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Research paper 

The role of research experiences in developing pre-service teachers’ 
epistemic beliefs 

Liam Guilfoyle a,b,*, O. McCormack b, S. Erduran a 

a Department of Education, University of Oxford, Oxford, Oxfordshire, England, UK 
b School of Education, University of Limerick, Limerick, Ireland  

A B S T R A C T   

Persistent concerns about the theory-practice gap and desires for an ‘evidence-informed’ teaching profession have prompted research into how teachers’ epistemic 
beliefs influence their acceptance or rejection of educational research. This study analyses longitudinal interview data from six pre-service teachers (PSTs) to explore 
how experiences of conducting research (in the domains of science or education) during initial teacher education (ITE) contribute to epistemological development. 
These research experiences provided opportunities for ad-hoc epistemological development, even in the absence of intentional efforts. Epistemic beliefs sometimes 
appeared to be supplanted, counterproductively, from science to education. The implications for teacher education and research are discussed.   

1. Introduction 

There have been many arguments in recent times within interna
tional research literature and policy to support the teaching profession 
becoming more evidence-informed and research-engaged (e.g., 
BERA-RSA, 2014; O′ Donoghue et al., 2017; Tripney, Gough, Sharples, 
Lester, & Bristow, 2018). Such trends come in the context of decades of 
research about the persistence of a theory-practice or research-practice 
‘gap’ in education (Korthagen & Kessels, 1999; McGarr et al., 2017), 
often related to negative perceptions of educational theory and research. 
In advancing the ‘research-informed teaching’ or ‘teacher-as-researcher’ 
agendas, many initial teacher education (ITE) providers have sought to 
include research projects in their programmes (e.g., Brew & Saunders, 
2020; Kitchen & Petrarca, 2016). Some research experiences for both 
pre-service and in-service teachers have been evaluated or shared 
through the literature (e.g., Flores, 2016; Hardoim et al., 2014; Lapos
tolle & Chevaillier, 2011) but it is not often that the research experiences 
are explicitly rationalised in teacher education literature as a mecha
nism for developing the individual’s beliefs about the nature of knowl
edge and nature of knowing. Such beliefs are known as epistemic beliefs, 
or sometimes personal epistemologies (Hofer & Pintrich, 1997). 

Epistemic beliefs are generally important because they act as filters 
for how individuals view information and are therefore vital in learning 
(Luft & Roehrig, 2007). Epistemic beliefs have been found to influence 
pre-service teachers’ perceptions of educational research (Joram, 2007; 
Preiser et al., 2022) and support or hinder teachers ‘buy-in’ to 
evidence-informed and research-engaged practice (Joram, et al., 2020). 

It is vital that we begin to understand how learning activities within 
teacher education can be leveraged for epistemological development. 

Student-conducted research projects naturally embed many activ
ities that have been suggested as developmental for epistemic beliefs, 
such as engaging with contradictory literature, understanding research 
methods, argumentation, and increasing subject knowledge (Gill et al., 
2004; Iordanou, 2010; Walker et al., 2012; Yilmaz-Tuzun & Topcu, 
2008). So, research projects in ITE have the potential to develop 
epistemic beliefs conducive to integrating knowledge from education 
research but this has yet to be systematically investigated. There are 
multiple forms of research experiences often already organised in ITE 
programmes, but we know little about how they foster epistemological 
development. Our own previously published work suggests that ITE 
ought to focus on epistemic development of PSTs in both their subject 
matter discipline and Education Studies (Guilfoyle et al., 2020). 

The current study provides an exploration by examining pre-service 
teachers’ (PSTs’) experiences of research projects in ITE. It draws on a 
longitudinal qualitative study of science teachers’ epistemological 
development as they move from pre-service post-primary teacher edu
cation to post-qualification employment (Guilfoyle, 2018). The study 
particularly focuses on the development of PSTs epistemic beliefs as they 
engaged in research projects during the final year of their ITE pro
gramme. Research projects were already a part of the ITE programme 
and could be conducted in the discipline of science or Education Studies 
(including science education). 

In summary, this paper aims to explore how student research projects 
in ITE can promote epistemological development. To understand the 
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relevance of this exploration and contextualize the work, this intro
duction has outlined some key points which will be expanded further in 
subsequent sections: (1) there is a desire to make the teaching profession 
more evidence-informed and research engaged, (2) epistemic beliefs 
play an important role in teachers’ perceptions of educational research, 
and (3) while some ITE courses include research experiences, they often 
do not explicitly aim to develop epistemic beliefs. This paper will 
address this question ‘How do different research experiences in ITE (in 
the domains of science and Education Studies) contribute to the devel
opment of PSTs’ epistemic beliefs that are conducive for their buy-in to 
educational research?’ By identifying potential opportunities and bar
riers for epistemic belief development in existing ITE practices, this 
knowledge can inform future research and practice of teacher education. 

1.1. Epistemic beliefs and epistemological development in teacher 
education 

Individuals’ epistemic beliefs, sometimes also known as personal 
epistemologies, are vitally important to the process of learning generally 
(Mason, 2010; Muis, 2007) and learning to teach in particular (Buehl & 
Fives, 2016; Fives, 2011). With a growing body of evidence, scholars 
argue that ‘it is clear that teacher education programmes must concen
trate on the determination and development of PSTs’ epistemological 
beliefs’ (Yilmaz-Tuzun & Topcu, 2008, p. 82). In this section, we briefly 
review how epistemic beliefs have been addressed in relation to the 
domains of science and Education Studies, before highlighting the 
dearth of research on the interaction between the beliefs in these two 
domains. In doing so, we argue the importance of epistemic beliefs and 
epistemological development in teacher education. 

It has long been argued that it is essential for teachers, and ultimately 
students, to learn not just the substantive content knowledge of their 
disciplines but also the syntactic knowledge of the discipline, that is how 
these disciplines operate procedurally and epistemically (Schwab, 1962; 
Ball & McDiarmid, 1990). This agenda has been pursued in several 
different ways in different disciplines. In science education, for example, 
there have been at least two strong lines of research with this agenda 
(Elby et al., 2016). One of these lines of research has been in advocating 
for students’ understanding of the Nature of Science (NOS) which 
typically refers to the epistemology of science (Lederman, 2007) or, at 
least, the epistemology and epistemic practices of science are positioned 
as part of a wider conceptualisation of NOS (Erduran & Dagher, 2014). 
The second line of research has been in the application of personal 
epistemology, and related constructs from psychology to science edu
cation. In a review of 37 papers in this line of research, Yang and Tsai 
(2012) found that personal epistemology had been shown to effect sci
ence learning across the cognitive, psychomotor, and affective domains. 

Teachers’ epistemic beliefs in the domain of ‘Education Studies’ has 
been the focus of far less research. This, in part, may be due to the extent 
to which this domain is so contextually variable. In a volume edited by 
Whitty and Furlong (2017) contributors from various countries articu
late how educational knowledge and the traditions of educational 
research are exceptionally different, nuanced by the particular history 
and features of their contexts. This means that drawing the boundaries 
of the discipline, (see Furlong, 2013 for discussion of Education Studies 
as a discipline) is remarkably difficult. However, some studies have 
nevertheless sought to understand teachers’ epistemic beliefs about 
educational research and the implications of these beliefs. For example, 
Joram (2007) found that the epistemic beliefs of pre-service teachers, 
practicing teachers, and teacher education professors about education 
research differed in ways that appeared to have implications for their 
acceptance or rejection of the validity of such research. In this case, that 
PSTs believed educational knowledge was highly particularistic and not 
falsifiable. Similarly, Bondy et al. (2007) demonstrate, through the use 
of particularly illustrative cases, how epistemic beliefs of pre-service 
teachers mediate their engagement with knowledge in their teacher 
education. Later work by Joram et al. (2020) found that epistemic 

beliefs, particularly about generalizability/transferability, and the need 
for certainty, were important factors in teacher ‘buy-in’ to use educa
tional research. Merk et al. (2017) also found epistemic beliefs about 
what they term ‘general pedagogical knowledge’ may play a role in 
pre-service teachers’ devaluation of such knowledge. 

