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Abstract
Considerable concern has been raised in Sweden about decreasing interest in science among young people. One key to improving attitudes towards science is an early positive contact with science. Numerous studies have however shown that elementary and pre-school teacher generally have negative attitudes towards science and science teaching, as well as poor science content knowledge. As a consequence, science teaching in pre-schools often is fragmented. A pre-school teacher education that prepares student teachers for teaching science with confidence has therefore been put forward as a way of increasing quality science teaching in pre-schools. 
In this longitudinal study, attitudes towards science and science teaching of students enrolled in a science and art oriented pre-school teacher programme were followed during their first years of university studies. 

The results show that the socialization process into the scientific discourse takes time, and that one full year of exposure to activities with scientific content was needed for skeptical attitudes towards science to change. The results also indicate that dominant attitudes, norms and behaviors of the pre-school professional culture may clash with developing science teaching skills. Pre-school teacher education therefore also needs to communicate about these contradicting cultures.

Introduction
Considerable concern has been raised in Sweden about the problems faced by students in learning science, and the decreasing overall interest in science. One of the reasons for this situation is the way science is taught, causing an initial interest in science to decrease (Lindahl 2003; EU 2004; EU 2007; Osborne & Dillon 2008). One suggested key to retain the initial positive attitudes among children is to bring about a positive contact with science at an early stage (Harlen 1997). An early experience of quality science education also will help the students to a better understanding of scientific concepts studied later in a more formal way (Eshach and Fried 2005, Novak 2005). This however requires the establishment of a pre-school teacher education that provides becoming pre-school teachers with a sound basis of general science knowledge, enabling them to teach science with confidence (Harlen 1997, Kallery & Psillos 2001). The establishment of such an education is although not uncomplicated. Pre-school student teachers often have a rather estranged relationship to both science and science education (Howitt 2007; Rice & Roychoudhury 2003). Usually they see themselves as “non-science” people and typically they have poor science knowledge. They also often have negative attitudes towards science, remembering science at school as a negative experience (Garbett 2003). Teacher education for pre-school teachers including science is therefore facing a challenge, where the education need to provide both a sound basis of general science content knowledge as well as enhancing student teachers confidence in teaching science (Harlen 1997, Kallery & Psillos 2001).
The importance of an early exposure to science through an active pre-school teacher is formalized in the Swedish pre-school curriculum (Lpfö 89). Here it is stated that the pre-school should constitute the first step in the education system. One learning goal “to strive towards” is to ensure that children develop an understanding of their own involvement in the processes of nature and of simple scientific phenomena, as well as increase their knowledge of plants and animals. The curriculum also states that pre-school should put great emphasis on issues concerning the environment and nature conservation. At the same time, a distinguishing character of Swedish pre-school is the ambition to combine care, nurturing and learning (Johansson & Pramling 2001). The curriculum sets this out as one of the fundamental values for the pre-school. Tasks, goals and guidelines for activities are further presented, but the curriculum does not present how these goals shall be attained. The complicated task of putting nurturing and learning in a coherent whole into practice is thus an issue primarily for the pre-school staff. Studies have shown that the outcome often is that caring a nurturing is emphasized while learning comes second hand (Palmerus, Pramling & Lindahl 1991, Thulin 2006). Possibly this task will be made easier by the clarifications and complements suggested recently (Skolverket 2009).
In this longitudinal study, attitudes towards science and science teaching of students enrolled in a science and art oriented programme were followed during their first years of university studies. As teacher's epistemological beliefs, teaching contexts, and instructional goals also are reflected in their teaching practices (Kang & Wallace 2005, EU 2004), these perspectives have been included in the study as well.
Rationale 
The students of the study are all enrolled in a science and art oriented pre-school teacher programme. This programme is especially designed to prepare them for teaching science with confidence. During one full year (two semesters) these students meet science from different perspectives to provide them with a sound basis of general science knowledge, pedagogical content knowledge and experiences of science activities integrated with art. This rather extensive science part of a pre-school teacher programme is unique in Swedish contexts. Following the development of these student teachers attitudes towards science and science teaching thus gives an important insight into the relationship between content knowledge, attitudes and confidence in teaching science.
Methods
Sample

The original sample consisted of 65 students enrolled in a programme for pre-school teachers at Örebro University, Sweden 2007. The programme, which is three and a half year long, starts with one semester of didactics. After this a year with “science and creative art” starts followed by another two years of didactics and subject based courses. The science and art year (from here called science year) is aiming at giving the students the appropriate background needed to meet children’s questions, attitudes and experiences of nature. It also is designed to prepare the students for planning and carrying out science teaching according to the pre school curricula.

