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University of Oulu Graduate School; University of Oulu, Faculty of Education
Acta Univ. Oul. E 201, 2021
University of Oulu, P.O. Box 8000, FI-90014 University of Oulu, Finland

Abstract

To explore the teacher identity development of pre-service primary school teachers (PSTs) in the
context of science teaching, a holistic, narrative approach is needed. Thus, for this study, a
narrative framework was applied both theoretically and methodologically. Additionally, the
current debate concerning teacher identity development in the science teaching context lacks a
holistic perspective, where the memories, possible selves, and beliefs of science teaching are
considered continuums. Therefore, this study investigated what kind of PSTs’ teacher identity
development can be identified in the context of science teaching. To bridge this gap in existing
research, a three-phase data collection procedure was applied with 41 PSTs. Subsequently,
categorical and holistic narrative analyses were implemented, and finally, the emplotted narratives
were composed.

The findings indicate that the PSTs’ positive memories of science teaching from school time
significantly reflect their teacher identity development. The findings also show how possible
selves as well as the changes in the cognitive and affective dimensions of possible selves shape
the PSTs’ teacher identity development. Lastly, the inconsistent relationships between PSTs’
inquiry-based teaching (IBT) beliefs, understandings and planning, and their differing effects on
teacher identity development, were revealed. These findings allow the pathways of teacher
identity development, including those that are static, progressive, and transcending, to be depicted.
On the static teacher identity pathway, even one single memory can preponderate the teacher
identity development. The progressive pathway involves especially understanding the dimensions
of subject content knowledge, and the transcending pathway depicts intrapersonal goal-
orientedness where the need for personal change is elucidated. Thus, the identification of the
PSTs’ teacher identity development pathways should be paramount in teacher education as it is
essential to consider the pathways’ potential impact on their future teacher identity development
in the context of science teaching.

Keywords: beliefs, inquiry-based teaching, memories, narrative approach, possible
selves, science teaching context, teacher identity





Pellikka, Anne, Luokanopettajaopiskelijoiden opettajaidentiteetin kehittyminen
luonnontieteen opetuksen kontekstissa. 
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Tiivistelmä

Tutkittaessa luokanopettajaopiskelijoiden opettajaidentiteetin kehittymistä luonnontieteen ope-
tuksen kontekstissa, tarvitaan holistista, narratiivista lähestymistapaa. Tämän vuoksi narratiivis-
ta viitekehystä sovellettiin sekä teoreettisesti että menetelmällisesti. Lisäksi opettajaidentiteetin
kehitykseen liittyvästä keskustelusta puuttuu kokonaisvaltainen näkökulma opettajaidentiteetis-
tä siten, että muistoja, tulevaisuuden opettajaminää ja uskomuksia tarkastellaan jatkumona. Täs-
sä tutkimuksessa kysytäänkin millä eri tavoilla opettajaidentiteetti kehittyy luonnontieteen ope-
tuksen kontekstissa. Aineistonkeruuprosessi oli kolmivaiheinen, ja siihen osallistui 41 luokan-
opettajaopiskelijaa. Kerättyyn aineistoon sovellettiin kategorista ja holistista narratiivista analyy-
sia, joiden perusteella luotiin juonennetut narratiivit.

Tulokset osoittavat, että positiiviset kouluaikaiset muistot heijastuvat merkittävästi opettajai-
dentiteettiin. Myös tulevaisuuden opettajaminät sekä muutokset niissä muovaavat opettajaidenti-
teetin kehittymistä. Tulosten mukaan myös luokanopettajaopiskelijoiden tutkivaan oppimiseen
liittämien uskomusten, ymmärtämisen ja oppitunnin suunnittelun väliset suhteet voivat olla epä-
johdonmukaisia, ja näiden suhteiden merkitys opettajaidentiteettiin vaihtelee. Tulosten perus-
teella tunnistettiin pysyvä, etenevä sekä muutosmyönteinen opettajaidentiteettipolku. Pysyvällä
opettajaidentiteettipolulla jopa yksittäinen muisto voi hallita opettajaidentiteetin kehittymistä.
Etenevään opettajaidentiteettipolkuun voi puolestaan liittyä erityisesti oppiaineen sisältötietoon
liittyvien ulottuvuuksia ymmärtäminen. Muutosmyönteinen opettajaidentiteettipolku liittyy
tavoitteellisuuteen, joka kohdistuu itse koettuun muutostarpeeseen. Opettajaidentiteettipolkujen
tunnistaminen opettajankoulutuksen alussa on ensiarvoisen tärkeää, jotta voidaan ottaa huomi-
oon niiden merkitys opettajaidentiteetin kehittymiselle luonnontieteiden opetuksen kontekstissa.

Asiasanat: luonnontieteen opetus, mahdolliset minät, muistot, narratiivinen
lähestymistapa, opettajaidentiteetti, tutkiva oppiminen, uskomukset
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1 Introduction 

Alongside societal and environmental changes, the requirements and expectations 

for science teaching have also changed. For example, to be able to teach science, 

one should understand how science teaching must involve and highlight the con-

nection between the big environmental challenges, such as biodiversity loss and 

climate change, and the well-being of contemporary and future societies. Therefore, 

science teachers, including pre-service primary school teachers (PSTs), are ex-

pected to be scientifically literate enough to be able to navigate through the flood 

of information, understand the multidisciplinary composition of natural sciences, 

and be capable of teaching about and resolving the issues related to maintaining a 

sustainable society together with their students (Finnish National Board for Educa-

tion [FNBE], 2016; Ratinen, 2013; Yli-Panula, Jeronen, Lemmetty & Pauna, 2018). 

These demands are substantial and may even seem out of reach for many PSTs who, 

together with other subjects, also teach science in primary school. Therefore, un-

derstanding and enhancing PSTs’ teacher identity development in the science teach-

ing context is fundamental. 

To begin with, this study was motivated by my personal background as a biol-

ogy and geography subject teacher and, further, by my personal interest as a science 

teacher educator to gain a deeper understanding of how PSTs’ learn to teach science 

in the current time with its high demands. This initiated from the realization of my 

own inadequacy as a primary science teacher educator; I lacked the understanding 

of how I could better facilitate the PSTs’ journey to become primary science teach-

ers. This prompted me to identify the variations in teacher identity development in 

the science teaching context. The concept of teacher identity referred to here stems 

from teacher identity theories, which suggest that teacher identity is an ongoing 

process, is influenced by both others and context, and is best manifested through 

narratives (Akkerman & Meijer, 2011; Beauchamp & Thomas, 2009; Beijaard, 

Meijer & Verloop, 2004; Gee, 2000; Rodgers & Scott, 2008). The wider theoretical 

framework of the teacher identity used for this study relies on the narrative mode 

of thought (Bruner, 1987), which aims at understanding the uniqueness of human 

actions through narratives. The narrative mode of thought guided me through both 

the theoretical and methodological positions of this study and allowed me to have 

a holistic, narrative approach to identity. This twofold use of narrative, as a theo-

retical and methodological approach, was adapted since I understand and define 

identity through the narrative approach and as a narrative. Thus, methodologically, 
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it was suitable to study identity through narratives that PSTs’ tell about their expe-

riences. 

In this dissertation, I will address the development of PSTs’ teacher identity in 

the context of science teaching during teacher education studies. Science in the 

Finnish context includes the subjects of biology, geography, physics, chemistry, and 

health education. Together, they constitute the subject of environmental studies in 

primary school (FNBE, 2016). Therefore, when I refer to the context of science 

teaching, I imply the Finnish primary school context where the science subjects are 

considered as one subject, environmental studies. This study was carried out in the 

science education methods course, that is, the Environmental Studies (ES) course, 

in primary teacher education settings, where the focus was on biology and geogra-

phy education. Thus, the study began with the perspective on PSTs’ views about 

biology and geography teaching (see Article I). However, when the study process 

continued (see Articles II–III), a more holistic perspective on science teaching was 

implemented, since the PST as future class teachers will teach environmental stud-

ies including all the science subjects (biology, geography, physics, chemistry, and 

health education). This means that when I refer to the science teaching context, I 

imply the context where PSTs’ teacher identity development is examined, and when 

I refer to biology and geography, I imply the teacher education settings where this 

study took place. 

Teacher identity development in the teacher education context has been studied 

extensively (Beauchamp, 2019; Beauchamp & Thomas, 2009; Beijaard, 2019; Bei-

jaard et al., 2004; Beijaard & Meijer, 2017; Lutovac & Kaasila, 2018, 2019). How-

ever, Flores (2020) has emphasized that there is still much to learn about the process. 

For example, the research should focus on professional identity development in the 

context of initial teacher education, since it is an incomparable context where PSTs 

interact with other PSTs, teacher educators, educational policies, and power struc-

tures found in schools and with students (Flores, 2020). Research has also revealed 

that the central part of teacher identity development is the process of change, which 

has been found to be a difficult task to fulfill (Darling-Hammond, Hyler & Gardner, 

2017; Tam, 2015). Therefore, a better understanding of how teacher identities de-

velop and can be shaped in various subjects during teacher education is needed. 

The novelty of this study is that it expands the current literature of teacher 

identity development by depicting PSTs’ teacher identity development through nar-

rated pathways in the context of science teaching. The pathways here are consid-

ered as a construct of PSTs’ memories from their time at school, through the 

changes in their possible selves and through their beliefs related to science teachers 
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and teaching as well as beliefs about themselves as teachers of primary science. 

Thus, the pathway forms a continuum on which the PSTs’ teacher identity develops 

and can also be observed at different points of time. All the components, that is, the 

memories, possible selves, and beliefs, of the pathways examined in this study are 

known to have the power of capturing and explaining teacher identity development 

and teacher change (Lutovac & Kaasila, 2011, 2014; Markus & Nurius, 1986; Pa-

jares, 1992; Rodgers & Scott, 2008). Further, I will locate my study within the con-

temporary discussions of how PSTs should assimilate the science subject-related 

content knowledge to their teacher identities in the context of science teaching (Av-

raamidou, 2014; Linton, 2018; Peterman, 2017; Virranmäki, Valta-Hulkkonen, & 

Rusanen, 2019). 

1.1 The rationale of the study 

Earlier studies have reported that PSTs carry memories, experiences, and beliefs 

formed during their own time at school with them when they start a teacher educa-

tion program (Bryan, 2003; Feiman-Nemser & Buchmann, 1983; Pajares, 1992; 

Wall, 2016). Memories relate to and influence PSTs’ beliefs about teaching and 

learning (Miller & Shifflet, 2016; Pajares, 1992). Based on their memories of 

school, PSTs have certain strongly formed views in relation to what a teacher 

should be like and what kind of action a teacher should take in classroom settings 

(Feiman-Nemser & Buchmann 1983; Jenlink, 2006; Lortie 1975; Pajares, 1992). 

Therefore, memories are a significant resource for PSTs’ construction of teacher 

identity (Arnon & Reichel, 2007; Helterbran, 2008; Korthagen, 2004; Minor, 

Onwuegbuzie, Witcher & James 2002). However, little is known about the influ-

ence of subject specific memories, such as school memories about biology and ge-

ography, on teacher identity in the context of science teaching. Thus, arguably, there 

is a need for knowledge about the relation between PSTs’ memories of their teach-

ers and their views of an ideal teacher as well as the implications of this relationship 

in terms of PST education and the ways PST educators could assist PSTs in their 

identity development. In this study, PSTs’ positive memories were chosen to be 

examined since they understandably relate more to how PSTs anticipate themselves 

as future teachers of primary science. 

In addition to memories, future orientation is also central for teacher identity 

development (Hamman, Gosselin, Romano & Bunuan, 2010; Hong & Greene, 

2011; Lutovac, 2020). Regarding a future perspective of PST teacher identity de-

velopment, I chose the concept of possible selves (Cross & Markus, 1991; Markus 
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& Nurius, 1986; Oyserman & Markus, 1990), which represents individuals’ hopes 

and fears for the future, that is, “they are selves to be approached or avoided” 

(Markus & Nurius, 1986, p. 954). Only a few studies considering possible selves 

have been conducted in an educational context, mostly to investigate teacher de-

velopment (Hamman et al., 2013a; Hamman et al. 2010; Hamman, Wang & Burley 

2013b; Lutovac, 2020). Similarly, the application of possible selves in the context 

of science teaching is scarce (Hong & Greene, 2011). Possible selves are dynamic 

and changeable, but most studies of teachers or PSTs’ possible selves have investi-

gated a more static viewpoint, that is, one point in time. Therefore, one of my aims 

for this study is to contribute to the body of knowledge by examining PSTs’ possi-

ble selves at different points in time. This approach will account for the process of 

identity development, and the ways in which teacher education may stimulate this 

process. 

Furthermore, beliefs also influence teacher identity, and thus, the PSTs’ beliefs 

about science teachers and teaching are central to this study (Lamote & Engels, 

2010; Pajares, 1992). In science education, inquiry-based teaching (IBT) is consid-

ered one of the primary ways of teaching science. However, a reconceptualization 

of IBT as a process of learning science as well as participating in scientific practices 

has been recently adapted (FNBE, 2016; Furtak, Seidel, Iverson & Briggs, 2012; 

Jerrim, Oliver & Sims, 2020; Marshall, Smart & Alston, 2017; National Research 

Council [NRC], 2012). It is relevant to this study that also in the Finnish primary 

science teaching context, the inquiry approach is emphasized along with the scien-

tific practices (FNBE, 2016). For this reason, as future teachers of primary science 

the PSTs are also expected to plan and implement IBT in their teaching. Conse-

quently, I found it reasonable to include IBT in the science teaching context where 

PSTs’ teacher identity development was considered. Previous literature on the pri-

mary teacher education context has acknowledged that PSTs have a variety of IBT 

beliefs (Breslyn & McGinnis, 2012; Carrier, Whitehead, Walkowiak, Luginbuhl & 

Thomson, 2017) and that they encounter a variety of challenges when planning 

with the IBT method (Lehesvuori, Ratinen, Kulhomäki, Lappi & Viiri, 2011; Maaß 

& Artigue, 2013; Yoon, Joung & Kim, 2012). While I acknowledge that IBT beliefs 

and planning have been well documented in previous literature, only by bringing 

them together with the PSTs’ possible selves and memories from school time was 

I able to depict the holistic teacher identity development in the context of science 

teaching. In this study, IBT planning is examined in the context of biology since it 

has created the context for the PSTs’ science method course, the ES course, during 

their teacher education studies. Additionally, since most of the recent studies have 
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indicated that teacher identity in the context of science teaching is relational and 

multidimensional and should be considered as a process (e.g., Avraamidou, 2014, 

2019), there is a need for a more detailed picture of the variations that may occur 

within the relations between PSTs’ beliefs and planning of IBT and the possible 

accession of these variations to teacher identity in the context of science teaching. 

Ultimately, in this study, I will consider the PSTs’ teacher identity development 

pathways. The pathways are suggested to be applied when describing how teachers 

form their identities in the context of science teaching (Avraamidou, 2014). Also, 

these pathways were chosen to describe teacher identity development since they 

allow a temporally continuous viewpoint for examining teacher identity (cf., Beau-

champ & Thomas, 2009; Beijaard et al., 2004). The individual Articles (I–III) on 

which this study is based present one point in time and one aspect of teacher identity. 

However, when these findings are observed collectively, the pathways are depicted. 

This adds to the body of knowledge about the processes of becoming a PST teacher 

and describes teacher identity development in the context of science teaching. 

1.2 The aim of the study and the research questions 

The aim of this study was to examine how PSTs’ teacher identity develops in the 

context of science teaching. In Articles I–III, the PSTs’ memories, possible selves, 

and beliefs related to science teaching were addressed. However, when the results 

of Articles I–III are examined together, a more holistic viewpoint on teacher iden-

tity development in the science teaching context is depicted. Consequently, the 

main research question for this study is: What kind of pre-service primary school 

teachers’ teacher identity development can be identified in the context of science 

teaching? To answer the main research question, the following sub-questions were 

formed: 

1. What kind of memories of science teaching do PSTs recall from their school 

time? (see Articles I–II) 

2. What kind of changes can be observed in PSTs’ possible selves in the context 

of science teaching? (see Articles I–II) 

3. What are the relationships between PSTs’ beliefs, understandings, and planning 

of inquiry-based teaching? (see Article III) 
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1.3 The structure of the dissertation 

This dissertation begins with the introduction, including the rationale and the re-

search questions of the study. The questions include the overarching main research 

question of this study as well as the sub-questions. The theoretical framework will 

contemplate on the concepts of teacher identity, identity development and teacher 

change as well as the components of teacher identity in this study. Lastly, the theo-

retical framework contemplates on teacher identity in the science teaching context. 

The methodological chapter explains the narrative research approach, describing 

the participants and context of the study, displaying the data collection and analysis 

procedures, and scrutinizing the evaluation of the research. In the overview of the 

articles, the main empirical findings of this dissertation are summarized and intro-

duced. Then, in the discussion, the significance of the results is paraphrased collec-

tively to describe the teacher identity development in the context of science teach-

ing. Finally, the implications of the research for PST education and future research 

are provided. 
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2 Teacher identity in relation to science 
teaching 

Theoretically, this study falls within the studies of teacher identity (Avraamidou, 

2014; Beijaard et al., 2004; Gee, 2000), teacher identity development (Izadinia, 

2016; Rodgers & Scott, 2008), and teacher change (Guskey, 1986, 2002; Sheridan, 

2013). Teacher identity, teacher identity development, and teacher change are terms 

that are often used interchangeably, and the overlapping nature of the concepts also 

incapsulates the change in teachers’ beliefs and practices (see e.g., Guskey, 1986, 

2002; Hanna, Oostdam, Severiens & Zijlstra, 2019; Pajares, 1992). It is substantive 

for this study that the narratives are considered as ways of expressing and building 

personal identity (Connelly & Clandinin, 1999; Lutovac & Kaasila, 2011, 2014; 

Squire, Andrews & Tamboukou, 2013; Teng, 2017). According to Bruner (1987), 

we become the narratives that we tell about our lives, and narrative and identity 

come to be inseparable. Squire (2013) elaborated on this by claiming that the se-

quential temporal orderings of human experience expressed as narratives is what 

makes us human. Thus, for studying PSTs’ teacher identity development, the nar-

rative research approach is particularly well suited, since “identity emerges in and 

through narratives” (Hinchman & Hinchman, 2001, p. xiv), and the identities de-

velop in the narratives we create and tell to ourselves and to others (Watson, 2006). 

Consequently, in this study, I adapted a narrative approach to identity, where the 

narrative is equated with the concept of identity, meaning that identity is seen as a 

continuously evolving narrative. 

In this dissertation, I rely on Bruner’s (1987) argument for adopting a narrative 

mode of thought, which aims at comprehending human action and the particulari-

ties of each action through narratives. This means that I strive to understand the 

uniqueness and the meaning of PSTs’ narratives and, through that, understand their 

identities. Accordingly, the theoretical choice of relying on a narrative mode of 

thought also allows the fulfilling of the primary aim of this study: understanding 

the uniqueness of PSTs’ narratives enhances the understanding of teacher identity 

development. The narrative mode of thought differs from the logical, scientific 

mode of thought, which aims to fulfill the logical, inductive, and mathematical de-

scription and explanation of the studied system, according to Bruner (1987). For 

Bruner, telling about one’s life is a cognitive and narrative achievement. This cog-

nitive process of telling life narratives culminates in structuring experiences, that 

is, “organizing memory and segmenting the events of life” (p. 694). Consequently, 
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when PSTs are narrating their experiences, they are cognitively organizing their 

significant memories to describe their identities. 

In Figure 1, I describe the main concepts of this study and their relations to the 

narrative framework. The narrative framework is implemented as theory and as a 

method allowing the teacher identity development in the science teaching context 

to be examined holistically. Thus, the teacher identity development in this study 

emerges through dynamically, relationally, and situationally constructed narratives. 

Furthermore, teacher identity development is seen as an ongoing process (Beijaard 

et al., 2004) where the PSTs’ memories as well as changes in their possible selves 

and beliefs (Bell & Gilbert, 1996) induce and sustain their development and, thus, 

reflect teacher change (Clarke & Hollingsworth, 2002; Guskey, 1986, 2002; 

Kaasila & Lauriala, 2010) (see Fig. 1). 

 

Figure 1. The main theoretical concepts of this study. 