One major challenge in teacher education is that teachers are ex
pected to navigate knowledge both their subject discipline and the field 
of Education Studies or educational research simultaneously. This 
means they must grapple with knowledge rooted in quite different 
epistemologies (e.g., the theories in education are quite different to 
those in science). While the struggle for teachers to engage with 
educational research has been studied extensively for many years 
(Korthagen & Kessels, 1999; McGarr et al., 2017), only recently have 
teacher educators begun to recognise the impact of teachers’ beliefs 
about their subject discipline on how they perceive other professional 
knowledgebases such as educational theory and research (Löfström & 
Pursiainen, 2015). For example, the study reported in Guilfoyle et al. 
(2020) illuminated how PSTs appeared to reject knowledge from Edu
cation Studies both when it was believed to be extremely epistemically 
different to science (e.g., less robust therefore not trustworthy) and 
when it was believed to be extremely epistemically similar (e.g., pro
ducing universal knowledge claims that are not perceived as useful 
when classrooms are so context-specific). In that study, PSTs with a 
more nuanced understanding of epistemic comparisons between the 
domains appeared to show critical engagement with educational 
research for practice. This navigation between disciplines is complicated 
by tensions of identity, for example, between seeing oneself as a teacher 
or disciplinary expert such as a scientist, historian, mathematician, etc. 
(Jorde & Tellefsen, 2017), and by the finding that one’s multiple iden
tities may result in what Gottlieb and Wineburg (2012) term ‘epistemic 
switching’, where different epistemic standards are applied depending 
on the aspect of one’s identity that is invoked in a given context. 

Given the emerging importance of epistemic beliefs in learning to 
teach, teacher educators may wish to put particular effort into sup
porting epistemological development during teacher education. There 
are many ways in which epistemic beliefs might be developed in teacher 
education. For example, Walker et al. (2012) suggested that teaching 
experience on school placement, increasing subject knowledge, 
engaging in reflective practice, and encountering contradictions in 
theory or opinion in their ITE programme may all ‘play a role’ in epis
temological development. In this paper, we consider the role of research 
experiences in epistemological development. 

1.2. Research experience in initial teacher education 

Many ITE programmes include research experiences as part of the 
curriculum, but with a wide variety of intentions and forms of imple
mentation (Flores, 2016). Across the globe, teacher educators are rec
ognising that quality teacher education programmes involve some 
element of research experience (Darling-Hammond, 2006, 2010). The 
presence of research experiences in Finnish teacher education is 
considered to be a key component of their successful educational out
comes at school level (Hökkä & Eteläpelto, 2013; Sahlberg, 2011) and 
research experiences are considered to be strongly valued components 
of teacher education in France (Lapostolle & Chevaillier, 2011), 
Portugal (Flores, 2016), and Brazil (Hardoim et al., 2014). 

In many cases, pre-service teachers are found to value the research 
experiences which they feel promote their development towards 
evidence-informed practice (Niemi & Nevgi, 2014; Sozbilir, 2007). 
Other benefits of research, and rationales for its inclusion, include: 
greater coherence and knowledge integration in the teacher education 
curriculum (Conway et al., 2009), making apparent the links between 
theory and practice (Flores, 2016), developing professionals capable of 
researching their own practice to improve teaching (Medwell & Wray, 
2014), and enhancing skills in reading and interpretation of research for 
practice (Healey & Jenkins, 2009). It is worth noting these experiences 
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are of educational research, or within the cognate disciplines of ‘Edu
cation Studies’, rather than research in subject disciplines such as sci
ence, history, or math (BERA-RSA, 2014). 

On other hand, authentic research experiences within the discipline 
of the pre-service teachers’ content area (e.g., science) are thought to be 
important for developing disciplinary literacies and understanding of 
the nature of science (Brown & Melear, 2007; Schwartz et al., 2004). 
Krim et al. (2019) reviewed 307 papers in the STEM education field that 
reported on students’ engagement in research experiences in under
graduate degree programmes, and with in-service teachers. These are 
research experiences located in subject disciplines. Even the 
teaching-orientated projects, referred to as Teacher Research Experi
ences (TREs), are focused on the subject area where the ‘outcomes of 
these experiences include increased STEM knowledge and experience, 
scientific research practices, career awareness, and STEM self-efficacy 
and identity’ (Krim et al., 2019, p. 3). These subject-specific experi
ences appear to receive little-to-no attention in the more domain-general 
teacher education literature (Loughran & Hamilton, 2016), where the 
research projects discussed are instead educational in focus (Tatto & 
Furlong, 2015). So it appears while much work has been done to 
consider the role of research in both science education and teacher ed
ucation literature bases, there is a disconnect in their foci that perhaps 
mirrors the tension between the knowledgebases of educational and 
scientific research that PSTs and in-service teachers are expected to 
navigate unsupported. Furthermore, while research experiences in sci
ence are rationalised by an increased understanding of the epistemic 
nature of science as an outcome, very rarely are the inclusion of research 
experiences in teacher education literature explicitly rationalised on the 
basis of the opportunity for epistemological development or epistemic 
comparison between one’s subject area and educational research. 

The empirical study presented in the paper sought to understand how 
such research projects, as they are currently embedded in a teacher 
education programme, might have potential for epistemological devel
opment, where such development is considered important for support
ing an evidence-informed profession. Therefore, the research question 
that this paper will address is ‘How do different research experiences in 
ITE (in the domains of science and Education Studies) contribute to the 
development of PSTs’ epistemic beliefs that are conducive for their buy- 
in to educational research?’ 

1.3. Conceptualisation of epistemic beliefs 

The theoretical model of epistemic beliefs used in this study draws 
primarily on the work of Hofer and Pintrich (1997), though with cog
nisance of more recent theoretical and empirical contributions (e.g. 
Chinn et al., 2011; Hofer, 2016). Within this model, epistemic beliefs are 
considered in terms of a number of ‘more or less’ independent di
mensions, concerning the nature of knowledge and knowing (Hofer, 
2016). These dimensions are the certainty, simplicity, and universality 
of knowledge, where the latter two are sub-elements of the ‘structure’ of 
knowledge (Chinn et al., 2011), as well as the source of knowledge and 
justification for knowing. Aside from the independence of each dimen
sion to develop while others do not, it is also possible for individuals to 
hold different epistemic beliefs for different domains/disciplines (e.g., in 
science, psychology, mathematics); that is to say that they can be 
domain-specific (Hofer, 2000; Urhahne & Kremer, 2023). These di
mensions have long been considered as spectra running from ‘less 
developed’ to ‘more developed’, or from ‘naïve’ to ‘sophisticated’. These 
are value-laden terms which researchers generally defend as necessary 
when considering uni- or multi-dimensional epistemological develop
ment (Schommer-Aikins, 2002). However, as we note in the analysis 
section, we account for the complexity of these beliefs rather than 
simply labelling them with such value-laden dichotomous terms. While 
we are mindful of not imposing our values, as educators, we do 
acknowledge that certain beliefs, or a combination of beliefs, can be 
conducive or hinder students in achieving intended learning outcomes 

(e.g. engaging with knowledge from Education Studies). 
This conceptualisation of epistemic beliefs is useful because it 

theoretically recognises the domain-specific nature of beliefs, while also 
being sufficiently general to be applied to different domains (in this case 
science, and Education Studies). 

Below is a brief expansion on each of these dimensions in turn, as 
described for the purposes of this study. 

Certainty of knowledge is concerned with the extent to which 
knowledge is viewed as fixed or fluid. An individual may consider 
knowledge to be existing with certainty. In such cases, knowledge would 
not be doubted, all experts would come up with the same answer to a 
question, and that answer would not change over time. At the other end 
of the spectrum, individuals would be open to the idea that theories are 
modified over time as more information is gathered, and that knowledge 
is not certain or absolute. A nuanced position might recognise that in 
any domain or discipline there is some knowledge that is core, funda
mental and well established, while knowledge at the fringes of discovery 
might be more tentative and open to revision. 

Structure of knowledge can include several features. See Chinn 
et al. (2011) for a brief elucidation of these. For the purposes of this 
study, we consider two: simplicity and universality of knowledge. 
Simplicity is concerned with beliefs about knowledge as an accumulation 
of facts or as highly interrelated concepts. On one side of the spectrum 
one might consider answers to be straightforward and knowledge to be 
discrete, concrete and easily knowable. On the other side, the knowledge 
is understood as complex and relative to other concepts. A nuanced 
position is quite close to the Polar End 2, understanding knowledge as 
more complex and inter-related. Universality is concerned with the 
extent to which knowledge is universally applicable across contexts 
(Polar End 1), or highly context specific (Polar End 2). A nuanced middle 
ground position might acknowledge that knowledge can be generated in 
context but can be useful in other contexts – what is often called 
‘transferability’ by qualitative researchers (e.g., Lincoln & Guba, 1985; 
Tracy, 2010) or that it might be generalised to different degrees. 

