expressed their delight about artistic qualities in relation to the artwork 
being produced.  
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Table 1 Frequency of the children's use of aesthetic judgements in relation to the 
scientific content and to the artwork. 
Settings Num-

ber of 
groups 
in 
class 

Duration 
of  
the les-
son 

Number of 
aesthetic 
judgements in 
relation to the 
fish 

Number of 
aesthetic 
judgements in 
relation to the 
art work 

Mean time 
(min) be-
tween aes-
thetic 
judgements 

Talking sci-
ence 

5 15 116 0 0.65 

 
Painting in 
science class 

 
4 

 
40 

 
27 

 
2 
 

 
3.2 

Sculpturing in 
science class 

5 
 

35 
 

77 
 

43 
 

1.46 
 

 
Writing a 
poem in art 
class 

 
5 

 
30 

 
58 

 
3 

 
2.5 

 
Painting in art 
class 

 
3 

 
30 

 
31 

 
27 
 

 
1.55 
 

Sculpturing in 
art class 

4 
 

45 
 

38 
 

52 
 

2.0 
 

 

Learning the aesthetics of science 
The children used positive aesthetic judgements when observing the fish, 
meaning that the aesthetic experience of encountering the fish was pleasant 
and they enjoyed taking part in the class. One example of this came from 
Johanna in the setting talking science (aesthetic judgements in bold type in 
the excerpts): 
 

29. Johanna: Oh! [with wonder] It’s really beautiful. It looks like a 
goldfish, but it’s another kind of fish. It looks like glitter. 

[   ] 
30. Johanna: They really have a lot, the fins look like scarves through 

the magnifier… It’s glittery.  
 
Johanna was quite overwhelmed when observing the fish with a magnifier, 
which was shown in her use of positive aesthetic judgements like “Oh!”, and 
“beautiful”. At the same time she started to observe the fish more closely 
and discerned that the fish looked like a “goldfish”. She also distinguished 
that the scales looked like “glitter”, with an undertone of positive aesthetics. 
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When Johanna proceeded with the activity she also expressed that when 
using the magnifier properly, which is a question of how to act in the right 
way, you could see that the fins look like “scarves”. Again her choice of 
words had a positive aesthetic undertone, meaning that she anticipated what 
would occur when proceeding with the activity. Johanna concluded by say-
ing that the fish was “glittery”. Hence, the aesthetic experience was continu-
ous with cognitive, normative and aesthetic learning about fishes.  

When learning cognitively and normatively, i.e. about what to include or 
exclude in the observation and the artwork and how to act in the science 
class, the children frequently used positive aesthetic judgements and words 
with an aesthetic undertone to sort out what was of importance. Throughout 
the children’s aesthetic experiences were shown to carry the activity forward 
in the right direction. This was also the case with Johanna (turns 29–30), as 
the learning of the facts, norms and aesthetics of science frequently merged. 
When discerning that the fish looked “beautiful”, she simultaneously distin-
guished specific qualities of the fish and decided what to include when pro-
ceeding with the activity (“looks like a goldfish”, “glitter”, “scarves”). In 
order to see the full beauty of the different parts of the fish it was necessary 
to use a magnifier, i.e. learning the norms of how to act in the right way. 
Accordingly, the aesthetic judgements expressed were not only emotional, 
but were continuous in the experience as a whole, meaning that proceeding 
with the activity in hand and observing more qualities of the fish was 
worthwhile. This is also a question of children’s possibilities of participating 
in class and their own relation to science. If children recurrently experience 
that science is part of their own lives, it follows that they will experience 
science as something that concerns them.  

Aesthetic judgements were also used in the summing up of the whole 
experience of encountering the fish. Lukas and Mary, again in the setting 
talking science, closely observed the tail fin of the fish. The experience led 
to wonder and excitement, as expressed by Lukas in a positive aesthetic 
judgement:  
 

31. Mary: Hey look, the rear fins are like this, you know!  
32. Lukas: Hey look! It’s in three pieces! 
33. Mary: Yea-ah, I know. 
34. Lukas: Cool. 
35. Mary: Mm. 

 
Mary observed that the fish had “rear fins”, meaning that she not only 
named the fins but also located them. Lukas went on to construe the relation 
“three pieces” to the “rear fin”, implying that he discerned that the tail fin 
was divided into several parts. He summed up the whole experience by using 
the positive aesthetic judgement “cool” (turn 34). In doing so he communi-
cated that participating in a science class and observing fish was fascinating 
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and exciting and that fins were details to include in the observation. By the 
aesthetic judgement “cool” he also expressed an anticipation of what further 
observations might have in store, meaning that it was worthwhile proceeding 
with the activity. Hence, the aesthetic experience, expressed in aesthetic 
judgements, was of significance for the direction taken by learning and 
meaning-making. 