Theoretical and practical perspectives of science are covered in excursions, creative elements, group discussions and individual or group projects. Also didactical perspectives of science teaching are covered as well as the basics of scientific inquiry. Many different techniques of creative arts are used in combination with science teaching. Aesthetic experience has been shown to have positive effects on children’s cognitive learning and possibility of participating in science activities (Jakobson 2008). Probably this combination also has positive effects on science learning by young adults. A further study of this special aspect was however not possible to include into the scope of this study. 

Data collection
The students´ epistemological believes and attitudes towards science and science teaching were followed through questionnaires, individual interviews and audio-taped discussions in groups. In this paper only results of the questionnaires are presented. These contained closed questions of Likert scale types and open ended questions. The students were also asked to freely associate with the words Nature, Science and Molecule.

The first questionnaire was handed out at the start of the first semester. The questions here concerned attitudes towards learning (modified after Leavy McSorely & Bote’, 2007) as well as reasons for enrolling the program. At the beginning of the science and art course, a second more extensive questionnaire was handed out. Here the questions both concerned attitudes towards learning as well as attitudes towards science and science teaching (Osborne et al. 2003). Both these aspects were then further followed by a questionnaire at the end of each science semester. The study was explorative in that each questionnaire was designed based on the answers of the earlier ones. This explorative approach resulted in questionnaires with a larger tendency of open ended questions as time went by. Additional questionnaires are planned and will be handed out at the end of their studies as well as one year after the students have been in service.
Likert scales
A five-level Likert item was used asking the students for the extent to which they agreed or disagreed with a particular statement. The format used was; "strongly agree, agree, neutral/undecided, disagree, and strongly disagree." These five levels were later reduced into three categories of "agree", “neutral” and "disagree". The results were analyzed by descriptive statistics and in some cases non-parametric tests by using SPSS. 

Open ended questions

Replies to open ended questions were categorized according to the different themes emerging from the material it self. The scope of the four categories were inspired by Harlen (1985), a teacher’s tutorial for developing children's process skills, and for supporting children's understandings through inquiry. This book is used as course literature during “science year”, so the students should be familiar with its content to some extent. Emphasis through out the book is on the teachers´ role (what the teacher might do) in contrast to most literature with ideas for classroom activities (what the children might do). 
Responses to describe the type of activities with scientific content you want to arrange, what purpose do you see with this activity, how do you picture your own role in the activity and how do you think teachers can help children train scientific process skills, emerged into two themes that were combined into four categories (below). The two themes were descriptions of activities (what the children might do) and the teacher role (what the teacher might do). The description of activities and the teacher role were recognized as follows:

Descriptions of activities:
1. Providing opportunities. Responses describes one or many of following; concrete activity suggestions, useful equipment, the need to set of time, providing opportunities by going outdoors, providing the children with interesting materials to work with.

2. The child’s aspect. Response describes activities proceeding from the children’s own ideas, interest and understanding of the world.

3. Recognition of training process skills. Response describes activities such as observing, helping children to raise questions and answering them, training to communicate, planning. 

Description of the teacher role:
a) Supporting supervisor. Describes a teacher who is open minded and supports children’s own ideas and interests. 

b) Challenging leader/ guiding teacher. Describes a teacher who considers the children’s ideas but also challenges these. Takes a more active part in planning than a).

c) Describes social competence as primary pedagogical intention.

d) Describes problem solving and learning as primary pedagogical intention.

These subthemes of  “the teacher role” were partly inspired by the themes emerging from studies on how pre-school teachers experience their educational work made by Hensvold (2003).

The resulting four categories are:

1. No answer or a very vague description

2. Describes what the children might do. Most common here is only a description of an activity. The teacher’s role is diffuse, passive or absent.

3. Describes what the children and the teacher might do. The activity described includes the role of an active teacher. In some cases a point is made of the importance of considering the children’s ideas.

4. As 3, but specific aspects of process skills are specified. In these descriptions the importance of considering the children’s ideas and interest are included.