In the following sub-chapters, I introduce the theoretical landscape of PSTs’ iden-

tity and identity development. Following this, I introduce the concept and models 

of teacher change, which is any change, upward or downward, that can occur in 

teachers’ views, beliefs, and/or actions. Furthermore, I introduce the components 

of teacher identity that are relevant for this study, that is, memories, beliefs of an 

ideal teacher, including oneself as a teacher, and possible selves. Lastly, the partic-

ularities of teacher identity in the context of science teaching, including planning 

of IBT, are presented. 
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2.1 Teacher identity, identity development, and teacher change in 

initial teacher education 

It has been recognized in many previous studies concerning teacher identity that 

the definition of the concept is challenging (Beijaard et al., 2004; Beauchamp & 

Thomas, 2009; Rodgers & Scott, 2008). I have chosen to consider teacher identity 

as Beijaard et al. (2004) have described it: “as ongoing process of interpretation 

and re-interpretation of experiences; implying both person and context; consisting 

of sub-identities; for which agency is central” (p. 122). Moreover, I follow Rodgers 

and Scott (2008), who determined teacher identity as “dependent upon and formed 

within multiple contexts, identity is formed in relationships with others and in-

volves emotions, identity is shifting, unstable and multiple and identity involves 

the construction and reconstruction of meaning through stories over time” (p. 733). 

I also agree with Akkerman and Meijer (2011), who described teacher identity as 

including multiplicity, that is, the multiple sub-components of identity, discontinu-

ity, the ongoing process of identity formation, and finally, social nature, that is, the 

relations of identity to numerous “social contexts and relationships” (p. 310). All 

these definitions agree that identity can be explained through narratives (Akkerman 

& Meijer, 2011; Beijaard et al., 2004; Rodgers & Scott, 2008). The clearest appear-

ance of the relevance of narratives and telling narratives for teacher identity lies 

within the intricate relation between them; since identity is described as multiple, 

unstable, and shifting, and since the construction and reconstruction of identity is 

ongoing, it is the narratives that can make identity comprehendible (Connelly & 

Clandinin, 1999; Rodgers & Scott, 2008). 

Attention has also been drawn to personal and professional identity and the 

interplay between them, since in the teaching profession, both can be negotiated at 

the same time (Beauchamp & Thomas, 2009, 2011; Beijaard & Meijer, 2017; Day, 

Kington, Stobart & Sammons, 2006). Here, the interplay between personal and pro-

fessional identity also includes the connections between self and identity. On the 

one hand, according to Rodgers and Scott (2008), the self comprises one’s identity, 

and this contributes to the concepts of external characteristics, the contextual and 

social dimensions, and the internal characteristics, narratives, and emotions of iden-

tity development. On the other hand, self and identity have been recognized as the 

same (Lauriala & Kukkonen, 2005; Oyserman & James, 2011), and the self has 

been considered as having three dimensions: the actual self (the present), the ought 

self (the one recognized by society), and the ideal self (the one set by the individual 

as a possibility) (Higgins, 1987; Lauriala & Kukkonen, 2005).  
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In this study, the beginning PSTs’ teacher identity is examined. At this point 

they are at the starting point of their learning to teach journey, and the views of self 

as a teacher are still fresh yet colored with memories from their own time at school. 

Therefore, the interplay between their developing professional identity and per-

sonal identity is particularly active, and professional identity development relies 

significantly on the lived experiences and the memories that personal identity car-

ries (see Article I; Avraamidou, 2019; Lutovac & Kaasila, 2014). Thus, when PSTs 

ask themselves and each other how to be, act, and understand their profession as 

teachers (Sachs, 2005), they negotiate between their personal and professional 

identities (Beauchamp & Thomas, 2009). Izadinia (2013) revealed in her review 

study that PSTs’ teacher identity can be viewed as their insights into their cognitive 

knowledge, sense of agency, self-awareness, voice, confidence, and relationship 

with colleagues, pupils, and parents. These aspects of their identity are shaped by 

their educational contexts, prior experiences and learning communities (Izadinia, 

2013). 

Teacher identity development is often referred to as teacher learning, teacher 

identity construction, and professional development (Darling-Hammond et al., 

2017; Izadinia, 2016; Sheridan, 2013; Walkington, 2010). Effective professional 

development should be focused on subject content, including science content, in-

corporate active learning and use models of effective practices, and offer expert and 

peer feedback and reflection (Darling-Hammond et al., 2017; Izadinia, 2016). 

Therefore, identity development should enforce teachers’ subject content 

knowledge, understanding student thinking, and instructional practices (Thomas et 

al., 2012). Recent studies have also brought forth the idea that teacher identity de-

velopment ensues from discourses in which the teacher is involved (Alsup, 2018, 

2019; Urzúa & Vásquez, 2008), includes agency (Vähäsantanen, 2015), and draws 

in concerns of motivation (Richardson & Watt, 2018). It is also noteworthy that 

teacher identity development is considered to have different levels, starting from 

the teacher’s capacity to take the role of someone else, which is then followed by 

the capacity to take the role of a teacher that is accepted by prevalent culture, and 

finally the capacity to define the self internally, discounting the expectations of 

cultural surroundings (Rodgers & Scott, 2008). 

In order for teacher identity development to occur, the PSTs need the oppor-

tunity to challenge their personal beliefs and existing practices to create their own 

way of teaching (Walkington, 2010). If they do not have this opportunity, the PSTs’ 

teacher identity development may lack reflection on their prior experiences and the 

significance of these experiences in regard to their existing beliefs (Izadinia, 2016; 
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Olsen, 2008). Without the opportunity to challenge and reflect on their beliefs, PSTs 

may simply perpetuate the practices of their supervising and mentor teachers (At-

kinson, 2000; Walkington, 2010). Therefore, they need to take an active role in 

reflecting on and engaging with the teaching context and their own role within it 

(Walkington, 2010). However, they also need support that meets their developmen-

tal capacities for this reflection process in teacher education to gain developmental 

benefits and to avoid disengaging from the development process (Korthagen, 2017; 

Rodgers & Scott, 2008). 

PST identity development has been demonstrated in many earlier studies 

(Hong, Greene & Lowery, 2016; Izadinia, 2016; Lamote & Engels, 2010; Sheridan, 

2013). For example, Sheridan (2013) described how during teacher education stud-

ies, PSTs viewed teaching as my personal performance and afterwards as our, stu-

dents and teacher’s, performance; how they shifted focus on technical skills, tech-

niques, or strategies for engagement toward teaching qualities involving ethical, 

moral, and personal responsibilities; and how they viewed good teaching as student 

motivating, deep purposeful learning rather than just short-term student engage-

ment. Lamote & Engels (2010) found that after six months of teacher education 

studies, PSTs’ self-confidence, commitment, and pupil-oriented approach in teach-

ing increased, whereas after the workplace experience, both content-oriented ap-

proach and self-efficacy in classroom management decreased. However, during the 

initial years of teacher education, the construction of meanings and ideas is fragile, 

and the initial professional identity is vulnerable to early encounters of teaching 

practicum (Lamote & Engels, 2010). Yet, disequilibrium is often essential for 

changes to occur (Hong et al., 2016; Pajares, 1992; Smagorinsky, Cook, Moore, 

Jackson & Fry, 2004). Nevertheless, as Akkerman and Meijer (2011) noted, the 

disequilibrium, multiplicity, discontinuity, and social contexts are needed for 

teacher identity development, but finally it is the teacher’s intrinsic effort toward 

continuity that ensures the development. 

Teacher change is change in teachers’ existing beliefs, views, conceptions, at-

titudes, knowledge, and theories, and this change is about teaching, teachers, learn-

ing, students, subject matter, curricula, material, instructional practices, classroom 

behaviors, and the self (Clarke & Hollingsworth, 2002; Darling-Hammond et al., 

2017; Darling-Hammond, Wei, Andree, Richardson & Orphanos, 2009). Therefore, 

teacher change can be change in practice which is visible to all, or it can be inner 

change in teachers’ beliefs and thoughts about teaching. In essence, teacher change 

is something that changes teachers’ inner or outer qualities in such a way that it 

enhances students’ learning achievements. 
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This dissertation will address the change in beliefs and how those changes are 

projected in PSTs’ pre-professional thoughts of how to practice primary science 

teaching. It has been highlighted that change in beliefs does not necessarily change 

teachers’ practices (Tam, 2015). I have examined PSTs’ teacher identity develop-

ment during their teacher education studies where the actual practice of teaching 

takes place only in the teaching practicum. Therefore, this study looked at how 

changes in beliefs affect teachers’ projected current and future practices (Friedrich-

sen, Driel & Abell, 2010; Pajares, 1992). To detect changes in PSTs’ beliefs and 

practices in this study, the different teacher change models are helpful in consider-

ing and interpreting the findings. I rely on the implicit model of teacher change, 

according to which the change in teachers’ beliefs induces the change in their prac-

tice as well (Bell & Gilbert, 1996; Friedrichsen et al., 2010; Pajares, 1992). How-

ever, I agree with Korthagen (2010) that promoting professional change can be 

problematic, since the change in beliefs must deal with the emotional reactions of 

human beings to the threat of losing certainty or stability. Therefore, changing 

teachers’ practices via changing their beliefs can be difficult. This is also noted in 

Guskey’s (1986, 2002) teacher change model, which is more explicit and suggests 

the opposite. According to Guskey’s model, it should be the practices of teachers 

that are changed, and then the change in beliefs follow naturally, if the practices are 

proven to be effective. These two models, implicit and explicit, provide a platform 

for beginning the discussion of changing teacher beliefs and practices. 

However, there are teacher change models that offer more dimensions for ex-

amining teacher change. The inter-relational professional development model by 

Clarke and Hollingsworth (2002) suggests that the change occurs through the me-

diation of application and reflection processes on four levels: the personal domain 

(teacher knowledge, beliefs, and attitudes), the field of teaching practices, the con-

sequences in student learning, and the external domain. Accordingly, the authors 

note, professional development is produced as much by teacher reflection as by the 

application of new procedures, even though reflection does not always lead to 

learning. The interactionist model of teacher change by Kaasila and Lauriala (2010) 

proposes that the change should be seen as an interactionist effort of the individual 

and the community. The change should be viewed as an interaction between the 

two and involving, for example, roles, statuses, expectations, and social norms in 

conceptualizing the process. More recently, Korthagen (2017) pointed out that in 

teacher learning, the link between practice and theory is important, but it is the 

person of the teacher who is central. Korthagen further stressed that teacher learn-

ing is often unconscious learning; it is often multi-dimensional learning since 
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cognitive, affective, and motivational sources of behavior are intertwined in a social 

context; and lastly, it is multi-level learning, since learning processes take place at 

various levels, such as the teacher’s environment, beliefs, and identity. 

2.2 The components of teacher identity 

Teacher identity is regarded as highly elusive since it involves various personal, 

social, and contextual discussions of who the teacher is in respect to him- or herself 

or to others (Beauchamp & Thomas, 2009; Beijaard et al., 2004; Rodgers & Scott, 

2008). Recent review studies by Hanna et al. (2019) and Izadinia (2013) have 

acknowledged that studies concerning teacher and PST identities often consider 

only some components of identity due to its elusive nature. They have underlined 

components such as self-image, self-efficacy, commitment, motivation, task per-

ception, and job satisfaction (Hanna et al., 2019), which resemble the PSTs’ insights 

into their teacher identity determined by Izadinia (2013). However, this study ex-

amines the PSTs with very little experience, if any, of primary science teaching, 

and thus, their preliminary ideas of how to teach primary science are still evolving. 

Therefore, in this study, the PSTs’ teacher identity development in the context of 

science teaching is examined through their memories (see e.g., Lortie, 1975; Luto-

vac & Kaasila, 2011, 2014), possible selves (Markus & Nurius, 1986), and their 

beliefs (Pajares, 1992) about primary science teachers and teaching. The compo-

nents that this study consists of overlap to a large extent with the components of 

Hanna et al. (2019) and Izadinia (2013). Yet, they are more extensive and allow 

examining the PSTs’ identity development more holistically as a process and as 

pathways rather than as constituting components of identity. 

2.2.1 Pre-service teachers’ memories 

In this study, the PSTs’ memories include the concepts of memory, recollection, life 

history, and experience. These concepts are often used interchangeably, and they 

relate to and influence PSTs’ beliefs and views about teaching (Miller & Shifflet, 

2016; Pajares, 1992; Wall, 2016). Memories are private mental constructions of 

school and teachers, and they often form the basis of PSTs’ thinking about teaching 

(Knowles, 2003). However, memories are not necessarily accurate or objective; ra-

ther, they help individuals to make sense of current situations (Rothenberg, 1994). 

Unlike studying for any other profession, studying to be a teacher often con-

tains vivid and wide range recollections from one’s own time at school. Previous 
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research literature acknowledges that PSTs carry their memories (Feiman-Nemser 

& Buchmann, 1983; Lutovac & Kaasila, 2011, 2014), experiences, and beliefs (Av-

raamidou, 2019; Bryan, 2003; Eick, 2009) with them when they begin their journey 

to be teachers in teacher education. Also, earlier studies have recognized that mem-

ories of school have great significance in respect to PSTs’ views (Balli, 2011; Fajet, 

Bello, Leftwich, Mesler & Shaver, 2005), attitudes, future behaviors (Hamman et 

al., 2010; Hong & Greene 2011; Lutovac & Kaasila 2014), and teacher identity 

(Avraamidou, 2019; Chang-Kredl & Kingsley, 2014; Furlong, 2013; Korthagen, 

2004, 2017). 

Additionally, the permanence of memories has been recognized; for example, 

both negative and positive memories of starting school were found to remain even 

decades later (Turunen, 2012). Likewise, Chang-Kredl and Kingsley (2014) re-

vealed that PSTs’ described their memories of school by evaluating them as either 

positive or negative, and that it is memories with strong emotional backgrounds 

that PSTs’ draw on to understand aspects of themselves as teachers. PSTs’ positive 

memories of schoolteachers have been categorized into three groups by van Hook 

(2002): teachers providing positive guidance strategies, teachers demonstrating 

warmth and empathy, and teachers planning special events and activities, in which 

the first and second groups included teacher-student interaction, both disciplinary 

and caring measures, and the latter included the effort that the teachers had ex-

pended on the students’ behalf. 

Subject-specific memories related to the PSTs’ experiences from their time at 

school concerning science teachers and science teaching have been found to have 

a negative tone (Avraamidou & Zembal-Saul, 2005, 2010). Furthermore, Avraam-

idou (2016) found out that PST’s memories of science teachers can be negative, but 

the memories of science learning, on the contrary, were positive. Also, a study con-

ducted by Hudson, Usak, Fančovičová, Erdoğan and Prokop (2010) revealed posi-

tive memories of science teachers. Science teachers who had an enthusiastic and 

positive attitude toward science, who explained abstract concepts well, and who 

guided the students’ conceptual development with practical science activities were 

considered memorable science teachers (Hudson et al., 2010). 

The memories related to science subjects more specifically have been discov-

ered by McPartland (1996), who labeled experiences of learning geography in a 

school as subject-, teacher- or self-oriented memories. Furthermore, primary geog-

raphy teachers’ formal educational experiences of geography have been categorized 

into teacher influences (both positive and negative memories), fieldwork (positive 

memories), and being good at geography (positive memories) (Catling, Greenwood, 
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Martin & Owens, 2010). Studies by Waldron, Pike, Varley, Murphy and Greenwood 

(2007), and by Dolan, Waldron, Pike and Greenwood (2014) disclosed that the ma-

jority of PSTs’ memories related to geography were positive. Dolan et al. discov-

ered three main categories in their study of prior experiences of learning geography: 

teaching and learning environments (teaching approaches and classroom environ-

ment), teacher characteristics (personal and professional qualities of teachers), and 

perceptions of the subject (subject-specific comments). They found that PSTs’ pos-

itive memories regarding geography teachers included being enthusiastic, interest-

ing, and motivating, accompanied by active and participatory teaching methods. 

However, the studies concerning PSTs’ memories of school in the context of biol-

ogy are much more limited in number. This is probably due to the fact that biology 

is often thought of as part of the science more generally, along with physics and 

chemistry. Only Uitto, Juuti, Lavonen, and Meisalo (2006) have considered mem-

ories in the context of biology studies. They found that out-of-school experiences 

from school time can increase secondary school students’ interest in biology. Even 

though this finding is not fully relatable as PSTs’ memories, it clearly points out the 

significance of out-of-school experiences in teaching science. 

2.2.2 Pre-service teachers’ possible selves 

Possible selves, originally introduced by Markus and Nurius (1986), are the future 

identity expectations of an individual; they represent what someone would like to 

become (hoped-for self) or what someone is afraid of becoming (feared self). Pos-

sible selves represent what kind of persons individuals want to be in the future and 

what is possible for them to strive toward, and as such, they reflect and provide an 

evaluative context for what kind of characteristics the individual currently possess 

(Markus & Nurius, 1986; Oyserman & James, 2011; Oyserman & Markus, 1990). 

For this reason, possible selves’ function as incentives for individual behavior and 

guide the direction of the action an individual takes to achieve their hoped-for or 

avoid their feared selves. Considering possible selves as incentives for future be-

havior, they also depict motivation (Cross & Markus, 1987; Markus & Nurius, 1986) 

or, in other words, self-regulation of behavior (Hamman et al., 2013a; Hamman et 

al., 2010). 

When considering how possible selves maintain motivation, it has been noted 

that the balance between hoped-for and feared selves in the same domain describes 

how motivated individuals are in achieving their future selves (Oyserman, Bybee, 

Terry & Hart-Johnson, 2004; Oyserman & Markus, 1990). Thus, if hoped-for self 
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(inspiring teacher) is balanced with feared self (boring teacher) in the same domain, 

it is thought to disclose individual motivation for achieving his or her goal (Ham-

man et al., 2013b; Oyserman, Bybee & Terry, 2006; Oyserman & Markus, 1990). 

The domains that display balance have also been shown to display continuity (Fra-

zier, Hooker, Johnson & Kaus, 2000). 

Moreover, Oyserman and James (2011) argued that people are motivated to act 

in ways that they feel are congruent with their current identities. Also, the temporal 

distance, how near or far possible selves are in the future, will influence the iden-

tity-based motivational striving; for example, PSTs might consider their possible 

selves to be real only after graduation, which means that the present and future are 

separated and that not much can be done yet to achieve the future goal (Henry, 2015; 

Oyserman & James, 2011). Likewise, the experience of excessive ease or difficulty 

when considering the future self may be thought to require no current actions 

(Oyserman & James, 2011). Similarly, the vague or general possible selves do not 

guide self-regulative actions since they lack the precise strategy of how to reach or 

avoid future selves (Oyserman et al., 2004). 

Possible selves are private self-views that are generally defined by the individ-

ual (Cross & Markus, 1990). They are not often shared with others or “are not well-

anchored in social experience,” and they are easily affected by the changes in an 

individual’s environment and, thus, are sensitive to change (Cross & Markus 1990; 

Markus & Nurius 1986, p. 956). Possible selves can change with respect to self-

discrepancy between an individual’s actual and ideal self; that is, possible selves 

can be adjusted to narrow the gap between real and ideal (Higgins 1987). This re-

evaluation of possible selves can be upward or downward and is elicited by salient 

events, experiences, and feedback relating to the development of prevailing skills 

(Henry, 2015). The evaluation of possible selves may help individuals to explore 

the relation between their own self-view and the demands of the new roles (Ibarra, 

1999). 

Previous literature on PSTs’ possible selves suggests that they do not just occur 

independently from each other, but rather “comprise the matrix of a new teachers’ 

agenda for self-construction” (Hamman et al., 2013b, p. 231). Courses in teacher 

education and teacher practicums provide some of the first opportunities for PSTs 

to endeavor their possible selves. Pursuing the professional possible selves by the 

observing, experimenting, and evaluating of being a teacher allows PSTs to con-

sider their professional role (Ibarra, 1999; Ronfeldt & Grossman, 2008). This also 

allows the PSTs to adjust between who they want to be and who they are expected 

to be (Ronfeldt & Grossman, 2008). 
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Teachers’ possible selves can also be either task-focused, reflecting instruction 

or classroom management, or quality-focused, reflecting the quality of the self as a 

teacher (Mahmoudi-Gahrouei, Tavakoli & Hamman, 2016). In addition, PSTs’ pos-

sible selves can be influenced by the context, relationships, and cooperating teach-

ers (Hamman et al., 2013a; Ronfeldt & Grossman, 2008). Thus, their possible 

selves build on experiences with teachers prior to the teacher education studies, as 

well as on university professors, university teachers, and mentor teachers in teacher 

training schools (Ronfeldt & Grossman, 2008; Urzúa & Vásquez, 2008). For ex-

ample, Urzúa and Vásquez (2008) have suggested that mentoring teachers should 

make the connections between present and future situations more visible for PSTs, 

since they could benefit from evaluating past and present actions in the light of 

future, possible situations. A more subject-specific research on possible selves re-

vealed that science subject PSTs’ possible selves are equally concerned about cog-

nitive issues, such as content knowledge, supporting students to develop their 

knowledge, and affective issues, such as effective teaching and the caring role of 

teachers (Hong & Greene, 2011). 