Learning the aesthetics of art 
The children also construed positive aesthetic judgements in relation to the 
emerging artwork, meaning that they were pleased with the results. Moreo-
ver, their satisfaction was frequently related to the fact that they had suc-
ceeded in making the painting or sculpture as authentic as possible. In that 
way, the scientific content could be said to be at the forefront even though 
the purpose was artistic. One example of this came from Sebastian and Char-
les while painting the fish in the art class:  
 

36. Sebastian: I’m painting the fish exactly how it looks.  
37. Charles: What did you say? 
38. Sebastian: I’m painting the fish exactly how it looks.  
39. Charles: Which one do you think is the nicest then? 
40. Sebastian: Mine. 
41. Charles: Yes, it probably is. 
42. Sebastian: You didn’t get it looking exact. I used the magnifier 

and checked. 
43. Charles: Mm. 

 
Sebastian was satisfied with his attempt to make the painting of the fish as 
real as possible, which he expressed in the wording “exactly how it looks” 
and “painting the fish exactly” (turns 36 and 38). When asked by Charles 
which of the paintings he thought was the “nicest”, there was no doubt that 
Sebastian regarded his own piece of art as the best (turn 40). Hence, making 
a “nice” painting of the fish was equal to making an exact copy of it. Sebas-
tian also stated that observing through the magnifier was completely accept-
able. Again, this is a question about norms, i.e. how to act in order to pro-
ceed with the activity in the right direction, so as to make as an authentic a 
picture of the fish as possible. It is also a question of what to include in the 
observation: discerning what belongs to science and what does not. Accord-
ingly, being involved in the art class did not mean leaving out the scientifi-
cally relevant qualities of the fish, but interweaving them into the activity.  

The children also used aesthetic judgements when referring to artistic 
qualities, i.e. when including details other than the qualities of the fish in 
their paintings or sculptures. In those instances the children were anxious 
about creating a good environment around the fish, in the sense that the rela-
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tions construed had moral ramifications. One example came from Henric and 
Morgan when they were sculpturing the fish in the art class:  
 

44. Henric: Look! …Look at mine [sculpture]! …Look at mine 
Morgan! It’s got seaweed. I’ll draw a lot of that. 

45. Morgan: How fine it’s getting. 
46. Henric: Look, it lives, it lives in a coral reef. Isn’t that nice! 
47. Morgan: Yes. 
48. Henric: Mm. 

 
Both Henric and Morgan were satisfied with Henric’s sculpture and ex-
pressed this in positive aesthetic judgements like “fine” and “nice” relating 
to “seaweed” and “coral reef”. Making a nice looking piece of art was im-
portant to the boys, which was also the aim of the lesson. Moral implications 
were also involved, although were not fully expressed. Henric implicitly said 
that he wanted the sculptured fish to live in surroundings that were good for 
it, which indicates that children’s aesthetic and moral judgements are closely 
related (turns 44, 46).  

Artistic qualities were also in focus when Amanda read her poem to a 
classmate, Johannes. Johannes expressed great admiration for what Amanda 
had written in positive aesthetic judgements: “Wow! [admiring] It’s dead 
cool!” Like Henric’s sculpture, Amanda’s poem is permeated with moral 
undertones. It is difficult to say whether Johannes noticed this or just simply 
liked what Amanda had written, however. Like children’s aesthetics, moral 
considerations reflect the relation to the activity concerned, which have con-
sequences for their engagement or disengagement in activities like art and 
science in the future. Accordingly, children’s aesthetics which at times have 
moral ramifications are of significance for the route that learning takes and 
hence for what children can learn.  

Summary 
Although the children were involved in observing and producing artwork for 
two different purposes – one artistic and the other scientific – when talking 
they frequently construed scientifically relevant relations to the qualities of 
the fish. To demonstrate this we present data that shows how often qualities 
were observed. On average, a group of children construed cognitive relations 
to the fish about every ½–1 min (Table 2).  
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Table 2 The frequency of qualities observed and orally expressed in each setting. 

