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Introduction

Worrying underlying trends in young people’s interest
in science and science-based technologies were highlighted
by an European Union High Level Group report (2004). Two
major concerns were expressed - whether science education
was addressing the needs of society and promoting the
interest needed in science and technology, both within the
school and in everyday life, and also whether teachers and
teacher educators were guilty of presenting a poor image
of science.

However, little attention has been paid to how students
view science having completed their studies of science
subjects in school. In particular little attention has been paid
to the appreciation of the nature of science coming from
teaching of science subjects in school (Holbrook, 1998).

Views of the Nature of Science (NoS) has been
researched among scientists, teachers and students (EI-
Khalick and Lederman, 2000; Zeidler, Walker, Ackett and
Simmons, 2002; Bell and Lederman, 2003; Sadler and Zeidler,
2004; Chen, 2006). The goal of such studies has been to
describe these views in philosophical terms, rather than
towards a style of teaching or the need for greater emphasis
on student involvement in the learning process. The studies
identified key components of NoS. These aspects include
understanding that scientific knowledge is tentative (subject
to change) empirically based (based on and /or derived from
observation of the natural world); subjective (influenced by
scientists’ background, experiences and biases); partly the
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product of human imagination and creativity (involves the invention of explanations); and socially
and culturally embedded. (Yager and Weld, 1999; Chen, 2006; Khishfe and Lederman, 2006).
The promotion of NoS within schools has been considered to be a component of two major
factors. The first relates to conceptual learning, especially whether this is higher order (Zoller,
2001) and attempts to build up a fundamental framework around the big ideas and theories
promoted by scientists. The second examines the manner in which scientists work and considers
this through a variety of approaches related to process skills. Among these are inquiry learning,
the investigatory approach, the development of problem solving skills, or simply through
experimentation in which students follow written instructions (Tytler, Duggan and Gott, 2001).
This study is more on the implication of an understanding of NoS on further learning and
views held which are taken into society. Much research has emphasized scientific literacy as a goal
for science education and often related this to an understanding of NoS, or to NoS plus socio-
scientific reasoning (NRC, 1996). Less research has been directed towards the nature of science
education (NSE) as a wider entity encompassing the goals of education as a whole, the need to
consider the relevance of science education and addressing the important of inter-disciplinarity in
the teaching of science. And there has been little research on the impact of school studies on the
impact of learning at the tertiary level related to the nature of science. Laugksch and Spargo
(1996) and El-Khalick (1996) showed that undergraduate students held poor view on the Nature
of Science, but there are no studies on the impact of this on tertiary level learning, especially by
non-science major students.
The goals of the study were:
¢ Toidentify non-science major undergraduate students views concerning the relationship
between the nature of science and how those are interrelated to science taught at
school (the nature of science education).
e Toidentify how undergraduate students distinguish the nature of scientific work related
to delineation of science from pseudoscience.
¢ To determine whether, and how, an undergraduate level philosophy of science course
influences students’ views of the nature of science.
The following research questions were put forward:
e What kind of views of NoS do students hold?
e Isthere any relationship between school science education and the reactions of students
towards science?
e Can we determine the influence of an undergraduate science philosophy course on
students’ views of NoS?

Methodology of Research

The population of this study comprised 58 fourth year tertiary students (first year at master’s
level), all from the same private Estonian University specializing in non-science areas. From the
sample, 21% were studying psychology, 17% marketing and 62% law. The student’s background
differed greatly - 32% had no working experience, whereas 68% had working experiences in
different areas. There was 30% male and 70% female students. The year of graduating from
secondary school varied from 4 years ago to 8 years (87%); 13% graduated more than 10 years
ago.

All students undertook a compulsory course in the philosophy of science. The aim of this
course was to develop student’s understanding of contemporary science. Stress was put on the
relation between the needs of a rapidly changing society and modern science, especially
postmodernism. As such, the philosophy of science course contained topics like knowledge and
power, truth in a traditional and postmodern view, positivist and postmodern interpretations of
scientific progress and discussions about scientific method.

Data for this study were collected immediately after the completion of the philosophy of
science course, although this was before the end-of-course examination. The reasons for this
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were that the attitudes of the students were predicted to be negative towards further tasks
related to the course after the examination and also it could prove difficult to involve the students
in the study. For the study, the students were asked to be experts to help develop ideas for a real
educational need. All answers were personalized (names given) but not marked as part of the
course. They were required to write an essay based on the following:

‘School science has become more and more unpopular among school students. Students are
interested in horoscopes, UFOs, witches and their souls. Imagine the situation that you are the
teacher who wants to convince students of the need to learn science and the power of a
correct understanding of the nature of science’.