Justification for knowing is concerned with how individuals 
evaluate knowledge, how they use or evaluate evidence, authority, and 
expertise. One polar end of this dimension would include belief in 
knowledge as justified by expert opinion alone, while the other end of 
the spectrum would involve a belief in knowledge justified by personal 
experience and intuition. A more nuanced position might acknowledge 
this need to rely on testimony, but balance it with a recognition of the 
need for evaluation of this testimony for plausibility, whether there is 
consensus, and how it integrates with what is already known (Bråten 
et al., 2011). 

Source of knowledge is concerned with beliefs about knowledge as 
residing outside the self, which is transmitted from expert/authority to 
the learner and should not be questioned. Individuals might, alterna
tively, consider knowledge as constructed in interaction with others. An 
individual would move from being a spectator to being an active 
participant in constructing knowledge, using logic and evidence. A 
nuanced view might strike a balance by acknowledging that multiple 
sources, including personal experience, can be used to support a claim. 

2. Methods 

2.1. Research context 

The research reported in this paper is situated in the context of a 
larger project that traced epistemological development of PSTs, in sci
ence and Education Studies, over an 18-month period spanning their 
final year of ITE and first year post-qualification. The project was un
dertaken in a University in the Republic of Ireland which was the largest 
provider of post-primary teacher education in the country (O’ Doherty, 
2016). Two routes of teacher education are offered by the university: a 
4-year concurrent bachelors programme and a 2-year Professional 
Master of Education (PME) in a range of subject areas (e.g., science, 
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technology, math, languages, physical education). The curriculum of 
teacher education in Ireland is broadly regulated by the Teaching 
Council (2017; 2020), but with some local control about how to meet 
these requirements, subject to approval. While programmes must consist 
of particular proportions of various elements (i.e., 50% subject disci
pline, 25% Foundation and Professional Studies, 25% school place
ment), developing ‘The Teacher as … Researcher’ was listed as a 
mandatory element of all programmes, but without specific time re
quirements (2017, p. 14). This paper focuses only on PSTs in the 4-year 
concurrent programme (i.e., where students engage in both scientific 
education and teacher education concurrently) who had a research 
project embedded into their final year of studies spread across both se
mesters. This was a mandatory element and amounted to about 5% of 
the programme (12 credits of 240). Table 2 presents extracts from the 
module outline for each of the two modules, indicating the syllabus and 
learning outcomes. A more complete account of the curriculum of the 
programme is published elsewhere (Guilfoyle et al., 2020). Learning 
experiences, while a standard heading of the university module outline, 
are not stated in either case. This is perhaps indicative of the personal 
supervision approach that was adopted, where each student was su
pervised by an academic staff member in the university relevant to their 
project topic, rather than receiving whole-group instruction. What can 
be seen from this table is that while capacity for disciplinary procedures 
such as literature reviews, data collection, analysis, and critical discus
sion were all intended learning outcomes, there were no specific out
comes to develop an explicit understanding of the epistemologies of the 
disciplines. These learning outcomes are broadly similar to those for 
FYPs from other undergraduate programmes in different subject areas 
both within and beyond the institution. 

2.2. Participants 

Six PSTs, from a cohort of 72, participated in the full longitudinal 
study (Saldana, 2003). These participants are referred to by pseudo
nyms; Bruce, Monica, Harvey, Lisa, Haley, and Lana. In their course, 
they could specialise in biology and chemistry or biology and physics. 
Only Haley was on the biology and physics route. Ethical approval was 
sought and granted from the institutional ethics committee where the 
research was conducted. Participation was entirely voluntary and 
self-selecting by responding to an open invitation to the whole cohort. 
While there were 12 participants at the beginning of the study, partic
ipants were informed of their right to withdraw at any stage, and only 6 
chose to continue to participate throughout the full 18-months to pro
vide a full data set for analysis. 

All PSTs in this study conducted a research project as part of their 
final year of ITE. This research could be conducted in their subject area 
of science, or in Education Studies (which included topics specifically on 
science education). However, the experience of conducting research was 
unique for each of the participants, and their subsequent learning was 
quite different. It is important to note that the participants did not 
engage in any research methods modules but rather learned methods by 
engaging with a supervisor. 

Table 3 shows a summary brief description of the research project 
foci and experiences for each participant. These are intentionally vague 
because the individual nature of the projects would mean that even 
rather limited details could identify a participant. Harvey and Lisa did 
their research in the biological sciences, Bruce and Monica did their 
research in Education Studies, and Lana’s was focused on science edu
cation. Haley also did her FYP in the biological sciences and went on to 
pursue further research in this area. While Haley’s engagement with 
further scientific research lies outside the ITE structure, some reflections 
on this experience are included to further illustrate the potential influ
ence of research experiences. 

2.3. Data collection 

Each participant engaged in an in-depth interview at the beginning 
of their final year of the bachelors’ programme (Data Point 1; DP1), at 
the end of their final year (DP2), and one year after the programme 
(DP3). The key data points for this study are DP1 and DP2, as pre-post 
interviews for the final year research project, but DP3 data is also 
considered because reflections on the research project are also given 
here. Explicit reflections on the FYP experience are included in the DP2 
interview schedule, however, epistemic beliefs were being investigated 
at all three datapoints. It is understandable that participants would draw 
on or reflect upon their FYP experience when responding to questions 
about the nature of knowledge and knowing, or useful knowledge from 
ITE, during the DP3 Interview. Accordingly, it is expected, that a larger 
volume of comments surrounding the FYP would be noted in DP2. The 
interview schedule is provided in the Appendix, showing variations in 
components for all three data points. 

The interviews were multicomponent in nature so as to elicit 
epistemic beliefs in different ways, because individuals often find it 
difficult to articulate their epistemic beliefs (Guilfoyle, 2022; Joram, 
2007). The different components offered a range of opportunities to 
demonstrate or reveal beliefs (e.g., by discussing learning experiences 
and aspirations for teaching), to consider alternative perspectives 
through concept cartoons (Naylor et al., 2007) or to respond to very 
direct questions on epistemic issues (Tsai, 2002). The interview also 
utilised cognitive interviewing strategies (Greene et al., 2010) with 
Hofer’s (2000) Discipline-Focused Epistemic Belief Questionnaire 
(DFEBQ) to gain deeper understanding about PSTs’ epistemic beliefs 
with respect to the theoretical dimensions of epistemic beliefs (Hofer, 
2000). The DFEBQ contains 21 Likert scale items for each discipline with 
statements such as ‘Truth is unchanging in this subject’ and ‘Correct 
answers in this field are more a matter of opinion than fact’. The 

Table 1 
Dimensions of Epistemic Beliefs (Synthesis, adapted from Guilfoyle, 2018).  

Dimension Indicators 

Polar End (1) Nuanced Position 
(3) 

Polar End (2) 

Certainty [C] Certain: Fixed, 
stable, concrete, 
unchanging, 
undoubted, 
everyone would 
have the same 
answer. 

Certain to varying 
degrees, depending 
on the discipline 
and area. Core and 
peripheral 
knowledge. 

Uncertain: Fluid, 
tentative, evolving, 
changing, best we 
know at the time. 

Structure 
[St] 

Simple: Discrete, 
straight-forward, 
concrete facts. 
Isolated, 
unrelated, 
accumulated. 

Generally, beliefs 
about knowledge as 
more complex than 
simple are 
preferable. 

Complex: Relative 
and contingent on 
other concepts. 
Inter-related and 
connected. 

Universal [U]: 
Knowledge is (or 
aims to be) 
applicable globally 
regardless of 
context. 

Knowledge is 
generated in 
context, but can be 
generalised by 
various means, 
including 
transferability to 
similar contexts. 

Particularistic: 
Knowledge is (or 
aims to be) specific 
to the context in 
which it was 
generated. 

Justification 
[J] 

Authority/ 
expertise: ‘Because 
an expert said so’ - 
Unwavering trust 
in authority. 

Evaluation and 
integration of 
expert views and 
evidence. 

Personal experience: 
Because of personal 
experience, 
intuition, or 
evaluation of 
evidence. 

Source [So] Outside the self: 
From expert, 
authority source – 
e.g., teacher, 
scientist, book etc. 

Recognising 
multiple sources 
can support a claim. 

