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Abstract 

This study is an analysis of a three-phase study with twelve professional scientists and 

non-scientists (Phase One), one-hundred and twenty-three science and non-science 

university students (Phase Two) and thirty secondary school girls (Phase Three), to 

illustrate their óscience livesô.  I have used identity theories and transformational learning 

theory (TLT) to illustrate transformation or movement of learners towards, or away from, 

science. The understanding of these models and theories have led me to design a 

theoretical model of science identity (Sci-ID) that represents the global forces (GF) 

experienced by learners, the social agencies and agents (SA) that embody those forces, 

the transformational learning (TL) experiences (events, triggers and interventions) that 

shape personal meaning, and the inclinations and individual internal agency (IIA) that 

impact upon individualsô subject and career choices. 

I have adopted semi-structured ónarrativeô styled interviews, a descriptive questionnaire and 

science óintervention evaluationô approaches from the three cohorts. The data generated 

has been analysed in several ways, including the use of synoptic analysis to construct 

individual stories about the participants, in third-person voice, from their responses. These 

stories and the broader, aggregated, thematic, outcomes have been used to examine the 

Sci-ID model. These outcomes stress three main themes related to the study (or not) of 

science, that include (i) progressive transformational learning and smooth transformation, 

(ii) progressive transformational learning and wavering transformation and (iii) 

reconstructive transformational learning and wavering transformation. These themes 

indicates that people in life accept and reject certain TL experiences that either ógo with 

their IIAô or ógo against itô. The majority find their way, choose and select TL experiences 

exhibiting small or medium movement towards or away from science. However, very few 

people exhibit large movement accompanied by regressive TL experiences. This study also 

reveals the existence of two very broad kinds of people (i) people who demonstrate stable 

pro-science or anti science and (ii) ófluidô people who populate the centre-ground between 

pro-science and anti-science people. The fluid group caught my attention because their IIA 

shows greater ambivalence and the impact of GF, SA, incorporating events, triggers and 

interventions appear to have more impact than on those with a more stable science 

identity. Therefore, through six science education-based interventions I was able to work 

with ï and influence - more ófluidô kinds of secondary school girls. I used a number of mini-

transformative experiences that led them to gain appreciation of science-based education 

and possible future science careers. 
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Chapter One ï Introducing the study 

1.0 Introduction 

This study explores some of the experiences that move people towards or away from 

science. I construct an overall picture through a ótimelineô of people in three different 

phases of life in order to delve into the events, triggers, interventions, the prompts that 

transform their initial science attitudes towards and/or away from the study of science. 

These three óslicesô of data the address twelve university scientists and non-scientists, 

one-hundred- and-twenty- three university students and thirty secondary school girls. 

Within each slice, I have used diverse methods and asked slightly different but linked 

questions to generate varied but congruent and accumulated data. The study highlights 

the main reasons why these participants, from three different generations of life, 

decided to undertake and persevere with the study (or not) of subjects and careers 

within STEM (science, technology, engineering and mathematics) or ï in too many 

cases - non-STEM. The STEM subjects and careers include maths, biology, chemistry, 

physics and other biological sciences, medical science, physical sciences and 

engineering and technology. All of these subjects are considered under a broad óSTEM 

umbrellaô and will be included in the category of óscienceô with - for the sake of this 

analysis - arts, languages, history, geography, humanities and social science subjects 

included in my ónon-scienceô category. 

Overall, the thesis makes use of Jack Meziowôs (1991) Transformative Learning Theory 

(TLT), not least through its iteration by Kund Illeris (2014) and Abes, Jones and 

McEwensôs (2007) Reconceptualised Model of Multi-dimensions of Identity. The work is 

influenced by my own formative life experiences as a science student and science 

teacher in Pakistan, and subsequently as a Muslim science teacher in the UK. It 

acknowledges the construction of what has been called the óscience identityô of my 

participants, and uses a wide age range of narrative stories about school choices, 

school interventions and ótransformative triggersô in life to chart their  ónatural 

tendenciesô towards and/or away from science. The most ólongitudinalô part of my 

research describes six classroom interventions enacted within science lessons over a 

period of one year in an all-Muslim girlsô school. My aim has been to examine the 

impact of these interventions on the likely uptake of science and non-science subjects 

by these girls in the future. 
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This chapter will first outline the context to the study area, including my own personal 

experiences, and the key issues for students choosing science education and careers. 

The contextual framework then enables me to present the research aims leading to the 

four research questions - and possible ways to answer them. Later, I discuss the 

theoretical framework in terms of possible gaps in knowledge within science education, 

along with my research design and some limitations. 

 

1.1 Context 

I am often asked whether my African childhood led me to become a biologist. 

Iôd like to answer yes, but Iôm not confident. How can we know if the course of 

life would have changed by some alteration in its early history? I had a trained 

botanist for a father and a mother who knew the name of every wildflower you 

could normally expect to see ï and both of them were always eager to satisfy a 

childôs curiosity about the real world. Was that important in my life? Yes, it 

surely was.ô (Richard Dawkins, 2013). 

 

This quote from Richard Dawkinsôs autobiography provides a valuable introduction to 

the study. It captures the science identity of a biologist who believed that his formative 

experiences of nature through his African childhood, combined with his parental 

influences, conspired to ómakeô him a scientist. During the process of my PhD research, 

I have reflected on my own decisions concerning science education and my career 

choices. I believe there was more than one formative experience that prepared me to 

study biochemistry after A-levels: the most prominent of these personal ótriggersô was 

actually Chapter Ten of my college chemistry textbook - óThe Chemistry of Lifeô. My 

chemistry teacher left this chapter out of the syllabus because of time limitations, not 

being very important (in her view) for the final exams. So I read it by myself and 

realised there is something deeply fascinating in chemistry. I loved the chapter partly 

because I could relate it to my own body and, partly, because I read it independently as 

a personal non-exam-driven assignment. My young craving for fizzy drinks was over 

and I even stopped taking sugar in tea after understanding the chemistry of glucose, 

the effects of insulin, allied to the fact that my mother is diabetic. For me, it was one of 

the clearest transformative experiences towards science. I was very much on my own, 

however, because none of my close friends opted for biochemistry at undergraduate 

level. A second trigger was my older sister, who completed her studies at university in 

her major of neuropharmacology, a branch of biochemistry. So, there was certainly 
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biochemistry óin the airô. Then, as a science teacher, I noticed that a majority of my 

female students veered strongly away from science because science education at 

school is just a óusualô school activity, one that - unfortunately - leaves their perceptions 

of the world unchanged at best, and disliked at worst. I had no initial intention of 

conducting research in a Muslim all girlsô school, this hinged on taking a post as a 

science teacher at The Salehjee Girls School (a pseudonym) in London in late 2014. I 

was struck by the negative attitude of these girls towards the uptake of science at A-

levels, and this motivated me to design (hopefully) a series of ótransformative 

interventionsô to suit the needs of the girls and school science curriculum. Put together, 

these personal triggers resulted in me researching recent literature on the relative lack 

of students studying (at least one) post-secondary STEM subject or choosing some 

form of STEM career in the future. The section below will highlight the key issues in 

ómaking a scientistô in the UK context. 

