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Abstract

This article presents the results of  a piece of  research that analyzed the views on the nature of  science
(NOS) among student teachers enrolled in programs of  Primary Education at two public universities in
Spain. Previous studies have reported that science teachers maintain ‘eclectic’ epistemological perspectives
on science; in this article, we test if  such a hypothesis holds when teachers’ NOS ideas are ‘anchored’ in
specific periods and topics of  the philosophy of  science. We studied 114 prospective teachers attending an
undergraduate teaching course with emphasis on the natural sciences at the Universities of  Burgos and
Valladolid in the period of  2017-18. A Likert-scale questionnaire with 37 items was applied to determine
trends in those teachers’ epistemological views on science. The results showed that teachers’ views are
mostly correlated with the philosophical period of  Logical Positivism/Received View, and to some extent
to the period of  Recent and Contemporary Accounts. Regarding the classical epistemological topics of
correspondence,  methodologies,  intervention,  evolution  and  representation,  teachers’  views  could  be
related to the period of  Logical Positivism/Received View and Critical Rationalism, but also to the New
Philosophy of  Science. The main conclusion of  this study is that teachers’ expressed views on NOS are
epistemologically eclectic to a much smaller degree when examined with more details concerning specific
periods and topics of  the philosophy of  science.

Keywords  – Epistemological  views,  Nature  of  science,  Science  teachers,  Philosophy  of  science;
Epistemological profile.  
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1. Introduction

An adequate understanding of  the nature of  science (NOS) is a central component of  scientific literacy
(Klopfer, 1969; National Science Teachers Association [NSTA], 1982; Prima, Utari, Chandra, Hasanah &
Rusdiana, 2018). In general, the expression “nature of  science” refers to the epistemology of  science,
which addresses the problems related to philosophical assumptions, commitments, values, developments
and  conceptual  inventions  in  science,  consensus  in  scientific  communities,  and  characteristics  and
functions of  scientific knowledge (Amador-Rodríguez & Adúriz-Bravo, 2018; Colagrande, Martorano &
Arroio, 2016; Ryan & Aikenhead, 1992; Tsai & Liu, 2005).

The available theoretical developments within the research line on NOS generally point to the need to
identify  epistemological  foundations  that  are  both  valuable  and  useful  for  science  education
(Izquierdo-Aymerich & Adúriz-Bravo, 2003). We adhere to the idea that, when aiming at a quality science
education for all, it is necessary to explicitly introduce in science classes some instrumental content from
the philosophy of  science. Such content is what our field of  didactics of  science (i.e. science education as
a  discipline)  usually  calls  the  “nature  of  science”  (McComas,  Almazroa  &  Clough,  1998;  Flick  &
Lederman 2004; Buaraphan, 2012). American scholar William McComas  et al. (1998) depict NOS as a
“fertile hybrid arena” that combines elements from various meta-science (i.e., scientific disciplines that
establish second-order,  “meta-discourse” on science).  He proposes  that  contributions to NOS would
mainly come from the philosophy, history, and sociology of  science. Thus, NOS, from the point of  view
of  didactical research and innovation, can be understood as a line emerging from new curriculum needs:
in the formation of  citizens, science teaching should combine two important aspects –knowing science
and knowing about science (Amador-Rodríguez & Adúriz-Bravo, 2018).

Authors  within  the  line  of  research  on  NOS generally  establish  connections  between  teachers’  and
students’  conceptions  of  science  and  well-known  views  coming  from  the  history  of  professional
philosophy  of  science,  such  as  hypothetical-deductivism,  relativism,  empiricism,  revolutionism,
constructivism, axiology, etc. (Cleminson, 1990;  Izquierdo-Aymerich & Adúriz-Bravo, 2003; Mellado &
Carracedo,  1993;  Nussbaum,  1983).  Educational  proposals  generally  select  NOS  topics  on  whose
relevance  for  scientific  education  there  is  reasonable  consensus  among  researchers  and  teachers,  for
example:  scientific  method,  theory  change,  realism,  scientific  explanation,  theory-leadenness  of
observation.  The  proposals  then  infuse  these  topics  into  classroom activities  using  various  strategies
(McComas et al., 1998). One point that needs further research is reflection on the specific role of  NOS in
science teachers’ professional induction.