Within the Self: 
From experience, 
intuition, own 
investigation  
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participants responded to each statement, but only selected responses 
were probed further. Responses were selected if they were particularly 
notable, such as responding on opposite ends of the scale for science vs 
Education Studies. In addition to the full questions provided in the ap
pendix, Table 4 outlines the different components of the interview, their 
purpose, content, and changes across datapoints. 

2.4. Analysis 

We approached this research question in a qualitative manner which 
sought to understand the connections and changes in a holistic and 
multifaceted way in the context of participants experiences (Pettigrew, 
1995). Underpinned by a critical realist philosophical stance, causation 
in this study is considered differently from the standard Humean 
approach of ‘If A happens, then B will happen’ (Sayer, 2010). Rather, 
there is a recognition that social causation can be considered as ‘pro
cesses’ and where a ‘well-constructed story can satisfy us as an expla
nation of an event’ such that it is ‘reasonable to see’ how one thing leads 
to another (Becker, 1994, pp.188-189). The goal is ‘to describe credibly, 
vividly, and persuasively for readers through appropriate narrative the 
processes of participant change through time’ (Saldana, p.46). We 
therefore used individual narrative profiles in both the analysis and 
presentation of findings (Seidman, 2006). 

The analysis followed the following steps:  

(1) Coding: First, all transcripts were subject to both inductive and 
deductive coding for the perceptions and beliefs of interest, 
focusing on both latent and semantic meanings (Clarke & Braun, 
2014). All instances of epistemic beliefs were identified using an 
expanded version of Table 1. Statements would be coded 
depending on the dimension (e.g., Certainty of knowledge, 
abbreviation [C], see Table 1) and domain (e.g., science or Edu
cation Studies) to which they were relevant. For example, the 
statement ‘in science there is an end. There is a right answer’, would 
be coded as relevant to the dimension of ‘certainty’ in the domain 
of science. We did not seek to reduce the beliefs to ‘naïve’ or 
‘sophisticated’ that we recognise is traditionally the case in 
epistemic beliefs research, because we know that beliefs are more 
complex than this (Sinatra, 2016). We endeavoured to capture 
and represent this complexity. Therefore, we discuss 

development not in terms of movement from a category of ‘naïve’ 
to ‘sophisticated’ but a change in particular beliefs (e.g., from 
believing that all knowledge in science is certain, to believing 
that there is some knowledge that is more certain than others). 

(2) Generating Profiles: Using the coded elements for each partici
pant, individual belief profiles (in narrative form) were produced 
to capture a holistic view of the participants’ thoughts, including 
contradictory/contrasting beliefs and the context for their beliefs 
(e.g., if talking about their own teaching or learning, or in 
reference to particular experiences such as school placement or 
research projects). 

(3) Considering Change: These profiles also captured how some be
liefs changed over time. These changes in beliefs are recognised 
in two ways, first by noting the presence of different beliefs in 
subsequent time points and the second is by noting the in
dividual’s statements about how their thinking has changed. 
Segments of data pertaining to participants’ research experiences 
were drawn out to generate some descriptive accounts of such 
experiences. Again, we consider both how these experiences co- 
exist with any relative change in epistemic beliefs (e.g., DP1 
statement, vs DP2 statement), but we also specifically consider 
how participants themselves note their beliefs changing as a 
result of, or while engaging in, particular activities (e.g., I used to 
think … now I think …).  

(4) Manageable and meaningful reporting: Full profiles consisted 
about 12 pages of text per participant per time point, including 
quotations and interpretations. These require further reduction to 
make them manageable and meaningful (Luker, 2009); therefore, 
what is presented in this paper are demonstrative extracts and 
summaries rather than full profiles for each individual. 

For this paper, we focused our attention only on discussion which 
could be related to their experience of engaging in research. We 
acknowledge that many other experiences in ITE could be influential for 
participants, however discussion of their engagement in research pro
jects generated rich reflection of their epistemic beliefs worthy of further 
analysis. 

Table 2 
Extracts from university module outlines.  

Module 
Heading 

Semester 7 – Final Year Project 1 Semester 8 – Final Year Project 2 

Syllabus: Introduction to the project; definition of its purpose, scope, requisites. 
Introduction to methodologies for undertaking primary and secondary research. 
Development of initial thesis and research design; directives for refining the initial 
research idea and for conducting research. 

Collection and analysis of primary data, as required. 
Guidance on the formats available for the final report, on the analytical 
approaches required, and on the methodology and documentation. 

Learning 
Outcomes:  

⁃ Identify literature relevant to the selected research project.  
⁃ Define a research topic.  
⁃ Interpret and review the literature relevant to the research question.  
⁃ Value the significance of the contribution of research to solving problems.  
⁃ Deliver analysis of refereed research papers to peers.  
⁃ Organise and present in written format the secondary data and research findings 

relevant to the research question.  

⁃ Arrange, collect and examine published literature on a selected research 
topic  

⁃ Clarify, defend and interpret the literature and data available on the 
research topic  

⁃ Apply the available information relevant to the research topic to solve 
the research questions and problems  

⁃ Summarise and synthesise the findings of the research effort  
⁃ Analyse the outcomes and draw conclusions from the findings of the 

relevant primary and secondary data available  
⁃ Evaluate the findings and recommend further action/directions of study.  
⁃ Acknowledge the contribution of the research work to furthering 

knowledge and understanding, skills and attitudes as these relate to the 
research project  

⁃ Undertake primary data collection, as required.  
⁃ Compile the total research process into a dissertation reflective of the 

prescribed requirements. 
Learning 

Experiences 
Not Stated Not Stated 

Credits (of 240 
Total) 

6 6  
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2.5. Quality criteria 

We subscribed to a vision of quality criteria for qualitative research 
as articulated by Tracy (2010). This vision builds on the shift in attention 
away from concepts of reliability, validity, and generalizability (from 
quantitative research) to criteria of credibility, transferability, and 
dependability for qualitative research (Lincoln & Guba, 1985). Rather 
than inter-rater reliability, which generates a measure of how often we 
agree on the application of a particular coding label, we focused on 
interrogating the appropriateness of the inferences at each step but 
particularly at the point of producing individual belief profiles (asking 
whether the evidence presented was sufficient to make such claims 

about the participant). Throughout this process, the second and third 
authors acted as ‘critical friends’ who question, critique, and probe in an 
effort to attain ‘interpretive agreement’ (Tappan, 1997) and check 
inferences/connections being drawn (Stieha, 2014). 

3. Results 

The findings of this paper are presented with respect to the different 
types of research experiences in which the participants engaged; these 
are research experiences in science, in Education Studies (including 
science education), and further scientific research beyond ITE. Finally, 
we reflect on the absence of explicit epistemological development dur
ing the research experiences and in ITE more generally. As outlined in 
the analysis section, we present the results in a narrative form to 
‘describe credibly, vividly, and persuasively for readers’ (Saldana, 2003, 
p. 46) such that it is ‘reasonable to see’ the impact of the various ex
periences for these participants (Becker, 1994, pp.188-189). Accord
ingly, each participant’s experience is summarised as interpreted by the 
researchers, with supportive and illustrative quotes. Rather than 
claiming that particular experiences will regularly cause particular 
outcomes, these narrative profiles explore plausible possibilities for the 
role these research experiences can play in PSTs’ epistemological 
development. 

Table 3 
Summary of research projects.  

Pseudonym Discipline of 
Project 

Brief Description of 
Project 

Notes on the 
experience 

Harvey Science – Biology Identification of 
organisms in urban 
ecosystems to draw 
conclusions about 
environmental 
health/quality. 

Largely independent 
field-based work. 
Guidance provided 
by supervisor, 
particularly for 
asking questions of 
methods and 
interpreting results. 

Lisa Science – Biology Analysis of soil 
content to draw 
conclusions about 
environmental 
health/quality. 

Both field and lab- 
based work. Working 
alongside masters 
and PhD students in 
the lab, who provide 
some guidance and 
training. Supervisor 
support was 
available. But there 
was still a feeling that 
independence and 
that personal 
initiative was 
necessary. 

Haley Science – 
Biochemistry +
Further Research 
Post ITE 

Molecular cloning to 
produce a particular 
protein. 

Working as part of a 
group, continuing 
from previous 
students’ work. 
Support for methods 
and skills provided 
through the research 
group and the 
supervisor. 

Bruce Education 
Studies 

Psychology-informed 
mixed method study 
of teachers’ 
perceptions and use of 
particular educational 
equipment. 