Word associations 
The students were asked to freely associate with the words Nature, Science and Molecule. The purpose of this was twofold. First, word association has earlier been used as a tool for assessing conceptual change in science education (Hovardas & Korfiatis 2006) as well as for ascertaining belief or attitude changes in psychology and sociology. In our study we are interested in attitudes and therefore used word association as one possible tool for assessing these. The word molecule was chosen as an example of the scientific language which is a part of the socialization process into the scientific culture. The word science is in a similar way known to be provided with different meanings depending on for instance educational experiences (Roberts & Östman 1998). Second, most data in this study are based on replies in questionnaires. Many of the statements and questions in these questionnaires contain the words nature and science. As these two words resembles each other in the Swedish language (natur and naturvetenskap respectively), it was of importance to know if the students provided these words with different meanings.
The associations were sorted according to different themes emerging from the material. These themes were further analyzed to identify trends and patterns. The different categories were similar to results of earlier analyses regarding value-related messages implicitly or explicitly expressed in texts concerning nature and science (Allwood 1983, Östman 1986). 

Results
Attitudes towards pre-school profession
It was quite evident from the material that the students held caring and nurturing as the most important characteristic for a pre-school teacher even before they started their programme. For example, a majority of the students (67 %) stated that the purpose for enrolling the program was that they wanted to work with small children. Only 5 % spontaneously mentioned the science orientation of the programme as a cause for enrollment. When asked about given characteristics relevance for the profession, being pedagogical, caring for children, self confident, passionately engaged in the profession and capable of creating a safe environment were chosen by the majority as primary characteristics. Academic competences such as specific content knowledge, knowledge of school history or recent pedagogical research were considered least relevant. After one semester this pattern was not changed. In the end of the science year an open question about important competences and characteristics was used instead of different given characteristics. The answers were sorted into different categories. Again, answers of the category caretaker and keeper of a safe atmosphere  were spontaneously given by 95 % of the students. Answers holding characteristics of academic sort like pedagogical education, content knowledge or teacher training was all suggested only by about 30 % of the students. 
Attitudes towards nature
The majority of the students started the programme with a positive attitude towards “nature” or “outdoor-life”. As an example, at start 67% stated that they enjoyed being in nature. After one semester this had increased to 80%, a number that remained after two semesters. Also, after two semesters nearly all students (98%) stated that they felt very confident in arranging activities in nature with children, compared to 78% in the beginning. When asked to freely associate with the word nature (Table 1), a majority associated with classical scientific meanings also found in most Swedish school text books and in Swedish press (Allwood 1983, Östman 1986). Here nature is something separated from humans (i.e. biotopes, plants and animals) but also something for humans to observe or enjoy (outdoor activities). Science year seemed to also retain this trend. Associations with positive feelings also increased during science year. Among the spontaneous positive remarks freedom, refreshing and peace and quiet were common. 

	Table 1. Students associations with the word nature before and after the science and art course. Categories modified by Östman (1996).

	Category
	Percent of students

	
	Date 080125

N=60
	Date 090109

N=55

	Classic meaning of science

e.g. forest, animal, separated from humans
	66
	60

	Cultural meaning of science

e.g. outdoor activity, human resource
	44
	42

	Affective dimension

-only positive feelings
	23
	31

	Organistic meaning

e.g. holistic, life systems in balance, life/survival
	5
	5

	Other
	2
	7


Attitudes towards science
Attitudes towards science and scientific content knowledge turned out to be somewhat more complicated than attitudes towards nature. At the start of science year, 93 % of the students agreed with the statement it is important for a country that its citizens have basic knowledge in biology, chemistry and physics. Also, 68 % also thought that scientific research provides us with a better society.  On the contrary, less than half agreed (40 %) when asked if they remembered science class as something interesting, and only 28 % remembered it as something easy to learn. Possibly, this could be interpreted as an overall positive attitude towards science and scientific knowledge, but not on a personal level. This somewhat ambiguous view is similar to other findings, in Sweden and other countries, that most young people are satisfied with the progress of science, but not convinced that science is something for them (Sahlman 2008). Interestingly less than 10 % agreed to the statement you need to be clever to deal with science. At first sight this might contradict the fact that only 28 % remembered science as something easy to learn. However, it might also be a sign of the overall decreasing respect for science noted in many recent reports (Sahlman 2008).