2. Teachers’ Views of  NOS
A proper comprehension of  NOS has been linked to the development of  scientific literacy. Studies have
shown that teachers’ views of  NOS are not consistent with recent and contemporary conceptions of  the
scientific activity (Abd-El-Khalick & Lederman 2000; Gallagher 1991; Sevim & Pekbay, 2012). It has been
said that teachers do not have a clear idea of  the values or assumptions that scientists make in developing
scientific knowledge (Morrison, Raab & Ingram, 2009). According to previous studies, teachers have many
misconceptions  about  NOS  and  these  ideas  could  pose  problems  for  effective  scientific  teaching
(Jun-Young & Lederman, 2018;  Leinonen, Haaranen, Kesonen, Koponen, Hirvonen & Asikainen, 2020;
McComas 1996; Ucar, 2012), although it has been shown that teachers’ conceptions of  the nature of
science do not necessarily influence all of  their classroom practice (Lederman, 1999). It has also been
stated  that  teachers’  view  about  NOS are  related  to  their  religious  opinions  and  their  adherence  to
positivist science (Akerson & Donnelly, 2008). Lin and Chen (2002) state that teachers’ views of  NOS
relate  to  heavily  traditional  tenets  such  as  “theories  are  based  directly  on  observations”,  “scientific
knowledge  progresses  through  accumulation  of  observations”  and  “progress  consists  in  discovering
theories that represent a closer approximation to absolute truth”, which can be located not far away from
philosophical positions such as empiro-inductivism, metaphysical realism or ontological positivism.
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Dogan and Abd-El-Khalick (2008) determined teachers’ conceptions on the nature of  science through a
questionnaire administered to 362 science teachers. Participants’ responses were categorized as “naïve”,
“has merit” or “informed”. The vast majority of  the participating teachers held naive views about some
important aspects of  NOS, for example: aspects related to the relationship between scientific constructs
and reality;  the epistemological status of  scientific hypotheses, theories and laws, and the relationship
between these categories in scientific knowledge; the nature and assumptions underlying the development
of  scientific theories; and the myth of  a universal, step-by-step scientific method. In the work of  Torres,
Moutinho, Almeida and Vasconcelos (2013), results reveal some naive views regarding NOS questions: all
the teachers investigated assumed that scientific knowledge is not definitive; however, they believed that
scientific knowledge only changes with new information and technology.

Most of  previous research has performed an ‘en bloc’ epistemological analysis of  teachers’ views on the
nature of  science, without nuances in terms of  the different core “topics” of  professional philosophy of
science; many authors have advocated for more epistemological finesse to elicit and characterize NOS in
teachers (Irzik & Nola, 2011; Matthews, 2012).

2.1. “Periods” of  the Philosophy of  Science to Model NOS Views

An alternative perspective on the study of  NOS views is provided when a periodization of  the philosophy
of  science is introduced to map those views. A proposal to relate teachers’ ideas on NOS with specific
philosophical formulations achieves a higher degree of  epistemological specificity than previous, more
general  studies.  The  periodization  used  here  proposes  five  periods  corresponding  to  well-established
schools in the philosophy of  science of  the 20th century, selected by their relevance for the research
community in didactics of  science (Adúriz-Bravo, 2014). The periods are as follows (Amador-Rodríguez,
2018): 

1. Logical  Positivism/Received View (LP/RV).  These two schools of  the philosophy of  science
(active just before and after World War 2) emphasize the methodological aspects of  the scientific
activity.  They  favor  a  ‘syntactic’  (or  logical-linguistic)  approach  for  the  study  of  scientific
knowledge; with this formalistic approach they generate rigorous analyses of  the structure and
validity of  such knowledge.

2. Critical Rationalism (CR). This second period in the philosophy of  science is well represented in
the writings of  Karl Popper, who aimed at modifying or refuting the theoretical foundations of
logical positivism. He rejected the principle of  induction and highlighted the value of  theories to
oppose to the idea of  ‘neutral’ observation. In this period, scientific progress is interpreted as the
recurrent rejection of  theories through falsification and their replacement by more satisfactory
theories through successive ‘conjectures and refutations’.

3. The New Philosophy of  Science (NPS). Representatives of  this third period (such as Thomas
Kuhn) expressed two major interests: studying the historical aspects of  science and confronting
the basic tenets assumed by mainstream perspectives. As a result of  these new epistemological
views, alternative methodological proposals emerged. For example, theories came to be seen not
as finished axiomatic systems ‘frozen’ in time, but rather as more or less complex conceptual
organisms that develop over time. In addition, the categories of  ‘paradigm’ and of  ‘program of
scientific research’, among others, became the units of  analysis in order to understand, explain
and represent scientific knowledge.