Largely independent 
field work, though 
with support from 
supervisor in 
developing 
methodology and 
exploring the 
relevant literature. 

Monica Education 
Studies 

Qualitative study on 
teacher attitudes and 
preparedness for a 
given social issue in 
the school context. 

Largely independent 
field work, though 
with support from 
supervisor in 
developing 
methodology and 
exploring the 
relevant literature. 

Lana Science 
Education 

Designing research- 
informed educational 
resources for a 
particular science 
topic. Gathering pre- 
service teachers’ 
understanding and 
beliefs on the topic 
and perceptions of the 
resources. 

Largely independent 
desk research in 
developing resources 
and field work in 
higher education 
setting for surveys 
with pre-service 
teachers. Did not 
emphasise any 
specific supervisor 
support.  

Table 4 
Interview components, purposes, content and changes over time.  

Component Purpose Content (See 
Appendix) 

Changes DP1-2-3 

Prior 
Experiences 

Opening the 
interview. 
Inferring beliefs 
through their 
accounts of 
impactful or 
influential 
experiences in 
encountering 
knowledge. 

1 primary question 
3-6 probing 
questions 
e.g., tell me about 
your time as a 
student in school, or 
about your school 
placement? 

DP1 focused on 
their school 
experience as a 
student. 
DP2 focused on 
their school 
placement 
experience. 
DP3 focused in- 
service teaching 
experience or 
further education. 

Teaching Inferring beliefs 
through their 
approach to and 
aspirations for 
teaching, and 
perceptions of what 
teacher need to 
know. 

6 questions 
e.g., describe “best” 
science, or “ideal” 
classroom. What do 
you think teachers 
need to know? How 
do they come to 
know? 

No changes: same 
questions at each 
timepoint. 

Learning Inferring beliefs 
through 
approaches to 
learning, 
knowledge use and 
generation. 

3-4 primary 
questions 

DP1: During ITE 
DP2: Placement 
and FYP 
DP3: In-service 
teaching or 
further study 

Explicit 
Epistemic 
Questions 

Directed questions 
about the nature of 
knowledge and 
knowing in the 
disciplines. 
Inferring beliefs 
from explicit 
statements. 

1 concept cartoon – 
nature of theories in 
science and 
Education Studies. 
4 questions per 
discipline – e.g., 
characteristics of 
scientific knowledge 
or knowledge in 
Education Studies. 

No changes: same 
questions at each 
timepoint. 

Probing Prior 
Stances 

Using responses to 
the DFEBQ 
instrument to 
explore divergent 
or unexpected 
beliefs. 

Probing 3–5 
responses on the 
instrument which 
was completed 
before the 
interview. 

Re-sequenced to 
the beginning in 
DP3, where 
instruments were 
complete in 
person before the 
start of the 
interview.  
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3.1. Research experiences in science 

When conducting a research study in science in this programme, 
PSTs would be supervised by an academic member of staff in a science 
department who was generally actively engaged in scientific research. 
Sometimes, the PST would come up with their own idea for scientific 
study and the academic would support them to investigate these (even if 
there was little desire for such work in the field), but in many instances 
PSTs would select from a range of ‘titles’ that academic staff proposed as 
being of particular interest to them and their research agenda. In this 
way, many PSTs experienced being a part of a wider team of research 
students and scientists working on a particular scientific issue that was 
of current interest to the scientific community. 

Harvey and Lisa’s research in the sciences appeared to have differing 
influences on them. Lisa, appeared to develop her understanding of the 
nature of knowledge and nature of knowing in the area of her research. 
During the process of reading research and conducting her own lab work 
with field samples, she began to feel that science was more fallible than 
what she had previously believed. She said of her own research: 

There was a high source of error in what I was doing. Even though I 
did try to minimise it, obviously … but there was a high source of 
error … That kind of thing I just wouldn’t have taken into account 
(before) [C/J] [DP2 Lisa] 

From her reading she started to see that the body of scientific 
knowledge still contained many unanswered questions and many un
knowns (‘They know less than I thought they knew’ [C/So] - DP2 Lisa). 
There was a noticeable increase in her belief about the tentative and 
interpretative nature of science: 

You can say it is a fact and you use your evidence, but then at the 
same time, you could be looking at it the wrong way. So, it could 
change as well … I would like to think what I am learning now or 
what I am teaching is fact. And 90% of me probably thinks that it is. 
But 10% of me is saying ’well they thought this was fact before.’ [C/ 
J] [DP2 Lisa] 

These comments stand in stark contrast to the high level of certainty 
she attributed to science in her first interview where she said ‘in science 
there is an end. There is a right answer’ [C], ‘your answer is your answer, it is 
a fact’ [C], and it ‘is a fact across the board’ [C/U] [DP1 Lisa]. She 
described science as ‘concrete’, ‘proven’, and ‘set in stone’ [C] [DP1 Lisa]. 
As time progressed, Lisa moved to a point where she viewed science as 
working with knowledge that is essentially ‘operationally true’ at pre
sent, but it could be subject to re-evaluation and change. (‘Like nothing in 
science is set in stone, it is just because it worked out this way most of the time 
and we are using this as a fact’ [C] - DP3 Lisa [emphasis added]). She 
also differentiates between ongoing current research and foundations of 
science such that there would be a spectrum from very certain (core) 
knowledge to more contentious (peripheral) knowledge (‘I know in 
research there are different opinions, but I feel like in the foundations of 
science, everyone would have the same answer.’ [C] - DP3 Lisa). 

Harvey’s experience of research was also influential, but not to the 
same extent as Lisa. The experiences did not appear to cause pervasive 
change. He also gained a deeper understanding of conducting scientific 
research, in particular how experiments are planned and conducted. He 
said that prior to his FYP research, he ‘had a very simplistic idea about 
what an experiment was and what it needed to be’ [DP2 Harvey] and that 
such knowledge had been ‘neglected before’ because his experience of 
conducting experiments in university was to ‘go in on the day [with] your 
lab manual, you carry it out and get your result. It is either right or wrong and 
nowhere in between’ [C/J/So] [DP2 Harvey]. His research experience 
encouraged him to be ‘more critical of the steps [he] was using’ [So] [DP2 
Harvey]. He no longer viewed scientific investigation as a simple matter 
of ‘I will do the experiment and get a result’ [J/So], but rather: 

I will get a result, I will think about the result, I will do research on 
the result, I will see how the research fits in with other things and 
then I will see how that goes and I will do the experiment again. [J/ 
So] [DP2 Harvey] 

Harvey’s FYP project primarily involved biological identification 
methods. Such observational scientific work seemed to take a primary 
role in his understanding of science as ‘Observations and experiments of 
the phenomena of the world, and drawing conclusions from those based on 
our understanding at a certain point in time’ [J/So] [DP2 Harvey]. How
ever, this understanding of science as observational also seemed to help 
reaffirm his image of science as certain and non-argumentative (‘in sci
ence it is very much ‘this is it’’ [C] - DP2 Harvey). The examples Harvey 
provides for such certainty are all centred on observation, identification, 
and classification: ‘you can’t argue that a cat is a dog because looking at the 
traits of it, it is very clearly a cat’ [C/J] [DP2 Harvey], ‘when identifying 
something like linchins … you can’t argue that a folios is a crustos because 
they look different’ [C/J] [DP2 Harvey]. Even when acknowledging that 
classifications can change, he does not appear to recognise these as 
human endeavours but advancement in technologies which unveil the 
true nature of reality. 

within some areas, understanding developed so we are able to better 
classify stuff. Some plants are in different groups because we looked 
at the genes and said ’okay, they don’t fit in here, they fit in here.’ 
[C/J] [DP2 Harvey] 

So, while there is evidence that Harvey’s experience of research 
coincided with some developments in his understanding of the nature of 
knowledge and knowing in science, the changes that occurred did not 
seem as fundamental as with Lisa. In fact, some of his experience reaf
firmed ideas of certainty and lack of argument. A notable distinction 
between the two was that Harvey’s work appeared to be more field- 
based identification work, while Lisa’s involved experimental lab 
work. Their development of their beliefs appeared to be relevant to their 
particular experiences. Perhaps this raises a question as to whether op
portunities for epistemological development are often more ad-hoc than 
intentional within these research experiences. 