For example, PSTs’ mathematical possible selves can be either decisive (goal-

oriented and balanced with emphasis on self-development) or irresolute (lacking 

goals, imbalanced and uncertain regarding the future) in terms of their motivation 

to take self-development actions (Lutovac & Kaasila, 2014). Also, Dabback (2018) 

reported that the music PSTs have positive possible selves as successful music 

teachers that are achievable with reasonable efforts, which resonates with the find-

ings of Lutovac and Kaasila (2014) about decisive possible selves. However, Dab-

back (2018) also reported music PSTs feared selves were related to doubts of not 

being able to transition to music instructors and fears of not fulfilling the others’ 

expectations, which again bear similarities to the irresolute possible selves (see also 

Lutovac & Kaasila, 2014). Accordingly, the PSTs’ subject-specific possible selves 

can concern competence in the subject in question, concern both internal and ex-

ternal expectations of an individual PST and show different levels of motivational 

aspects for the future. 

2.2.3 Pre-service teachers’ beliefs about teachers, teaching, and 

themselves as teachers 

Beliefs are an individual’s mental construction that has a foundation in personal 

experiences and memories (Nespor, 1987; Pajares, 1992; Schoenfeld, 1998). They 

are understandings, assumptions, or images that are felt to be true by an individual 
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(Richardson, 1996), but are not necessarily based on truth or knowledge (Nespor, 

1987; Richardson, 1996). However, they often guide the decisions and behavior of 

an individual. Kagan (1992) described teacher belief as particularly provocative 

personal knowledge about the teacher’s implicit presumptions about students, 

learning, and the subject matter to be taught. Therefore, teachers’ beliefs are influ-

ential cognitive filters through which decisions of teaching practices are perceived, 

implemented, and altered (Marcelo, 2009; Pajares, 1992; Richardson, 1996). 

In line with earlier literature, I agree that it is rather challenging to affect or 

change PSTs’ beliefs about teaching, since they are often formed early and are 

tightly bound to their own school experiences (Chang-Kredl & Kingsley, 2014; 

Feiman-Nemser & Buchmann, 1983; Lortie, 1975). The change in beliefs requires 

deserting the familiar to accept the unknown, and hence, it is considered difficult 

and challenging (Cheng, Chan, Tang & Cheng, 2009; Korthagen, 2004, 2017). The 

challenge here for teacher educators is that PSTs use their beliefs to judge the po-

tential efficacy of theories and strategies of instruction (Richardson, 2003), and alt-

hough such theories or strategies seem logical, they are not eager to confront dis-

crepancies or consider alternative forms of practice (Bryan 2003). Therefore, be-

liefs are considered stable and resistant to change (Kaasila, Hannula, Laine & 

Pehkonen, 2008; Swan, 2007). Since beliefs often remain tacit and PSTs are not 

aware of the link between their school time experiences and their thinking and ac-

tions, it is particularly important to provide them with opportunities to consciously 

recall their experiences and become aware of at least some of the beliefs that might 

shape their teacher identities and guide their future actions (Izadinia, 2013; Walk-

ington, 2010). 

Several studies regarding pre-service primary and secondary school teachers’ 

beliefs about good, effective, or ideal teachers have been conducted over the years 

(Alhija, 2017; Korthagen, 2004; Minor et al., 2002). For example, Cruickshank and 

Haefele (2001) characterized a good teacher as generally being analytical, dutiful, 

competent, expert, reflective, diversity-responsive, and respected (see also Alhija, 

2017). However, more relevant to this study are the beliefs of PSTs who see the 

ideal teacher as student-centered, enthusiastic about teaching, ethical, good at class-

room and behavioral management, good at teaching methodology, and knowledge-

able about the subject (Minor et al., 2002). Minor et al. also found that the term 

student-centered teacher included concepts of optimism, supportiveness, and pa-

tience; a competent instructor included being open to new teaching styles and able 

to spark children’s interest; and enthusiastic about teaching included a love of the 

subject, a passion for teaching, and dedication. Additionally, they noted that PSTs 
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have developing beliefs regarding an effective teacher, such as being a modern and 

experimental teacher as well as a facilitator, guide, and motivator of learning. This 

developmental perspective in PSTs’ beliefs has been referred to as a shift from 

teachers giving and transmitting information to teachers as facilitators of the learn-

ing (Helterbran, 2008). 

Correspondingly, Helterbran (2008) reported PSTs’ beliefs of the characteris-

tics of the ideal teacher and themed them as knowledge and the ability to convey 

that knowledge; personal qualities, such as enthusiasm and a passion for teaching, 

approachability, availability for discussion (see also Forrester-Jones, 2003), and 

good interpersonal skills; and instructional qualities, such as seamless teaching, 

clear objectives, and meaningful assignments. These themes and characteristics of 

the ideal teacher are probably presented most explicitly in Arnon and Reichel’s 

(2007) categorization. They simply presented two categories for the ideal teacher: 

the personality of a teacher and the teacher as possessing professional knowledge. 

The first category includes general personal qualities, such as an empathetic and 

attentive teacher, the teacher as a leader, attitude toward the profession, and wide-

ranging general knowledge. The second category includes subject matter and di-

dactic knowledge—both educational methodology and acknowledgement of indi-

vidual pupils. 

However, research concerning PST’ beliefs of the subject-specific ideal science 

teacher is limited. Nevertheless, according to Mensah (2016), the ideal science 

teacher is again seen as enthusiastic, approachable, and able to use versatile meth-

ods (see also Dolan et al., 2014). However, Mensah (2016) concluded that PSTs 

depict the ideal science teacher as questioning, teaching about the world around 

them, using tools of science, and talking and doing science outside of the classroom 

as well. In all, I conclude that it is important to address PSTs’ beliefs of the ideal 

teacher, as the earlier research acknowledges that when they reflect on the ideal 

teacher, they do so with a future-oriented aspect of their ideal self in mind (Lauriala 

& Kukkonen, 2005; Lutovac & Kaasila, 2014; Sfard & Prusak, 2005). In this sense, 

these beliefs might also uncover their possible teacher selves (Hamman et al., 2010; 

Lutovac & Kaasila, 2011, 2014; Miller & Shifflet, 2016). 

The PSTs’ beliefs about science teaching have been considered widely, for ex-

ample, from the point of view of the nature of science (Krell, Koska, Penning & 

Krüger, 2015), scientific skills (Jeanpierre, Oberhauser & Freeman, 2005), and sus-

tainable development (Kyle, 2020). However, in this study, I consider their beliefs 

about science teaching from the point of view of IBT. There is a strong consensus 

among science teacher educators that IBT is an effective and student-centered 
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teaching method in fostering students to enhance their scientific literacy and scien-

tific way of thinking (Minner, Levy & Century, 2010; Woods-McConney, Wosnitza 

& Sturrock, 2016). Yet, at the same time, teacher educators agree that it is challeng-

ing to teach PSTs to plan with IBT (Weld & Funk, 2006; Yoon et al., 2012). There-

fore, their beliefs about IBT are considered in this study. 

It has been noted that several science method courses in teacher education pro-

grams have supported PSTs’ in developing and changing their beliefs about IBT. 

For example, Weld and Funk (2005) found that modeling IBT strategies for PSTs 

shifted their beliefs to perceive their roles as facilitators who ask good questions, 

make constant informal assessments, and convey an excitement about science. 

Also, it was found that in-service primary teachers changed their beliefs about the 

effectiveness of IBT after the experience of carrying out inquiry by themselves 

(Gillies & Nichols, 2015; Lee, Hart, Cuevas & Enders, 2004). On the one hand, 

according to Tseng, Tuan and Chin (2013), to implement IBT, PSTs must shift their 

beliefs regarding the nature of scientific knowledge and shift their teaching roles 

and identities. Therefore, to facilitate the planning of IBT, they need to feel com-

fortable with inquiry and have a clear understanding of what IBT looks like in prac-

tice (Woods-McConney et al., 2016). However, secondary science teachers who 

recognized scientific content knowledge as the essence of science teaching did not 

believe that planning IBT was necessary (Cronin-Jones, 1991). Also, McNew-

Birren and van den Kieboom (2017) found that a limited understanding of IBT can 

be translated into an inductive teaching style that focuses on mastering the content. 

Furthermore, previous studies have acknowledged that teachers on pre-service lev-

els have understood the benefits of IBT and developed accepting beliefs toward it. 

According to Palmer (2002), PSTs increased their knowledge of a broad range of 

scientific topics and took more time to research topics of their personal interest 

during IBT. Similarly, Wallace and Kang (2004) discovered that teachers believe 

that IBT fosters students’ independent thinking and conceptual understanding and, 

further, cultivates students’ scientific thinking and stimulates creativity. 

Lastly, the consideration of PSTs’ beliefs should also include the consideration 

of their beliefs about themselves as teachers. Their beliefs about themselves are 

undoubtedly significant for their teacher identity development (Korthagen, 2017; 

Rodgers & Scott, 2008; Walkington, 2010). Since they have to balance their beliefs 

about themselves as teachers with a variety of roles that they feel they have to play 

as teachers (Volkmann & Anderson, 1998). From the viewpoint of teacher educa-

tion, their beliefs about themselves as teachers are vital since they form the basis 

for meaning and decision-making (Bullough, 1997). The previous literature has 
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often examined these beliefs from the viewpoint of capabilities (Moulding, Stewart 

& Dunmeyer, 2014) and reflection (Kaasila & Lauriala, 2012; Korthagen, 2017). 

For example, PSTs’ beliefs about how successfully they feel they can perform 

the task of teaching strongly influence how competent they feel themselves to be 

as teachers (Moulding et al., 2014). Also, content knowledge, including scientific 

content knowledge, has been shown to be significant in respect to their beliefs about 

their capabilities as teachers (Palmer, 2006; Velthuis, Fisser & Pieters, 2014). Alt-

hough simply increasing the amount of science content in their courses can have 

only a minor influence on their beliefs as teachers, they have reported that they 

gained confidence directly from achieving greater understanding in content 

knowledge (Antonek, McCormick & Donato, 1997; Palmer, 2006). 

The PSTs’ beliefs about themselves as teachers require engaging in metacog-

nition, including self-monitoring and questioning their own thinking and practices 

about teaching and learning (Sheridan, 2013). Thus, the reflection of one’s own 

thoughts about oneself as a teacher becomes essential (Kaasila & Lauriala, 2012; 

Korthagen, 2017). It is through reflection that PSTs can change their existing be-

liefs of themselves as teachers (Kaasila & Lauriala, 2010). However, Kaasila and 

Lauriala (2012) have reminded that it is not only individual reflection that can be 

beneficial for PSTs, but also collective reflection can deepen and widen their think-

ing about themselves as teachers. Previous literature has acknowledged that teach-

ing practicums often allow opportunities for fruitful reflection resulting in changing 

beliefs about oneself as a teacher (Moulding et al., 2014; Sheridan, 2013). 

2.3 Developing teacher identity in the science teaching context 

To consider teacher identity in the science teaching context, I rely on the notions of 

the intersections of teacher identity development and subject matter knowledge 

(Helms, 1998; Peterman, 2017). In science, subject matter knowledge consists of 

theories, laws, facts, and concepts that are important in the different natural scien-

tific disciplines (Luft & Hewson, 2014). Subject matter knowledge also consists of 

understanding how knowledge is generated by the discipline; in other words, the 

subject matter knowledge entails the understanding of the nature of science and 

science as inquiry (Capps, Crawford & Constas, 2012). It has been shown that sub-

ject matter knowledge plays a significant part in the process of teacher identity 

development in the context of science teaching (Enyedy, Goldberg & Welsh, 2005; 

Helms, 1998). Helms (1998) has highlighted that science teachers connect engag-

ing students in scientific thinking to their professional identity as a subject matter 
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expert, who has learned from inspiring individuals dedicated to the discipline. This 

applies also to PSTs’ memories as a learner and to the culture of a prevalent educa-

tional context that frames and transforms the identity as a teacher of a particular 

subject (Peterman, 2017). 

To consider teacher identity in the context of science teaching, I follow Av-

raamidou’s (2014) notion that teacher identity provides a lens for studying teacher 

learning and development through the meaning of the educational context, personal 

histories, and social markers, such as age, gender, and emotions, of science teachers. 

Additionally, she proposed that depicting teacher identity in the context of science 

teaching should be “to view identity as a process instead of a product and focus our 

attention on examining the paths through which teachers form their identities—the 

processes of identity development” (p. 166). Essential in this process is that PSTs 

engage in the cognitive development of theories and practices of science teaching 

to successfully assimilate them into their teacher identities in the science teaching 

context (Luehmann 2007; Woolhouse & Cochrane 2015). However, becoming a 

reform-oriented science teacher is not simply acquiring a new set of knowledge and 

skills; rather, the process should be thought of as developing a new professional 

identity (Bryce, Wilmes & Bellino, 2016; Naidoo 2017). 

The professional development process leading toward this new professional 

identity involves changing beliefs about science education (Bell & Gilbert, 1996). 

However, Luehmann (2007) reminds that individuals arrive at learning situations 

with core identities that are confronted with reconsiderations as to how to reach the 

expected new identity. For PSTs, trying on a new teacher identity in the context of 

science teaching involves expecting risks, and thus their core identities usually re-

sist the change for developing a new identity with acceptance of reforms and new 

teaching practices such as IBT (Luehmann, 2007; Zhang, 2016). To minimize the 

risks involved in teacher identity development and sustaining professional devel-

opment, they should plan and visualize the possible outcomes in their science class-

rooms (Bell & Gilbert, 1996). They should also acknowledge the increasing de-

grees of competence from being a novice to an expert (Bell & Gilbert, 1996). 

Also, when considering teacher identity development in the science teaching 

context, the prevalent recommendations for science teaching should be contem-

plated. These recommendations direct science teaching toward fostering the teach-

ing of natural scientific content knowledge, scientific practices, and scientific liter-

acy as well as the societal significance of natural sciences (Furtak et al., 2012; Le-

derman, Lederman & Antink, 2013; Next Generation Science Standards [NGSS], 

2013). According to a vast body of previous research literature, science teaching 
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expectations can be encountered especially with IBT (Marshall et al., 2017; Woods-

McConney et al., 2016; Zion, Cohen & Amir, 2007). IBT has been defined as doing 

natural scientific research in the school context on the level of the students that are 

to be taught (Banchi & Bell, 2008). This means that students combine scientific 

practices such as formulating research questions, planning and carrying out inves-

tigations, analyzing and interpreting data, constructing explanations, and evaluat-

ing and communicating the findings (Furtak et al., 2012; NGSS, 2013; Zion et al., 

2007). Through these procedures, IBT enhances both students’ knowledge of sci-

entific contents and scientific practices (Furtak et al., 2012; Marshall et al., 2017; 

NGSS, 2013; NRC, 2012). In this respect, IBT covers both the methodological un-

derstanding of doing science and understanding scientific content knowledge. So, 

as a method, IBT enhances applying scientific practices, such as observing organ-

isms and their relations, posing questions, designing investigations, proposing ex-

planations, collecting and analyzing data, presenting the results, and drawing con-

clusions (Marshall et al., 2017; NRC, 2012; NGSS, 2013; Pedaste et al., 2015). 

Additionally, as for understanding scientific content knowledge, IBT includes stu-

dents engaging their scientific content knowledge with scientific practices to de-

velop their scientific way of thinking, scientific literacy, and understanding of the 

nature of science (Linton, 2018; Woods-McConney et al., 2016; Zion et al., 2007). 

In addition to being appreciated for serving the dual purpose of science teach-

ing, IBT is also highly regarded for its efficiency in focusing on students’ interests 

and stimulating active learning and student participation in the science teaching 

(Fitzgerald, Danaia & McKinnon, 2019; Reiser et al., 2001). However, there has 

been a debate whether IBT truly increases the students’ achievements and whether 

it is as effective a way of science teaching as it has been claimed to be (Jerrim et 

al., 2020; Kirschner, Sweller & Clark, 2006; Zhang, 2016). For example, it has been 

argued that the requirements of inquiry can exceed the capabilities of young stu-

dents (Kirschner et al., 2006) and that inquiry is not effective in enhancing student 

achievements if compared with teacher-led instruction (Jerrim et al., 2020). This 

debate also reflects the emphasis on two dimensions of inquiry: the cognitive pro-

cesses and type of activities pupils engage in, and the degree of guidance provided 

by teachers (Furtak et al., 2012). 

The categorization of IBT has been done in terms of the latter, the degree of 

guidance provided by teachers. Hence, the categorization forms a continuum of 

how teacher- or student-led the IBT process is. At the continuum’s teacher-led end, 

is structured inquiry where the question and procedure of finding an answer to the 

question are both provided by the teacher. Then, in guided inquiry, the teacher 
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provides only the question, giving students more responsibility for carrying out the 

phases required to answer the question. Finally, in open inquiry, which is at the 

student-led end of the continuum, the students create their own questions, design 

and carry out research, and communicate their results independently while the 

teacher is seen as the facilitator of the learning process (Banchi & Bell, 2008; Fitz-

gerald et al., 2019; Furtak et al., 2012; NGSS, 2013). 

It is also noteworthy that primary science teacher educators also need to be 

aware of the kind of misunderstandings about IBT their PSTs have. Based on the 

studies conducted in the primary science education context, the most common mis-

understandings include assuming that IBT is simply hands-on activity (Fitzgerald 

et al., 2019). According to Llewellyn (2013), PSTs often think that IBT involves 

simply asking questions, whereas pre-service secondary science teachers think that 

certain routine procedures are required (Lee & Shea, 2016). Also, in- and pre-ser-

vice teachers might assume there is a dichotomy between method and content (Rei-

ser et al., 2001). This assumption might, in turn, lead PSTs to disregard the creativ-

ity and discovery aspects in IBT (Maaß & Artigue, 2013; Yoon et al., 2012). 
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3 Methodology 

In this chapter, I introduce the methodological foundation of this study, that is, how 

longitudinal, narrative research is considered in this study. Following this, I intro-

duce the context and the participants of the study as well as the data collection and 

data analysis. Finally, I present the evaluation of this study. 

3.1 Narrative research 

Research literature refers consistently to narrative research as research of experi-

ence (Bruner, 1987; Clandinin & Connelly, 2000; Pinnegar & Daynes, 2007; 

Polkinghorne, 1988). In narrative research, the experiences of individuals or groups 

are studied “as expressed in lived and told stories” (Pinnegar & Daynes, 2007, p. 

5). Thus, narrative research in this study is a “study of stories or narratives or de-

scriptions of series of events,” and these narratives are the constitutional explana-

tions of human experience (p. 4). The methodological underpinning stems from the 

understanding and definition of teacher identity as a narrative. This makes narrative 

an important means to study teacher identity and its development in the science 

teaching context as these can be identified through narratives. 

Essential in understanding experience is to acknowledge the continuity of ex-

periences, meaning that experiences build on previous experiences and contribute 

to further experiences (Clandinin & Connelly, 2000; Clandinin & Rosiek, 2007). 

This moving back and forth in time reveals that experience is also temporal, hap-

pening at one place at one time, creating a continuum of experiences (Bruner, 1987; 

Clandinin & Connelly, 2000). From the researcher, this requires the ability to sim-

ultaneously think about past, present, and future, that is, move back and forth in 

time, and thus, the narrative thinking becomes part of the phenomenon of the nar-

rative (Clandinin & Connelly, 2000). The moving back and forth in time in this 

study meant that, as a researcher, I had to acknowledge the narratives told at differ-

ent points in time simultaneously. This was particularly beneficial for this study, 

since it enabled the depiction of experiences on a continuum as pathways. 

Narrative research concerns studies that handle and analyze narrated materials 

(Clandinin & Connelly, 2000; Lieblich, Tuval-Mashiach & Zilber, 1998; Pinnegar 

& Daynes, 2007), which are the narratives told by research participants, interpreted 

by the researcher, and then reconstructed by the reader of the narratives (Riessman, 

2008). I follow Riessman (2008) in the way that she describes the narratives as 

accounts of individual experiences and analyzes them as units, rather than as 
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categorized themes. In this regard, Squire (2013) also highlighted that experience-

centered narratives consist of all sequential and meaningful narratives of individual 

experience that are expressed for human sense-making, thinking, and feeling. How-

ever, Geertz (1996) has elucidated narratives in probably the most pragmatic way 

as “pieced-together patternings,” which show “how particular events and unique 

occasion ... can be woven together ... to produce a sense of how things go, have 

been going, and are likely to go” (pp. 2–3). For this study, the methodological per-

spective of handling narratives as data includes the aim of Bruner (1987) of com-

prehending the particularities of human action, which gives narratives meaning 

(Squire, 2013) and thus makes them worth studying. 