1.2 óMakingô scientists in the UK 

 

Data shows that there is relative lack of skilled scientists in the UK and this is a cause 

for concern for advanced economies that need to deal with the increasing demand of 

science and technology in everyday life (Winterbothan, 2014). Beginning at the output 

end, MacDonaldôs (2014) comprehensive survey clearly documents that the UKôs 

STEM industries experience significant difficulty recruiting people with the STEM skills 

and competencies they need. The UK Commission for Employment and Skills 

(UKCES, 2013) reports that 26% of core STEM employment vacancies in England are 

hard to fill; the Confederation of British Industryôs (CBI) survey in 2014 found that 39% 

of businesses seeking STEM skills face pressing recruitment problems. In their report, 

óThe State of engineeringô, Engineering UK (2013) estimate that engineering will 

require 1.86 million new skilled entrants between 2010 and 2020, which looks 

impossible to achieve from the current pool of young people coming forward from 

schools.  

At this point, turning my attention towards universities, further and higher education, the 

picture can be seen to be positive rather than rosy. In 2013-14, 98,000 students were 

accepted on STEM undergraduate courses, the highest level ever recorded (Higher 

Education Funding Council (HEFCE), 2014), an 8% rise on the last academic year, and 

an 18% rise since 2002-03. At this tertiary level, however, some of the internal social 

inequities became manifest so that, for example, more female undergraduates study 

languages than those studying engineering, computing, physical sciences and 
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mathematics combined. The number of male undergraduate students in these scientific 

subjects is more than three times that of female students (UKCES, 2013). Needless to 

say, not all those with STEM qualifications emerge to take up STEM occupations and 

in 2011 only one third of new STEM graduates actually worked in either STEM 

employment or the STEM sector or both, down from 45% in 2001 (UKCES, 2013). This 

drop is seen as part of a general trend of dispersion of STEM workers from traditional 

STEM occupations and sectors, spreading out throughout the overall workforce. In 

which case, if I turn focus further back, there is an obvious need for a greater number 

of school students to feed into the system. 

Here at school level, too, the pre-university picture is relatively positive. The UKôs exam 

board figures (Joint Council for Qualifications (JCQ, 2014) show a rise in the numbers 

of students of both sexes taking Advanced Supplementary-level (AS) maths, biology, 

chemistry and physics. Where out of these STEM subjects the highest to lowest 

number of subject take-up includes from maths to biology, then chemistry and least 

number of students opted for physics. The gender division here amongst 16-18 year-

olds, though, is even more marked: physics loses more students than most subjects 

after AS-level and girls are more likely than boys to stop studying the subject. By the 

second year of A-level study (A2) only 20% of students continuing with physics are 

female. Across all subjects, the dropout rate between AS and A2 was 37% in 2013. In 

physics, the figure was 39.9% overall: 37.8% for boys, but 46.7% for girls (JCQ, 2014). 

Moving the focus ever younger, a key claim is made that science education, particularly 

in physics and chemistry, remains unpopular among students (Hofstein, Eilks, & 

Bybee, 2011; Holbrook, 2008; Osborne & Dillon, 2008) - students are simply not 

interested in science learning and/or not motivated by science subjects (Osborne, 

Simon & Collins, 2003). One frequently cited reason is that learners perceive school 

science and science more broadly as both difficult, and as óirrelevantô both for 

themselves and for the society in which they live and operate (Dillon, 2009; Gilbert, 

2006; Holbrook, 2008; Stuckey, Hofstein, Mamlok-Naaman & Eilks, 2013). While 

science teachers have worked to make education ómore relevantô in order to better 

interest and motivate their students (Holbrook, 2003, 2005; Newton, 1988a, 1988b), it 

remains, however, very unclear that this has had much effect. According to Duit and 

Treagust (2003, p. 671), findings from many studies over the past three decades show 

that students have little prior knowledge of scientific concepts and skills, and hold 

ódeeply rootedô misconceptions on science practicalities. There has been an enormous 

literature to examine the 11-16 year-old curriculum in schools, not least that 

summarised by Archer and her colleagues (Archer, DeWitt, Osborne, Dillon, Willis & 
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Wong, 2012; Archer, DeWitt, Osborne, Dillon, Willis & Wong, 2013/2014b; Archer, 

DeWitt, and Willis, 2014a). Their ASPIRES (2013) study surveyed the development of 

young people over the age period 10-14, exploring the influences on their aspiration 

towards a science-related career. These studies combined online surveys of over 

9,000 students, and repeat interviews with a selected sub-sample of students and their 

parents. Survey and interview data were collected at three time points: age 10/11 (Year 

6), the second year of secondary school (age 12/13, Year 8) and the third year of 

secondary school (age 13/14, Year 9). Their (2014) analysis indicates that aspirations 

are, 

 

not simply individual cognitions residing within childrenôs heads, unaffected by 

their social contexts. Rather, childrenôs aspirations and views of science careers 

are formed within families, and these families play an important, albeit complex, 

role in shaping the boundaries and nature of what children can conceive of as 

possible and desirable and the likelihood of their being able to achieve these 

aspirations (Archer et al.b, 2014, p. 902). 

 

A further major point is that young peopleôs attitudes towards science, and particularly 

physics, are already fairly hardened at this stage (age 10-14) of schooling. Further, 

Murphy and Beggsôs (2005) influential study argued that, while student interest in 

science at age 10 was high and with little gender difference, the point of decline was 

already clearly evident from the final year of elementary school in the UK (children 

aged 10/11).  

So, the key question is - what are the issues that affect young childrenôs early 

dispositions towards science? MacDonald (2014) is unequivocal, the social science 

research on identity formation indicates that a studentôs óscience identityô affects his/her 

interests and motivations, óself-identity is a significant element in their subject/career 

choiceô (p. 26). The classical division here is whether a young personôs early 

ódispositionsô or óidentityô are driven primarily by internal (intentional) or external 

(extensional) factors (Giddens, 1991), by individual personal dynamics, or the greater 

forces of cultural and social structures. A third way, of course, is that such a polarity is 

iniquitous, both sets of factors are vitally important; there is a óduality of forcesô at play. 

It is certainly the case that Archer et al. (2012) allow for the possibility of children ógoing 

against the [social] grainô (Reay, 2010, p. 889) of formative social and familial 

expectations. This was seen to work both ways, with some young people resisting a 

strong science ósteerô from the family environment - while others proactively chose 
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science despite little awareness or science resources at home. Moreover, óit remains 

unclear whether the effects of family background can be explained by academic 

disparitiesô (Codiroli, 2015, p. 2). However, Archer and her colleagues strongly suggest 

that, using the language of Bourdieu (1977), the interplay of family capital and habitus 

does provide a powerful structuring context that strongly influences how children 

formulate their aspirations.  