4. Post-Kuhnian Philosophy of  Science (PKPS). This perspective confronts the alleged neutrality
and objectivity in science. Scientific terms are recognized to be theory-laden, and any observation
depends on the theory through which the world is observed. It follows that observational terms
do not provide meaning to theoretical concepts but, instead, the latter determine the former.
Besides, this epistemological period proclaimed the inexistence of  the famous ‘scientific method’.
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5. Recent  and  Contemporary  Accounts  (RCA).  This  last  period  in  20th  century  philosophy  of
science (spanning for the last two decades, and continuing into the 21st century) comprises a
plethora  of  epistemological  schools,  which  coexist  with  different  degrees  of  harmony  and
tolerance. For the purposes of  this study, only the so-called ‘semantic view of  scientific theories’
will be considered. Adepts to the semantic perspective focus on the meaning and use of  scientific
theories and only secondarily on their form or structure. Semantic approaches postulate that the
relationship between phenomena (‘reality’) and what science says about them (‘representation’) is
mediated  by  scientific  models  as  abstract  representations  of  the  world  (Adúriz-Bravo  &
Izquierdo-Aymerich, 2009). Theoretical models and empirical phenomena maintain a relationship
of  resemblance technically known as ‘similarity’ (Adúriz-Bravo, 2013).

2.2. “Topics” of  the Philosophy of  Science: Aspects of  the Scientific Activity as Foci for NOS

Epistemological topics are structuring ideas about science-in-the-making: they intend to capture essential
aspects  of  the  scientific  practice  (Adúriz-Bravo  & Izquierdo-Aymerich,  2009).  Each  listed  aspect  in
Table 1 suggests a dimension of  study regarding central aspects of  NOS.

Topic Definition

Contexts Refers to the contexts, spaces or domains where scientific activity takes place.

Correspondence Describes how theoretical entities (theories, laws, models, hypotheses, among others) relate to 
reality.

Evolution Refers to proposed models of  scientific change.

Intervention Relates to experimentation, observation and other activities employed in science to generate 
knowledge about the world.

Judgment Consists of  the decisions taken by the scientific community regarding a given theory or model.

Languages Corresponds to how scientists employ symbolic, semiotic, expressive resources to define, 
describe, express and communicate scientific theories or models.

Methodologies Refers to the possible existence of  methods as more or less universal and normative rules to 
guide scientific activity.

Rationality Relates to the criteria used by scientists to evaluate, justify and accept scientific theories or models.

Representation Examines the intellectual tools that scientists construct to represent or model phenomena.

Values Refers to epistemic (and eventually non-epistemic) values guiding scientific activity.

Table 1. Epistemological topics for the study of  different specific aspects of  NOS

3. Methods
The purpose of  this piece of  research is to use the “periods” and “topics” of  the philosophy of  science
presented above in order to elicit  and describe the representations about NOS in future teachers for
primary education. The hypothesis proposed is that those representations of  NOS, when seen through
this theoretical lens, are conservative, mostly related to Logical Positivism/Received View.

On the basis of  our methodological approach to data analysis, our contention is that each period of  the
philosophy of  science can be understood as a set of  theoretical models that theorize on what science is
and how it works (see McComas, 1996). Those models are aimed at interpreting distinct central aspects of
science as a process and as a product, such as the relations between facts and theories, the modes of
reasoning deemed valid by the scientific community, the construction of  specific technical languages to
‘capture’  the  world,  the  diverse  contexts  in  which science  is  developed,  the  ways  in  which  scientific
theories evolve in time, etc. Such aspects, which we want to ‘thematize’ in teachers’ NOS, provide an
exhaustive  map  of  epistemological  positions.  Thus,  a  reconstruction  of  20th  century  philosophy  of
science in five periods dealing with ten aspects proves to be detailed enough to capture the core of
prospective teachers’ epistemological views (Amador-Rodríguez, 2018).
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3.1. Participants

A total of  114 preservice primary teachers (79 women, 35 men) from two public universities (Burgos and
Valladolid) in Spain participated in the study. Participants were enrolled in a course of  didactics of  science;
this  was  one  of  the  required  courses  in  their  teacher  education  program.  The  sample  was  chosen
incidentally –students who could be accessed at the time of  the investigation were selected. Ninety-three
participants were between 21 and 25 years old; 11 were between 26 and 30 years old; ten were 31 years old
and above.  Results  that follow hold for a sample in which 31% of  participants were males and 69%
females. The discussions provided in this report are not related to the category of  gender, since, in a first
analysis, no clear trends were recognized.