Also, Meretoja (2017) maintained that narratives do not merely represent real-

ity but take part in shaping it. This means that narratives can improve our sense of 

how our narrative interpretations of the past shape the present and our orientation 

to the future, and they can enrich our understanding of the different ways in which 

the past, present, and future are entwined (Meretoja, 2017). For this reason, narra-

tives are often presumed to include transformation that represents personal change, 

and this change in narratives is often examined with an expectation of improvement 

in narratives (Squire, 2013). However, for Geertz (1996), change is the problem, 

since it is not only the narrative that changes but also the inquiry, inquirer, and point 

of view that change, causing uncertainty. To accept these problematics, I agree with 

Huber and Yeom (2017), who pointed out that narratives are continuous and holistic 

in nature and are told, retold, shaped, and reshaped when people communicate in 

and with personal and social contexts. Further, for the purposes of this study, I de-

fine the narratives as the manifestations of the storied experiences that PSTs have 

told me during the research procedure. 

Narrative research, as a study of storied explanations of experiences, focuses 

on the particular, meaning that attention is paid to details in sequences of action on 

particular individuals, places, and times (Riessman, 2008). By doing so, narrative 

research seeks to understand more about individual change and to uncover the dif-

ferent layers of meaning that individuals give to their experiences (Squire et al., 

2013). For this study, these notions by Riessman (2008) and Squire (2013) are par-

ticularly significant since they direct the focus of the study toward the details and 

the different meanings and interpretations that PSTs place upon their experiences. 

While focusing my attention on the details and meanings of the experience, I also 

viewed them from the context of science teaching, since according to Connelly and 

Clandinin (2006), “to use narrative inquiry methodology is to adapt a particular 

view of experience as phenomena under study” (p. 375). 
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The last aspect of narrative research that is meaningful for this study is Polking-

horne’s (1988) perception of narrative research as descriptive and explanatory. In 

his perception, descriptive narrative research aims at producing a description of the 

interpretive narrative accounts that individuals use to make their lives meaningful, 

and explanatory narrative research refers to providing the narrative accounts that 

connect events together in a causal sense. I agree with both types, since for depict-

ing the teacher identity development as pathways, both describing the interpretation 

of the meaning of narratives from the point of view of the PSTs and explaining the 

events and their relations in a certain timeline was necessary. Furthermore, I rely 

on Riessman’s (2008) notion of narrative research as being adept at developing 

general concepts, since narrative research can involve generalizations based on the-

oretical propositions. 

3.2 Context and participants of the study 

The context of this study is Finnish teacher education, where becoming a qualified 

primary school teacher has required completing the Master of Education degree 

since 1979 (Niemi & Jakku-Sihvonen, 2006). Subsequently, Finnish teacher edu-

cation has highlighted the significance of research-based curriculum, in which the 

study of research methods, including writing a master’s thesis, has been essential 

to the professional competencies of PSTs (Hökkä & Eteläpelto, 2014). The research 

studies promote student’s professional learning, and thus, they are regarded as an 

important part of their education (Niemi & Nevgi, 2014). The main objective of 

this research-based approach has been to train autonomous, reflective, and re-

search-oriented teachers who are capable of continuous professional development 

(Niemi & Jakku-Sihvonen, 2006; Organisation for Economic Co-operation and De-

velopment, 2020). The research-based, academic teacher education has also estab-

lished requirements for Finnish teacher educators, which include being an aca-

demic professional and having a doctoral degree. Finnish teacher educators should 

also have a high level of pedagogical competence to be able to convey the theoret-

ical and pedagogical aspects in their research-based teaching (Hökkä & Eteläpelto, 

2014; Tryggvason, 2009). 

After the five-year master’s degree primary school teacher education program, 

the PSTs are qualified as primary school class teachers for classes 1–6 (ages 7–12). 

These teachers are considered to be generalists because they teach up to 10 subjects 

or even more including, for example, mathematics, mother tongue, and science, 

without the specialization in any particular subject. Also, in Finnish primary basic 
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education, environmental studies have traditionally been the responsibility of the 

class teacher, whereas in Finnish secondary basic education, lower secondary 

school, the science subjects are the responsibility of science subject teachers’ who 

have specialized in either biology and geography or physics and chemistry (FNBE, 

2016). 

The participants of this study were PSTs (N = 41) who were chosen for the 

research-based primary school teacher education program at the University of Oulu, 

Finland. During the first year of primary school teacher education studies, the PSTs 

in this study completed the Environmental Studies I course (ES I, 5 credits), which 

was their initial science method course and a part of the compulsory multidiscipli-

nary studies in their program. The course contents in biology included ecosystems, 

biodiversity, and species identification along with sustainability issues and in ge-

ography, geomorphology, climatology, and applying map-reading skills using geo-

media. The objectives of the ES course fulfilled the research-based teacher educa-

tion and inquiry-based learning requirements in the didactics of biology and geog-

raphy. This included knowing the subject matter of biology and geography and 

knowing how to teach it (Izadinia, 2016). The ES course structure included equally 

face-to-face lectures (20 h) and exercises (20 h), where the lectures first encompass 

the theoretical contents of biology and geography didactics, and secondly, the ex-

ercises implemented these theories through practical work in different biology and 

geography teaching environments such as the laboratory, outdoors, and digital ge-

omedia. As part of the ES course requirements, independent work was also ex-

pected. This included doing a lesson plan (LP), done in pairs, and inquiry-based 

group work in groups of 3–4 PSTs. 

In the ES course, PSTs learned about IBT as future primary science teachers 

and at the same time participated in open inquiry as students. This dual viewpoint 

was implemented to offer the PSTs the experience of IBT as both teachers and 

learners of IBT. To ensure that they achieved both viewpoints of IBT, the lectures 

first introduced them to the idea of IBT as both the content and method of science 

(Furtak et al., 2012; Marshall et al., 2017; Woods-McConney et al., 2016). During 

the lectures, PSTs also took part in small-group work requiring them to plan open 

inquiry biology and geography. This entailed that the PSTs collaboratively created 

and posed an open inquiry question. Following this, as a part of their independent 

working, they were asked to create an open inquiry-based LP (in pairs) that engaged 

them in participating in inquiry as teachers. Lastly, the third phase of learning about 

IBT included conducting collaborative open inquiry groupwork consisting of the 

entire inquiry cycle (Pedaste et al., 2015). This was also part of their independent 
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working requirements and included a presentation of the results of the inquiry to 

the other PSTs in the group. All three phases allowed them to experience authentic 

inquiry as students and teachers. 

At the time of this study, the primary school teacher education program at the 

University of Oulu comprised two practicums in the bachelor’s phase as well as 

two practicums in the master’s phase. Since this study examines the early phase of 

teacher identity development, the bachelor’s phase practicums were possible to 

consider. The first practicum in the bachelor’s phase includes familiarizing oneself 

with schoolwork generally. Thus, it did not relate to the contents of the ES course 

and was not considered in this study. However, the other practicum at the end of 

bachelor’s studies includes teaching practice for six weeks, and thus, it was essen-

tial for understanding how the teaching practicum influences PSTs’ developing 

teacher identity in the science teaching context. Therefore, the second practicum in 

the bachelor’s phase, two years after the ES course, is a part of the context of this 

study. The main goal of the practicum is to learn to plan and implement teaching in 

different subjects, including science, with varying methods creating a possibility 

for the PSTs to try out science teaching (Darling-Hammond et al., 2017; Izadinia, 

2016). 

3.3 Data collection procedure 

Narrative research does not require certain rules to be followed for gathering the 

materials of investigation; the data collected can be recorded speech, diaries, inter-

views, TV programs, recorded video material, etc. (Squire et al., 2013). For the 

purposes of this study, rich and personal data was required to capture the specificity 

of the experiences that the PSTs’ base their teacher identity development on (Bruner, 

1987; Hinchman & Hinchman, 2001; Squire et al., 2013). Therefore, the data col-

lection was designed as a multifaceted procedure including three different kinds of 

data: open-ended questionnaires, learning diaries (LDs), and in-depth interviews 

collected at four different time points (see Fig. 2). The multifaceted data collection 

allowed the PSTs to tell about their experiences at different time points, thus sup-

porting them to acknowledge the continuity of their experiences (Clandinin & Con-

nelly, 2000; Clandinin & Rosiek, 2007). The questionnaires were unstructured and 

open-ended to encourage them to express and describe the events and their experi-

ences as diversely and deeply as they felt was appropriate (Pinnegar & Daynes, 

2007). Additionally, to invite honest, personal comments during the ES course, the 

participants were asked to keep written LDs. Finally, the data collection included 
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in-depth interviews to augment the ability to interpret the narratives (Riessman, 

2008) and achieve the same level of understanding as the PSTs (Johnson & Row-

lands, 2012). The data was collected at four different time points: at the beginning 

of the ES course (Q1, Int1), during the ES course (LD), after the ES course (Q2, 

Int2), and two years after the ES course, after the teaching practicum (Int3) via: 

1. Self-reflective pre- and post-course questionnaires (Q1and Q2), 

2. Learning diaries (LDs), 

3. Individual pre- and post-course in-depth interviews (Int1 and Int2), and 

4. Individual in-depth interview (Int3). 

At the beginning of the data collection procedure, all 41 participants were asked to 

complete a self-reflective pre-course questionnaire (Q1) in which they were asked 

to contemplate and respond to questions about their memories related to teaching 

and learning biology and geography from their time in school (see Appendix 1). I 

read through all the answers to the Q1 by every participant (N = 41), and based on 

this reading, I invited 11 PSTs to Interview 1 (Int1, see Appendix 2). These 11 stu-

dents had the most diverse backgrounds related to biology and geography teaching 

and learning, that is, those that reported the most positive (n = 5), negative (n = 4), 

and neutral (n = 2) memories in Q1. When choosing the 11 participants for Int1, I 

also relied on Patton (2002), who emphasized that in narrative research, it is the 

extremities, that is, the key informants, who should be chosen for closer examina-

tion. At the beginning of the data collection procedure, all 41 participants were also 

asked to keep an LD (see Appendix 3). During the ES course, they were asked to 

describe their learning during the course. After the ES course, they all also re-

sponded to questionnaire 2 (Q2, see Appendix 4). The 11 PSTs who were inter-

viewed at the beginning of the course were also interviewed after the course (Int2, 

see Appendix 5). Both in-depth interviews, Int1 and Int2, with these 11 participants 

took approximately 50–75 minutes each. Altogether, there were 22 interview ses-

sions lasting around one hour each. 
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Figure 2. Data collection procedure at the beginning, during, and after the ES course 

and two years later, after the teaching practicum. 

Two years after the ES course, the third interview (Int3, see Appendix 6) took place. 

This was conducted to account for the possible changes that PSTs might have un-

dergone as a result of the teaching practicum (see Fig. 2). At this point, three PSTs 

responded to the invitation to the third interview. Coincidentally, these participants 

also represented the negative, neutral, and positive memories about teaching and 

learning biology and geography from their time at school. During the interviews, 

the participants were encouraged to tell about their beliefs and experiences, also 

regarding their future, as freely as they wanted (cf., Hamman et al., 2010; Markus 

& Nurius, 1986; Oyserman et al., 2004). The last interview sessions (Int3) with the 

three participants lasted approximately 60 minutes each. 
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The data collection was designed to have certain focal points for examining 

PSTs’ teacher identity development at different time points. Here, I will describe 

the specific data collection procedures that were carried out for the purposes of 

Articles I, II, and III at the beginning, during, and after the ES course (see Fig. 3). 

The focus on the memories (see Article I) expressed by PSTs in the pre-course 

questionnaires (Q1) was chosen as I wanted the study to cover as diverse a range 

of memories of PSTs as possible. In addition, these PSTs’ narratives were particu-

larly well elaborated, with a lot of detail about reported experiences as well as vivid 

expression. In the first interview (Int1), they were asked to reflect on their memo-

ries of biology and geography at school. 

 

Figure 3. Data collected for the purposes of each article (see Articles I, II, and II). 

In addition, the PSTs’ beliefs, understandings, and planning of IBT in the biology 

education (see Article III) context were examined. For this, in the post-course ques-

tionnaires (Q2), they were asked to create LPs about the topic of forest plants to 

elucidate their understanding of IBT and the planning of it in biology education 

after the course (see Fig. 2). However, at this point, they were allowed to choose 

the approach of their LP freely. This meant that not all the PSTs in this study con-

ducted inquiry-based LPs in Q2. However, the topic of this LP and other inquiry 

activities in the course framed the study concerning biology education. Additionally, 

to fully cover the participants’ beliefs, understandings, and planning of IBT, their 

LDs during the course’s post-course interviews (Int2) were examined. 

Finally, to account for the changes in possible selves (see Article II) that the 

PSTs might have undergone as a result of the teaching practicum, a third interview 
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(Int3) was conducted two years after the ES course. At that point, three PSTs re-

sponded to the invitation to the third interview (Int3) (see Fig. 2). The interview 

procedure was an open-ended thematic interview (Cohen et al., 2011). During the 

interviews, participants were not directly asked about their possible selves; instead, 

they were encouraged to tell about their beliefs and experiences as well as their 

future as freely as they wanted (cf., Hamman et al., 2010; Markus & Nurius, 1986; 

Oyserman et al., 2004). 

3.4 Data analysis 

I chose narrative analysis for the method of this study, since identity is understood 

to be constructed through narratives individuals tell about their lives (Beijaard et 

al., 2004; Lutovac & Kaasila, 2014, 2018; Richmond, Juzwik & Steele, 2011; Sfard 

& Prusak, 2005). For the narrative analysis in this study, I applied Lieblich et al.’s 

(1998) holistic and categorical content analysis and then Polkinghorne’s (1995) 

narrative analysis to conduct the emplotted narratives. In this chapter, I will intro-

duce the categorical content analysis and how it was conducted successively for the 

purposes of Article I (see Fig. 4). After that, I will present the holistic content anal-

ysis that was carried out for the purposes of Articles II and III. Both chapters, con-

cerning holistic and categorical analysis, include the description of the writing of 

emplotted narratives, respectively. 

 

Figure 4. Analyses applied for the purposes of each article (see Articles I, II, and III). 

3.4.1 Categorical content analysis 

For the purposes of the Article I, a categorical-content analysis was conducted. For 

this, I followed Lieblich et al.’s (1998) procedure in which the relevant subtext was 

selected and withdrawn from the total context of the whole data set (see Fig. 5). 

This selection is made, for example, on the basis of the research question or 
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preliminary content analysis. The second phase of Lieblich et al.’s categorical-con-

tent analysis is the definition of the content categories. I achieved this second phase 

by following the preliminary content analysis I made for Q1 and Int1 (see Sub-

chapter 3.3) and reading the resulting subtext as openly as possible, which resulted 

in defining two categories, namely the PSTs’ positive memories of their biology 

and geography teachers and their views of the ideal teacher. In the next step, I ap-

plied the third phase of the categorical approach, sorting material into categories. I 

chose three PSTs with the most positive memories of biology and geography teach-

ers and extracted from the entire data set of these three the data pertaining to the 

two categories, that is, positive memories of schoolteachers and views of the ideal 

teacher. I focused especially on the data that displayed the relation between the two 

categories. I contrasted the three cases in terms of these two categories. The last 

phase of categorical content analysis is drawing conclusions from the results. The 

comparison of the two categories yielded the nature of the relation between positive 

memories and the view of an ideal teacher. To show the categorical content analysis 

between the two categories, I provided extensive data excerpts (see Article I) for 

readers to be able to evaluate the validity of the interpretations. 
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Figure 5. The categorical content analysis for the purposes of Article I. 

3.4.2 Holistic-content analysis 

Holistic-content analysis (see Articles II–III) is used to understand the entire per-

spective of the content of narrative. According to Lieblich et al. (1998), the aim is, 

then, to achieve a holistic understanding of individual experience. This can be 

achieved by reading the whole data set several times, and following this, writing 

about what stands out from the data based on one’s initial impressions. After this, 

a special focus of the content that one wants to follow is decided upon, and finally, 

the coding and recording of these parts from the whole data set are conducted. I 

followed these aforementioned steps precisely and used the resulting parts of texts 

with special focus to write down the emplotments of each narrative presented in 

this study (Polkinghorne, 1995). To begin with the analysis, I transcribed the inter-

views (Int1–Int3) individually right after the data collection. From the question-

naires (Q1–Q2) and from the LDs, I chose the applicable parts (possible selves for 

Article II and IBT for Article III) at each phase of the study, respectively (see Fig. 

3). 
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At this point, I will present in more detail how the holistic-content analysis was 

carried out. The preliminary data analysis (see Sub-chapter 3.3 Data collection) 

forms the basis of filtering down the participants from 41 to 11 PSTs for this study. 

This preliminary analysis of Q1, at the beginning of the ES course, revealed the 

PSTs’ differing backgrounds and their negative, neutral, and positive memories, 

and it guided the choice of the 11 PSTs for further interviews. In the second phase, 

the holistic-content analysis focused on Article II as to what kind of science teacher 

possible selves the PSTs described, and for Article III as to the relationship between 

PSTs’ beliefs, understandings, and planning of IBT (see Fig. 6). 

 

Figure 6. The holistic-content analysis for the purposes of Articles II and III. 

For Article II, the data set, including Q1–Q2 and Int1–Int3, was read holistically 

several times to be able to detect all parts addressing PSTs’ possible selves. At this 

point, the LDs were not included in the analysis since they did not contain relevant 

expressions of their possible selves. Based on these holistic readings (Lieblich et 

al., 1998), I extracted all the data regarding each participants’ possible selves and 

the changes in them. To emplot the narratives based on the extracted data, the out-

comes of each narrative were identified (Kaasila, 2007; Polkinghorne 1995). 

Through this, I discovered three PSTs with different hoped-for and feared possible 
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selves after their teaching practicum. I continued the process by accounting for the 

situation at two earlier points in time, at the beginning of the course and after the 

course. This way, the point at which the change occurred, along with what facili-

tated the change, was traced. Therefore, the emplotted narratives included explana-

tions for the changes in PSTs’ possible selves. In particular, the role of the course 

and teaching practicum in the changes that occurred in their possible selves was 

explicated. In the final step of writing, all the extracted data and explanations were 

ordered chronologically to present the change in possible selves. For Article III, 

multiple cyclic readings of the entire data set for the 11 participants were completed 

as well. This included reading each PST’s Q2, Int1–Int2, and LD several times to 

be able to detect the beliefs and understanding of IBT. At this point, their LPs, 

which they were asked to create in Q2 and explain in detail in Int2, were also ana-

lyzed to determine the level of inquiry they had chosen for their LPs. Finally, to 

compose the emplotted narratives for Article III, three cases whose relationships 

between beliefs, understanding, and level of IBT were the most diverse were cho-

sen (Patton, 2002). 

3.5 Evaluation of the research 

In the following sub-chapters, I will evaluate this study by considering its validity 

and ethical issues. I will present the validity arguments of the holistic, narrative 

approach, both theoretically and methodologically, and the procedures that I took 

to minimize the threats to validity in this study. Then, I will consider the validity of 

the chosen method, the validity of data and data analysis, and the validity of the 

findings. After the validity considerations, I will discuss the ethical principles fol-

lowed in this study and present the ethical considerations. Lastly, since the context 

of this study is embedded in the research-based teacher education tradition (Izadinia, 

2016; Patrizio, Ballock & McNary, 2011), and since this study was encouraged by 

the teacher educator-researcher dispute (Patrizio et al., 2011), I will also evaluate 

my twofold role as teacher educator and researcher. 

3.5.1 Validity considerations 

The validation of narrative research relies on convincing the “readers of the likeli-

hood that the support for the claim can serve as basis for understanding of action in 

human realm” (Polkinghorne, 2007, p. 476). This means that narrative research is 

valid if the readers are “able to follow the presented evidence and argument enough 
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to make their own judgement as to the relative validity of the claim” (Polkinghorne, 

2007, p. 476). These arguments for the validity of narrative research endorse the 

conclusion that validating narrative research is an argumentative practice (Polking-

horne, 2007) where the researcher has to be able to demonstrate that their study is 

credible, that is, plausible and trustworthy (Cresswell & Miller, 2000; Mishler, 

1990). In this study, credibility is built on the twofold use of the narrative approach, 

in which I define identity as narrative, and through that, the narrative approach 

becomes valid also as a method. Furthermore, the researcher has to be able to con-

vince the readers that the storied representations of the events do not distort the 

meaning that participants have placed upon them (Polkinghorne, 2007). The aim to 

understand in narrative research also contributes to its validity, since according to 

Maxwell (1992), in qualitative research, understanding would be a more suitable 

description than validity. It is the effort to achieve an understanding of the studied 

phenomenon that carries the premise of explaining the data as truthfully as possible 

(Blumenfeld-Jones, 1995). 