My concern in this study is that the pendulum has swung rather too far towards the 

power of social factors to explain these aspirations to the detriment of explorations of 

individual personal agency (see Wong, 2015). My empirical research aim is to analyse 

and discuss the individualôs self-perceptions on the power of external global forces 

mediated by the social agents, along with transformational learning experiences 

towards or away from science. I am also interested to discuss the internal individual 

agency that shapes oneôs science and non-science identity.  

By global forces (GF) I mean broad, sweeping, social dynamics that include culture, 

ethnicity, race, gender and religion. I see these to be prevalent through ósocial 

agenciesô such as family structures, schools, employment, churches and religious 

centres, numerous forms of media and so on. The GF I am discussing, then, are 

enacted by ósocial agentsô (SA) such as parents, peers, teachers, youth leaders, 

religious leaders, supervisors, managers and celebrities. These external, extensional, 

global forces interact with each personôs individual internal agency (IIA) in many ways 

and, here, by IIA I mean the personal push, drive, dynamism and ambition exhibited by 

people. Needless to say, each individual can ógo along withô, be ambivalent to or can 

oppose such global forces, social agencies and agents in their lives. While some young 

women will fall into the pattern of ógirls canôt do scienceô, óscience is really not for meô, 

others will actively challenge these notions and make a óbee-lineô towards science. My 

broad question here is how and why do both of these happen? 

 

1.3 Initial theoretical framework 

I have adapted Mezirowôs Transformational Learning Theory (TLT) to support this 

research and to interpret life events from participantsô points of view. I use Mezirowôs 

(2000) theoretical framework to understand the stories, the ways in which individual 

lives have developed and been transformed in the journey from early science through 

compulsory science education, then onwards to becoming a scientist or non-scientist. 

There are clearly many different kinds of transformative experiences and events in 

peopleôs lives, from numerous small ónudgesô to deeply salient events that shape 
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peopleôs ódirectionô and, given my particular focus, impel people towards or away from 

a study of science. I have supported Mezirowôs theory by an óidentity theoryô based 

largely on Illerisôs (2014) descriptions and identity model, which is further linked to 

Abes, Jones & McEwen (2007) óreconceptualised model of multiple dimensions of 

identityô (Figure 1). This has resulted in my formation of a combined óscience identityô 

model that I abbreviate to óSci-IDô. This Sci-ID model uses the transformational 

concepts (progressive, regressive and restoring/ reconstructive) as described by Illeris 

(2014) to visualise the participantôs (professional scientists and non-scientists, 

university students and secondary school girlsô) responses and narratives about their 

science education. 

 

Figure 1.1: Theoretical framework 

The very idea of a ócore identityô is a contested one ï not all writers in this area agree 

that there is such a thing. I discuss this at length in the next chapter as part of my 

review of literature. I have also used the expression ónatural inclinationô as an aspect of 

an IIA, in particular where I want to discuss the power - the individual agency - of 

people in relation to gravitating towards science and/or non-science. Through ónatural 

inclinationô I identify a ópersonôs natural tendency or urge to act or feel in a particular 

wayô (English Oxford living dictionaries, 2016). The empirical sections of the thesis 

examine individual participants, their science and/or non-science inclinations, 

sometimes by asking direct questions on their natural inclination and, where direct 

questions were not always possible, by interpreting their responses as an indication of 

their natural inclinations. The IIA is the drive and energy that accepts or rejects 

transformative learning (TL) events, triggers, interventions and/or circumstances in life. 



  

 

20 

 

1.4 Gaps in knowledge 

In this introduction I have already noted some of the extensive literature in science 

education that deals, with great emphasis, on the lack of STEM skilled workers in UK 

society, and which has provided various reasons and possible solutions to overcome 

the problem. But, these solutions remain as just possibilities because the problem still 

persists (for example MacDonald, 2014) and shows few signs of abating. From my 

reading, the majority of the literature in science education relates to the many óglobal 

forcesô that shape the decline in science education and science careers ï particularly in 

Western economies. However, my own research experiences in relation to scientists 

and non-scientists, university students and school students suggest that there is 

something still missing in terms of the social agents involved - and individualsô self-

perceptions of themselves and science. My three-phase research, then, is important 

because my respondents are from different age groups are in different stages of life, 

exhibiting different levels personal óidentity stabilityô and fluidity to different degrees in 

their lives. I am hopeful that this multi-dimensional approach can give a broader picture 

of the ótransformational learningô that has - or will - stabilise or transform their science 

(or non-science) identities. Illeris (2014) has indicated how identity is linked to 

transformational learning (TL) and, while there is some empirical study within this 

context in science education (for example, Gerstner, Neubauer & Lehmann, 2014), this 

is not explicitly in relation to the uptake of science or non-science subjects and careers. 

Needless to say, while some people (like Richard Dawkins) might ófall in loveô with 

science at an early age, others reject it equally easily and quickly. Conversely, others 

remain steadfastly óanti-scienceô over a lifetime, while some come gradually to 

appreciate it, through hobbies and pastimes like gardening, star-gazing, music, health 

and fitness (Watts, 2015). 

Moreover, while a considerable body of research focuses on gender inequality and the 

shortage of girls in science education ï again ï there are but a few research papers 

(for example, Wong 2015) based on Muslim girlsô science aspirations in a mainstream 

co-educational environment - so more detailed research in all-Muslim girls school is 

missing. The choice of Muslim girls was important because, being a Muslim female 

science teacher myself, I wanted to find out the reasons why Muslim girlsô lack interest 

in the science, which I loved from school age, and how I might encourage them into the 

field of science education and careers. 
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This leads me to frame my key research questions: 

1.5 Research Question One 

The aim of this broad question is to describe the influences on personal inclinations 

that result in peopleôs decision towards subject choices and future career decisions in 

science or non-science fields: 

 

What are the main events and circumstances that generate transformation in 

peoplesô identity towards and away from science? 

 

As discussed above, I am interested in the ówhat?ô and the ówhy?ô of the changes in 

peoplesô lives that take them in one direction or another. To do this, I see the need for a 

model of óscience identityô that acknowledges the global forces that act while, at the 

same time, featuring the personal inclinations and agency of individuals. So: 

 

1.6 Research Question Two 

What kind of model of identity can represent the social forces, the social agents, 

the triggers, the transformations, the personal meanings, inclinations and 

agency that impact upon an individualôs choices in relation to science? 

 

The aim of this question is to research and design a model of Sci-ID that illustrates how 

the external world (social forces, social agents, triggers, interventions) links with an 

individualôs meaning-making capacity, natural inclinations, IIA. Moreover, I look to 

describe the impact of these internal and external forces upon individualsô education 

and career choices into or away from science.   

1.7 Research Question Three 

To what extent can a model of Science Identity be used to illustrate progressive, 

regressive and reconstructive transformation(s) in individuals? 