3.2. Instrument

The  questionnaire  includes  statements  from the  five  periods  of  the  philosophy  of  science  –Logical
Positivism/Received  View,  Critical  Rationalism,  the  New  Philosophy  of  Science,  Post-Kuhnian
Philosophy of  Science, and Recent and Contemporary Accounts– that were described above. Teachers’
degree of  agreement/disagreement on a Likert scale was asked. Our measuring instrument for teachers’
epistemological views consists of  37 statements representing conceptions in the different topics of  the
philosophy  of  science  (Table  2):  Correspondence  (5  items);  Representation  (5  items);  Intervention
(5 items); Methodologies (5 items); Evolution (4 items); Judgement (4 items); Languages (3 items); Values
(2 items); Contexts (2 items); and Rationality (2 items). Responses to the 5-point Likert-type scale that we
used were scored 1 to 5 (i.e. 1=Strongly Disagree, 3=Neutral/Uncertain, and 5=Strongly Agree). Thus,
the range of  possible scores is from 37 to 185 points. In general, high scores on this scale indicate views
closer to Recent and Contemporary Accounts, while  low scores point to Logical Positivism/Received
View.

When administering our NOS instrument to the sample of  114 preservice primary teachers, they were
explicitly told that their performance on the questionnaire would not affect their course grades. This was
done in order to lessen biases related to “expected” answers.

Items SA A N D SD

1. Mathematical language allows describing and explaining reality as it is, generating 
scientific knowledge.

2. In science, it makes no sense to distinguish between theory and observation, since 
theory is everywhere in the world.

3. In the scientific activity, hypotheses are formulated, then we extract observational 
consequences from those hypotheses and we empirically contrast those 
observational consequences.

4. The choice of  a model over another is based not only on the similarity of  the 
model to the real system, but also on the interests of  scientists.

5. Scientists accept a theory or a research tradition if  they provide a better solution 
to empirical and conceptual problems.

6. Science advances because old theories are falsified and replaced by new theories.

7. In the scientific activity, four contexts are established: 
a) Education: related to teaching and dissemination of  scientific activity. 
b) Innovation: related to inventions and innovation in scientific activity. 
c) Assessment: related to progress and improvement of  scientific activity. 
d) Application: associated with changes in scientific production and artefacts 

with the purpose of  transforming the environment of  scientific activity.

8. Scientists performing research start with the observation of  phenomena, then 
proceed to formulate hypotheses, design and perform experiments, and finally 
draw conclusions containing more information than the original hypotheses. This 
method is characterized by inductive logic.

9. Experimental designs and observations proposed by scientists are mediated by 
their scientific models, which also guide decision-making.
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Items SA A N D SD

10. A scientific theory is a relatively specific set of  related doctrines, laws, hypotheses 
or principles that are used by scientists to make experimental or observational 
predictions and provide explanations for natural phenomena.

11. Scientists, working from their theoretical and methodological frameworks, 
determine which theory best represents and solves a problem.

12. Scientific models are abstract representations of  the world, mainly non-linguistic, 
with their own internal logic, presenting relationships of  similarity with 
phenomena and described by specialized symbolic languages.

13. A scientific theory solves an empirical problem if  the inferred conclusions are 
related to statements describing the problem.

14. Hypotheses are formulated from a theoretical framework and are corroborated 
through the empirical activity of  observation and/or experimentation.

15. In science, there is no privileged method that scientists have to follow and respect:
they can do and proceed in any way they want, since no method guarantees 
success in their scientific activity.

16. Truth is understood as the epistemic value that predominates in the scientific 
activity.

17. In the scientific activity, the relationship between scientific models and experimental 
designs is subject to the decisions that scientists make during their research.

18. A paradigm constructs an interpretation of  the world, thus becoming a possible 
truth in science, but paradigms can be modified or replaced by others providing 
better solutions to scientific problems.

19. Scientific theories are structurally complex entities consisting of  general principles 
supporting research and innovation, and of  a set of  experimentally tested 
assumptions derived from the general principles.

20. Scientists working in a scientific field share assumptions including: theoretical 
frameworks, experimental designs, methodological procedures, among other 
elements.

21. In a mature scientific discipline, a new theory does not only replace the previous 
one, but retains what is true in it, perfecting, enriching and extending it.

22. Theories or hypotheses are proved or verified when it is possible to carry out 
empirical experiments and/or observations in accordance with what is expressed 
in them.

23. No proposition based on events that occur in nature can be proved through an 
experiment.

24. Scientists choose theoretical proposals that best fit their models, a choice based on
scientific, social and other interests, with the purpose of  interpreting, describing 
and explaining the world.

25. Theories are composed of  statements that explain the world and are refuted or 
corroborated based on empirical results.

26. After a scientific revolution, scientists see the world differently, meaning that 
although the world remains the same, scientists operate in it differently.

27. Scientific models mediate between theory and reality. Models allow scientists to 
inquire into nature and thus generate explanations for it.

28. Observation and experimentation provide a solid foundation for scientific inquiry.

29. The acceptance of  a new paradigm relies on persuasion techniques, arguments and
counterarguments, in the absence of  ‘proofs’.