I have followed the aforementioned arguments of the validity of narrative re-

search from the early phases of this study to the end of this study. For this reason, 

at the beginning of this study, I minimized the threats to validity by choosing the 

appropriate theoretical framework and timescale for the study, by selecting the ap-

propriate methodology for gathering the data, by ensuring that the data to be gath-

ered was adequate enough for this study to be completed, and by selecting an ap-

propriate sample. In the following, I will consider the aforementioned phases to 

comprehensively articulate the validity considerations of this study. 

Since all the theoretical components of teacher identity chosen to depict teacher 

identity in this study, that is, the memories, possible selves, and beliefs, are often 

told and retold to self and others in the form of stories, and thus include vivid and 

detailed descriptions of experiences, they are then, in the best way, depicted as nar-

ratives. This then validates the theoretical choice of narrative mode of thought, 

since it strives to understand the particularities and details of human action (Bruner, 

1987). The choice of memories as one component and perspective for teacher iden-

tity follows the line of research started by Lortie (1975), and Feiman-Nemser and 

Buchmann (1983). They argued that based on their memories of school, PSTs often 

have certain strongly bound beliefs in relation to what a teacher should be like and 

what kind of action a teacher should take in classroom settings (Feiman-Nemser & 

Buchmann, 1983; Lortie, 1975) (see also Jenlink, 2006; Lutovac & Kaasila, 2011, 

2014; Pajares, 1992). Memories, therefore, I consider as a significant resource for 

PSTs’ views of the ideal teacher and teaching; for this reason, I believe that they 
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are influential in the construction of PSTs’ teacher identity, as argued also by Av-

raamidou (2019), and Miller and Shifflet (2016). The process of becoming a teacher 

undoubtedly involves both retrospective and future-oriented activities as well 

(Hamman et al., 2010; Hong & Greene, 2011; Lutovac & Kaasila, 2011, 2014). To 

create a realistic yet positive teacher identity in the context of science teaching, 

PSTs must be aware of both their memories and their identity goals. Thus, regarding 

the future perspective of a PST’s identity development in the context of science 

teaching, the construct of possible selves was chosen. Possible selves reflect the 

PSTs’ hopes and fears for future science teaching; for this reason, they have the 

power to shape their future teaching (Hamman et al., 2010; Hong & Greene 2011; 

Markus & Nurius, 1986). 

As such, the previous literature has proven the retrospective and future-ori-

ented theoretical components of teacher identity to be valid in recognizing teacher 

identity development. This, according to Polkinghorne (2007), places the validity 

“on a consensus within a community,” and thus, the validation is seen as symbolic 

interaction (p. 476). Basing the theoretical validity of this study on Polkinghorne’s 

(2007) statement, I also consider the retrospective and future-oriented theoretical 

choices as valid, since they create a continuum where teacher identity development 

can be recognized. This adds to the validity, since it combines two theoretical prop-

ositions that are proven to support the recognition of teacher identity development. 

Lastly, the PSTs’ beliefs were chosen as components of teacher identity as they 

initiate from their prior personal experiences and from experience with schooling 

and instruction (Eick, 2009; Eick & Reed, 2002; Korthagen, 2004; Lortie, 1975, 

Lutovac & Kaasila, 2011, 2014; Miller & Shifflet, 2016). Beliefs about teaching 

and learning are known to influence the development of teacher identity (Lamote 

& Engels, 2010; Lutovac & Kaasila, 2011, 2014). As Lortie (1975) and Pajares 

(1992) suggested, beliefs cannot be detached from personal memories, and they 

cannot be separated from personal hopes and fears for the future self (Markus & 

Nurius, 1986). Therefore, in this study, PSTs’ beliefs are seen as influential to their 

acquisition and interpretation of knowledge and consequently to their teaching be-

havior and teacher identity development (Pajares, 1992; Richardson, 2003; Tam, 

2015). 

Since the purpose of this study was to examine the PSTs’ teacher identity de-

velopment at the beginning of their teacher education studies, I decided to extend 

the data gathering to almost three years to ensure the appropriate timescale. The 

almost three-year time span of the data gathering covers approximately half of the 

PSTs’ five-year Master of Education program, and thus can be considered as 
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appropriate in relation to depicting the teacher identity development at the begin-

ning of their teacher education studies. Furthermore, to validate the appropriate 

methodology for this study, I chose the narrative approach since it is well-estab-

lished in the research literature that the narrative approach contributes to a deeper 

understanding of how PSTs construct their teacher identities through narratives 

(e.g., Beijaard et al., 2004; Beijaard & Meijer, 2017; Connelly & Clandinin, 1999; 

Lutovac & Kaasila, 2011, 2014). 

To ensure the adequacy of the data of this study, I carefully considered the 

design of the multi-level data collection procedure at the beginning of this study. 

Following this, I decided to conduct six different data collection phases (see Fig. 

2), which all included thick, descriptive raw data gathered through questionnaires, 

interviews, and LDs. Lastly, in minimizing the threats to validity, I carefully con-

sidered the sample size. To ensure the selection of an appropriate sample, the par-

ticipants in this study had to be a representative group of PSTs (Cohen et al., 2011). 

To be able to select the representative group, I carried out preliminary research 

(Pellikka & Kaasila, 2015) regarding the PSTs’ memories of their biology and ge-

ography teachers from their time at school. This research included one cohort of 

PSTs from one semester who participated in an ES course (N = 89). The data gath-

ered for this preliminary research was so rich and descriptive that it proved that the 

representative group for this study could be smaller. Therefore, I decided that for 

this study, the representative sample could be half of the PSTs who enrolled in an 

ES course during one semester (N = 41). 

To consider the validity of the chosen method, the narrative analysis, I have 

followed Bruner’s (1987) notion of the dualism of narrative where the narrator and 

the protagonist of the narrative are the same: “the very telling of the self-story dis-

torts what we have in mind to tell” (p. 693). Thus, I recognize that being a narrative 

research, this study does not try to put “facts into categories” (Polkinghorne, 1988, 

p. 184) but strives to bring forth the PSTs’ experiences on a temporal continuum 

(Clandinin & Connelly, 2000). This proposes that when PSTs share their life expe-

rience, past, present, or expected future, they are and become the narratives that 

they tell (Bruner, 1987), even though that shared experience may not equal what 

truly happened. Thus, I agree with Polkinghorne (2007) that narratives are the dec-

larations of how individuals understand and give meaning to situations, others, and 

themselves, and for this reason, they are not always the representatives of exact, 

true accounts of individuals’ lives, but they are still powerful mechanisms in shap-

ing one’s identity. 
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To depict the proficiency of the research to determine the meaning that the 

events have for the participants (Maxwell, 1992), the validity of the data should be 

ensured. For this, I conducted methodological triangulation (Cohen et al., 2011; 

Cresswell & Miller, 2000) and gathered three different kinds of data: questionnaires, 

LDs, and interviews (see Appendices 1–5). When collecting the data, I acknowl-

edged that in the attempt to understand individuals interpreting events, contexts, 

and situations, it is essential not to control or manipulate the natural occurrence of 

the phenomena, but to recognize the context-boundedness and socially situated na-

ture of the data collection process (Preissle, 2006). However, when individuals try 

to interpret the meaning of an event, the event itself can be more complicated than 

can be articulated in written language (Polkinghorne, 2007). Thus, to increase the 

respondent validation, I offered the participants an opportunity to add any infor-

mation at the end of all data collection phases, if they wished (Cresswell & Miller, 

2000; Lincoln & Cuba, 1985). Additionally, to avoid the limits of written responses, 

in the interviews, I encouraged the participants to use descriptive expression 

(Polkinghorne, 2007) by repeating the request to “tell” more about the events (see 

Appendices 2, 4, and 5) (Riessman, 2012). Through this, I was able to gather data 

where the participants were truly telling their narratives, rather than just reporting 

their thoughts and feelings (Adler et al., 2017). Furthermore, even if the multilevel 

data collection procedure was primarily performed to describe the changes in PST 

teacher identity development, the multiple interviews (Int1–Int3) also secured the 

validity of the data. According to Seidman (2006), it might be difficult for the par-

ticipants to reveal themselves in a single interview, and thus, he proposed that par-

ticipants should be interviewed three or more times to overcome their hesitancy. 

Nonetheless, even after these precautions that I took to ensure the validity of the 

data, I acknowledge that the interview situation influences what is said. Therefore, 

when considering the validity of data in this study, I agree that “the circumstances 

of narrative production are deeply and unavoidably implicated in creating the 

meanings that ostensibly reside within individual experience” (Gubrium & Hol-

stein, 2012, p. 32). 

For the purposes of this study, I have applied holistic and categorical content 

analysis (Lieblich et al., 1998) as well as Polkinghorne’s (1995) narrative analysis. 

These analyses were data-driven where no predetermined categories or themes 

were applied. The rich and detailed data gathered during the multilevel data collec-

tion phase was preliminarily analyzed by me. However, to establish the validity of 

data analysis, the coauthors of Articles I–III and I have applied researcher triangu-

lation (Cohen et al., 2011). We read the extracted data sets for each of the articles 
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(see Articles I–III) and formed preliminary interpretations. We had discussions to 

reach a consensus on the final interpretations. Here, Cohen’s et al. (2011) require-

ment of validity, which claims that the explanation of certain events shown in the 

data should be sustained by the data, was carefully followed. To secure the validity 

of the data analysis and interpretation of this study, I provided rich and detailed 

data excerpts so that the readers could retrace the steps of my arguments in the text 

(Polkinghorne, 2007). According to Polkinghorne (2007, p. 483), the “purpose of 

interpretative analysis of storied texts is to deepen the reader’s understanding of the 

meaning conveyed in a story”. To reveal the meaning of the narrative, the re-

searcher should focus on relationships, themes, and the type of plots that the narra-

tive brings forth to recognize the patterns and similarities in the text (Polkinghorne, 

2007). To be able to choose the appropriate data excerpts and interpret them, I 

maintained a high degree of attention and close reading for the entire data set mul-

tiple times (Adler et al., 2017). I accomplished this through submerging myself to 

the text and through what Polkinghorne (2007, p. 483) calls “a process emphatic 

understanding,” where the researcher distances him- or herself from the present 

context to reveal the meaning of the narrative. 

This study is a narrative, small-scale study. Therefore, I acknowledge that the 

findings are not generalizable. However, the validity of the findings can be assessed 

through comparability and transferability (Lincoln & Cuba, 1985). Here, validity 

refers to the extent to which the findings’ transferability suits another situation 

(Preissle, 2006). For this purpose, Lincoln and Cuba (1985) proposed that the re-

searcher should provide rich enough data for the readers to conclude whether trans-

ferability is achievable. Thus, the purpose of thick and descriptive data is to create 

plausibility, which provides the readers with a feeling that they could experience 

the events described in the study and also allows them to decide about transferabil-

ity of the findings in similar contexts (Cresswell & Miller, 2000). Based on my 

experiences as a teacher educator, I found that the cases addressed in this study are 

rather typical (Patton, 2002), which means that teacher educators can identify sim-

ilar PSTs and the changes they undergo in their courses. In addition, the PSTs’ nar-

ratives in this study provide a profuse description regarding their teacher identity 

in the context of science teaching and the changes in this process, thus allowing 

teacher educators to evaluate for themselves the plausibility of the storied narra-

tives. 

Lastly, the concluding consideration of the validity is related to the limitations 

of this study. Here, the narrative nature of this study, the “organizing ... and seg-

menting the events of life” (Bruner, 1987, p. 694), means that the narrative analysis 
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and interpretation have required me as a researcher to make several choices regard-

ing the interpretation. In these choices, I have carefully followed the validity issues 

described above. However, I had an insider’s view of the data since I was the 

teacher of the ES course and the researcher examining my work. This allowed me 

to have a deep understanding of the experiences that the PSTs encountered. Thus, 

my narrative thinking as a researcher became part of the phenomenon of narrative 

(Clandinin & Connelly, 2000) and enabled me to comprehensively describe the 

events. Limitations also include the fact that this is a small-scale qualitative re-

search project and thus the findings are not generalizable. The findings presented 

here, however, shed new light on teacher identity development in the context of 

science teaching. Even though preliminary research for validating the amount of 

the data was conducted, there is always a possibility that with other participants 

and their experiences, the findings might have been different. 

3.5.2 Ethical considerations 

To ensure the ethical guidelines set for human sciences, I have strictly followed the 

ethical principles of the Finnish National Board on Research Integrity (Finnish Na-

tional Board of Education [FNBRI], 2019). Therefore, I ensured that I followed 

both ethical principles of how the researcher should respect the dignity and auton-

omy of research participants and how the researcher should conduct the research 

so that it does not cause harm to research participants (FNBRI, 2019). These ethical 

principles were already applied during the planning phase of this study and 

throughout the entire research procedure. In the following, all these ethical princi-

ples will be scrutinized. 

All ethical considerations should start with ensuring the free consent of the 

participants and the confidentiality of the findings and minimizing any harm to the 

participants (Josselson, 2007). Therefore, when considering these issues embedded 

in the situational and relational nature of narrative research, I carefully ensured the 

honesty and authenticity of the study in all phases. I have honestly reported the 

study, analysis, and interpretation and how the presentation of findings was con-

ducted. I have also avoided all misinterpretations and errors by openly explaining 

the research procedure, thus providing the possibility for the readers of this study 

to decide about the accuracy and authenticity of the study (Mishler, 1990). Accord-

ing to Josselson (2007), the researcher has to earn the trust of the participants to 

ensure rich and self-revealing data. Thus, to build a confidential relationship with 

the participants of this study, I described the whole data collection procedure to the 
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participants before any of the research procedures were conducted. This included 

that the participants were informed about the questionnaires, the subsequent inter-

views, and finally, the publication of the findings. 

All participants in this study were advised that they had the possibility to with-

draw from the study if they felt that the telling of their narratives would become 

too overwhelming (Cohen et al., 2011). However, none of the interviewees with-

drew during the research procedure. This suggests that participation in this study 

could be regarded as a beneficial, positive, or, at least, neutral experience for the 

participants, and thus the experience was not too distressing (Josselson, 2007). The 

anonymity of the participants was carefully considered, and by using pseudonyms 

in the data collection and analysis, I eliminated any possibility of recognizing the 

participants in the research articles or in this study (Cohen et al., 2011). 

The data collection was part of the participants’ studies. Therefore, as I was the 

teacher of the ES course and shared an immediate pedagogical relationship with 

the participants, the participants were assured that their participation in the study 

would bear no influence on their evaluation in the course or their progression in the 

studies. The interviews were conducted outside the timetable of the ES course, 

meaning that the participants had to invest their own time when accepting the invi-

tation to participate in the interview. For this reason, I offered the participants the 

opportunity to decide the best time that suited their timetable to arrive at the inter-

view. During the interviews, I encouraged the participants to share their narratives, 

but at the same time, I restrained judgment about them. To appropriately interact 

with the participants during the interview was accessible for me since I was ac-

quainted with the social and cultural world with the research context, that is, the 

teacher education framework (Josselson, 2007). To ensure the reciprocity of the 

interview and the constructive and beneficial aftermath of the participation in this 

study, I also took care that the interview ended with positive resonance (Josselson, 

2007). This was conducted by asking fewer emotionally loaded and less personal 

questions toward the end of the interview. When the interview was over, I also re-

quested the participants to ask or add anything they wanted. Finally, I also shared 

my gratitude and appreciation to the participants for their taking part in the study. 

After conducting the questionnaires and the interviews and receiving the LDs, 

I took special care of the confidentiality of the data. The raw data and the identity 

of the participants remained exclusively my knowledge (Smythe & Murray, 2000). 

I also assured that all information regarding the time of the data collection proce-

dure would not be detectable (Cohen et al., 2011). When interpreting the data, I was 

aware that the participants’ narratives became mine to interpret. This always carries 
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the assumption of the division between the narrative of the participant and the in-

terpretation of the researcher (Chase, 1996; Cohen et al., 2011). However, I atten-

tively related the meaning of the participants’ narratives to the larger theoretical 

categories and conceptualizations (Smythe & Murray, 2000). Thus, I thoughtfully 

paid attention to my researcher reflexivity to uncover the biases and positioning of 

the circumstances in which the knowledge was created (Josselson, 2007). This in-

cluded that even though the participants shared narratives the involved, for example, 

questioning or criticism of teacher education studies, I interpreted these narratives 

as any other narratives in this study. I assured this by relying on an ethical attitude 

and the continuous ethical and moral questioning of each choice that I made as a 

researcher. Lastly, my explanation about the ethical consideration must include the 

acknowledgement that for me as a researcher, the foundation of the ethical aware-

ness in this study relies on taking responsibility in the relationships that I had with 

the participants, as Josselson (2007) suggested. Maintaining my ethical attitude 

helped me to navigate toward ethical decisions throughout the research process. 

Even though there are always dilemmas in the dual role of having a relationship 

with the participants and having the role of an academic researcher, to cultivate an 

ethical attitude is to acknowledge that contextual and situational ethics can be dis-

cussed in confidential relationships (Clandinin & Connelly, 2000; Josselson, 2007; 

Smythe & Murray, 2000). 

Furthermore, I had to consider the particularities of the ethical issues related to 

using narratives as research material. Narratives are interpretative practices through 

which we make sense of our lives, and these meaning-making practices are ethi-

cally charged (Meretoja, 2018). As Ricoeur argued, narratives are “never ethically 

neutral” (1992, p. 140). This is because narrative research deals with the real lives 

of real people (Josselson, 2007), and thus, the narrative encounters are unpredicta-

ble (Meretoja, 2018). Therefore, in this study, the ethical considerations included 

the proposition that I had to accept that even if I consistently strove toward the 

ethical values of conducting narrative research, there would always be a possibility 

that the “ethically neutral” grounds remained unattainable. So, when listening, in-

terpreting, and presenting a narrative of someone else, I kept in mind that there is 

always the surprise element, which “should never be mastered” (Zylinska, 2005, p. 

59). Ellis (2007) explained that there are “no definitive rules or universal principles 

that can tell you precisely what to do in every situation or relationship you may 

encounter” (p. 5), whereas Butler (2000) maintained that in ethics, there is no in-

nocence, only the navigations of ambivalence and an attempt to repeatedly accept 

uncertainty. Thus, in this study, narrative ethics involved simultaneously accepting 
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and appraising endless questioning of whether my decisions were right or wrong 

(Adams, 2008), and for this reason, the ethical considerations of storytelling could 

only be evaluated situationally in the context of this study (Meretoja, 2018). As 

Josselson (2007) put it, narrative research includes “the ultimate complexity of 

moral choice when confronted with the situational particularities” (p. 559). There-

fore, as a narrative researcher, I had to embrace the thought that I should remember 

to take ethics and moral questions into account at every phase of the research. Thus, 

I followed Josselson (2007) conscientiously, who called for an ethical attitude that 

concerns the decisions of how to honor and protect the participants. 

Since narrative research is deeply reliant on the relationship between the com-

poser of the narrative and the researcher, the relationship can be considered essen-

tial for ethics (Clandinin & Connelly, 2000). Josselson (2007) suggested that ethics 

in narrative research involves taking responsibility in human relationships. Also, 

Meretoja (2018) reminded us that the ethical assumptions and the way they are 

finally interpreted in real-life situations is dialogical. This means that I had to main-

tain an ethical attitude in the relationship in which the researcher should continue 

the close relationship with the participants and, at the same time, assure the schol-

arly obligations of the researcher. Since this dual role in the relationship is likely to 

include dilemmas, I did my best to disclose these dilemmas (Josselson, 2007). 

3.5.3 My role as teacher and researcher in this study 

My responsibilities as teacher educator included being the lecturer of the ES course, 

which meant that I shared immediate pedagogical relationships with the partici-

pants of this study. At the same time, as a researcher of this study I was part of the 

researched world, and I therefore had an insider’s view into the data and into the 

context in which it was collected (Lincoln & Cuba, 1985). This elucidates my two-

fold role in this study. Yet, in qualitative, naturalistic research, the researcher is part 

of the observed world and, thus, cannot be fully objective (Cohen et al., 2011). Also, 

Polkinghorne (2007) noted that in narrative research, the interpreter is bound to his 

or her own prejudices and history, and thus the interpretation is always perspectival. 