Settings Number of quali-
ties observed 

Mean time 
(min) be-
tween quali-
ties observed 

Talking science 307 0.24 
Painting in science 
class 

197 0.8 

Sculpturing in 
science class 

232 0.75 

Writing a poem 153 0.98 
Painting in art 
class 

139 0.65 

Sculpturing in art 
class 

203 0.9 

 
The different resources used afforded the children to make certain observa-
tions of the qualities of the fish. When involved in art activities, the children 
largely included qualities that were of significance for authenticity, while the 
children engaged in talking science included the functions and movements of 
different parts of the creature’s body (e.g. turns 1–4). However, some quali-
ties proved to be difficult to include in the artwork as a result of the chil-
dren’s lack of artistic skills. The resources used therefore constituted some-
thing of a limitation for what the children were able to incorporate in the 
artwork (turns 23–24). 

When talking to each other the children involved in art activities com-
municated what they had distinguished, although this did not always result in 
their discernments being included in their artworks. Talking was therefore 
complementary to the artistic activity and enabled the children to make 
meaning and communicate their findings (turns 10–17, 23–24). The reverse 
was also the case, thus implying that the children included qualities of fish in 
their artwork even though they did not verbally communicate what they had 
discerned (Figure 1). Nevertheless, throughout the art activities the children 
observed the fish and were involved in making their paintings and sculptures 
as authentic as possible. In that way, painting and sculpturing both promoted 
and were continuous with the children’s learning about the qualities of fish.  

The children also learned about their own relations to the fish being ob-
served, which was shown in their use of positive aesthetic judgements (Table 
1) and through their moral considerations (turn 16, Amanda’s poem and 
turns 44–48). Moral considerations were most accentuated in the setting 
“writing poems” and dealt with the wellbeing of the fish. With regard to the 
number of positive aesthetic judgements, observing the fish seemed to be a 
pleasant experience for the children. Aesthetic learning was shown to em-
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brace both cognitive learning as well as learning norms about how to act and 
what to exclude and include in order to carry the activity forward (turns 29–
30). Positive aesthetic judgements were also used in summing up the experi-
ence of encountering the fish (turn 34). In addition, the children’s aesthetics 
were shown to have moral ramifications (Amanda’s poem and turns 44–48). 
This rich meaning of children’s aesthetic experiences constitutes an indica-
tion of the route that children’s learning takes, and is of importance for chil-
dren’s possibility to participate in a science class. In a long term view, chil-
dren’s aesthetic experiences should be essential to their future scientific en-
gagement or disengagement.  

In addition, the children were often satisfied with their artworks, which 
was indicated by the positive aesthetic judgements used. Their satisfaction of 
the artwork was mostly concerned with its authenticity, regardless of the aim 
of the activity (turns 36–43) or the artistic qualities expressed in the art class 
(turns 44–48). Accordingly, art – independent of the purpose – was shown to 
be continuous with cognitive and normative scientific learning as well as 
aesthetic learning. 

Discussion  
As has been shown in this article, science and art are not essentially different 
but merge when children are involved in observations and art activities in 
class. Notwithstanding the fact that the aims differed and the resources used 
varied, the children frequently construed a lot of naturalistic relations to the 
fish. Hence, they continuously learned scientifically about the fish in all the 
settings, which indicates that art – at least to children – is not just a question 
of private emotions as argued by Gardner (1971). When learning cognitively 
about the object being observed, art in science education cannot only be 
viewed as a motivating power but must also be seen as a means. Elementary 
school children have not yet learned to differentiate between science and art, 
but instead have a naturalistic approach in relation to the artwork being cre-
ated, irrespective of whether they are involved in a science or an art class. 
Accordingly, and has been pointed out by several scholars (e.g. Fischer, 
1999; Root-Bernstein, 1996; Vickers, 1988), science and art are compatible 
and possible to combine, which should be of interest to teachers.  

However, the resources chosen proved to be of importance for what the 
children discerned and hence for what they included in their observations 
and artwork. Accordingly, different modes of communication bring out cer-
tain aspects, while others are disregarded, which in turn has consequences 
for the meaning-making process. In terms of enhancing children’s learning, 
teachers should be careful in their choice of which resources to use and re-
late them to the aim of the lesson in question, because each resource em-
braces both limitations and potential with regard to the meaning-making 
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process, as pointed out by Kress, Jewitt et al. (2001) and Jakobson and 
Wickman (manuscript).  