An indication of a switch from this ambiguous attitude towards a more personal and positive attitude was not visible until the end of science year. As an example, at the beginning of the science courses 40% stated that scientific content knowledge could be useful in their every day lives whilst 15% did not agree with this statement at all. These numbers did not change during the first semester. After one year however, 64% of the students stated that scientific knowledge could be useful in their everyday lives, and none disagreed with the statement. This shift was also noticeable among the free associations with the word science and molecule (Table 2 & 3). 
Before science year a vast majority of the student associated science with words related to traditional academic scientific meanings such as answers to questions, knowledge, school subjects, experiments and investigations (Östman 1996), (Table 2). Before science year the word science was associated with both negative and positive feelings. Here the positive associations were of the kind fun and interesting while the negative ones were difficult or Boring!. Many however added hopes of changing their views during science year. This also apparently happened as a small decrease over time was obvious in the amount of associations with feelings, where most of the change was du to less negative associations.
	Table 2. Students associations with the word science before and after the science and art course. Categories modified by Östman (1996).

	Category
	Percent of students

	
	Date 080125

N=60
	Date 090109

N=55

	Classic meaning of science
	87
	82

	-Understand, knowledge, learn
	47
	47

	- Specific knowledge
	8
	5

	- Subject in school
	22
	29

	- Theory, books
	10
	2

	- Experiment, investigations
	20
	20

	Cultural meaning of science
	8
	4

	Affective dimension
	17
	7

	-Negative feelings
	12
	4

	-Positive feelings
	3
	4

	-Mixed feelings

e.g. hard and fun
	2
	7

	Other
	10
	0


Interestingly the word science didn’t evoke as many negative associations as the word molecule (Table 3). One fourth of the students associated molecule with words like difficult or simply sigh!. Possibly, the term molecule to a larger extent is a symbol for the abstract and atomistic nature of science often suggested to be one of the problematic sides of school science. After one year of science, some negative associations still persisted, but to a lesser extent. 

A possible sign of beginning socialization into scientific discourses was the shift towards more traditional scientific meanings with the word molecule among the associations after science year. Here 60% associated with typical classical meanings of science (Östman 1996). These classic scientific meanings were revealing atomistic views, using words such as atoms or elements or organistic meanings with expressions like small building blocks or what everything is made of. Before science year only 36% provided molecule with these types of meanings. Also, before science year, more than one third associated molecule with cultural meanings. The cultural meanings revealed individual views such as the water molecules´ resemblance with Mickey Mouse’s´ head, or associations with school settings (most common was chemistry). The complex interaction between learning science and socialization into the specific views and language of school science and science itself has been discussed in more detail by Lundqvist et al. (2009). 

	Table 3. Students associations to the word molecule before and after the science and art course. 

	Category
	Percent of students

	
	Date 080125

N=60
	Date 090109

N=55

	Classic meaning of science
	36
	60

	-Atomistic
	18
	27

	-Organistic
	18
	33

	Cultural meaning of science
	37
	25

	-individual, “Mickey mouse”
	17
	20

	-school perspective
	20
	5

	Affective dimension

Negative feelings
	25
	16

	No answer
	2
	5


Attitudes towards science teaching

Several previous studies have shown that elementary and pre-school student teachers generally have negative attitudes towards science teaching (Garbett 2003; Harlen 1997; Howitt 2007; Appelton 2003; Rice & Roychoudhury 2003). Our results show a somewhat more complicated and ambiguous picture. This picture is made up by conflicting attitudes towards the content to be taught, pedagogical intentions and the pre-school teacher role. For example, the majority of the students started the programme with a positive attitude towards science teaching and 92 % of the students agreed to the statement I´m looking forward to arranging pedagogic activities with scientific content. Also, 68 % believed they would do that sort of activities often. At the same time however 90 % also agreed to the statement the most important aspect of outdoor activities is that the children get an outlet for their energies and fantasies, which might indicate a view of learning scientific content as a lower priority during outings. Also, a majority thought it unnecessary to use difficult words like molecules together with the children, a possible reflection of their own negative associations with the word. Interestingly, there was a small, however not statistically significant, shift towards a lesser agreement to the statement after one year of science. This could be connected with the shift to a less negative attitude towards the word itself. 