30. Scientific advancement is based on the accumulation of  theories, whereby new 
theories incorporate previous ones both conceptually and methodologically.

31. In science, a theory is refuted when the conclusions drawn from it do not 
conform to the statements accepted by scientists; this permits to judge that the 
theory is wrong.

32. The choice of  one scientific model over another is due to human interests 
(professional, social, etc.); it is a decision that exceeds the interest in just knowing 
nature.
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Items SA A N D SD

33. How theories are discovered is irrelevant, since that depends on varied 
circumstances not subject to logical criteria. Instead, it is important to evaluate 
procedures by which scientists justify their theories, a task where logic plays a 
significant role.

34. With theories it is possible to explain, describe and understand the world; 
scientists interpret theories as being close to the truth about nature.

35. Scientists must follow a single epistemic value: truth.

36. Theories are formulated as a system of  statements that are susceptible of  an 
interpretation based on observation and/or experimentation.

37. Models can be represented through different symbolic means, allowing us to think,
speak and act on the world of  phenomena.

Table 2. Instrument for data collection: Epistemological views on the different topics of  the philosophy of  science

4. Results 

Since “the presence of  measurement errors in education research is the rule rather than the exception”
and the “reliabilities of  many measures used in the education sciences are, at best, moderate” (Osborne,
2003), it is important that we take into account the methods accepted in our community to deal with this
issue. We chose to analyze the relative reliability of  the five response options by computing Spearman
rank-order correlation coefficients between the various response options. The assumption was that at least
one  of  the  response  options  would  best  represent  the  “true”  (i.e.  most  authentic)  answer  of  each
preservice elementary teacher. Therefore, a high correlation coefficient would represent high reliability of
all five response options. Likewise, a low correlation coefficient would indicate that one or more response
options were less reliable.

Table 3 shows the possible values of  the  correlations  for each pair  of  variables (combining the five
periods  and  ten  topics  of  the  philosophy  of  science).  The  established  range  for  the  correlation
coefficients goes from -1 to +1. A direct relationship is indicated when the statistic value is positive; when
the relationship is inverse, the value is negative. These values determine the strength of  the association
between variables. We resort to the interpretation of  this correlation coefficient proposed by  Bisquerra
(2009) for the social sciences.

A positive and moderate correlation (according to the ranges in Table 3) between the scores of  periods
was  found  in  our  group  of  teachers  for  these  pairs:  Logical  Positivism/Received  View-Recent  and
Contemporary Accounts, and Logical Positivism/Received View-Critical Rationalism; these correlations
are significant with a 99% confidence. The correlations between Logical Positivism/Received View-The
New Philosophy of  Science and Logical Positivism/Received View-Post-Kuhnian Philosophy of  Science
were  determined  to  be  positive  and  weak.  These  correlations  show epistemological  heterogeneity  in
teachers.

On  the  other  hand,  significant,  positive  and  moderate  correlations  were  determined  between
Evolution-Logical  Positivism/Received  View  and  Evolution-Recent  and  Contemporary  Accounts.
Correlations  between  Intervention-Logical  Positivism/Received  View  and  Representation-Logical
Positivism/Received View are also highlighted because they are significant, moderate and positive; they are
presented in  Table  4.  In turn,  the  period  of  Recent  and Contemporary  Accounts  presents  a  greater
correlation with the topics of  Judgment and Rationality. These results allow establishing epistemological
trends in teacher’s ‘eclectic epistemology’.

Data displayed in Table 3 suggest the inference that, as a trend, teachers’ views on NOS can be located
mainly in two periods of  the philosophy of  science: Logical Positivism/Received View and Recent and
Contemporary  Accounts.  Such  results  lead  us  to  consider  that  teachers  hold  a  consistently  classical
conception of  science that only includes some ‘progressive’ elements from current philosophy of  science.
In reference to the  aspects  of  the  philosophy of  science  under  consideration,  our  study determines
that prospective  teachers’  views  on  Intervention  and  Representation  are  strongly  linked  to  Logical
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Positivism/Received  View,  that  is,  they  are  based  on  the  idea  that  observation  and  experimentation
provide solid foundations for scientific enquiry. These teachers’ conception of  scientific theories considers
them to be composed of  statements that explain the world and are strictly refuted or corroborated based
on empirical results.