They were asked to design the course for school students, geared to the promotion of an
understanding of the nature of science’. They were asked to describe the course and given 30
minutes to complete the task.

The task was grounded on the following research conclusions:

1. Students are likely to be more interested in science learning when topics are perceived
as being more relevant for them (Fensham, 2004).

2. Students are interested in extraordinary phenomena and pseudoscientific issues
(Sjeberg, 2002).

3. Non-science students hold poor understanding about the nature of science (Waters-
Adams, 2006).

4. Many educators see potential benefits in instructional practices that differentiates
science from pseudoscience by comparing and contrasting the methodology utilized to
develop knowledge claims (Mattheus, 1998; Martin, 1994).

Results of Research

The essays from the 58 students were very varied. Some were a list of topics, others were a
complete story with well reasoned statements. All essays were read through by researchers
several times and independently by another person. The analysis was carried about by considering
different components.

The table below identified the dominant views expressed by the participants in their essays
(students often indicated more than one view and hence the total of student frequencies is
greater than 58). Views were combined to create the descriptors indicated in the table. Some
descriptors have overlap, for example, descriptor 2 and descriptor 4, where both may include
experimentation in the school science laboratory, but presented in different contexts.

Table 1. Descriptors of the student’s views on the NoS.

No. Descriptor of views Student % of total
frequency mentions
1. Inclusion of a socio-scientific issue and/or socio-scientific decision making 6 4.7
2. Vision of science equal to school science subjects 22 17.0
3. Nature of science reproduced from course lectures at undergraduate level 17 13.2
4. Nature of science means science method/ experimentation in the laboratory
(school or research facilities by scientists) 19 14.6
5. Emphasise or explain a link between science and technology 7 5.4
6. Place/need of science to be found within the society 4 34
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No. Descriptor of views Student % of total
frequency mentions
7. Science seen as made up of the classical sub-division of biology,
chemistry and physics 16 12.4
8. Describe pedagogical approaches to be applied within the school 5 3.9
9. Explain the need for studying science from psychological aspects 6 4.7
10. Promoting pseudoscience illustrating confused views of science 8 6.2
11. Mistaken views of the nature of science (conceptual errors, approach errors) 9 7.0.
12. Put forward definitions of science 10 7.8
Total number of mentions of descriptors 129 100

The essays were also considered as a whole from the point of view of coherence in the logic
put forward. The logic was determined by the manner in which the essay was introduced and the
actions given, related to solving of the task. Each action was expected to be justified and lead
towards the final conclusion. The ideas expounded by the essay were expected to be clearly
indicated as this was seen as an indicator of understanding of the task given.

This was identified based on 4 aspects as shown in the table below:

Table 2. Descriptors of logic on which essays based.

Descriptor of the logic exhibited in the essay Frequency % students
a. logical based on social issues 6 10.3
b. logical based on the outcomes from the undergraduate course followed 15 25.9
c. sometimes logical based on (a) or (b) but not completely 24 414
d. poor logic or coherence in the essay 13 224

Interpretation

From table 1 it appears that 5 descriptors (descriptors 2, 4, 7, 8 and 12) were linked with an
image of school science with an overall frequency of 72 mentions (56% of the total). On the other
hand, only 1 descriptor (descriptor 3 — 13% of mentions) was identified as coming directly from the
recently taught course on the philosophy of science. Descriptors 5, 6 and 10 (15% of mentions) can
mostly probably be linked with social experiences outside of school.

From table 2 it appears that only one third of students (36.2%) presented their ideas logically

Social-issue related essays included aspects from both science and society and the coherence
was built up towards everyday life. The students who followed the logic of the undergraduate
course tended not to expand their ideas outside the framework of the course. We may predict that
the latter students have not gained the skill to link taught courses and applications to social needs
(to promote school education). These students transferred ideas that had been part of the taught
course to other situations without modification or taking into consideration its relevance. The logic
was largely unclear in essays included in aspects c and d, but where the logic was clear in parts of the
essay coming through statements, the ideas were directly related to school science.

From the findings, 5 categories were constructed. These are described in table 3.

The first category was by those students consider the value of socio-scientific issues which were
used as a starting point for science learning. The nature of science is part of the science process and
cannot be taught in isolation from the context. This category was labelled exhibiting multidimensional
literacy.
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For example, one student started his essay by suggesting students have read from the newspapers
about bird flu and the type of risks this give to the population. The student noted that because
of this many people avoided eating chicken meat in Estonia. Starting from this scenario indicates
that this writer seems to understand that science does not directly point out the risk.