 

To help answer this question, my literature review describes models of identity, and 

uses Illerisôs (2014) idea of óprogressiveô, óregressiveô and órestoringô transformation to 

visualise the ways in which transformational learning links with the stability or fluidity of 

the science identity.  
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1.8 Research Question Four 

In what ways can a series of mini-transformative experiences (multiple 

classroom intervention activities) be sufficiently persuasive to alter secondary 

school Muslim girlsô perceptions of science?  

The aim of the fourth question relates to the design and óimpactô of classroom 

interventions on the secondary school girls I teach. To help answer this question, I 

have used Bellôs (2014) ósuccessful intervention modelô to design an intervention 

programme. I first designed six broad in-school and out-of-school intervention activities 

based on Enquiry Based Learning (EBL). These interventions link more broadly to 

literacy, numeracy, history within the school curriculum ï for reasons I explain later 

(Chapter Four). Moreover, this part of the empirical study also provides some answers 

to questions One to Three above, by comparing the impact of series of interventions on 

changes in studentsô ódirection of travelô, their preferences, understanding or meaning-

making of scientific concepts - and then linking this to their science or non-science 

education and career choices. 

A word or two here, about The Salehjee Girls School, which is a local-to-me (London 

borough) independent Muslim girlsô school. The Head-teacher approached me to teach 

Key Stage 3/ Key Stage 4 science because the previous teacher left the school. One of 

the current teachers was also about to leave ï not least because the school held her 

personally responsible for poor grades in KS4! I was initially given Year 10 (14 year-

old) and Year 11 (15 year-old) groups to teach but, eventually (in January 2015), I took 

over all her classes including Year 7 and 8.  The expectations of the school, the Head-

teacher, parents and students were all very high, so I tried my best to do as much as 

possible to enthuse the girls (before entering KS4) in science with an agenda of 

óscience for allô. My firm belief was that, in time, some of the girls may become 

scientists or, even as homemakers (mothers), they might positively influence their own 

children - and other people - to become future scientists. The students of The Salehjee 

Girls School achieved poor results, their patent lack of interest in science certainly 

shaped my work as a teacher-researcher, and I was keen to bridge the rather austere, 

traditional, gap between students and teachers. This resulted in the application of my 

six interventions, which included a combination of individual activities and group work. 

Moreover, I wanted to design and implement more interventions in the school(s), 

especially to cater for óscience for allô.  
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1.9 Overall research design 

My research design consists of three phases. The first is an opportunistic sample of 

established university-based scientists and non-scientists. The second phase surveys 

science and non-science university students who are engaged in their subject choices, 

and have a fair idea of future career choices. The final phase includes the secondary 

school girls who, in this study, are still at the compulsory age of science education. A 

chart of the phases, the instruments used to collect data; the participants and 

purposive sample size are shown in Table 1.1 below. A detailed description of 

methodology is reported in Chapter Three. 

Stages Method Participants Average  

age  

Sample 

size 

Phase 

One 

Semi-structured  

ónarrativeô interviews 

Scientists and  

non-scientists 

40 12 

Phase 

Two 

Survey questionnaires University 

students 

25 123 

Phase 

Three 

Intervention 

evaluations, 

questionnaires and 

semi-structured 

interviews 

Secondary school 

girls  

13 30 

 

Table 1.1: Phases of the research process 

Semi-structured ónarrativeô interviews, descriptive questionnaire approaches and 

óintervention evaluationsô allow me to explore how and why adult participants decide to 

continue with science education and science related professions, what ótriggersô act to 

transform attitudes and aspirations, how this might vary from person to person and 

from time to time. I have written summarised stories by aggregating the data and also 

used thematic analysis to compare and contrast the notion of ónatural inclinationô (into 

or away from science), personal preferences and meaning-making of science, and 

relations with social agents (including parents, school science and teachers) in order to 

understand participantsô transformative learning experiences that has led them to 

uptake a particular educational and professional decisions. 
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1.10 Some limitations of the empirical study 

This study is not a sociological study on a ógrand scaleô such as the studies conducted 

by Louise Archer and colleagues (2010- 2015) on science identities and social factors. 

Rather, my study is limited to Brunel University London and The Salehjee Girls School. 

Both institutions are in close vicinity and the majority of the secondary school girls 

might actually expect to enrol for a degree at Brunel University when they reach that 

stage. The university provides a comprehensive range of science and non-science 

undergraduate and post-graduate courses. That said, I do believe this research is more 

widely applicable to different schools and universities because the research questions 

can be applied to a variety of populations, not least as in developed and developing 

countries, where science and mathematics are taught from as early as age 5-6. It 

would be unusual if similar samples of respondents in other parts of the country, or in 

other countries, related their experiences and a preference in exactly the same way as 

my participants here, but my sense is that there would be important commonalities. 

The thematic analysis of responses relates directly to these participants and are, 

intentionally, my interpretations of what they say, what they write. While I am, to some 

extent, an óinsider researcherô in this research, I am able to operate at several levels of 

óinsidernessô. So, I am clearly an insider within the field of science education, but am 

not (yet!) an established university academic and so can operate as a detached 

researcher in that respect in Phase One of the study. Nor am I an undergraduate 

student, I left behind my óinsidernessô in that respect some years ago and, so, again, 

can claim some detachment and neutrality from those responses in Phase Two. I am, 

however, very distinctly an insider in relation to teaching the girls. There is a question, 

therefore, as to how óhonestô, ótruthfulô and óaccurateô they can be in discussing their 

perceptions and experiences with me, their science teacher. I happen to believe that 

these girls are ófeistyô young women, never slow to speak or comment, and have 

responded to the very best of their abilities. To overcome possible limitations, I have 

employed pilot studies, response validation processes and other approaches to 

validation, and discuss these in a section on research validity in Chapter Three. 

1.11 Thesis chapters 

This chapter has presented a brief introduction to ideas of global forces, the agents that 

generate these forces at a local level, transformations in learning, the possible shape of 

science identity and given some of the context of the research. I have also outlined the 

focus, objectives and research questions at the heart of the study. The chapters to 

follow are: 
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Chapter Two - The Literature review will present the relevant literature on the 

theoretical framework I have used for this study (and as illustrated in Figure 1.1 above). 

It shapes a series of models of identity in relation to transformative learning (TL) in 

science, and I emerge from this review by setting out a series of terms and 

expressions, and suggesting a distinct model of science identity (Sci-ID) that I carry 

forward into the following chapters of the thesis.  

 

Chapter Three - The Methodology chapter will discuss how and why each particular 

research strategy was selected. It also includes a brief description on the selected 

qualitative method, ethical considerations and the strategies used to explore the Sci-ID 

model and to analyse the ensuing data. I also discuss the issues of validating the 

interview and questionnaire data that I generate. 

 

Chapter Four ï This chapter focuses on the science education based intervention 

design and its implementation in The Salehjee Girls School. 

 

Chapter Five ï This chapter focuses first on the responses of the twelve established/ 

professional scientists and non-scientists. Their interview responses are detailed in 

themselves but can also be crystallised into a series of narrative accounts that 

illuminate aspects of their approaches to science. This chapter also presents and 

synthesises the outcomes from the survey of university students.  