Coefficient Relationship interpretation

From 0 to 0.20 Negligible correlation

From 0.21 to 0.40 Weak correlation

From 0.41 a 0.70 Moderate correlation

From 0.71 to 0.90 Strong correlation

From 0.91 to 1 Very strong correlation

Source: Bisquerra (2009)

Table 3. Ranges of  interpretation for the correlation coefficient

 
LP/
RV 

PKP
S CR 

RC
A NPS

Con
text
s  

Corr
espo
nde
nce 

Evol
utio
n 

Inte
rven
tion 

Judg
men
t 

Lan
gua
ges 

Met
hod
olog
ies 

Rati
onal
ity   

Rep
rese
ntati
on  

Valu
es  

LP/RV 1

PKPS .453** 1

CR .481** .470** 1

RCA .542** .300** .329** 1

NPS .324** .320** .340** .284** 1

Contexts .237* 0.081 0.074 .337** 0.050 1

Correspondence .605** .506** .493** .526** .421** 0.026 1

Evolution .548** .379** .472** .480** .298** 0.084 .358** 1

Intervention .577** .492** .518** .429** .387** .200* .344** .366** 1

Judgement .375** .498** .274** .573** 0.155 .244** .301** .293** .237* 1

Languages .208* .360** .328** .291** .273** 0.046 .275** 0.173 0.056 .217* 1

Methodologies .534** .494** .518** .434** .348** 0.119 .445** .278** .390** .338** 0.086 1

Rationality .474** .196* .337** .505** .186* 0.043 .295** 0.156 .367** .316** 0.167 .191* 1

Representation .555** .443** .471** .534** .483** 0.171 .463** .342** .413** .272** 0.183 .403** .379** 1

Values .306** .189* .326** -0.037 .310** -0.151 0.131 0.181 .264** -0.015 0.155 -0.018 0.068 0.015 1

**Correlation is significant at the 0.01 level (bilateral).
*Correlation is significant at the 0.05 level (bilateral).
N=114

Table 4. Correlations between periods and topics

Factor analysis allowed identifying the elements that explain the variability in the measurements obtained
for  each period and topic  of  scientific  activity.  This  factor analysis  starts  from the principle  of  data
reduction and seeks to identify a small number of  factors that explain most of  the observed variance of  a
greater number of  variables displayed (Lloret-Segura, Ferreres-Traver, Hernández-Baeza & Tomás-Marco,
2014).

Kaiser-Meyer-Olkin (KMO) criterion for the adequacy of  the sample is an index comparing the size of
the observed correlation coefficient and the partial correlation coefficient. The KMO rate must be above
0.50. Bartlett’s sphericity test, which “consists of  a chi-square estimation from a transformation of  the

-410-



Journal of  Technology and Science Education – https://doi.org/10.3926/jotse.1271

correlation matrix determinant” (Montoya, 2007: page 284), was used for checking the probability of  high
rated correlations existence, at least in some of  the variables in the correlation’s matrix. Results of  the
KMO test and the Bartlett specificity test are presented in Table 5.

Values obtained indicate that it is suitable to apply factor analysis, since the KMO obtained was 0.61 –well
above 0.5–, which is deemed appropriate for social science research (Bryman & Cramer, 2009; Montoya,
2007). Bartlett’s test showed the intercorrelation between the variables. The KMO value that we obtained
permits determining a number of  components or dimensions that are useful to group periods and topics
of  the philosophy of  science on the basis of  similar behavior in front of  the variables. In this study, the
‘componential’  analysis  is  related  to the  choices  in  the  group of  teachers  for  some or  other  of  the
statements  that  explicitly  connect  a  period  and  a  topic  of  the  philosophy  of  science.  The  analysis
technique that we used was Gutman-Kaiser’s (Merenda, 1997; Morales-Vallejo, 2013), which proposes as
its constitutive parameter the rotation of  all factors or variables with eigenvalue over 1. That is, we take
into account factors that, in the ‘sedimentation graph’, are located over the value 1. For our analysis, 3
inflection points are assumed (Figure 1); this leads to constructing 3 components/dimensions that provide
a fairly adequate solution for our problem, explaining 55.30% of  the total variance.

The first  component/dimension explains 25.41% of  the total variance; it  is  formed by the periods
Logical Positivism/Received View, Critical Rationalism and the New Philosophy of  Science, alongside
with the topics of  Intervention, Representation, Methodologies, Evolution and Correspondence (Table 6).

The second component/dimension explains 15.60% of  the total variance, associated with Post-Kuhnian
Philosophy of  Science and the topic Languages. The third component/dimension explains 14.29% of  the
total  variance;  it  is  related  to  the  period  Recent  and  Contemporary  Accounts  (CA)  and  the  topics
Contexts, Values and Judgment. A negative score of  the topic Values is highlighted.

Kaiser-Meyer-Olkin Measure of  Sampling Adequacy 0.651

Bartlett’s Test of  Sphericity

chi-square estimate 1002.973

Df 105

Sig. 0.000

Table 5. Bartlett’s Test and Kaiser-Meyer-Olkin (KMO) measure

Figure 1. Screen plot
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The three previous components/dimensions can be interpreted as unobservable variables; they are 
formulated statistically from strong correlations between periods and aspects of  the philosophy of  
science. In this sense, factorial scores made it possible to link subjects in our study with profiles that 
combine philosophical periods and aspects (Table 7).