3.2. Research experiences in Education Studies 

Bruce and Monica both engaged in research projects with a focus on 
Education Studies. This means that their research focus was rooted in an 
educational issue and did not need to be science related. PSTs who 
conduct a research project in ‘Education’, as they would term it, would 
generally be supervised by an academic staff member who would 
research and teach courses that centre around cognate disciplines of 
Education Studies, such as sociology, psychology, philosophy, etc. PSTs 
might focus, for example, on student or teacher perceptions, action 
research, or on any range of issues with relevance to education. 

Bruce and Monica’s research in Education Studies appeared to help 
them gain a more complex and nuanced understanding of the nature of 
knowledge and nature of knowing in Education Studies (similar to Lisa 
in the case of science). 

At DP1, Bruce believed that knowledge in Education Studies was 
highly contested where ‘there are experts in education that have completely 
divergent views’ [C] and this was connected to a sense that the ‘evidence is 
weak, sometimes’ [J] and the nature of knowledge was quite different to 
science, saying ‘some of it is empirical … some of it is based on political 
beliefs’ [J] and ‘I have seen very few things where I would say it is anywhere 
near the standard of scientific knowledge’ [C/J]. 

At the same time, Monica described Education Studies as highly 
context specific; ‘If you do something in education here and you do some
thing in education somewhere else, the results could be completely different’ 
[U]. This emphasised the need for her to play an active role in inter
preting and evaluating knowledge in Education Studies through her own 
experience: ‘every situation that you come across in education is different … 
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for that reason we are strongly encouraged to question.’ [U/So]. 
In both instances, they are communicating beliefs that knowledge in 

Education Studies is less certain, and perhaps of a lesser standard, than 
science. The perceived variability and lack of certainty in Education 
Studies underscores why their own experience is an important source of 
knowing: knowledge in Education Studies provide ‘nice frameworks for 
understanding’, ‘a wider view’ [DP1 Bruce], or helps you to become ‘more 
self-aware’ [DP1 Monica] rather than certain answers. 

Following their engagement with the research projects in Education 
Studies, both Bruce and Monica could speak in more detail about the 
methods used in educational research but also a heightened value in 
such data. Instead of seeing knowledge in Education Studies as weak and 
not at the standard of scientific knowledge, Bruce said ‘I see the value in 
qualitative data more. I would have thought of it as ‘nice’ but … I found the 
stuff that came out of this was maybe even a little bit better … there is 
certainly something there, there is a truth there’ [J]. Monica said, ‘Since I 
have actually done it, I have a lot more respect for the research that is 
actually there.’ [DP2]. 

Both Bruce and Monica highlighted the subjectivity of the researcher 
as an important consideration, but also indicated a level of comfort with 
this that perhaps counters earlier discomfort of evidence as ‘weak’: ‘The 
person doing the research has a huge say in how it turns out … so in a lot of 
ways, it is kind of subjective, but that is okay too, I think.’ [J/So – DP2 
Monica], ‘You get a richer discourse from it … it depends on the skills of the 
researcher’ [J/So – DP2 Bruce]. 

Both Bruce and Monica began to think about the limits to the use of 
research that might be small scale and qualitative. For example, Monica 
recognised that the research could not be generalised but that the 
knowledge could still be useful by seeing the similarities between con
texts: ‘[it] is not the same context as the context I am in, but it is quite similar 
and they found this thing, that this would be helpful … At least you could try 
it’ [U/J] [DP2 Monica]. Bruce also felt that the purpose or use of 
knowledge was important. He felt that researchers need to keep 
knowledge claims within the boundaries or limitations of their data, and 
that they should not oversell their claims as more certain than the data 
could allow: 

I think it comes down to what it is being used for. If it is being used 
to make qualitative statements, then that is fine. If it is used to make 
statements that acknowledge where it comes from, that is fine. 
Where the researcher or the person acknowledges that look ’this is 
based on the views of some people, filtered through me, and 
within a paradigm within which only certain things will be 
discussed’ that is grand. I think where it becomes dangerous is 
where someone tries to say ’I interviewed a [number] of people and 
did a discourse analysis, and that is kind of quantativey and this is 
therefore the truth of what is valuable and what is useful [C/J/So] 
[DP3 Bruce] [emphasis added] 

In summary, having engaged in research projects in Education 
Studies, Bruce and Monica considered the value of different types of 
evidence, the methods of generating such evidence, and the sorts of 
claims that various types of evidence could legitimately support. They 
also considered the limitations to this type of research, such as 
researcher subjectivity, bias in interpretations, the value laden nature of 
educational research. Furthermore, they demonstrated comfort with 
these limitations and a sustained sense of their own role in the inter
pretation and evaluation of knowledge from educational research. 

3.3. Research experiences in science education 

Some PSTs would engage in research that was in Education Studies, 
but rather than pertaining to general topic to education, they would 
specifically focus on teaching and learning of science. These could be 
supervised by a range of academics, from educationalists with a specific 
subject background in science to scientists with an interest in education. 
Quite often these research projects would be pedagogical in focus, such 

as the trialling of particular interventions or production of evidence- 
based resources. 

Lana’s research was of this nature. While she did conduct some data 
collection by means of a survey of her peers, her primary goal of the 
project was the creation of teaching resources for a particular aspect of 
the science curriculum. As such, she did not feel she was constructing 
knowledge (‘So, I basically just made a handbook … It was a resource book’ 
… ’There was no ground-breaking results’ - DP2 Lana), but rather she was 
exploring the international literature to inform the creation of this 
resource (‘I just looked up how [topic] is taught in different countries, what 
are the main difficulties with teaching [the topic]’ - DP2 Lana). Lana did not 
seem to reflect the same extent or degree of learning that her peers did 
about the nature of knowledge and its generation, in either science or 
Education Studies. But the experience was still influential for at least 
some of her epistemic beliefs. For example, her reading of literature 
seemed to suggest to her that there were similar findings across 
numerous educational contexts and this was important for validity of 
research in education. 

… most of the research that I found about [the topic] were in the 
same line of thinking, they got the same results even though they are 
in different countries. So, I think there was Sweden, Germany, 
whatever the other countries were, the same results were found. I 
think the same survey was given. Even when they repeated it, a few 
different things stayed the same. So, I think the research methods 
were the same, the results were the same. Similar let’s say. [U/J] 
[DP2 Lana] 

Lana inferred from this that truth in educational research was 
established by repeating findings across a range of global contexts: ‘I 
suppose it is validating their research. That many different researchers did it 
so it must be true … ’ [J] [DP2 Lana]. While this is a development from 
justification by authority in her first interview (‘theorists have looked it up 
… [I would be] veering on just accepting that it is true’ [J/So]- DP1 Lana), it 
also continues her view that science and Education Studies knowledge 
are justified in the same way. There seems to be a reaffirmation of her 
belief that, in order to be valid or trustworthy, educational research 
must mimic the justification criteria of repeated measures and the 
methods that she believes science uses. Thus, she said for both science 
and Education Studies, ‘repetition infers validity’ [J] [DP2 Lana] and 

You would have to have repetition; they both have the same research 
methods that are very similar … The way the information is achieved 
in both of them is the same. The same methods anyway. [J] [DP2 
Lana] 

So, for Lana, her experience of research in ITE was one which 
perhaps brought the interface of scientific research and educational 
research into greater focus than those studying in just a single content 
area. However, it is not clear that it provided more clarity. In fact, there 
may even have been some emerging tensions in the contrast between her 
beliefs in science and education. For example, it was observed that her 
belief of justification by ‘scientific repeatability’ conflicted with her 
belief about high contextual variability in classrooms, posing challenges 
for her in placing trust in educational research for practice (‘even though 
there has been research done, not necessarily will the ideas presented in the 
textbook work in the particular scenario that you will be in, in education’ [C/ 
U] – [DP3 Lana]). 