In narrative research, the narrative way of knowing and the metanarrative of story 

as research places the teacher educator-researcher in a similar contradictory posi-

tion (Pinnegar & Hamilton, 2011). This twofold position of teacher educator-re-

searcher has been referred to as standing in the midst (Pinnegar & Hamilton, 2011). 

My role as the teacher of the ES course, in which the participants of this study 

had enrolled as students, was reflected in the questionnaires, interviews, and LDs 
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very little. The participants openly told about their feelings and experiences during 

the course. However, my role as a teacher probably influenced the narratives the 

PSTs shared, since they did not criticize the course contents or methods. This im-

plies that they shared their personal feelings and narratives of development but 

chose to leave out criticism regarding my work. As a teacher, I encourage my stu-

dents to discuss and comment, which most probably creates an affectionate and 

confidential atmosphere in my classroom. This, in addition to my role as teacher, 

might have reduced the participants’ willingness to give even constructive criticism 

regarding the course. Furthermore, my experience included that as a teacher of the 

ES course, I often felt that I learned from my students. I felt truly privileged to hear 

what and how the participants had learned and understood the contents and methods 

that were implemented during the course. For me as a teacher, it was priceless to 

be given these kinds of experiences. Therefore, I often felt that I was also a learner 

during the course. 

Through familiarity with the narratives and the context in which they were told, 

I was aware of the diverse plotlines and background knowledge of the narratives. 

Therefore, as a researcher, I have been able to guide the readers’ interpretations of 

the findings. Further, as Akkerman and Bakker (2011) reminded us, the identifica-

tion of the twofold role of teacher educator and researcher facilitates a better un-

derstanding of the position of oneself and the frames of teacher educator and re-

searcher that one is part of. The identification of my twofold role helped me to 

coordinate the movement between the two roles, including keeping my teacher ed-

ucator practice in the background while conducting the research (Akkerman & Bak-

ker, 2011; Cresswell & Miller, 2000). To step into the role of researcher was also 

more accessible for me since this was not a self-study of my teacher educator prac-

tice but a narrative research about PSTs’ teacher identity development (Pinnegar & 

Hamilton, 2011). Even though I feel that I succeeded repeatedly in stepping into 

the researcher’s role and examining the narrated material objectively, at the same 

time, as a researcher, I felt great personal gratitude to the participants in this study. 

Similar to my role as a teacher who is overwhelmed by the things that I have learned 

from my students, I felt overwhelmed and grateful for the things that I have learned 

as a researcher. Lastly, considering the narratives as research or considering the 

texts to be interpreted as objects (Polkinghorne, 2007) helped me to position myself 

as a researcher whose audience consists of the teacher educators, researchers, and 

pre- and in-service primary school teachers. Furthermore, since the findings of this 

study are applicable in teacher education settings internationally, I have chosen to 

write in English to achieve a larger audience. 
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4 Overview of the articles 

This dissertation is constructed of three empirical articles (I–III) published in inter-

national, academic, and peer-reviewed journals. All three articles were coauthored 

with my supervisors, Professor Raimo Kaasila and post-doctoral researcher Sonja 

Lutovac. My role as the first writer of these articles included collecting and analyz-

ing the raw data, writing the results, and beginning drafts of the articles. After these 

preliminary phases, the articles were read and co-written in shared understanding 

by the coauthors and me. In this chapter, I will briefly introduce and summarize the 

findings of each article. 

4.1 Article I: The nature of the relation between pre-service 

teachers’ views of an ideal teacher and their positive memories 

of biology and geography teachers 

The aim of this study was to reveal what kind of positive memories PSTs have 

about their school time biology and geography teachers and how those memories 

relate to their view of an ideal teacher. To explore the relation, a holistic and cate-

gorical content analysis (Lieblich et al., 1998) was applied to three PST question-

naires (Q1) and interviews (Int1). The results were described as emplotted narra-

tives (Polkinghorne, 1995). 

The results indicate that one substantial positive memory can overshadow all 

the other positive memories in the PST’s reflections on the ideal teacher, suggesting 

that their views of the ideal teacher can be based on a single positive teacher figure. 

Although this is an affirmative result, it might display a perhaps too narrow reflec-

tion about the future and can limit PSTs in understanding that there is a variety of 

possible good teaching practices. 

Moreover, general positive memory allowed the PSTs to pursue a student-cen-

tered, future-oriented ideal self, whereas the significant specific memories were 

strongly related to an admirable view of an ideal teacher. However, it remained 

unclear for the PSTs as to how to achieve this ideal self. These findings indicate 

that there is a strong relation between PSTs’ positive memories and their views of 

what the ideal teacher is like, but there is a gap between seeing oneself as being 

able to reach that ideal and knowing how to be such a teacher. 
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4.2 Article II: The change in pre-service primary teachers’ possible 

selves in relation to science teaching 

The aim of this study was to examine PSTs’ possible selves in relation to science 

teaching and the ways in which these possible selves change over time. To detect 

the changes in three PSTs’ possible selves and how these changes affected their 

teacher identity development, a holistic content analysis was applied for question-

naires (Q1–Q2) and interviews (Int1–Int3).  

The results showed that PSTs’ general and collective hoped-for possible selves 

had a great personal significance in respect to their identity development, whereas 

the more specific hoped-for and feared possible selves were congruent with their 

current identities and were also decisive, meaning that they had a strong self-de-

velopment orientation. The findings also demonstrated the changes in both cogni-

tive and affective dimensions of possible selves (Hong & Greene, 2011). The cog-

nitive changes allowed the PSTs to deepen their content knowledge rather than 

broaden it. The affective changes were personal and due to intrapersonal consider-

ations. These findings about the changes in possible selves can be valuable for as-

sessing PSTs’ knowledge and development of their reflective skills. 

4.3 Article III: Relationships between pre-service primary teachers’ 

inquiry-based teaching beliefs, understandings, and planning 
in biology education 

This study examines the relationships between PSTs’ IBT beliefs, understandings, 

and planning in primary biology education. Exploring them simultaneously gave a 

greater insight into the process of teacher change and professional development. 

Holistic content analysis was applied to the questionnaire 2 (Q2), interview 2 (Int2), 

and LDs of 11 PSTs. Questionnaire 2 (Q2) included a request to construct an LP 

from the pre-assigned topic of forest plants so that it could be examined whether 

the PSTs choose to plan IBT in their LPs. Also, the emplotted narratives were writ-

ten for three participants who represented the most distinct differences in the rela-

tionships between the participant’s beliefs, understandings, and planning of IBT. 

The results showed that the PSTs had embracing, hesitant, or rejecting views 

toward IBT, and that they had a significant, partial, or weak understanding of IBT. 

Finally, their LPs either had planning that was structured, guided, or open, or had 

no IBT. The relationships between beliefs, understandings, and planning of IBT 

were inconsistent, indicating that teacher education might benefit from identifying 



65 

the relationships. Some examples of these relationships are embracing beliefs: sig-

nificant understanding and planning open IBT; hesitant beliefs: significant under-

standing and planning structured IBT; and rejecting beliefs: partial understanding 

and no IBT planned. These relationships were either aligned, dyssynchronous, or 

unchangeable regarding how beliefs, understanding, and planning of IBT changed. 
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5 Discussion of the main findings 

In this chapter, the findings of this study are discussed in light of the research liter-

ature. The discussion follows the results successively. I will describe the meaning 

of memories (see Articles I–II), possible selves (see Articles I–II), and the incon-

sistent relations linked to IBT (see Article III) in relation to PSTs’ teacher identity 

development in the science teaching context. The comprehensive research question 

of this study is: What kind of pre-service primary school teachers’ teacher identity 

development can be identified in the context of science teaching? To depict the 

PSTs’ teacher identity development in the context of science teaching holistically, 

a narrative look at the findings is needed. Therefore, based on the findings pre-

sented in the three research articles (I–III), I will present the three teacher identity 

development pathways. Lastly, I will conceptualize the teacher identity pathways 

from the point of view of the PSTs and science teacher educators. 

5.1 Far-reaching impact of memories on teacher identity 

development in science teaching 

The findings indicate that there is a significant relation between memories of biol-

ogy and geography schoolteachers and PSTs’ teacher identity development in the 

context of science teaching. For example, focusing on only one characteristic of a 

teacher when reflecting upon one’s memories was revealed (see Article I). This 

suggests that the nature of the relation between the memories of schoolteachers and 

PSTs’ views of an ideal teacher may lack versatility (see Articles I–II). The findings 

also revealed that PSTs focus on more general memories, which relate more gener-

ally to their views of an ideal teacher, rather than the specific memories, which 

relate to certain specific events (see Articles I–II). In line with previous studies, a 

relation between the positive memories to either the teacher’s characteristics (Ar-

non & Reichel, 2007; Dolan et al., 2014; McPartland, 1996; Minor et al., 2002) or 

teaching approaches was found (Helterbran, 2008; Hudson et al., 2010). 

The most explicit relation between positive memories and the ideal teacher in-

dicated how the positive memories are involved in the view of the ideal teacher in 

general (see Articles I–II). For example, Hudson et al. (2010) and Dolan et al. (2014) 

found similar positive memories regarding the science teacher’s enthusiastic atti-

tude toward science, and in Mensah’s (2016) study, similar beliefs of an ideal 

teacher were found. Moreover, this finding is significant since the science-related 

memories have not been previously found to be connected so strongly to the beliefs 
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about the nature of an ideal teacher in general (cf., Mensah, 2016). Furthermore, 

when one positive memory is very substantial, it seems to overshadow all the other 

positive memories from the reflections about the ideal teacher. This result is signif-

icant as it suggests that PSTs’ views of the ideal teacher can be formed based on a 

single positive teacher figure from their years at school. While it is an optimistic 

finding that even a single positive role model is enough to influence PSTs’ devel-

opment to such an extent, it displays, however, a perhaps too narrow and one-sided 

reflection about the future. Fixating solely on one positive role model characteris-

tics and practices can limit PSTs in understanding that there is a variety of possible 

good teaching practices and what it means to be a science teacher in primary school. 

This finding demands more attention in teacher education since it can help broaden 

the PSTs’ views of an ideal teacher. 

More diverse reflections (see Article I) on the ideal teacher included a memory 

of the freedom, resembling student-centered teaching, which was used to build up 

the future-oriented ideal self (see also Jenlink, 2006; Lauriala & Kukkonen, 2005; 

Lutovac & Kaasila, 2014; Sfard & Prusak, 2005). Interestingly, views about an 

ideal teacher were also related to a few episodic memories. These memories de-

scribed the enchanting teaching methods that were witnessed in the PST’s past. Yet, 

reflecting on those memories did not reveal how to achieve such enchanting meth-

ods in one’s own teaching. This finding is significant since it can be assumed that 

there is a strong relation between PSTs’ positive memories and their views of what 

the ideal teacher is like, but there is a gap between seeing oneself as being able to 

reach that ideal and knowing how to be such a teacher. This echoes the findings of 

Lutovac and Kaasila (2014) concerning the irresolute views about an ideal teacher 

self; that is, the memories of an enchanting teaching method that seemed unreach-

able do not guide the PSTs’ pursuit toward the ideal but rather leave them confused 

about how to reach the ideal. 

The findings highlight the significance of a single memory (see also Uitto, 

Lutovac, Jokikokko & Kaasila, 2018) for a PST when reflecting upon their memo-

ries and future-oriented ideal teacher (see Articles I–II). According to Chang-Kredl 

and Kingsley (2014), it is the memories, either positive or negative, with a strong 

emotional background that are enduring. Also, Lutovac and Kaasila emphasized 

the endurance of the negative connotations of memories related to mathematics ed-

ucation in their numerous research articles (see e.g., Lutovac & Kaasila, 2011, 2014, 

2018). Therefore, it is concerning that when PSTs connect their positive memories 

to their views of the ideal teacher, they do not focus enough on the diversity of their 

memories. Moreover, the findings add to the discussion on the relevance of a 
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subject discipline for reflections about the future since the PSTs connected their 

memories of their biology and geography teachers at school to a more general view 

of the ideal teacher. 

5.2 Multifaceted and dynamic process of change in possible 

teacher selves in science teaching 

The possible selves examined included the general, collective, and specific hoped-

for and feared possible selves. The findings displayed the changes in the cognitive 

and affective dimensions of possible selves. The general (see Article I) and collec-

tive (see Article II) hoped-for possible selves involved being inspiring and knowl-

edgeable primary school science teachers. According to Oyserman et al. (2004), 

these possible selves, because they are so general, may not necessarily motivate the 

change in actions. The findings also disclosed that PSTs’ possible selves were well 

balanced: PSTs were able to articulate what they hoped for and strove toward, but 

also what they feared and wanted to avoid becoming (see Article II). Markus and 

Nurius (1986), and Oyserman and Markus (1990) suggested that when possible 

selves are well balanced, the motivation for pursuing the hoped-for selves and 

avoiding the feared selves is, after all, likely to occur. Furthermore, the specific 

hoped-for and feared possible selves were well balanced as well. For example, the 

hoped-for self of shaking off prejudiced beliefs was balanced against the feared self 

of passing on one’s own prejudice. The specific possible selves were congruent 

with the PSTs’ current identities (cf., Higgins, 1987; Oyserman & Leah, 2011) and 

were also decisive, meaning that they had a strong self-development orientation 

(Lutovac & Kaasila, 2014). Thus, it can be concluded that PSTs knew what needed 

to be changed and done to achieve their possible selves, showing the direction for 

the development of their teacher identity in the context of science teaching. 

In line with the findings of Hong and Greene (2011), the findings (see Article 

II) also demonstrated that a change may occur in both the cognitive and affective 

dimensions of possible selves. The clear upward change in the cognitive dimension 

of possible selves was induced during the science method course, whereas the 

downward cognitive change seemed to have been induced during the teaching 

practicum. The changes identified in this study are significant, as they highlight 

that the learning experiences, such as the science method course and the practicum, 

have the power to revise PSTs’ possible selves (see also Henry, 2015; Ibarra, 1999). 

This finding challenges Hong and Greene’s (2011) observation regarding the lim-

ited influence of teacher education on PSTs’ possible selves compared with long-
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lasting memories from school. Thus, it can be argued that teacher education, in-

cluding science method courses and practicums, may have a significant influence 

on how PSTs learn to assess their own needs and development in the context of 

science teaching. Moreover, the changes in the affective dimension of possible 

selves were also revealed. These changes in the affective hoped-for selves were 

balanced against changes in the feared selves. Unlike the findings of Hong and 

Greene (2011), the affective possible selves in this study were strictly personal, and 

they seemed to change for intrapersonal reasons, rather than reasons such as the 

relationships or cooperation among teachers, as suggested by Hamman et al. 

(2013a). In science teacher education, acknowledging PSTs’ strong intrapersonal 

motivation for change can be beneficial when considering how to assist them in 

making the change. 

Lastly, the findings indicated the existence of an enduring possible self that did 

not change at all. This hoped-for possible self was strongly built upon memories of 

the ideal teacher (see Articles I–II). The studies of Higgins (1987) and Pajares 

(1992) on belief change clearly highlighted the idea that disequilibrium in experi-

ences is required to induce change. However, the findings in this study showed that 

this disequilibrium was diminished during the teaching practicum due to receiving 

positive feedback. As Oyserman and Leah (2011) suggested earlier, this seemed to 

close the gap between PSTs’ actual and ideal possible selves being like an ideal 

teacher from the past and seemed to have further signaled to the PSTs that there 

was no need for change. The hoped-for possible self here clearly refers to very 

positive outcomes and reflects a positive characteristic of a primary school science 

teacher; however, it shows that the process of teacher identity in the context of 

science teaching might include only a limited repertoire of possible selves. This is 

noteworthy, since the resilience of some possible selves might also indicate the 

narrowing of the possible selves’ repertoire. 

5.3 The inconsistent relationships between pre-service primary 

teachers’ beliefs, understandings, and planning of inquiry-

based teaching 

Examining the three aspects, beliefs, understandings, and planning of IBT, together 

as relationships, allowed a deeper insight into the process of professional develop-

ment and showed how the relationships influence teacher change. Also, bringing 

the aspects together and observing them in terms of relationships revealed how 

these relationships vary. The findings (see Article III) showed that those PSTs who 
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hold embracing beliefs and have displayed significant understanding of IBT have 

also chosen to plan IBT in their LPs. According to Mashfufah, Nurkamto, Sajidan 

and Wiranto (2020), this is quite natural because when PSTs like the method and 

feel engaged, they tend to feel confident in applying it, too. Thus, understanding 

the benefits of IBT encouraged them to embrace it. Also, this relationship included 

the shift between the teacher and the PST, suggesting that in teacher education it 

might be valuable to anticipate that a fully aligned relationship between the aspects 

regarding IBT contributes significantly to teachers’ professional development. 

Furthermore, the changes in PSTs’ beliefs, understandings, and planning of IBT 

are not necessarily synchronous (see Article III). This was the case with hesitant 

beliefs, which endured despite the PSTs’ significant understanding of IBT. In re-

spect to dyssynchronous relationships, experiencing IBT during the course was 

clearly not enough to contribute to an efficient change of beliefs. One reason for 

such a slow change or no change at all is that PSTs’ beliefs are, after all, greatly 

bound to their memories, including their school memories (see e.g., Carrier et al., 

2017; Eick & Reed, 2002; Lutovac & Kaasila, 2014; Tam, 2015). Also, since the 

hesitant beliefs about IBT endured despite the significant understanding, this shows 

that the affective dimension of IBT was so significant that it countered the cognitive 

dimension. This finding suggests that the affective dimension can carry great sig-

nificance, indicating that the balance between the affective and cognitive dimen-

sions is essential to promote the process of professional development. 

Finally, the resistance to changes in beliefs is also evident in the relationship 

where rejecting beliefs was accompanied by partial understanding (see Article III). 

Even though the PSTs went through the process of learning about and experiencing 

the IBT methodology during the course and had at least partially understood the 

method, their beliefs did not change to become more positive (cf., Guskey, 1986, 

2002). Here, the rejecting beliefs seem to stem from partial understanding and pre-

vent the planning of IBT, indicating a very unchangeable relationship between the 

three aspects of IBT. Some reasons for the unchangeable relationship could be at-

tributed to the inability to see how content could be learned through IBT, the strong 

emphasis on teacher-oriented teaching, and a lack of acknowledgments of student-

centered construction of knowledge. This emphasizes that the unchangeable rela-

tionship is rationalized, displaying that only the cognitive dimension of teacher 

change is allowed to be pursued and also echoing a very inflexible process of pro-

fessional development. 

The relationships, aligned, dyssynchronous, and unchangeable, presented here 

exhibit how the relationships’ influence on professional development differs. What 
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seems significant in the relationships is the interplay between affective and cogni-

tive dimensions. Depending on the relationship, this interplay either contributes or 

does not contribute to teacher identity development in the context of science teach-

ing. Here, the aligned relationship appears to contribute beneficially to PSTs’ 

teacher identity development, whereas the dyssynchronous relationship seems to 

lack the contribution and indicates the need for balance between the affective and 

cognitive dimension. Lastly, the unchangeable relationship reveals how overpow-

ering the influence of the cognitive dimension is to PSTs’ professional development. 

5.4 The pathways of teacher identity development in the context of 

science teaching 

The teacher identity development pathways depicted here derive from the findings 

of Articles I–III presented in Chapter 4 and Sub-chapters 5.1–5.3. Since this study 

is longitudinal in nature, it was possible to examine all the results holistically only 

after writing Articles I–III. This holistic understanding of the results enabled the 

depiction of teacher identity development as pathways. Thus, the depicted path-

ways are not straightforward results, but a compilation of the results that allows to 

answer the main research question of this study. For this reason, the pathways are 

presented in Chapter 5 when the main research question of this study, What kind of 

pre-service primary school teachers’ teacher identity development can be identified 

in the context of science teaching? is addressed. Each pathway portrays a single 

PST’s identity development holistically. At the beginning of each pathway, I will 

provide information on which research Articles (I–III) the specific pathway derives 

from. Furthermore, I have compiled short emplotted narratives for the pathways to 

show on which data (see Articles I–III) each pathway is based (see Appendix 7). 

Therefore, presenting Appendix 7 also clarifies the validity of the results by de-

scribing the significant parts of results on which the answer to the main research 

question relies. The three PSTs who represent the individual pathways were chosen 

from among the 11 PSTs, since their pathways portrayed the differences and ex-

tremities of the teacher identity development in the best way (see also Patton, 2002). 