In the second category, science was portrayed as being the same as school science. Here examples
form school science textbooks were stated such as how Mendeleev discovered the Periodic Table.
School science experiments were described and scientific method was explained as carrying out
experiments based on instructions. Science was broken down in to Biology, Chemistry and/or Physics.
New branches of science such as molecule biology or gene technology were not mentioned. The
word science was promoted in the context of school science (identifiable because of the use of
different word for science in the Estonian language for school science and academic science)

For example, in explaining the nature of science there is a need to do many experiments.
Student should do experiments to be convinced that earlier findings were correct.

Students in category lll put forward arguments using knowledge gained from the undergraduate
course on the philosophy of science. They explained what was meant by theory, law and fact,
brought examples from the course in which for example, pictures could be seen as difference from
different perspectives (the old lady or the young woman). They gave a definition of the meaning of
pseudoscience and referred to philosophers such as Kuhn and Popper.

For example, one should explain to students what is meant by law and what is meant by theory.
Horoscopes are not theory, law nor fact and therefore they are not scientific.

Students in category IV wished to convince students not to waste time on non - scientific
phenomena such as horoscopes. The essay was dominated by examples of pseudoscience and there
was perceived the danger that this may guide students to become interested in this area. The essays
were usually not logical and were discussion-related with no clear guidance on how to promote ‘real’
science

For example, let students discuss whether UFOs exist and to guide students to bring examples
into the classroom.

Essays in the last category were generally poor and had little by way of a message. There were
mistaken scientific views expressed. Students put forward a collection of ideas, but these ideas lack
coherence and said little about the meaning of science.

In some cases there were scientific mistakes.

For example distinguishing between theories and laws and what is meant by fact.

Table 3.  Descriptors of categories.

Category Descriptor % students
| Exhibiting multidimensional scientific literacy. 10.3
I Science equals school science 31.0
[ Views repeating those from under-graduate course 259
IV Advocating non-pseudoscience 10.3
V Non-logical presentation with possible mistakes 224
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The validity of these categories was checked by independent experts who were asked to
identify suitable categories and then group students into the categories put forward. The correlation
between the experts was found to be 80%. Categories |, Il and Il were shown to be statistically
significantly different. Categories IV and V require further research considering other factors not
exhibited in the current study.

These categories were compiled based the dominant view plus other views expressed. The
frequency of the responses by students is given in the table below:

Table 4.  Frequencies of views related to each category.

Category No. of Dominant Frequency Other Frequency Other Frequency Other Frequency Dominant

students view Views Views Views aspect
| 6 1 6 5 4 6 2 - - a
I 18 2 18 12 5 8 5 - - c
[ 15 3 15 7 6 12 5 - - b
v 6 10 6 9 2 11 4 - - b/c
v 13 4 12 7 10 11 5 2 4 d

This table points out the number of students grouped in each of the categories and the frequency
of descriptors of dominant and additional views (the content of the given descriptors are indicated in
table 1). For example, category Il groups 18 students holding views on “Science equals school science”,
each having the dominant view “the vision of science is equal to school science subjects”. In this
category 12 students also included a view associated with “putting forward definitions of science”
while 8 students included the description of pedagogical approaches to be applied within the school) as
being essential. The dominant aspect, indicated in the last column, describes the logic exhibited in the
students’ essays (see Table 2).

Discussion

It was interesting to note the different views expressed, even though all these students had shied
away from the study of science and could therefore be considered as views brought forward into
adulthood based on learning in school linked to everyday experiences.

The emphasis of the descriptors mentioned was strongly towards school science, where the
nature of science has been presented through a limited vision without links between science and
technology and to future careers. Similar outcomes from studying teacher’s views were found by EI-
Khalick and Lederman (2000).

Category |

The goal of science education is scientific literacy and whether these students could be considered
scientific literate would depend on their responses to the question.

One component of scientific literacy is an understanding of the nature of science. By determining
the ideas on the nature of science, it might be possible to interpret the students’ literacy levels in the
area of science.

Based on these findings only the first category shows of some form of scientific literacy.

Category Il

The largest number of students equated science with the science being taught in school. These
students described the processes from their school and came up with the common ideas they had
experienced. The brought examples that science is aspects such as atomic theory and thus the nature
of science is related to understanding of such models.
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Category lll

Students gave data which was heavily related to the undergraduate course they had just received.
A further study would be need to determine whether their understanding of their nature of science
was present or whether they were simply memorising aspects from the course and repeating this for
the essay.