 

Chapter Six ïThis chapter presents the findings from evaluative questionnaires and 

semi-structured interviews over a year-long process.   

 

Chapter Seven ï This discussion chapter will present answers to the four broad 

research questions (mentioned above) using the analysis study obtained from the 

empirical data supported by recent literature. Some conclusions are presented in order 

to highlight the main points raised by the research. This chapter will also discuss the 

strengths and weaknesses of this research, recommendations as well as suggest 

avenues for further study. 
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Chapter Two - Literature review 

2.0 Introduction 

The previous chapter introduced the study, where I outlined the context, and the 

research questions that helped me to identify gaps in the field. I then presented a brief 

discussion on the theoretical framework and an overview of the research design to 

include the three phases of data collection. I also discussed some of the expectations 

and limitations and the overall structure of the thesis.  

This chapter will first present a debate on external and internal forces in the making of 

science identities and the ways in which a few key researchers have addressed these 

issues. Next I will further review research to elaborate the impact of specific social 

agents in the development of student identities. Where I will be focusing on how and 

why people accept or reject transformational learning (TL) experiences, then my focus 

will mainly involve transformations and changes in identity, the development of identity 

from its fluid to stable state. This will lead me to present Mezirowôs Transformative 

learning theory (TLT) (2000). TLT will then establish further grounds that will lead to 

present Illerisôs (2014) and Abes et al.ôs (2007) model of identities. Next, I will present a 

combined science identity model that I abbreviate to óSci-IDô. Sci-ID model will include 

a few ingredients of Illeris (2014) and Abes et al.ôs (2007) models, with my illustration of 

the each ingredient. Finally, I will elaborate Illeriôs kinds of transformation in a science 

context. 

2.1 Science identity 

Identity-based research has a long tradition in education, and is mirrored in science 

education (Lee, 2012). At heart, the debate is neatly captured in the reflective paper by 

Albright, Towndrow, Kwek & Tan (2008): the extent to which the construction of identity 

is an expression of óinternalô individual agency or of óexternalô cultural and social forces. 

They make the obvious, but relevant point that identity is conceptualized and bounded 

by the theoretical frameworks used, with identity being óa slippery eel to grasp when it 

comes to informing educational practiceô (p. 146). The classical division here is whether 

a young personôs early ódispositionsô or óidentityô are driven primarily by agency or 

structure, that is by óindividual internal agencyô (IIA), or the greater óglobal forcesô (GF) 

of social structures. As Block (2013, p.126) stated, the theoretical rigidity between 

structure and agency is a ótension often mentioned but seldom explored in depthô. The 

third way, of course, is that such polarities are iniquitous, both sets of factors are vitally 
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important. This third way is nicely captured by Giddens (1979) when he stated that  

óstructure enters simultaneously into the constitution of the agent and social practices, 

and 'exists' in the generating moments of this constitutionô (Giddens, 1979, p. 5). 

Giddens (1991) does believe that, while there exists óontological securityô that gives a 

ósense of continuity and order in eventsô, óselfô is not a passive entity, determined solely 

by external forces. In this manner, Giddens moves away from ódualismô (óagent/agencyô 

and óstructure/rules of resourcesô are viewed as the two distinctions) to ódualityô where 

both agency and structure are viewed as a part of the same phenomenon (Ransome, 

2010). Moreover, Giddens, in his book óModernity and Self-identityô (1991) highlighted 

that modernity features óan interconnection between two extremes of extensionality and 

intentionality: globalising influences on one hand and personal dispositions on the 

otherô (Giddens, 1991, p.1). He therefore avoids an extreme positioning of 

extensionality and intentionality, and considers these positions to be two sides of the 

same coin.  

My intention here is not to discuss further the various theoretical tension in relation to 

structure and agency identified by Block (2013), instead I am interested in exploring 

óscience identityô that is shaped by óinternal individual agencyô (IIA). Moreover, I am 

interested in exploring the influences derived from ósocial agentsô (SA) that link the IIA 

with the óglobal forcesô (GF) of society such as social class, race, religion, ethnicity, 

gender, institutional status etc. As I noted in Chapter One, by social agents I mean, for 

example, families, parents, peers, schools, teachers, churches, clerics, youth centres, 

youth workers, employment, and employers. These are social agents (SA) that are 

situated ï and that intercede - between the larger social forces and individual agency. 

In this thesis I focus on the GF, SA, TL experiences, natural inclinations and IIA in 

relation to science education and career preferences, and highlight science identity-

linked research models that explore IIA, TL experiences, SA and GF in shaping oneôs 

science identity. 

(i) Identity model one 

 

I begin with Brickhouse, Lowery & Schultz (2000) who have stated that educators and 

researchers have worked to incorporate identity-based research into the broad 

landscape of science education but,  

have not sufficiently attended to the more fundamental question of whether 

students see themselves as the ókind of peopleô who would want to understand 
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the world scientifically and thus participate in the kinds of activities that are 

likely to lead to the appropriation of scientific meanings (p. 443). 

 

Brickhouse et al.ôs (2000) ókind of peopleô are those who positively adopt scientific 

interpretations and exhibit engagement in science in relation to science identity. 

Illustrating this from my personal experience, a twelve year-old female student in my 

chemistry lesson might identify herself as quite enthusiastic about separating 

chlorophyll (pigment) colours on a chromatogram but, outside the science laboratory, 

she identifies herself as a person who óhates chemistryô because her IIA does not 

overlap with science learning. In such instances, according to Brickhouse et al. (2000), 

students óforge identities in communities of practiceô (p. 443), but may not sustain this 

identity outside the community. In contrast, another student with similar enthusiasm 

might identify herself as a person who loves chemistry even in a non-science context, 

because the studentôs IIA overlaps with science and exhibits a form of óontological 

securityô (Giddens, 1991), indicating a ókind of person who understands the world 

scientificallyô (Brickhouse et al., 2000, p.443). In addition Brickhouse et al. (2000) 

believe that identity is certainly not óstable or singleô (p. 443) because a person can be 

actively involved in different communities of practice at the same time and identify 

oneself as a different person in each one.  

 

In this vein, Brickhouse et al. (2000) adopt Lave and Wenger (1991) óidentity in 

practiceô as a means of discussing transformation in the process of learning. They 

illustrate this by addressing the global forces experienced by one of their students, 

Ruby. Their results revealed that African American GF had an impact on the movement 

of participants from suburban middle school to urban high school. Ruby broke the 

norms of feminism and African American identity through her interaction with people 

from a variety of ethnic and gendered backgrounds ï not least through support from 

her father (Brickhouse & Potter, 2001). The central feature of Rubyôs story is that, in 

order to transform African American girl identity, she needed to challenge and 

overcome negative self-perceptions (for example: African American girlsô restricted 

identity) that were enacted through social interactions with SA such as mainstream 

schooling, peers and teachers. Moreover, Brickhouse and Potter (2001) recommended 

that teachers and schools have a responsibility to address the issues of diversity and 

identity in science classrooms and to provide better opportunities and space for 

studentsô identity constructions in relation to their multicultural backgrounds 

(Brickhouse & Potter, 2001). From this example, I believe Brickhouse and Potter (2001) 
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view both óothersô and oneôs personal control on identity to exhibit duality - and work in 

harmony, combining both IIA and GF (ethnicity, gender), the mediating SA between IIA 

and GF recognised by Brickhouse and Potter (2001) include schools, peers, teachers 

and parents. In my view, I see no reason that duality necessarily implies óharmonyô. 