These analyses allow the proposal of  three teacher profiles (Tables 7 and 8). Each profile is not linked to a
single period; thus, the reported existence of  eclectic epistemological conceptions on NOS is confirmed 
for our teachers. The first teacher profile is associated with three periods (Critical Rationalism, Logical 
Positivism/Received View, the New Philosophy of  Science) strongly related to the topics of  
Methodologies, Intervention and Values. The second profile is associated with Post-Kuhnian Philosophy 
of  Science and the topics Languages and Values. The last profile is related to Recent and Contemporary 
Accounts and the topics of  Judgment and Contexts. It is worth noting that the analyses that we carried 
out determined that the topic of  Rationality is not associated with a definite epistemological position in 
our teachers. 

Variable

Component/Dimension

1 2 3

Intervention 0.786

LP/RV 0.745

CR 0.659

Representation 0.571

NPS 0.547

Methodologies 0.534

Evolution 0.530

Correspondence 0.513

Languages 0.875

PKPS 0.595

RCA 0.683

Contexts 0.629

Values -0.576

Judgment 0.575

Rationality - - -

Extraction method: principal component analysis. 
Rotation method: Equamax with Kaiser normalization.

Table 6. Rotated Factor Matrix

Profile

Average Z Score:

NDimension 1 Dimension 2 Dimension 3

Profile 1 0.81 -0.43 -0.38 36

Profile 2 -0.18 0.79 -0.48 36

Profile 3 -0.54 -0.31 0.73 42

Table 7. Teachers’ NOS profiles
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Period/topic

Profile

1 2 3

RCA -0.23 0.04 0.17

CR 0.41 0.21 -0.53

LP/RV 0.39 -0.16 -0.20

PKPS 0.15 0.21 -0.31

NPS 0.29 0.19 -0.41

Methodologies 0.35 -0.17 -0.15

Languages -0.43 0.73 -0.26

Judgment -0.36 0.12 0.21

Intervention 0.59 -0.24 -0.31

Evolution 0.25 -0.01 -0.20

Correspondence 0.18 0.16 -0.29

Contexts -0.13 -0.48 0.52

Values 0.44 0.44 -0.75

Representation 0.04 0.05 -0.07

Rationality 0.09 0.05 -0.12

Table 8. Scores for teachers’ NOS profiles

5. Discussion 

Findings in this study match previous reports (Martínez & González, 2014; Porlán & Martín del Pozo,
2002) of  the existence of  a diversity in epistemological views in teachers. We have established different
‘eclectic’ NOS positionings in our sample, beyond the classical category of  ‘intermediate’ or ‘has merit’
view (Dogan & Abd-El-Khalick, 2008). Participants’ conceptions of  NOS are not homogeneous, i.e., they
lack coherence throughout the ten topics of  the philosophy of  science.

The concept of  ‘epistemological profile’ was proposed by  Gaston Bachelard (1940), in his book  La
philosophie du “non”: Essai d’une philosophie du nouvel esprit scientifique; it is defined as the
diversity of  epistemological positions that a subject maintains with respect to the nature of  knowledge.
Bachelardian  profiles  are  analyzed  in  relation  with  different  epistemological  topics,  emphasizing  that
people’s thinking is not homogeneous and that subjects use different approaches for the same conceptual
entity. Our own proposal of  three ‘epistemological profiles’ for student teachers enrolled in programs of
Primary  Education  intends  to  give  a  more  detailed  account  than  those  already  available  of  the
epistemological conceptions of  the nature of  science, by relating those conceptions to five periods and
ten topics from the philosophy of  science.

5.1. Teachers in Profile 1

Teachers in this profile would adhere to the idea that observation and experimentation in science can be
performed before formulating any theory or model. They agree on the existence of  a method as a set of
linearly-followed  steps;  such  a  method  is  composed  of  observation,  construction  of  hypotheses,
experiment, and statement of  conclusions. These teachers also believe that scientific theories depict how
the world functions. They deem that the evolution of  science is the result of  a linear and cumulative
growth.

This profile is also related to the idea that knowledge is found in reality, and that science is a faithful
reflection of  it.  These pre-service  teachers  think  that  scientists  collect  their  data  through a scientific
method that uses observation and experimentation as guides for discovery. This conception is supported
by classical epistemic values such as truth.
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Teachers in training who belong to this profile distance themselves from the idea that values of  science
relate to axiological criteria of  social nature, such as that results of  the scientific activity must be public,
communicable and teachable, or that scientific knowledge must be accessible to any human being. They
also move away from the idea of  a ‘temperate’ conception of  the methodology of  science that focuses on
the ability to think about the world with theoretical models, to generate abstract languages to create and
communicate knowledge, and to intervene on phenomena in a transformative way.