Not withstanding the comments above, the study shows that was very little influence coming
through from the taught course of the philosophy of science. In this course the nature of science was
an integral part of the teaching yet none the students placed within category C gave any views on this
aspect of the course.

Category IV

These students had difficulty in distinguishing the nature of science, although they recognised
that pseudoscience is not science.

This group tried to build their arguments around pseudoscience phenomena e.g. horoscopes. If
students read horoscopes, different horoscopes tell different stories depending on the author and
hence horoscopes are not products of science. However they did not attempt to explain what is
science.

Category V

Students put forward a collection of ideas, but these ideas lack coherence and said little about the
meaning of science.

In some cases there were scientific mistakes, e.g. distinguishing between theories and laws and
what is meant by fact.

The course on philosophy of science seemed to have little impact in changing students views on
their way of thinking about the nature of science or how science should be presented to school
students. Even where the course components came strongly through, they tended to be stated, but
not explained. The overall approach put forward by students in their essays was similar to a teacher-
centred approach shown by many teachers and which has been heavily criticised by Zeidler, Walker,
Ackett and Simmons (2002). One could argue whether tertiary level courses are able to promote the
level of scientific literacy that students had gained on leaving school. If true this is of major concern as
it implies that school has a strong lasting effect on student views which are carried in to adulthood.
Driver (1985) has pointed out how difficult it is to change student views. It is strongly indicated that
views coming from school science block the development of wider views on the nature of science.

Hence this study shows the importance of knowing previously held views by students related to
the nature of science as these will give an important indicator on how to make the course more
effective in playing a positive society impact.

Conclusion

This being the case, the school obviously has not paid enough attention to this aspect. From the 58
students, it appears that 50 students have a very limited understanding of the nature of science. The
students came up with very divergent views. The dominant view is that science is the science as taught
in school. The views put forward in the undergraduate course were largely seen as unrelated to the
requirements of this task.

This tends to indicate the strong link between the teaching in school and the views that are then
held on the nature of science after leaving school. And these views seem to be quite resistant to
change.

This study showed the strong link between the teaching of science in school and the views held by
students on the nature of science. The idea that science is content or experimentation only is very
strong and the views that there is a tentativeness about science, that ingenuity and creativity play a
role in the development of science are poorly understood.
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This study tried to finds out different view about science held by students. Based on this study, the
course called philosophy of science should be redesigned to promote meaningful understanding about
the nature of science among students. It would seem that there is a need for greater interaction and
discussion on the nature of science.

Note. This research has been supported by an Estonian Foundation grant no. 6716 and by basic funding
from the Estonian Ministry of Education.
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Pe3omMme

IIOHUMAHHUE CYIIHOCTHU HAYKU CTYAEHTAMHU
MATUCTPAHTYPHl COOMAJIBHBIX HAYK

ApHe Pannukmae, Muua Pannuxkmae, Ixack I'onbGpyk

I'maBHas 1eTh WCCIEMOBAHUS 3aKIIOYANACh B TOM, YTOOBI BBISICHUTH, KaK CTYIEHTHI MarvCTPaTyphI
COIMAIBHBIX HaYK IIOHUMAIOT CYITHOCTh HayKu. Takke HAC MHTEPECOBAJIO BIMSIHUAE CPEIHETO YPOBHSI ITIKOIBHOTO
0OyJeHISI HA COBPEMEHHBIE B3IISIIBI CTYICHTOB O CYLIHOCTH HayKW M COXPAaHHOCTH 3HaHWII Kypca drrocodun
HayKl Ha WX B3DJTIBI B OYIyIIEM.
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Lienesoii rpymnioit uccienoBaHysl ObUTM BEIOPAHBI MAarUCTPAHTBI IIEPBOTO Kypca DCTOHCKOTO YHUBEPCUTETA.
N3 Hux: 21% crnenuann3upoBaIuch 1Mo Ticuxoioruu, 17% 1mo mapkeTwHTy W 62% 10 TIpaBOBEIEHUIO.
BONBIIMHCTBO MATMCTPAaHTOB, MMPUHUMABIINX YIacTHE B SKCIIEPUMEHTE, 00JIAIaIo OIBITOM MPOdecCH, OMHAKO
Ha IIEPUOJ 3aBEPIICHUSI CPEIHErO YPOBHSI UX OOYYEHUSI OH CWIBHO BapbUpOBAICS. Bce CTyaeHThl mpociyliamm
KypC COBpeMeHHOI1 miocopun HayKu, B KOTOPOM OCHOBHOM aKIIEHT JieJIajicsl Ha CPAaBHEHUE MOJIEPHUCTCKON 1
ITOCTMOJICPHUCTCKOI TPAKTOBKYM HAayKW. [laHHBIC SKCIIEpHMEHTa ObUTH COOPAHBI ITepe/l 9K3aMEHOM 10 TIPEeIMETY.