3.4. Further experiences with scientific research after ITE 

Finally, Haley had a unique set of research experiences. She did an 
FYP, in science, in her final year of teacher education, like her peers, but 
she also continued into further study including scientific research as part 
of a master’s degree. This experience helped her to develop a more 
complex understanding of science, both in terms of the practices of 
science and its epistemic nature. There was even a sense of a stepwise 
development between the two research experiences. For example, 
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following her FYP, Haley spoke about scientific knowledge as changing 
and containing contradictions. Her reading of scientific literature 
exposed her to articles which appeared to be contradictory. However, at 
this stage she believed these contradictions were merely a function of 
time, that knowledge changed with time and one needed to be careful of 
the date on the literature being read (‘one of them could be dated 10 years 
previous and that is why it is contradicting because there is more research 
since’ [C] [DP2 Haley]). At DP2, she also indicated that she had begun to 
learn the language of reporting scientific results, which she had not 
recognised before. She noticed, then, that scientific results were often 
reported more tentatively than she had previously thought: 

And even from having to read through so many articles, you kind of 
pick up on little phrases and stuff that are their ways of saying ’we 
don’t actually know if this is right or not’. Whereas if you were to 
have given it to me two years ago, I would have been saying ’yeah, 
that is right’. [C/J/So] [DP2 Haley] 

Later, after more extensive experience in research and with time 
exploring scientific literature, she felt better able to evaluate knowledge 
claims made in science. She moved from thinking that incorrect infor
mation in scientific literature was because it was outdated, to thinking 
that researchers were fallible; they could be wrong: ‘books have been just 
wrong … not just wrong over time but wrong from the outset’ [C/So] [DP3 
Haley]. She felt she was able to read scientific literature more accurately 
and with a higher level of critique, where she previously would have 
accepted knowledge as absolute (‘gospel’) from an authority source: 
‘Before, in my undergrad, if I were to read a scientific paper, that is gospel. 
Whereas, now I am way more critical, and I will nit-pick and stuff … because 
I can read’ [C/J/So] [DP3 Haley]. 

However, while Haley changed in terms of believing in authority 
sources whole heartedly and without question, she also understood that 
there was a role of testimony in science. She also felt she would need to 
put her faith in the testimony of experts at some points: 

If I am thinking about physics and they are talking about antimatter 
and black matter and all of that, I have an interest in that stuff, I think 
it is cool. But I don’t understand it. I don’t know how it works, so I am 
putting my faith into them that that is the right thing. Because there 
is that level of knowledge that I am never going to have [So] [DP3 
Haley] 

These examples provide just a brief glimpse into the development of 
Haley’s epistemic beliefs in science. It is clear that her experiences of 
research were influential in generating a more nuanced understanding 
of the nature of knowledge and the nature of knowing. Her views of 
Education Studies did not develop, per se, but did change somewhat. 
Rather than seeing this as starkly different as she did before, she seemed 
to substitute her beliefs about science into epistemic questions in Edu
cation Studies (‘I am assuming it [Education Studies] is the same as science’ 
[J] - DP3 Haley). This might be explained by the absence of any expe
riences relating to Education Studies after her Initial Teacher Education. 
This concept of ‘absence’ of opportunities for development of epistemic 
beliefs in Education Studies emerged from more than just Haley, how
ever. It is thus explored in more detail next. 

3.5. Absence of explicit epistemological development 

Some participants pointed towards an absence of experiences that 
could ground their understanding or ability to grasp some of the ques
tions being posed during the interviews. There were indications that 
participants had not been exposed to experiences which would give 
them any direction or reference point for thinking about knowledge and 
knowing, particularly in Education Studies. Some of these indications 
were implicit, while others were clearly articulated as absences of 
experience. There were statements from many participants to the effect 
of: ‘I have never thought about this before’ and ‘we have never been asked 
questions like this’. The two specific cases described below show evidence 

that some participants, in the absence of any confident beliefs about the 
epistemic nature of Education Studies, resorted to substituting their 
epistemic beliefs about science into Education Studies in order to fill the 
void. 

In the case of Haley, she was seen to regularly substitute her un
derstanding of the epistemic nature of science into her gaps in under
standing of Education Studies – assuming that Education Studies 
‘should’ be able to operate in a manner like science: 

Because as I think about it more, you know, if you are putting out a 
paper, I am assuming it is the same as science and it is peer- 
reviewed and it is critiqued, and it is fully accepted, and it has to 
be repeatable. I think if you are doing something in Ireland with 
Irish kids, but it is repeatable in India with Indian kids, and lots of 
different cultures and things, rather than ’we are going to do a study 
and we are going to carry it out on white children from middle class 
families in big cities in Ireland’ … like, if you are sticking with the 
one group, it is an opinion you are forming then because you are 
not taking into account the full picture. Whereas if you then go to 
open it up and if everything is saying the same thing then, well you 
have … like if you were to do statistics, your t-tests would tell you, 
yeah that is true or not true, or statistically significant, which helps to 
solidify that it is a fact rather than a matter of opinion [U/J] [DP3 
Haley] 

There are a number of assumptions that Haley makes here that 
appear to be borrowed from her understanding of science, not least that 
the goal of the endeavour is always to say something as universal and 
generalisable as possible, but also that it would be justified by statistical 
analysis. To make a claim about a particular group, rather than all 
people, is considered by her to be little more than a matter of opinion. 
However, she did often surround such comments with caveats such as: ‘I 
don’t know’, ‘I don’t have enough experience’, ‘I am not looking up education 
stuff’, ‘I am not a psychologist and I haven’t read the papers or anything’ 
[DP3 Haley]. 

Lisa also noted this sense of absence in ITE more clearly. As a general 
remark about her difficulties in articulating beliefs about Educations 
Studies she stated that ‘I am undereducated in this department though, that 
is the problem’ [DP3 Lisa]. More specifically, Lisa stated she had not 
received any instruction in Education Studies surrounding the nature of 
knowledge in the same way as she felt that she did in science. 

I know a theory is below a principle, but … it is like a hypothesis, in 
both cases. Then it is proven over a period of time, that is a theory in 
science anyway, I think. Then, in education, it is tried and tested and 
proven over time as well, maybe … is it? They don’t teach us this in 
education! [C/J] [DP3 Lisa] 

The quote above illustrates how Lisa tentatively inserts her epistemic 
beliefs about science into the case of Education Studies in the absence of 
any other more strongly held beliefs. 

This absence of epistemological development is important to note for 
at least two reasons. First, it highlights a need for more explicit attention 
to be paid to issues of epistemological development in ITE. Second, those 
who have engaged in an FYP in science were most explicit about their 
sense of absence of epistemic understanding in Education Studies, while 
those who conducted FYPs in education (Bruce and Monica) appeared to 
have more opportunity to consider epistemic issues in Education 
Studies. This raises the concern that experiences of epistemological 
development are ad-hoc experiences rather than intentionally integrated 
and an opportunity might be missed to support PSTs comparative un
derstanding of, or navigation between, the different knowledge domains 
in their ITE. 

4. Discussion 

Bearing in mind that the research study reported in the paper uses 
qualitative methods with a small number of participants, we do not 
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suggest a definite causal link between particular types of research pro
jects and a certain degree of epistemological development. However, the 
strength of this study is in exploring these pre-existing experiences with 
a new lens and providing illustrative examples of potential opportunities 
and barriers for research projects to be developmental experiences. The 
importance of epistemic beliefs in teaching and learning has been clearly 
identified in many studies and the need to focus on epistemological 
development in teacher education has been strongly argued (Yilmaz-
Tuzun & Topcu, 2008; Brownlee et al., 2011; Guilfoyle et al., 2020; 
Peiser et al., 2022). Given the importance, it is useful to have a more 
detailed understanding of how teacher education can address these is
sues through learning experiences already in place in many ITE 
programmes. 

Research experiences were clearly valuable to participants, though 
their influence on the PSTs’ epistemic beliefs varied from reaffirming 
previously held beliefs to developing epistemic beliefs in one or both 
domains. It was clear that these research experiences could be powerful 
for changing PSTs’ perspectives about the process of knowledge devel
opment in a particular field, as it forces them to consider what sort of 
evidence they require to support a claim in that field, through their own 
inquiry processes and through closer engagement with the literature of 
that field. It could also be noted that their experiences not only varied 
between domains but could be even more contextualised to the research 
methods and questions the PSTs were pursuing. However, it would not 
be reasonable to speculate at this point that some methods or questions 
are more conducive to development than others. 

The most obvious reason for variety is that these experiences were 
not designed with an intention of epistemological development; 
research projects in ITE programmes are not generally included for this 
particular purpose (Feiman-Nemser, 2012; Flores, 2016; Munthe et al., 
2011; Sahlberg, 2011). Some participants in this study encountered 
developmental incidents through these experiences on what appeared to 
be an ad-hoc basis, and this is an important finding. While the study 
itself was not interventionist in nature, and these PSTs did not experi
ence concerted efforts in their ITE programme to develop their epistemic 
beliefs, we can reasonably trace some epistemological development to 
particular incidents and experiences. Therefore, it is within reason that if 
these PSTs were to encounter these experiences by design, with support 
and direction, they would experience developments in their epistemic 
understandings (Bråten, 2016). 