Through these three PSTs’ pathways, it was possible to depict teacher identity de-

velopment in the most comprehendible way (Connelly & Clandinin, 1999; Rodgers 

& Scott, 2008). 

In this study, the concept of the teacher identity development pathway is used 

since it distinguishes the teacher identity development holistically for one specific 

PST in the science teaching context. Earlier studies have considered teacher 
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identity development in general from the perspective of independent components 

of professional competencies (Hanna et al., 2019; Izadinia, 2013). Also, previous 

research has described teacher identity development from different points of view, 

including validating and legitimating oneself as a teacher (Brunetti & Marston, 

2018; Richmond et al., 2011), motivation and self-efficacy (Avalos & Bascope, 

2014), and barriers placed against teacher development (Kaasila, 2007; McChesney 

& Aldridge, 2019). In this study, the teacher identity development pathways are 

depicted as holistic portrayals of the PSTs’ identity development in the science 

teaching context, subsuming the influence of memories, possible selves, and beliefs. 

The pathways portray the diversity of the PSTs’ identity development in the 

context of science teaching, and the overall contribution of presenting these path-

ways is that they exhibit how becoming aware of the teacher identity initiated the 

reflective efforts in developing oneself as a primary school science teacher (see also 

Izadinia, 2013; Luehmann, 2007; Woolhouse & Cochrane, 2015). Previously, Sher-

idan (2013) pointed out that PSTs’ beliefs of themselves as teachers require engag-

ing in metacognition and reflecting on their own thinking and practices about teach-

ing and learning. However, individual teacher identity development pathways in 

this study provide the PSTs in the early state of their science education studies with 

a tool for reflecting and comparing their own status on the pathways. Furthermore, 

these pathways provide teacher educators with a tool to distinguish and support 

PSTs’ on their individual teacher identity pathways. Earlier, Avraamidou (2014, 

2019) suggested that science teacher identity should be recognized as a path in 

teacher education. However, this study not only recognizes but also depicts indi-

vidual pathways. Therefore, the pathways have twofold use in teacher education. 

First, the pathways presented here allow the PSTs to view where they situate them-

selves on the pathways and identify themselves as primary school science teachers. 

Second, the pathways can be examined from the teacher educators’ point of view. 

In the following, the static, progressive, and transcending pathways are described. 

After presenting the pathways, the conceptualization of the pathways is provided. 

5.4.1 Static teacher identity development pathway and its enduring 

nature 

The static teacher identity development pathway (see Appendix 7) in the context of 

science teaching was identified by a case that was closely followed throughout the 

entire research process (see Articles I–III). The PST representing the static teacher 

identity development pathway was chosen to be presented in this study, since when 
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compared with other PSTs in this study, the static pathway was the most enduring 

in nature. Recognizing and reflecting on such a pathway might be beneficial for 

PSTs and science teacher educators in their respective learning and teaching con-

texts. The static pathway begins and is embedded in very positive memories of a 

biology schoolteacher’s enthusiasm and inspiring characteristics, and already at the 

beginning of the pathway, this teacher was considered as the ideal teacher (see Ar-

ticle I). Also, during the science method course, when planning IBT for the first 

time, the positive memories of the biology teacher and her teaching served as a 

criterion for the ideal science teaching methods (see Article III). Here, the teacher 

identity development process culminated in a dyssynchronous relationship between 

beliefs, understanding, and planning of IBT. Two years after the ES course, in the 

teaching practicum, the existing beliefs of what an ideal and hoped-for science 

teacher self should be like were confirmed (see Article II). Therefore, the view of 

the ideal did not change, revealing that a PST’s teacher identity development path-

way in the context of science teaching can be very static. 

The static pathway depicted teacher identity development where the self was 

defined through external starting points, and where the strong view of the ideal self 

was repeatedly reconstructed through narratives that were embedded in positive 

memories (see Article I). Here, the narrative that was told clearly depicts the iden-

tity that PST wanted to assimilate, resonating with the efficiency of narrative to 

capture one’s identity (see e.g., Beijaard et al., 2004; Rodgers & Scott, 2008). As 

previous findings (Eick, 2009; Furlong, 2013; Miller & Shifflet, 2016) have re-

vealed, evidently, the static pathway also depicts how powerful the influence of 

positive memories is. Similar to the findings of Brunetti and Marston (2018), as to 

the static pathway presented here, the validation of self as a teacher was found to 

be fixed to external origins. This is understandable since the PSTs’ in the early stage 

of their teacher education studies do not have many experiences of teaching science, 

and thus, as Higgins (1987) suggested, they are drawn to their memories when re-

flecting on the ideal and ought teacher self. Therefore, it is essential that the PSTs 

with a static teacher identity development pathway should be provided with a com-

prehensive array of ideas of what the good primary school science teacher is like 

to make sure that they encounter a more varied view of the ideal teacher. However, 

as Bryce et al. (2016) and Naidoo (2017) have earlier claimed about the science 

teaching context, in primary science teacher education, this process should also be 

considered as developing a new professional identity rather than just acquiring a 

new set of knowledge and skills. 
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Delineative for the static teacher identity development pathway was also that 

it reflected the wishes that are very common among the PSTs, which included be-

coming enthusiastic, inspiring, and motivated (see Article II) (see e.g., Arnon & 

Reichel, 2007; Forrester-Jones, 2003; Helterbran, 2008). Undeniably, these charac-

teristics would be very encouraging and very favorable for future teachers, yet they 

represent a quite narrow view of what is expected from a good teacher of primary 

science. Clearly, on a static pathway, the achievement of the ideal, hoped-for 

teacher self results in a situation where no further requirement for change or pro-

fessional development is set or felt to be needed. This seems quite a natural conse-

quence. However, if compared with earlier findings concerning teacher develop-

ment, the static pathway portrays entirely different occurrences. For example, 

McChesney and Aldridge (2019) revealed how teacher development usually in-

cludes barriers and that overcoming these barriers enhances teacher development. 

On the static teacher identity development pathway, the externally set ideal is con-

genial and thus the need for further development is left unrecognized. Therefore, it 

is notable about the static teacher identity development pathway that the challenges 

or barriers faced in teacher education (see Article III) or in teacher practicum (see 

Article II) do not necessarily affect it or can be left unacknowledged. 

The static pathway also reveals the proximity of personal and professional 

identities, which is in line with the findings of Beauchamp and Thomas (2009), and 

Day et al. (2006). As Beijaard et al. (2004), as well as Pillen, Beijaard and den Brok 

(2013) suggested, the personal and professional identities are negotiated and re-

flected when one constructs teacher identity. Beijaard et al. (2004) specified that 

personal knowledge and beliefs are integrated with the professional demands set in 

teacher education institutions. However, in the case of the static teacher identity 

pathway, the proximity of personal and professional identities does not seem to 

require negotiations, leaving the static pathway with few possibilities to become 

more flexible. The enduring static pathway contradicts the findings of Lamote and 

Engels (2010), who stated that PSTs’ construction of meaning and ideas is very 

fragile in the early years of teacher education studies. Here, it could be claimed that 

if stronger disequilibrium would be experienced, it could enhance teacher identity 

development (Darling-Hammond et al., 2017; Marcelo, 2009; Pajares, 1992; Sma-

gorinsky et al., 2004). Yet, it is most likely that the static pathway endures changes 

in the future, since it would require intrapersonal effort toward change to ensure 

teacher identity development (Akkerman & Meijer, 2011; Luehman, 2007). Also, 

the actual and ideal selves (Higgins, 1987) on the static pathway seem to be very 

close to each other, further displaying that the re-evaluation of the hoped-for 
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possible self is not considered necessary (see also Carrol, Shepperd & Arkin, 2009; 

Henry, 2015; Ibarra, 1999). Thus, since views of the ideal teacher are in perfect 

balance with current views, the teacher identity development pathway possibly re-

mains static rather than developing (see Article II). Therefore, a concluding remark 

can be made that the static pathway is embedded in positive schooltime memories, 

and for the future, it does not signify intrapersonal motivation for professional de-

velopment. 

5.4.2 Progressive teacher identity development pathway and its 

holistic change in beliefs 

The progressive teacher identity development pathway (see Appendix 7) in the con-

text of science teaching was portrayed through the case which was examined in 

Articles II–III. The PST who portrayed the progressive teacher identity develop-

ment pathway was chosen since, among the other PSTs in this study, his pathway 

clearly showed how holistic the change in beliefs can be. These changes related to 

scientific content knowledge and presenting them as progressive pathways might 

allow the PSTs and science teacher educators to approach scientific content 

knowledge from many perspectives. At the beginning of the progressive pathway, 

only teacher-led teaching and teaching content knowledge were valued (see Article 

III). For this reason, as well as for partial understanding of IBT, the planning of IBT 

was rejected, and IBT was considered unnecessary. However, after the practicum, 

the progressive pathway portrayed how the relation to content knowledge changed 

from being the core of primary science teaching to being one of the means of pri-

mary science teaching (see Article II). This also reflects the progression of the lev-

els of teacher identity development explained by Rodgers and Scott (2008), where 

at first, the teacher has the capacity to take the role of someone else, that is, the 

teacher of content knowledge, and secondly take the role of teacher that is accepted 

in the prevalent culture, such as the teacher who uses science content knowledge 

as a means of teaching primary science. Simultaneously, this shows how the pro-

gressive pathway also includes the change from teacher-led teaching toward more 

inquiry-oriented and student-led teaching. 

The progressive pathway reflects the changes in beliefs of oneself as a primary 

school science teacher and that the changes that promote teacher identity develop-

ment in the context of primary science teaching ensue from intrapersonal efforts, 

as suggested by Akkerman and Meijer (2011), and Rodgers and Scott (2008). Here, 

the personal beliefs were challenged, resulting in a holistic change of beliefs of 
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what primary school science teaching should be like (see Article II). Also, Brunetti 

and Marston (2018) described a related pattern in their study of teacher identity 

development. They claimed that teachers’ engagement in professional development 

is driven by immediate needs as a teacher and followed by a self-directed desire to 

enhance professional competence. While their study focused on professional com-

petencies, this study highlighted that the progressive teacher identity pathway in-

volves the thorough changes in the teacher self. Furthermore, as Korthagen (2017) 

proposed, teacher learning, or here the teacher change, can happen in beliefs or in 

identity. So, when the beliefs about content knowledge changed, this was mirrored 

in the teacher identity development; the value of content knowledge for oneself as 

a primary school science teacher in promoting student learning was acknowledged, 

and also in the teacher change; the beliefs of content knowledge changed from see-

ing it as something to be taught to something that is relevant for oneself as a primary 

school science teacher. 

Earlier findings of Avraamidou (2014), Enyedy et al. (2005), and Helms (1998) 

have acknowledged the connection between science content knowledge and teacher 

identity development in the context of science teaching. However, unlike the find-

ings of the previous studies, the progressive teacher identity development pathway 

includes the understanding of the dimensions of subject content knowledge; the 

progressive pathway does not simply depict the attempt to increase the content 

knowledge of students but accepts that the content knowledge of the teacher should 

be increased and that it is an essential part of teacher identity in the context of 

science teaching (see Article II). Also, the progressive pathway suggests how con-

tent knowledge should be intertwined with teaching practices to promote student 

learning (see Article II). Therefore, it is noteworthy about the progressive teacher 

identity development pathway that it depicts how significant it is to understand how 

scientific content knowledge is combined with multiple factors, including teacher 

identity, teaching methods, and student learning. 

5.4.3 Transcending teacher identity development pathway and its 

self-initiated changes 

The transcending teacher identity development pathway (see Appendix 7) in the 

context of science teaching was represented by a case which was examined in Ar-

ticle II. The PST who represented the transcending teacher identity development 

pathway was chosen, since that PST indicated how meaningful the self-initiated 

changes can be in the science teaching context. This might be especially beneficial 
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for PSTs when they seek to understand how to develop themselves as a teacher of 

primary science, and it might also be beneficial for science teacher educators in 

their efforts to support PSTs in teacher identity development in the science teaching 

context. Even though the case was present only in study for Article II, it was based 

on all data collected during the entire research procedure (see Fig. 3). Thus, the 

findings of the Article II and the case on which the transcending teacher identity 

development pathway presented here is based on involved the whole data collection 

procedure and the entire research setting, which took place over two and a half 

years. 

 At the beginning of the transcending pathway, the anxious emotions related to 

even talking about science subjects were noted, showing how the transcending 

pathway was embedded in memories. This anxiety related to school time memories 

is known to have an influence on how PSTs see themselves as teachers (Lutovac, 

2020; Lutovac & Kaasila, 2014). However, experiencing a science methods course 

initiated a change in beliefs. Furthermore, the teaching practicum helped in over-

coming the anxious feelings, and the fear of revisiting these feelings was no longer 

a concern. The teacher identity development in the context of science teaching was 

manifested through the changes in hoped-for and feared possible selves. Thus, the 

transcending pathway depicted how the beliefs of oneself as a primary school sci-

ence teacher and about the science subjects were changed. 

The conscious recall of the memories from time at school was beneficial for 

the teacher identity development on the transcending pathway (Izadinia, 2013; 

Walkington, 2010). Still, the personal, distressed feelings about the science subjects, 

particularly biology and geography, and recognizing the lack of subject matter ex-

pertise challenged the ideal and the ought self (see Higgins, 1987) in terms of the 

transcending pathway. Successfully proceeding on teacher identity development 

pathway here was clearly induced through overcoming this challenge (Kaasila, 

2007; McChesney & Aldridge, 2019), but also driven by personal motivation, as 

suggested by Avalos and Bascope (2014). Furthermore, the changes in the trans-

cending pathway also represented the validation and legitimation of self as a teacher, 

as suggested by Brunetti and Marston (2018). 

However, if examined holistically, on the transcending teacher identity devel-

opment pathway, the comprehending of how the personal beliefs about the science 

subjects had to change to achieve the ideal primary school science teacher self, was 

substantial. Thus, even if the previous studies have considered teacher change thor-

oughly in general (see e.g., Brunetti & Marston, 2018; Izadinia, 2013; McChesney 

& Aldridge, 2019), the transcending teacher identity development pathway 
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elucidates the meaning of personal change to achieve the ideal professional self for 

PSTs in the science teaching context. Evidently, the self-validation on transcending 

pathway was related to the personal beliefs of teacher self, to the set requirement 

to change, and to the teacher self as competent practitioner. Further, on the trans-

cending pathway, the in-depth self-reflection results in a negotiation between per-

sonal and professional identities (see e.g., Beijaard & Meijer, 2017; Luehman, 

2007). The origin of this negotiation was self-centered, meaning that the self and 

the personal beliefs were considered as requiring a change. The distance between 

the present and hoped-for future self as well as the present and ideal/ought self 

(Higgins, 1987) was substantial on the transcending pathway. Thus, the transcend-

ing pathway reflected the inner changes of self and exhibited the overcoming of the 

challenges of having such a distressed commencement as a primary school science 

teacher. 

5.4.4 Conceptualizing teacher identity development pathways in the 

science teaching context 

As stated earlier, the previous research on teacher identity development has not 

considered teacher identity adequately. For example, if compared with the other 

pathways that have been described from narrower points of view (cf., Avalos & 

Bascope, 2014; Brunetti & Marston, 2018; McChesney & Aldrigde, 2019; Rich-

mond et al. 2011), the novelty of this study is that it provides a holistic portrayal of 

the teacher identity development pathways, allowing more comprehensive teacher 

identity development pathways in the science teaching context to be depicted than 

in the previous studies. Therefore, I argue that a new conceptualization of teacher 

identity development pathways in the science teaching context is needed. 

Based on the findings presented in this study, a new conceptualization of 

teacher identity development pathways in the context of science teaching from the 

point of view of PSTs is proposed. The static teacher identity development pathway 

can have a starting point in the past that preponderates the teacher identity devel-

opment in the context of science teaching and also anchors the teacher identity de-

velopment to extrinsic aspects. Thus, rather than going through a reflection upon 

the self as a primary school science teacher, the PSTs on the static teacher identity 

development pathway might initiate their teacher identity development from exter-

nal aspects. This also relates to the findings of Korthagen (2017), who stressed the 

importance of in-depth reflection on the personal level in the teacher learning pro-

cess. Therefore, I argue that for PSTs on the static teacher identity development 
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pathway in the context of science teaching, even a single memory can preponderate 

the teacher identity development and anchor it on external aspects, whereas the 

progressive teacher identity development pathway can be conceptualized as stu-

dent-centered, that is, rooted in concern for student learning. Therefore, the pro-

gressive pathway manifests the teacher identity development and change required 

to support student learning. For this reason, I suggest that PSTs on the progressive 

pathway view themselves as primary school science teachers with content 

knowledge expertise and a focus on promoting student learning (Palmer, 2006; 

Velthuis et al., 2014). Lastly, the transcending teacher identity development path-

way can be conceptualized as discovering and elucidating the need for personal 

change in the science teaching context. The transcending teacher identity develop-

ment pathway involves the changes of the present self which finally contribute to 

overcoming the challenges at the end of the pathway (see also Kaasila, 2007; 

McChesney & Aldridge, 2019). Thus, the transcending pathway offers the most 

distinctive portrayal of the goal-oriented pathway. Consequently, I assert that PSTs 

on the transcending pathway can maintain goal orientation where the need for per-

sonal change to achieve better professional development in the science teaching 

context is elucidated. 

Above, I have presented the conceptualization of the teacher identity develop-

ment pathways from the point of view of the PSTs. In the following, I will present 

the new conceptualization of the pathways from the point of view of initial primary 

science teacher education. The arguments presented here are intended to provide 

primary science teacher educators with a comprehensive viewpoint on the path-

ways through comparing and combining the conceptualizations presented above. 

The arguments also help primary science teacher educators to distinguish and en-

counter the differences of the pathways in their respective teacher education set-

tings. Therefore, to widen the perspectives on discovering the teacher identity de-

velopment pathways, I first argue that teacher identity development pathways in 

the context of science teaching can be based on one single factor in PSTs’ pasts or 

can be based on a single factor on a personal level. Thus, the pathways can have 

unambiguous starting points, yet they can manifest multifacetedly (Uitto et al., 

2018). Second, I argue that teacher identity development pathways can evolve and 

change from external or internal reasons. Here, the reason for changes, whether 

extrinsic or intrapersonal, should be recognized and acknowledged by both PSTs 

and primary science teacher educators. Through this, PSTs could engage in self-

reflection to further initiate change in beliefs (Kaasila & Lauriala, 2012; Sheridan, 

2013), and teacher educators could enhance this reflection process (Beauchamp & 
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Thomas, 2009; Korthagen, 2017). Third, I argue that the teacher identity develop-

ment pathways can display the significance of understanding the dimensions of 

scientific content knowledge for teacher identity development. It is noteworthy 

here that achieving any of the dimensions, including increasing students’ content 

knowledge, increasing the PST’s own content knowledge, and understanding the 

combining of content knowledge successfully with teaching methods to increase 

student learning, can be very beneficial for proceeding on the teacher identity de-

velopment pathway (Palmer, 2006; Velthuis et al., 2014). 
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6 Implications of the study 

In this chapter, I will provide implications of this study for teacher education as 

well as for future research. The implications follow the results of this study: the 

relation between positive memories and the ideal teacher, the changes in possible 

selves and the inconsistent relationality linked to IBT, and finally, the implications 

regarding the teacher identity development pathways in the science teaching con-

text are provided. 

6.1 Implications for primary science teacher education  

Based on the findings of the relation between PSTs’ positive memories of their bi-

ology and geography teachers and their views about an ideal teacher, I offer the 

following recommendations regarding primary science teacher education. Teacher 

educators should address school time memories and acknowledge them as im-

portant factors in conscious engagement in identity work (see also Lutovac & 

Kaasila, 2014). Additionally, teacher educators should understand those memories 

that PSTs in their courses have in order to be able to encourage their teacher identity 

development (Furlong, 2013). This can be done by allowing them to encounter nar-

rative reflection of their memories both individually and collaboratively. Narrative 

reflection can be further consolidated by having PSTs establish the meaning of their 

memories through comparing them with those documented in research literature. 

In that way, the responsibility of memories from time at school can also be directed 

toward PSTs themselves by making them aware of the importance of their memo-

ries for their future teacher identity. 