While this can be the case where people ógo along with prevailing forcesô; there are 

numerous examples of people ógoing against the grainô as Archer et al. (2014b) have 

already noted. 

 

(ii) Identity model two 

 

In a similar vein to Brickhouse et al., Gee (2000) defines self-identification as óthe kind 

of person one is seeking to be and enact in the here and nowô (p.13) - and thereby be 

recognised as a certain ókind of personô in a given context (p. 99). Gee uses the term 

ósocially situated identityô to illustrate the multiple identities people adopt in different 

practices and contexts, and argues that identity can be viewed in four different ways: 

 

(i)Nature-identity, which refers to a state developed from óforces in natureô 

rather than, say, global forces. Gee (2000) believes that identity provided by the 

nature lies outside the control of individuals and gives an example of an óAfrican 

Americanô ethnic label, which he believes can be understood as being a 

biological construct. In my opinion, however, this sense of identity simply 

confuses matters because it is possible that some African Americans might see 

an ethnic label like óAfrican Americanô in a biological context. 

(ii)Institution-identity, a position authorised by authorities within institutions. Gee 

(2000) here indicated a form of identity where the control of institution 

overshadows the IIA. For example, people can be identified by their passport 

number, their national health number, their employment payroll number, or a 

prisoner might be identified in prison as óprisoner number 3ô. It is interesting to 

consider how a person perceives the attribution óprisoner number 3ô given by 

the authority (SA). He or she might perceive ónumber 3ô as unlucky for him and 

in future exhibiting IIA might avoid this number to deal with daily life activities. 

(iii)Discourse-identity is an individual trait recognised through 

discourse/dialogue of/with órationalô individuals. Geeôs (2000) discourse-identity 

considers individual traits, features and qualities that are passively recognised 

by social agents (SA) such as schools, teachers, youth workers and 

governments, or actively recognised by the individual. For example, black 
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Caribbean boys are seen to be underachievers and are at risk to school failure. 

Passive discourse identity is act of acquiescence by the individual; whereas 

active discourse identity exhibits a kind of control over it to please others (that is 

SA) in order to achieve something better in life. An example might be an 

individual making false claims on an inability to work due to poor health 

conditions in order to receive public funding from the government. The active 

discourse identity trait gives a certain degree of emphasis to IIA. 

(iv)Affinity-identity, which refers to the experiences shared in the practice of 

óaffinity groupsô. For example, according to Gee (2000, p. 100) African American 

people could identify themselves in relation to their óparticipation in certain 

practicesô (p.109). Similarly, Kelman (2006) defines identity by saying that óan 

individual accepts influence from another person or a group in order to establish 

or maintain a satisfying self-defining relationship to the otherô (p. 3). In addition 

people accept and/or decline certain decisions to please a particular SA or a 

group, in order to achieve certain reward (or approval) and avoid punishment 

(or disapproval) from other (s) (Kelman, 2006). Where, these personal and 

group identities represent individual agency. (Gee, 2000, p. 100-121).  

 

Like Brickhouse et al. (2000), Gee (2000) also believes that there is no such thing as a 

definitive core of identity because the core is never fully formed - or always has a 

tendency to change (transform). Unlike Brickhouse et al. (2000), I believe that in Geeôs 

four ways above, aspects of IIA are guided principally by the social agents such as 

institutes, schools, families, group of people etc., to 'enact' the global forces (ethnicity, 

race etc.) in shaping oneôs identity. 

Carlone and Johnson (2007, p. 1191) extended Geeôs (2000) identity viewpoints 

directly into science education, to present three science identity trajectories, namely 

competence (óknowledge and understanding of science contentô), performance (ósocial 

performances of relevant scientific practicesô), and recognition (recognising oneself and 

getting recognised by othersô). They do give emphasis to IIA, in that they incorporate 

individual identification of competence, performance and recognition and, at the same 

time incorporate the importance of SA to enact GF. Carlone and Johnson (2007) argue 

that identities are not built in isolation and state that óidentity arises out of the 

constraints and resources available in the local settingô (p. 1192), for example families, 

career counsellors and institutions.  
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These authorsô classic work on óunderstanding the science experiences of successful 

women of colorô was published in 2007 and involved a longitudinal research for six 

years to establish the practical grounds of science identity in women. Their analysis 

developed three science identity trajectories that interacted IIA with SA (like university 

faculty members) and GF (ethnicity, race and gender). The first is that of óresearch 

scientistsô, where the participants themselves as well as the science faculty members 

identify them as ósciencey peopleô. The second identity group were females with 

óaltruistic science identityô somewhat similar to Geeôs (2000) ónature identityô; the 

participants felt science to be an integral part of their ógenetic makeupô and, in addition, 

were recognised by others as sciencey ówomen of colourô. The last trajectory emerged 

as ódisrupted scientist identityô, where the participants were not recognised as 

óscienceyô by the others. Although these women were successful in their scientific 

careers, they were excluded from being óscience peopleô in terms of gender, ethnicity 

and racial factors. So, despite their ódisrupted scientist identityô, women, black and 

other ethnic communities can, and do, survive and retain some science identity. Like 

Brickhouse and Potter (2001), Johnson, Brown, Carlone and Cuevas (2011) 

acknowledged that successful women of colour have succeeded in science careers 

through working harder than white male peers (with similar or even with less ability) to 

achieve recognition. Therefore these ódisrupted scientistsô succeeded in their science 

careers by avoiding negative identities attached to them by SA and placing themselves 

in a place where gender/ racial identity intersects with science identity. 

From this perspective, I see Carlone and Johnson taking their influences from Gee 

(2000) rather than from Brickhouse et al. (2000). For example, Carlone and Johnson 

state that while ócultural productionô allows the ópossibility of the women transforming 

meanings of ñscience peopleò and what it means to be a woman of colorô (p. 1192), in 

actuality their female participants ówere not free to develop any kind of science identityô 

(p. 1192). This showed a considerable reliance on social agents in the system, and of 

broad global forces. In this thesis, my focus is to discover rather more the sets of self-

freedoms (IIA) and cultural productions (GF) in developing óscience identitiesô rather 

than focusing on science identities as predominantly a construct of ócultural productionô. 