CTyIeHTOB ITONPOCWIN HanucaTh B TeueHue 30 MUHYT KpaTKoe 9Cce, C TIO3UIUH YUUTEIsl,  TAKXKE COCTABUTD
IUTaH Kypca, TSI TOTO YTOOBI OOBSICHUTH CTYIEHTAM CPEIHEr0 YPOBHSI CYIIIHOCTb COBPEMEHHOI HayKu U ee
MIPEVIMYILIECTBO TIepel] IICEBIOHAYKOIA.

PaboTsb! CTYIeHTOB ObLIM MPOAHATM3UPOBAHBI UCCIIEIOBATENIEM U He3aBUCUMBIM 2KcriepTtoM. Ha ocHoBanuu
TIOJTyYEHHBIX JaHHBIX ObLTM cHOpMyIMpPOBaHBI 12 MPU3HAKOB OMMCAHUS CTYICHYECKUX B3IIsIIoB. Jlanee, Ha ux
OCHOBAaHUY OBLTO BBIIEJICHO 5 KATETOPHii, KOTOPHIC OMKCHIBAIOT BCE MMEIOIINECS B3MISIIBI MATUCTPAHTOB B 3CCe.

IlepBast kareropusi BKIIOYaTa CTYACHTOB, KOTOPBIE MOHMUMAIM, YTO CYIIHOCTH HAYKU SIBISICTCS JACTBIO
HAy4YHOTO IIpollecca M 4TO €€ HEBO3MOXHO M3ydaTb pa3/ieJIbHO OT KOHTeKcTa. HayuHasi rpaMOTHOCTH
MyJBTHpasMepHa W TIOHMMaHWe CYIIITHOCTU HAyKWU STHUX CTYICHTOB aJeKBaTHA.

Bropast kateropmsi BKITIOYAeT CTYACHTOB, KOTOPbIE OTOXIECTBISIIOT HAYKy C M3YYCHHBIMH yIeOHBIMU
MpeIMeTaMy CPeIHEN IIKOJBl U TeMU SKCIIEPUMEHTAMMU, KOTOpble OHU ocyliecTBIsUM. ClienoBaTelbHO, UX
[TOHUMAaHUe CYITHOCTH HAayK! OTPaHWYCHO PAMKAMU yIeOHBIX ITPEIMETOB.

TpeThst KaTeropusi CTYJIEHTOB, XapaKTePH30BaIACh TEM, UTO OHU MCIIOB30BAIU B 9CCE 3HAHUS, TIONYJCHHBIE
u3 Kypca unocodun Hayku.

YeTBépTast KaTeropusi BKIIOYaTa CTYIEHTOB, KOTOpBIC aKIICHTUPYIOT BHUMaHWE Ha IuddepeHImanum
HAyKl ¥ TICEBIOHAYKH.

Ilgrast kareropust BKJIIOYaJa CTYIEHTOB, B UbMX CTPYKTYpE 5CCE OTCYTCTBOBAJIA TApMOHUSI M BHYTPEHHSISI
JIOTUKA, ¥ B KOTOPBIX IIPUCYTCTBOBAIMA OIIMOKU.

B kavecTBe BbIBOIA MOXKHO YTBEPKIATh, UTO Y CTYICHTOB, YbH 3HAHUS OBUTH ITOTYYCHBI 3 TIEPHOM O0yICHIUS
B CPEIHEM YPOBHE O CYIIIHOCTH HAyKW, BeCbMa YCTONUYMBBL. DT B3LISIIBI TPYAHO ITOITAIOTCS M3MEHEHUSIM.
[osToMy, Gosblllee 3HAYCHUE CIIEAYET MPUIABATh Kypcy COBPEMEHHOU Guiocoduy HAyKM B MAarucrparype u
OCYILIECTBISITh TUCKYCCUIO O €€ CYIIIHOCTH.

KimoueBbie ciioBa: TOHUMAaHUE CYIIHOCTU Hayku, (uiocodust HayKu, ecTeCTBEHHOHAYYHOe 00pa3oBaHUE.
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