5.2. Teachers in Profile 2 

Derek Hodson (2009) proposes that a mastery of  the technical language of  science is necessary to share
scientific experiences and knowledge with others, and that language also allows scientists to approach
problems,  formulate  and  evaluate  solutions,  critique  the  proposed  formulations,  and  make
consensus-based  decisions  on  scientific  issues.  It  is  likely  that  teachers  in  this  profile  think  that  an
empirical  problem is  solved in science by the proposal  of  a  theory.  From such a theory,  a  particular
scientific statement can be derived that serves as an approximate solution to the problem.

This  epistemological  profile  is  related  to  the  idea  that  scientific  terms  are  theory-laden,  and  that  all
observations depend on the theory through which the world is observed. Philosophical ideas preferred by
teachers in this profile indicate that theories ‘determine’ the nature of  the observational terms used.

5.3. Teachers in Profile 3

Teachers  in  this  profile  recognize  the  existence  of  different  contexts  in  science.  They  focus  on the
application and usefulness of  innovations in science and judge the advancement of  the scientific activity
in terms of  its possible benefits or harms to society. They also bring to the forefront the idea of  scientific
models,  believing  that  there  are  criteria  to  assess  the  quality  of  those  models;  such  criteria  do  not
exclusively appeal to models ‘fitting’ to the world. Nothing in the world completely determines the aspects
and grades to be modelled. 

This teacher profile agrees with the idea that science is a human activity in which many factors intervene;
one of  these is education and dissemination of  scientific knowledge. Teachers in this profile adhere to a
reconstruction of  the  scientific  activity  in  terms of  problem solving:  scientists  develop more or  less
innovative theoretical models with the aim of  facing well-characterized challenges of  in our relationship
with the natural world. 

6. Conclusions
In this study, the combined use of  periods and topics of  the philosophy of  science was introduced with
the intention of  providing a more nuanced depiction of  science teachers’ ideas on NOS. This tool aimed
at obtaining higher conceptual sophistication in the analysis.  Mapping teachers’  views to a periodized
network of  philosophical conceptions permitted introducing specific epistemological content that was not
explicitly considered in previous research on NOS.

Results with this new tool show that we cannot construct ‘general’ trends in teachers’ NOS, since very
different epistemological views emerge in relation to the different topics and periods. Depending on the
epistemological  statements  on  which  we  choose  to  focus,  we  can  locate  teachers  near  Logical
Positivism/Received  View  or  the  New  Philosophy  of  Science.  And,  with  respect  to  particular
epistemological aspects of  scientific practice, some of  our teachers express views that can be located next
to some formulations of  Recent and Contemporary Accounts.

The present study shows that we cannot characterize teachers’ NOS as belonging ‘en bloc’ to Logical
Positivism and the Received View for all epistemological topics, in opposition to what was reported in
other studies. Teachers’ NOS seems to be more complex; a conclusion also shared by Vicente Mellado
(1997).  It should be noted that each of  the three epistemological profiles that we have proposed in this
study  cover  a  variety  of  students  in  teacher  training  in  terms  of  age,  gender  and  socio-economic
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background. Nevertheless, in future investigations, these could be variables to consider in order to identify
possible correlations with NOS. So far as our sample has permitted, epistemological profiles seem to be
more related to previous educational experiences.

As  for  the  proposed  topics  of  the  philosophy  of  science,  they  were  shown to  constitute  a  robust
framework  to  organize  epistemological  claims  and  characterize  subjects’  views  on  NOS,  given  its
specificity regarding the different aspects of  scientific activity. In this line, results allow supporting our
conclusion that future teachers’ views on NOS are diverse (and even dispersed). There is a clear basis of  a
strongly traditional view, but many elements do not point towards a precise period.

In this sense, the ‘conservative’ hypothesis presented at the beginning of  this study does not hold with our
participants –they cannot be easily typified as positivistic. Instead, they are –as many other studies have
shown– epistemologically eclectic, and this eclecticism can be examined in detail with respect to specific
periods and topics of  the philosophy of  science. It is also worth noting the timid presence –among the
prospective  teachers  that  we  examined– of  epistemological  views  that  can be  associated with  recent
formulations of  the philosophy of  science, and in particular with a model-based view of  science. This is
encouraging, and a possible entry point for more epistemologically adequate efforts in teacher education
around NOS.
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