In addition, like Brickhouse and Potter (2011) and Gee (2000), Carlone and Johnson 

(2007) indicate that identities are not fixed at any point and, instead, develop and 

stabilise over time in accordance to the social context. Moreover, the SA acting as a 

mediator between IIA and GF, as recognized by Gee (2000) and Carlone and Johnson, 

mainly includes institutions (school, science industries), teachers, peers/ faculty 
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members and government. This seems to preclude the individual agency that I believe 

is also important. 

(iii) Identity model three 

 

Hazari, Cass and Beattie (2015) followed Carlone and Johnsonôs (2007) model using 

the three dimensions of recognition, performance and competence, initially based on 

Geeôs identity construct. Here, these authors are critical of Geeôs (2000) emphasis on 

external recognition to the neglects IIA - that is the role of personal thoughts, emotions, 

cognition and learning. Therefore, to further incorporate IIA, they added a fourth 

dimension of óinterestô in their model. They consider this to be ócritically relevant in 

influencing the decision of who and what a student wants to be?ô (Hazari, Sonnert, 

Sadler & Shanahan, 2010, p. 982). I understand interest here as a verb that exhibits 

IIA, that in turn shapes oneôs preferences, choices and/or decisions. Moreover, Hazari 

et al. believe óperformance, perceptions of competence, perception of others, and 

interest all influence a focal constructô (p. 998) in developing - in their case - óphysics 

identityô. To this extent, they believe that students with physics identity most probably 

desire to enter in physics careers. Their work also included testing different teaching 

strategies to activate physics identity in female students, where they found a strategy of 

ódiscussion on underrepresentation of women in physicsô to be significant enough to 

activate physics identity in female students (Hazari, Potvin, Lock, Lung, Sonnert 

& Sadler, 2013). They understand that the teachers and educators need to cater 

individual students held cultural identities in the science classrooms. Moreover, Lock 

along with Hazari and Potwin (2013), indicated that the main contributors towards 

physics career choices involve recognition and interest dimensions of the science 

identity trajectories. While, like the above researchers, Hazari et al. (2013) also indicate 

that science (physics) identity can be developed through the mediation of SA with an 

emphasis on teachers and teaching strategies, in this case I see, in comparison to Gee 

(2000) and Carlone and Johnson (2007), that Hazari and her colleagues are inclined 

more towards IIA than GF (for example gender). The dimension of recognition involves 

both self-recognition and recognition by others; moreover the aspect of óinterestô is 

quite individually-centred. 

  

(iv) Identity model four 

 

In his work, Kane (2012) also acknowledged Carlone and Johnsonôs (2007) 

competence, performance and recognition construct of science identity. In his empirical 
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research he included studentsô self-narrated interviews involving ótheir experiences in 

school and science with their performances of self in the midst of complex, 

spontaneous classroom engagements with their peers and teacherô (p. 457). Kaneôs 

work (2012) highlights IIA such as self-confidence, interest, self-ability, understanding 

of self as a good student etc.; these IIA factors were found to be of different degrees 

and were valued differently by the students themselves, their peers and their teachers 

(SA). Making recommendations to educators and teachers, Kane believes that, for 

African American children, identities need to be given special corrective attention 

because teachers and wider society often do not take studentsô individual competence, 

performance and recognition into consideration and, rather, see such learners as being 

at risk. Moreover, Kane (2012) and Rodrigues (2014) suggested the need to appreciate 

the multicultural diversity students bring to science classrooms and to change culture in 

order to prevent the marginalisation of stigmatised groups. Kane (2012) also suggested 

that educators need to consider the multiple identities of individuals not only as science 

students, but as an overall student, as the two constructions are tangible and resemble 

Brickhouseôs (2000) construct of IIA - for example, where a óbrainyô student might 

position himself/ herself within a sciencey group. Therefore, Kane (2012) emphasised 

IIA and the impact of SA in developing science identities in African American children 

(GF). In my opinion, Kane, like Brickhouse, believes that SA 'enacts' the global forces 

(GF) in shaping óscience identityô which needs to be changed in relations to the IIA. The 

SA being investigated by Kane (2012) included school, teachers, peers and educators. 

 

(v) Identity model five 

 

Robnett, Chemers and Zurbriggen (2015) view óidentity as a scientistô as a core 

component of individualsô identity. They also acknowledge the work by Estrada, 

Woodcock, Hernandez & Schultz (2010) by arguing that there will be some students, 

though not all, who will continue with science studies because of positive exposure to 

academic science, not least through science outreach programme. In this vein they 

give more emphasis to individuals deciding who they are and then deciding those 

communities of practice in which they wish to participate, and less emphasis on the 

communities deciding those individualsô position in society. Like Hazari and her 

colleagues (2015), the aspect of óinterestô also argues for self-efficacy that acts as a 

mediator between positive science research experiences and science identity. They 

understand óscience self-efficacyô to originate from sources like mastery experience 

and vicarious (mediated) learning which they discuss as prominent, particularly within 
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undergraduates. However, Robnett et al. (2015) reported that the association between 

óresearch experienceô, óscience self-efficacyô and óidentity as a scientistô - model did not 

show any significant differences in relation to gender and ethnicity. They did indicate, 

though, that students from overrepresented ethnic backgrounds (Asian American or 

European American) exhibited ómore variance in identity as a scientistô as compared to 

students from underrepresented ethnic backgrounds (African American, Latino or 

Native American).  

I take from this that Robnett et al. (2015), like Hazari and her colleagues (2015), are 

inclined more towards IIA constructs. They believe that external forces, like outreach 

programmes, do increase an individualôs experience and willingness, so the aspect of 

self-efficacy is important in filling the gap between positive science research 

experiences and science identity. I also understand that more powerful attribution 

should be given to self-narrated stories rather than having community perceptions 

decide individual identities.  However, I am not interested in using self-efficacy (Robnett 

et al., 2015) and or choice ómeasuring scalesô (Wang, Eccles & Kenny, 2013) to 

measure identity. For my research I understand self-efficacy as an individualôs self-

perception and self-beliefs of their own ability that leads to self-confidence (Bandura, 

1990).  And, instead of using self-efficacy empirical measures, I am much more 

interested in short biographies of people and their self-narrated perceptions on whether 

they see themselves as óscienceyô or not and why? The SA that might act as mediators, 

as mentioned by Robnett et al. (2015), includes science research experiences through 

outreach programme. 

(vi) Identity model six 

 

In science education, Archer and her colleagues (2010; 2013; 2016) have extended the 

work of Bourdieu on identity and developed the term óscience identityô. Before 

discussing Archerôs work, it is necessary to outline Bourdieuôs approach. 