The absence of experiences to help PSTs to grapple with the nature of 
knowledge and knowing in Education Studies in particular, leaves them 
to merely fill this absence with ill-fitting ideas of similarity with science 
– though they appear to feel the tension of the probable inaccuracy of 
these ill-fitting beliefs. This supplanting of science beliefs into the case of 
Education Studies is consistent with other empirical and theoretical 
work (Drever & Cope, 1999; Hordern, 2017; Sjølie, 2014) but also 
generates issues for accepting Education Studies as useful for practice 
(Guilfoyle et al., 2020). The rationale for inclusion of research projects 
in ITE has previously been to achieve greater coherence and knowledge 
integration in the teacher education curriculum (Conway et al., 2009), 
so that graduate teachers might become potential collaborators, con
sumers, and creators of educational research knowledge (Cochran-Smith 
& Lytle, 2009), and ultimately ‘as a way of moving beyond the 
theory-practice divide in ITE’ (Flores, 2016, p. 212). These are all 
admirable goals in themselves, but if experiences of conducting research 
projects in Education Studies or subject matter are to be included on ITE 
programmes for these purposes, as they are in the University of this 
study, then it may be a learning experience which can be utilised for the 
purposes of epistemological development too. 

The evidence generated in this study can point to potential ways to 
capitalise on the affordances of student research projects in ITE. At the 
most basic level, we argue for explicitly considering it a learning 
outcome of the experience that PSTs would learn more about the 
epistemic nature of the field in which they are investigating. From this 
point alone, project supervisors could plan within their unique context 

to ensure that PSTs engage with epistemic issues relevant to the field of 
study. Further interventionist research studies would need to be carried 
out to investigate the impact of particular practices, though existing 
literature can support some of the embedded activities within research 
projects for epistemological development (see Brownlee et al., 2016 for 
a review). For example, encountering contradictory literature was a 
feature of Haley’s experience which appeared particularly develop
mental, providing an increased understanding about the nuances of 
tentative and argumentative language used with research papers. There 
is a sufficient evidence base in different contexts to support that this 
embedded activity would be helpful for epistemological development, if 
scaffolded (e.g., Gill et al., 2004). Engaging in the construction of ar
guments within the discipline through the PSTs research theses, using 
evidence they had themselves collected, appeared to support the 
development of a more nuanced understanding of the nature of claims 
and evidence, as in the case of Bruce and Monica. Similarly, utilising 
argumentation as a vehicle for epistemological development also has 
empirical support (e.g., Iordanou, 2010; Iordanou & Constantinou, 
2014). 

The cases presented in this paper also illustrate how in the absence of 
explicit scaffolding of epistemological development some students are 
left to re-affirm beliefs they previously held (e.g., Harvey) or generate 
new beliefs that may be less helpful (e.g., Lana). The need for scaffolding 
and support in the epistemological development is made clear by Bråten 
(2016) as he notes that while much research on epistemological devel
opment focuses on inducing cognitive dissonance and epistemic doubt 
through contradictory perspectives, actually navigating this requires 
rather advanced cognitive flexibility (Jacobson & Spiro, 1995). 
Engaging in these tasks ‘requires adaptive epistemic cognition at least as 
much as it promotes it’ (Bråten, 2016, p. 362). Thus, if left to their own 
devices when engaging in epistemological development activities, it 
may be the case that only those with already advanced epistemic beliefs 
will be able to reap the benefits; metaphorically, only the rich get richer 
(Bråten et al., 2011; Stanovich, 1986). 

Returning to the issue of teachers navigating the epistemic bound
aries between their subject area discipline and disciplines of their other 
professional knowledge bases (i.e., Education Studies/educational 
research), there are a number of questions that emerge from the ob
servations of this study when placed in the context of the wider litera
ture on research in teacher education. We have noted in the literature 
review how the rationale for including research experiences in teacher 
education differs whether it is scientific research (e.g., Krim et al., 2019) 
or educational research (e.g., BERA-RSA, 2014), and that these litera
ture bases do not often appear to overlap. This disconnect in the liter
ature on the nature of research experiences to be included in teacher 
education is noteworthy and prompts the question: How can we expect 
learner teachers to navigate the boundaries between the disciplines if we 
are not navigating these ourselves as science educators, science teacher 
educators, or teacher educators more generally? This study reports on a 
programme that allowed students, who are studying science and edu
cation concurrently, to choose in which discipline they conduct their 
Final Year Research project. Explicit epistemological development 
within that discipline of choice could be supported but because 
epistemic beliefs are discipline-specific (Hofer, 2000), the epistemo
logical development in the other discipline and the comparison between 
them would still need to be considered. The study presented examples of 
individuals, such as Lisa and Haley, who showed epistemological 
development in science and yet continued to find it difficult to relate to 
the nature of educational research. In another paper, we’ve explored 
more deeply the implications of epistemic comparisons of PSTs between 
the disciplines of science and Education Studies (Guilfoyle et al., 2020), 
demonstrating how a variety of different belief profiles generate chal
lenges for PSTs. In this case, epistemological development in one 
discipline alone would not be sufficient to resolve these challenges and 
simultaneous epistemological development in both disciplines needs to 
be a concern for teacher educators. 
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It deserves reiteration here in the final comments that this paper did 
not seek to establish generalisable claims about the epistemic beliefs of 
PSTs or about the impact of research projects as interventions on epis
temological development. Given the observational and non- 
interventionist nature of the study, our claims are more nuanced. The 
spectrum of possibilities is not exhaustive, but they are sufficient to 
understand ways in which PSTs might encounter research projects in 
their teacher education and how these encounters might be differently 
experienced in terms of epistemological development. This paper, then, 
raises the issue for recognition and attention by shining a light on the 
experiences of students as viewed through the particular lens of 
epistemic beliefs. It affords an opportunity to focus more closely on the 
learning experiences we might wish PSTs to have in ITE, while also 
being cognisant of the many other ways in which PSTs are expected to 
develop. Teacher educators may wish to engage in similar qualitative 
research to understand the experiences of PSTs as they fine tune their 
planning. Once such defining and refining has been completed, quan
titative work on measuring impact of these experiences as interventions 
would become more useful. 

As such, the primary outcome of this paper is not a roadmap for 
practice, but a support for teacher educators to think about their ITE 
programmes and how some of the experiences they provide could be 
leveraged for epistemological development. 
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Hökkä, P., & Eteläpelto, A. (2013). Seeking new perspectives on the development of 
teacher education: A study of the Finnish context. Journal of Teacher Education, 65 
(1), 39–52. https://doi.org/10.1177/0022487113504220 

Hordern, J. (2017). Berstein’s sociology of knowledge and educational(al) studies. In 
G. Whitty, & J. Furlong (Eds.), Knowledge and the study of education: An international 
exploration (pp. 191–210). Oxford: Symposium Books.  

Iordanou, K. (2010). Developing argument skills across scientific and social domains. 
Journal of Cognition and Development, 11(3), 293–327. 

Iordanou, K., & Constantinou, C. P. (2014). Developing pre-service teachers’ evidence- 
based argumentation skills on socio-scientific issues. Learning and Instruction, 34, 
42–57. 

Jacobson, M. J., & Spiro, R. J. (1995). Hypertext learning environments, cognitive 
flexibility, and the transfer of complex knowledge: An empirical investigation. 
Journal of Educational Computing Research, 12(4), 301–333. 

Joram, E. (2007). Clashing epistemologies: Aspiring teachers’, practicing teachers’, and 
professors’ beliefs about knowledge and research in education. Teaching and Teacher 
Education, 23(2), 123–135. https://doi.org/10.1016/j.tate.2006.04.032 

Joram, E., Gabriele, A. J., & Walton, K. (2020). What influences teachers’ “buy-in” of 
research? Teachers’ beliefs about the applicability of educational research to their 
practice. Teaching and Teacher Education, 88, Article 102980. 

Jorde, D., & Tellefsen, C. W. (2017). Building science teacher identity within an 
integrated teacher education program at the University of Oslo. In 12th nordic 
research symposium on science education, trondheim, Norway. 

Kitchen, J., & Petrarca, D. (2016). Approaches to teacher education. In J. Loughran, & 
M. L. Hamilton (Eds.), International handbook of teacher education (Vol. 1, pp. 
127–186). Springer.  

Korthagen, F., & Kessels, J. (1999). Linking theory and practice: Changing the pedagogy 
of teacher education. Educational Researcher, 28(4), 4–17. 
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