In addition, children’s familiarity with the material used was of signifi-
cance for what they were able to include in their artwork, meaning that some 
qualities of the fish were left out while others were incorporated. Sculpturing 
using tissue paper and paste, for instance, proved to be both sticky and 
clumsy, which meant that the children were unable to include microscopic 
forms like scales in their creations. Likewise, writing poetry was difficult for 
the children, which consequently constituted a limitation for what they were 
able to include in their writings. The children’s lack of artistic skills thereby 
constrained what they were able to include in their artwork, although they 
frequently in talk communicated scientifically relevant things about the 
qualities of fish. On the other hand, resources that were familiar to the chil-
dren promoted the learning of science. Hence, art in the science class and 
science in the art class enhances what children are able to learn cognitively if 
they are familiar with the resources being used, which should be noticed by 
teachers.  

Throughout the settings the children were involved in observing the fish 
using magnifiers. Accordingly, observation was shown to be important in 
both the science and the art class. In accordance with this, the children were 
anxious to make their artwork as authentic as possible. In that way the art 
activity enhanced the children’s observational skills; something that has also 
been pointed out by several scholars (e.g. Gainer & Child, 1986; Hayes, 
Symington et al., 1994; Laverne Nelson et al., 1998). This is in line with 
Dewey (1925/1958; 1899/1990), and Watts (2001), who argue that observing 
is common to both art and science. Accordingly, the children continuously 
distinguished relevant qualities of the fish when talking and creating their 
artwork.  

Moreover, in all the settings the children frequently used the correct ter-
minology when communicating what they had distinguished. They also 
compared the qualities of the fish to familiar objects and qualities. The com-
parisons were both immediate and fully intelligible to their classmates. This 
shows that words acquire their meaning in specific interactions, which is in 
accordance with Wittgenstein’s (1953/1992) language-games. Besides, in the 
meaning-making process language use and art activities were shown to be 
complementary. Hence, what is learned depends on the simultaneous use of 
the different modes of communication and resources used. Accordingly, a 
teaching sequence should include various modes of communication and a 
variety of resources in order to facilitate children’s learning as outlined by 
Kress, Jewitt et al. (2001). 

Furthermore, the children learned about their own relation to the activity 
they were involved in. Learning the aesthetics of science, which also in-
cludes moral ramifications, was shown to take up a lot of the children’s time. 
In all the settings the children continuously expressed themselves in positive 
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aesthetic judgements. Such judgements were used when learning what to 
include and what belonged to the scientific discourse, i.e. norms about how 
to proceed with the activity. Aesthetic judgements were also used when 
communicating that observing the fish was pleasurable and that pursuing the 
activity to its fulfilment was worthwhile. Although learning the aesthetics of 
science has sometimes been separated from cognitive learning (e.g. Novak, 
2002; Posner, Strike et al., 1982; Strike & Posner, 1992), the children’s aes-
thetic experiences were shown to be rich in meaning and significant for the 
direction of their learning, which should be of significance to teachers to 
acknowledge. In a long term perspective children’s abilities to participate in 
science activities in school have consequences for their future engagement in 
science (Jakobson & Wickman, 2008; Wickman, 2006). Accordingly, the 
results presented here show that aesthetics do not only relate to art, but also 
relate to science and the entire experience of learning and meaning-making. 
In this way are results largely concur with those of other researchers (e.g. 
Bloom, 1992a, b; Flannery, 1991; Jakobson & Wickman, 2008; Wickman, 
2006).  

The children’s aesthetics embraced their satisfaction with the artwork 
being produced. Because the children enjoyed creating their artwork they 
frequently construed positive aesthetic relations concerning the authenticity 
of the fish being painted or sculptured. Hence, the children can be said to 
have related to science and art in the sense that the two activities merged. 
The children’s satisfaction with their artwork is important in this context, 
because the pleasure of producing a nice piece of art may also have a posi-
tive effect on their future learning in science (cf. Hayes Symington et al. 
1994). If children experience constant disappointment with their artwork, it 
may result in them the hesitating to participate in similar activities in the 
future. 

To conclude, different modes of communication in a specific activity 
with a certain purpose have various consequences for what children learn. 
What children learn is situated and dependent on the specific encounters that 
occur. Hence, different resources bring different qualities to the fore, while 
others are disregarded. In this case the children continuously learned about 
fish independent of the setting they were participating in and independent of 
the purpose of the activity. Moreover, as the art activities proved to be en-
joyable, they have the potential to humanise and enliven the learning of sci-
ence. Accordingly, we should stop asking whether art is promoting science 
learning or not and instead inquire into the different ways that different art 
activities can contribute to students’ scientific meaning making.  
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