The findings related to changes in PSTs’ possible selves present significant im-

plications for primary science teacher education. To begin with, possible selves 

should be carefully considered in primary science teacher education in order to give 

PSTs an opportunity for reflection upon their own memories (see also Avraamidou, 

2019; Carrier et al., 2017; Furlong, 2013) in order to support the change in their 

beliefs (Pajares, 1992) and to make them reflect upon future requirements and 

needs (Woolhouse & Cochrane, 2015). All these aspects, arguably, are involved in 

the process of teacher identity development in the context of science teaching. In 

addition to Hong and Greene’s (2011) suggestion that science teacher education 

should ensure that PSTs are enabled to build their content knowledge, I further sug-

gest that primary science teacher education should ensure that PSTs understand the 

different dimensions of scientific content knowledge and the significance of 
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increasing it. This can be promoted by allowing them to reflect on how they eval-

uate their own content knowledge and also consider what they would require from 

students’ content knowledge. Lastly, the change in possible selves can be valuable 

for assessing PSTs’ knowledge and development of their reflective skills, as pointed 

out by Sheridan (2013), and the change can also show the extremes in the process 

of teacher identity development in the context of science teaching. Because some 

possible selves can also remain unchangeable, which may imply the scarce reper-

toire of possible selves, primary science teacher educators should provide opportu-

nities for widening this repertoire. They should also bear in mind that even if they 

provide PSTs with valuable experiences that can change their possible selves as 

primary school science teachers, they may also unintentionally support the thought 

that no actions or changes are required. For this reason, I conclude with the hope 

that the articulation of possible selves and the discussion about how to achieve or 

avoid them become a part of the primary science teacher education pedagogies in 

order to support PSTs’ teacher identity development. 

The findings of inconsistent relationality linked to IBT shed new light on some 

well discussed issues. The teacher educators of primary science, especially in biol-

ogy courses, may find the patterns of relationships described in this study to be 

evident among their PSTs. Therefore, I provide the following recommendations for 

primary science teacher education. The finding about inconsistent relationships be-

tween PSTs’ beliefs, understanding, and planning of IBT in biology education in-

dicate that primary science teacher education might benefit from identifying the 

relationships in respective science education settings. Additionally, the findings re-

vealed the significant contribution of the relationships between PSTs’ beliefs, un-

derstanding, and planning IBT for the development of PSTs’ teacher identity in the 

context of science teaching. For example, the aligned relationship pinpointed that 

the understanding of IBT is essential for professional development. Moreover, the 

nature of dyssynchronous relationships further indicated the power of the affective 

dimension for teacher change. Based on these findings, it can be recommended that 

endorsing the balance between affective and cognitive dimensions is a fundamental 

task in primary science teacher education. The findings also revealed that the seem-

ingly unchangeable relationships between PSTs’ beliefs, understanding, and plan-

ning of IBT might indicate inflexibility in teacher change. Therefore, it can be rec-

ommended that in primary science teacher education, the unchangeable relation-

ships should be addressed by offering PSTs’ more opportunities to reconsider the 

relationships their beliefs, understandings, and planning of IBT and further, recon-

sider how the dynamics in the relationships affect to their professional development. 
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Lastly, the findings related to the teacher identity development pathways sug-

gest that primary science teacher education should consider the diversity of the 

pathways. Becoming aware of their teacher identities in the context of science 

teaching and the beliefs that might shape their teacher identities is indeed a very 

significant opportunity for PSTs (see Izadinia, 2013; Walkington, 2010). Primary 

science teacher education should also provide PSTs with the possibility to 

acknowledge the longitudinal nature of their pathways and to identify where they 

see themselves on that pathway. This requires that PSTs in their respective primary 

science teacher education contexts are provided with varied and constant opportu-

nities to narrate, reflect, and share their memories, beliefs, and challenges when it 

comes to teaching and learning primary science. 

Therefore, especially in primary science teacher education, it should be 

acknowledged that although the static pathway portrayed here might engender very 

beneficial beliefs about what the ideal primary science teacher is like, these beliefs 

do not necessarily encourage teacher identity development from intrapersonal ori-

gins. For this reason, in primary science teacher education, it should be ensured that 

the static pathways are identified and then the PSTs on these pathways should be 

provided with chances to re-evaluate the relation between their current and future 

primary school science teacher selves to ensure teacher identity development. Fur-

thermore, it is noteworthy that in teacher education, the progressive pathway might 

at first be identified as holding quite traditional beliefs of primary science teaching. 

However, the teaching practicum often mediates the realities of teaching, and thus, 

it can offer experiences that significantly enhance visualizing the possible out-

comes of primary science teaching (Bell & Gilbert, 1996). Therefore, the PSTs 

should be allowed to deepen their intrapersonal reflection and re-evaluation of their 

teacher identities in the science teaching context. Lastly, teacher education should 

ensure that PSTs’ on the transcending pathway are provided with the opportunity 

to distinguish between the temporary goals for themselves as science teachers and 

the longer lasting, ongoing process of teacher identity development in the science 

teaching context. 

Finally, in suggesting how teacher identity development pathways should be 

considered in primary science teacher education, I must refer to Korthagen’s (2017) 

thoughts on teacher learning as multi-level and -dimensional learning, where learn-

ing can take place on levels that involve beliefs and identity and in the dimensions 

involving cognitive and affective sources. I also must emphasize the importance of 

Antonek et al.’s (1997) thoughts on different sources of knowledge such as teaching 

and subject content knowledge. Therefore, I recommend that science teacher 
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education should ensure that PSTs become aware of the possibility that their teacher 

identity development pathways in the context of science teaching can manifest de-

velopment through beliefs and identity, through cognitive and affective sources, 

and through knowledge about teaching and content knowledge. 

6.2 Implications for the future research 

This study demonstrates how there is a significant relation between PSTs’ positive 

memories and their views of an ideal teacher. Given that this study was a narrative 

research project where the number of participants was small, the future research on 

PSTs’ memories of their time at school in the context of science should include a 

greater number of participants. This would perhaps reveal a broader range of the 

PSTs’ memories and the ways how those memories are reflected in their views of 

an ideal teacher. The study of a broader range of memories could significantly con-

tribute to the knowledge of how primary science teacher educators could support 

PSTs’ teacher identity development in the context of science teaching. Furthermore, 

primary science teacher educators’ conceptions of the ways of addressing the PSTs’ 

memories from time at school should be studied as well. This demonstrates that 

future research on PSTs’ memories should have a twofold viewpoint, namely the 

broader range of PSTs memories and the conceptions of science teacher educators 

about the significance of these memories to teacher identity in the primary science 

teaching context. 

For the changes in PSTs’ possible selves in science teaching context, future 

research could consider in more detail what the causes of these changes are. This 

would require an in-depth interview with PSTs, teacher educators, and teachers in 

teacher training schools. Also, future research could focus on what kind of changes 

in possible selves can be identified with pre-service science subject teachers. Lastly, 

future research on teacher identity development pathways in the context of science 

teaching should consider a longitudinal data collection procedure, including both 

bachelor and master studies, and a greater number of participants to further illumi-

nate the possible variety of pathways. Likewise, as suggested in earlier findings of 

Avraamidou, (2014, 2019) and Hong and Greene (2011), in science teacher educa-

tion, it would be beneficial to examine the science subject teachers’ identity devel-

opment pathways. In their case, it would be especially interesting to study how 

subject matter knowledge is established on their teacher identity development path-

ways. 
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Since this study clearly established that PSTs’ relationships between beliefs, 

understanding, and planning of IBT are inconsistent and evolve for both affective 

and cognitive personal reasons, further narrative research, which would scrutinize 

the relational aspects linked to PSTs’ experiences with IBT, would also be essential. 

For example, the future research should further examine the PSTs narrated experi-

ences about IBT and the planning of it to reveal more about the possible inconsist-

encies of their relationships. This would provide primary science teacher educators 

with even more detailed understanding of those personal turning points in the rela-

tionships between the beliefs, understandings, and planning of IBT. Thus, the rela-

tional understanding about the three aspects of IBT would increase and allow the 

affective, cognitive, and motivational dimensions to be considered in the process 

of teacher identity development (Avraamidou, 2014; Korthagen, 2017). Addition-

ally, since IBT has gained a prominent foothold in science education and it is ex-

pected that also primary science teachers plan and implement it (Lederman et al., 

2013), the future research could also examine more specifically how planning of 

IBT in primary science teacher education influences PSTs’ teacher identity devel-

opment in the long run. 
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Appendices 

Appendix 1. Questionnaire 1 

1. What kind of memories do you have about biology and geography lessons 

from your time at school? 

2. How would you describe yourself as a learner of biology and geography? 

3. How would you describe yourself as a teacher of biology and geography? 

4. What kind of teacher of biology and geography you would like to be? 

Appendix 2. Interview 1 

Memories 

1. Tell what kind of experiences you have related to learning and teaching 

biology and geography from your time at school. 

2. Tell more about your biology and geography teachers. 

3. What memory related to biology and geography teaching and learning 

from your time at school is the most significant for you as a future teacher? 

As a learner 

1. Tell how would you describe yourself as a learner of biology and geogra-

phy? 

2. Have your views about yourself as a learner of biology and geography 

changed?  

3. Tell in more detail about those experiences that have caused the change. 

4. Do you feel that you are very good in some topic in biology or geography? 

5. How does this contribute to your future profession as a teacher? 

As a teacher 

1. Tell how would you describe yourself as a teacher of biology and geogra-

phy? 

2. What kind of teacher of these subjects you would not like to be? 

3. In your opinion, what is the most important task of a biology and geogra-

phy teacher? 

As a teacher in the future 

1. Tell what kind of teacher of biology and geography you would like to be 

in the future. 
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2. What are the most important features of the teacher that you described? 

Appendix 3. Learning diary instruction 

A learning diary aims at describing and reflecting on your own learning process. 

To ensure the continuous description of learning process, write your notes after 

each lecture and exercise, not only at the end of course. You can also write about 

doing the independent work (lesson plan and inquiry-based group work). There is 

no predesigned length for the diary; for example, half or one page per lecture or 

exercise is enough. The most important thing in your writing is that you try to de-

scribe and to self-reflect on your own learning during the course. 

Appendix 4. Questionnaire 2 

1. What was the most significant learning experience for you as a future 

teacher of environmental studies during the course? 

2. What was challenging during the course? 

3. How would you describe yourself as a learner of biology and geography 

now? 

4. How would you describe yourself as a teacher of biology and geography 

now? 

5. Describe a lesson with the topic of “Forest plants” that you would like to 

implement. 

Appendix 5. Interview 2 

Experiences from the course 

1. Tell what the most significant experiences for you during the course were. 

2. How did your views about teaching and learning biology, geography, or 

environmental studies change during the course? 

3. Tell what was challenging for you. 

As a learner 

1. Tell how you would describe yourself as a learner of biology and geogra-

phy now. 

2. Did this view change during the course? 

As a teacher 

1. Tell how you would describe yourself as a teacher of biology and geogra-

phy now. 
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2. Tell what kind of goals you would set for yourself now as a future teacher 

of these subjects. 

Lesson plan  

1. Tell more about the lesson with the topic of “Forest plants” that you de-

scribed in Questionnaire 2. 

2. What is the most important phase or element in the lesson and why? 

Appendix 6. Interview 3 

Experiences from the teaching practicum 

1. Tell what the most significant experiences for you as a science teacher dur-

ing the teaching practicum were. 

2. How did your views about teaching and learning biology, geography, or 

environmental studies change during the teaching practicum? 

3. Did the teaching practicum open up new points of view regarding your 

memories about biology and geography teaching and learning from your 

time at school? 

4. Tell what was the most challenging for you regarding teaching biology, 

geography, or environmental studies during practicum. 

As a teacher 

1. Tell how you would describe yourself as a teacher of biology, geography, 

and environmental studies teacher at the moment. 

As a teacher in the future 

1. Tell what kind of teacher of biology, geography, and environmental studies 

you would like to be in the future. 

2. Tell what are the most important features that you described. 

3. Tell what kind of teacher of biology, geography, and environmental studies 

you would not like to be. 

4. Did your views of yourself as a biology, geography, and environmental 

studies teacher change during the practicum? In what way? 

5. How would you describe your possibilities to develop as a biology, geog-

raphy, and environmental studies teacher? 

6. Tell what kind of objectives you would set for yourself as a future biology, 

geography, and environmental studies teacher. 
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Appendix 7. The emplotted narratives that the pathways are based on 

Static teacher identity development pathway 

The static teacher identity development pathway was represented by Kaarina, and 

her case was followed throughout the entire research procedure (see Articles I–III). 

Kaarina’s teacher identity development pathway in the context of science teaching 

is embedded in positive memories about her biology teacher at school, and she 

clearly expressed how she wants to be like her biology teacher: 

“I had the same biology teacher in lower and upper secondary school, and I 

liked her so much! She was such a good and memorable teacher. I have always 

compared other teachers to her and wondered why they didn’t show the same 

passion as our biology teacher did. She was always very excited when she came 

into class and said everything in a very enthusiastic way. ... If I think of myself 

as a future teacher, I want to be like my biology teacher: everyone could sense 

that she enjoyed teaching, and she always came to class full of energy. Being 

so enthusiastic and being able to uphold that excitement, that kind of enthusi-

asm is catching, and it works better than being very strict.” (Int1., see Article 

I). 

In Article II, Kaarina positions her own biology and geography teacher as the 

protagonist of her retrospective and future-oriented identity development. This de-

lineates her entire science teacher identity development. Kaarina’s future-oriented 

possible selves kept returning to her own biology teacher, and she even received 

confirmation of this aspiration in the practicum. Also, the proximity of her personal 

and professional identity seemed to seal how she depicted herself as a future teacher: 

“I would like to be fair and have passion for my work kind of like my teacher 

in upper secondary school” (Int1, see Article II). “ ... and kind of inspiring and 

cheerful, and whose lessons one can enjoy. So that you don’t drift to that when 

all your lessons are similar: open books, (and) go through it chapter by chapter” 

(Int2, see Article II). “I talked with the class teacher, and it is apparent that 

one can tell which subjects I am interested in, that I am interested in Environ-

mental Studies and that this subject is so interesting for me. I found that I was 

good at it, which means that since I am interested, I am an interesting teacher, 

in a way that the students will also see that I am interested. I would like to be 

(a teacher) who one can tell is interested in her work would like to be inspiring 

and motivated. Somehow being able to maintain my own personality in my 
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work, in a way that I am my own self in my work in a good way. I would not 

like to perform a certain role” (Int3, see Article II). 

Finally, when contemplating on the IBT method, Kaarina was puzzled about 

how she could plan it. She returned again to her memories at school to get affirma-

tion to beliefs of how challenging IBT is. At the end of the ES course, she retained 

the same hesitant beliefs toward IBT as she had at the beginning of the course. She 

desired a model of IBT coming from a competent teacher, again displaying how 

her teacher identity development pathway was embedded in extrinsic aspects: 

“I think I overthink it. It’s a difficult concept. Goes beyond my imagination. ... 

What is the question in it? ... I think that we haven’t got it in our upper second-

ary school biology studies” (Int1, see Article III). “Maybe I just think too com-

plicatedly since with smaller students it can be as easy as was the [subject] 

example during the [ES] course. I can’t simplify it in my head; I mean how 

simple IBT could be. I think I can apply it if I get [a] little help from more 

experienced teachers and if I have enough time to plan it” (Int2, see Article 

III). 

Progressive teacher identity development pathway 

The progressive teacher identity development pathway in the context of science 

teaching was represented by Tomas, and his case was as examined in Articles II–

III. At the beginning of the progressive pathway, Tomas set the limit high for his 

hoped-for teacher self. He said he wanted to be an inspiring teacher, and he also 

revealed how he, in his intrapersonal reflections, considered what he would be like 

as a teacher of science:  

“But the kind of teacher I would like to be is one that awakes their curiosity 

and interest in the topic at hand a bit. ... If I could build that kind of curiosity 

and thirst for knowledge in those students, I think that would be more important 

than just listing species. ... I would like to be an inspiring teacher ...” (Int1, see 

Article II). 

At the beginning of his teacher identity pathway, Tomas valued teacher-led 

teaching and was concerned about how he could teach content knowledge through 

IBT. Although Tomas’s beliefs about IBT remained rejecting throughout the ES 

course, he showed persistent concern about student learning. His beliefs about IBT 

and his concern for student learning revealed how he envisioned what he should be 

like and what would be his responsibilities as a teacher of science: 



110 

“Maybe as a teacher, I would like to frame those research questions more [in 

IBT], in a way that I would give them exercises and questions, and I would lead 

them to the direction I want them to go. In my opinion, the teacher’s role in 

guiding should be bigger” (Int1, see Article III). “It works well in theory, but 

in primary school one will throw the baby [out] with the bath water. ... It re-

quires learning and meta-skills and responsibility, but if you want learning out-

comes with IBT, it’s not going to work in primary school. ... I feel that you can 

teach skills with IBT but not content knowledge” (Int2, see Article III). 

However, after the ES course, Tomas proceeded on his pathway, and his 

teacher-led teaching beliefs changed toward more inquiry-oriented science teach-

ing. Concurrently, he also noted how he would not like become only a knowledge-

transmitting teacher but rather how he would like to explain the causalities of things: 

“I wish I could ... have a scientific method or approach or at least aim at that” 

(Q2, see Article II). “And that I could model that natural scientific method 

(inquiry). ... that at first, we could think about what could happen and then 

examine and then draw conclusions. It would be central to demonstrate natural 

sciences to them and make them think about those things. So, it will not be just 

teaching that things work this way but also thinking about the reasons” (Int2, 

see Article II). 

After the practicum, Tomas realized the relevance of content knowledge in sci-

ence teaching. Altogether, when moving on his progressive teacher identity devel-

opment pathway, Tomas’s desire to awaken curiosity progressed toward the desire 

to be an inquiry-oriented teacher and onward to having specific content knowledge. 

So, after the practicum, he felt confident and elaborated on how he would like to 

be an expert, an inspiring, demanding, and knowledgeable teacher of science. On 

his progressive teacher identity development pathway, the understanding of the di-

mensions of content knowledge became a characteristic of the pathway and showed 

firstly how Tomas was concerned about student learning enough content 

knowledge, then how he as a teacher of science should have adequate content 

knowledge, and finally how he could interact and teach students differently, more 

profoundly if he had adequate content knowledge: 

“One should know so much more than the curriculum requires, even though it 

is not the content that you are teaching to students, you should be able to build 

up connections. ... you can talk with them (students) in a totally different way 

if you have the knowledge. So, in that sense, the conception of myself as a 
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teacher changed, and it (the feeling) got stronger in that I can give ES lessons. 

When you are interested and curious about these things yourself ... it is easy to 

transfer that enthusiasm to students. So, I want to be an inspiring, yet demand-

ing, teacher and be seen as an expert in students’ eyes” (Int3, see Article II). 

Transcending teacher identity development pathway 

The transcending teacher identity development pathway in the context of science 

teaching was represented by Nina, and her case was followed through her possible 

selves in Article II. Her transcending teacher identity development pathway in the 

context of science teaching was successful since she could formulate clear goals, 

such as changing her beliefs and adding to her content knowledge. At the beginning 

of the ES course, Nina had reluctant beliefs about biology and geography. Although 

she could explain her emotions relating to these subjects, she was incapable of ex-

plaining why she had such distressing feelings regarding them: 

“It is a time for self-study with my own attitude, for some reason I still feel like 

“no,” kind of reluctant (when discussing about biology). For some reason, 

when there is a discussion about biology and geography, I start to get an-

guished about everything I do not know. I wonder where my attitude derives 

from” (Int1, see Article II). 

Because of such a distressing commencement of the ES course, it was distinc-

tive for Nina’s transcending teacher identity development pathway that from the 

beginning of it, there was a clear orientation to dispose of her unenthusiastic feel-

ings and to change her personal beliefs: 

“I would like to shake off my prejudice about these subjects ... (Q1) ... I should 

have a different kind of attitude ... I would kind of like to break those concep-

tions that I have” (Int1, see Article II). 

After the ES course, Nina told how her beliefs started to change and how she 

was motivated to learn more and had set an objective for herself. Furthermore, she 

declared that she wished not to pass on the wrong kind of attitude: 

“And I have become more interested, and I would like to know more about 

these things and learn. ... I would like to kind of patch up my knowledge. I 

would not like to depreciate these subjects ... On no account do I wish to pass 

this attitude on to students” (Int2, see Article II). 
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After the first teaching practicum, Nina’s beliefs regarding the subjects had 

changed. She then acknowledged the multifaceted nature of biology and geography, 

which changed her personal beliefs and allowed her to anticipate herself as an ex-

pert teacher: 

“So, what has changed is that I realize now how versatile these subjects are, it 

is a challenge. ... I hope that I will someday become good at them. In the future, 

I would like to be a teacher who is acquainted with the topics and is an expert. 

I would like to be inspiring, and I would like to pass on that interest and true 

enthusiasm” (Int3, see Article II). 
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