These results thus together suggest a picture of rather confident students, but also raise questions about their meanings of “pedagogic activities with scientific content”. The next questionnaire therefore held open ended but detailed questions about their thinking of content, pedagogical intentions and their own roles in relation to scientific activities. They were also asked to describe how one might encourage children to train scientific process skills. Here, our results suggest that developing science teaching skills is a rather slow process. For example, after one semester of science, including many different types of applications of science and one period of in service training for the students, a majority of the students still responded with rather vague descriptions of how activities with scientific content might look like. Approximately 25% did not include any scientific content at all in their answers; simply describing them as fun and inspiring activities. Most students stated they wanted to make different types of investigations (64 %) or experiments (25%). Further explanations were however seldom given concerning from which aspect/question these investigations and experiments were to be made. The investigations were further all, implicitly or explicitly, described as something taking part outdoors, and of the type: investigate animals and plants or visit a forest and let the children study ants and insects. Many of the responses after one semester of science thus suggest an implicit or explicit connection made by the students between pedagogic activities with scientific content and outdoor activities, sometimes even free activities. Also, about one third described the teacher’s role as the inspirer or supervisor, supporting the children’s own ideas. A majority of the students´ however didn’t answer at all or responded very vaguely when asked to describe the teacher’s role in detail. Only a minority (10%) of the responses specifically described activities which would help the children train to observe, raise questions, plan investigations or to communicate about results. These answers also recognized the teacher’s crucial role children’s learning.

After one semester most students described two or more intentions with their planned activities. Most common among these was to increase content knowledge (61%), irrespective of activity type described. Other intentions with having activities were to increase environmental concern (22%), stimulate curiousness and interest (19%) and encourage a habit for outdoor activities (16%). A tentative conclusion of the students view after one semester is thus that a vast majority plan for the children to learn science from being put into (outdoor) activity. This view has been pointed out by Harlen (1997) as common, but also somewhat unfortunate if one means to perform quality science education with small children.

After two semesters of science however, a considerable change was evident in the answers. This time all students described some sort of pedagogical idea, even if one third still would only see to the aspect of activating the children. A general trend was also a greater emphasize on taking the children’s ideas and interests into consideration when planning activities. Another general trend was also to more explicitly describe the teachers’ role as an active organizer. However, still only about 10% described activities that would train children to observe, raise questions, plan investigations or to communicate about results. 

Conclusions and Implications
Our results shows that the socialization process into the scientific discourse takes time, and that one full year of exposure to activities with scientific content may be needed for skeptical attitudes towards science to change. Our data thus supports substantial science education in pre-school teacher’s programmes in order to support pedagogical content knowledge and positive attitudes. Likewise, pre-school teacher educators also have to recognize the non-linear, and not self evident connection between subject content knowledge and attitudes towards science teaching. The overall picture emerging from this study is a complicated process of socialization into two different cultures; that of the scientific tradition and that of the pre-school. Learning science, as argued by among others Harlen (1985), must allow process skills, attitudes of critical reflection and concepts to develop together.  This in turn requires a teacher who prepares activities holding these features. A distinguishing character of Swedish pre-schools is on the contrary that nurturing is emphasized while structured learning activities come second hand (Palmerus, Pramling & Lindahl 1991, Thulin 2006). Our data indicate that the student teachers already are socialized into the pre-school culture before they start their university studies. It also indicates that the attitudes associated to pre-school culture persist alongside with the socialization into a traditional scientific culture. The outcome of this seems to be a more positive attitude towards science on a personal level, but it does not integrate with their view of themselves as pre-school teachers. Our findings thus confirm earlier findings that personal professional knowledge is influenced primarily by the dominant perceptions within the culture of a profession, and not by the perspectives and concepts within an educational program (Hensvold 2003). 

Beyond doubt, subject knowledge and positive attitudes may be one of the corner pillars for effective science teaching. Dominant values, attitudes, norms and behaviors of the pre-school professional culture, and how it may clash with the culture of traditional academic science probably also needs to be communicated in teacher education if the aim is to encourage effective science teaching in pre-schools. 

Finally, it must be pointed out that our data relies on one group of students during one particular year. Differences between student batches might be substantial. Therefore these data will be further analyzed by making a comparison with material from students taking the same course following year. In addition, the data presented here is based on questionnaires only. This was done with the purpose to give a broad picture of attitudes. Using this material, we now can continue to investigate conflicting attitudes towards science content, pedagogical intentions and the pre-school teacher role in more detail. Also, teacher socialization is known to continue years after university studies are finished. The data presented in this paper therefore only gives a picture of teachers “in the making”. A more comprehensive picture of attitudes towards science teaching in relation to teacher education and pre-school culture will hopefully be at hand when these students have experienced one or two years of teaching.
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