Bourdieuôs work has been widely used in identity based research and óthe two key 

constructs fundamental to Bourdieuôs understanding of structure and agency are 

habitus and fieldô (Block, 2013, p.136). The habitus provides space where individual 

agents act in a specific ófieldô or context, utilising capital or resources (economic, 

cultural, social or symbolic). Broadly, Bourdieu (1986) describes three main types of 

capitals: economic, social and cultural. Economic capital involves goods, money and 

could be institutionalised in property rights, which Bourdieu believes to be the basis of 

the other capitals. Social capital is described as óthe aggregate of actual or potential 

resources linked to possessions of a durable network of essentially institutionalised 
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relationships of mutual acquaintance and recognitionô (Bourdieu, 1986, p. 248). In other 

words, it involves social obligations or connections that can be converted into economic 

capital. Cultural capital exists in the following three states: 

(i)Embodied: It is the state in which the habitus (individual dispositions) are 

quite automatic and pre-reflexive which does not involve consciousness control 

and transformation at this state is quite limited (Claussen & Osborne, 2012). 

This relates to something that is learned in life and emerges in different 

occasions in oneôs life as an automatic response/ action. Here I understand 

óembodiedô as an IIA construct because Bourdieu (1990) stated that the 

embodied state óis an active subject confronting society as if society were an 

object constituted externallyô (p. 70). 

(ii)Objectified: This is the state where óit takes the form of cultural goods 

(pictures, books, dictionaries, instruments) and can easily be transmitted in its 

materiality. However, this form requires embodied capital to fully appreciate and 

use it beneficiallyô (Claussen and Osborne, 2012, p. 62). Here I do agree that 

certain cultural goods can be of benefit and can arrive to its embodied state as 

discussed before not all the students will actually turned out to be scientists with 

all the essential cultural goods and with an understanding of the value of 

becoming a scientist. 

(iii)óInstitutionalisedô state or óinstitutionalised capitalô: this is provided by the 

institution, which resembles to Geeôs (2000) institution identity.  It is óa certificate 

of cultural competence which confers on its holder a conventional, constant, 

legally guaranteed value with respect to cultureô (Bourdieu, 1986, p. 50). Here 

the emphasis is on SA (institution) who will decide the competence of the 

personôs capabilities rather than the IIA being prominent. (Bourdieu, 1986, p. 47 

- 50). 

 

Jenkins (1992) and DiMaggio (1982) criticised Bourdieuôs concept of habitus as being 

deterministic (less emphasis on consciousness and agency). This criticism was 

addressed by Bourdieu and Wacquant (1992) when they stated that óboth the 

objectivism of action, understood as mechanical reaction without an agent and the 

subjectivism which portrays actions as the deliberate pursuit of conscious intentionéô. 

King (2000) believes that Bourdieu did acknowledge subjectivism with objectivism in 

regards to meaning-making processes. However, King (2000) later stated that 

óBourdieu has failed to take his own greatest insight seriously, and he has slipped into 

the very objectivism whose poverty he has done so much to highlightô (p. 431). 
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Moreover, Sullivan (2002) also acknowledged that óBourdieuôs theory has no place not 

only for individual agency but even individual consciousnessô (p. 163). Similarly, he has 

been critiqued on his over-reliance on GF involving external cultural identity (Reay, 

2004). Sullivan (2002), too, critiqued Bourdieuôs distinction and strengths of cultural 

capital over the other forms of capital (social, economic) as being unclear. Moreover, 

Erel (2010) indicated that óBourdieu has rarely explored how forms of capital are 

activated for resistant purposesô (p. 647). Through my limited reading of Bourdieu, I 

understand his work not to be wholly deterministic, and see his arguments along similar 

lines as Block (2013), in that óBourdieu constantly navigated the line between 

determining social structure and individual agency in his work spanning some 40 yearsô 

(p. 136). 

 

In science education, Archer and her colleagues acknowledge IIA, where students 

enjoy science but think of science as ónot for meô, as it becomes óunthinkableô when it 

comes to taking up a career in science (Archer, DeWitt, Osborne, Dillon, Willis & Wong, 

2010). However, the main reason they indicate this deeply rooted IIA within the 

students and SA is because of the powerful influence of GF. In their extensive work, 

they strongly advocate the combating GF of society (culture, class, ethnicity, family, 

peers), laying the root causes of non-science participation largely outside of the girls 

themselves (Archer et al, 2014b).  In addition to their identity construct, Archer et al. 

(2013) have used the idea of Bourdieuôs capitals in science education and referred to 

this as óscience capitalô - which deals with óscience related qualifications, 

understanding, knowledge, interest and social contactsô (p. 3). Their three main forms 

of science capital are as follows: 

 

(i)Science linked to social/symbolic capital (for example: gender, ethnicity, 

social class, science communicated in social networks; interacting and/or 

idealising people with scientific knowledge and/or science related jobs) 

(ii)Science linked to cultural capital (for example: science qualifications, 

scientific literacy, and understanding about nature of science) 

(iii)Science linked to economic capital (for example: money to gain science 

capital and opportunities like visiting events and science centres). (Archer & 

Dewitt, 2016). 

 

Archer and her colleagues also come in for the same criticism as discussed above in 

regards to Bourdieuôs cultural capital. Similarly, Archer et al.ôs science capital 
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resembles an over-riding argument that identity as a sense of self is predominantly 

socially constructed within social settings (Spillane, 2000), which resembles an 

outcome of dialectical engagement with practical social activity, rather than being an 

innate property of individuals (Roth, 2007). In addition, Archer et al. have also been 

critiqued for the way Bourdieuôs concept of cultural capital has been used to describe 

science capital. As Claussen and Osborne (2012) indicate, it is not clear whether 

Archerôs science capital is intrinsically justified or it dominates because of socio-

historical contexts. Jensen and Wright (2015) have criticised, too, in that science 

capital must be distinct from cultural capital - Bourdieu offers a much broader range of 

the concepts that encounters social mobility in an inherently unjust socio-cultural 

system. This is much more than óscience capitalô can manage. Moreover, like Bourdieu, 

the Bourdieu ófieldô identified by Archer, Dawson, DeWitt, Seakins, and Wong (2015b) 

affecting the struggle over science capital is unclear. That said, I can see the point of 

the three divisions (social, cultural and economic) identified by Archer and DeWitt 

(2016) and Archerôs understanding of intersectionality described above. But the 

criticisms of Archer et al. are telling. I believe that there is a clear role for IIA, the 

propensity for students to identify themselves as a science person without the need to 

resort to discussions of science capital (social, cultural, economic). There is the clear 

possibility they might reject certain non-science capital in relation to IIA in shaping their 

own science or non-science identity.  

From this reading of contemporary literature on science identity, I can identify with 

three general parts of óidentityô, the: 

(i)GF (such as ethnicity, religion, race, gender etc.), these are relatively 

powerful, although individualsô have agency by which they act with, against and 

through these GF 

(ii)IIA, the individual agency, inherent dispositions, an internal force that accepts 

or rejects the GF, SA, events etc. and 

(iii)interacting between these two: through mediating social agents (like parents, 

school and teachers). The importance of SA influences and the tendency of SA 

to link GF and IIA, leads me to review this final point on the roles of the SA.  
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2.2 Social agents (SA) 

It is important to identify the various SA that other researchers have noted. I will further 

highlight some of the literatures on SA influences (the impact of parents, school 

science/ science literacy and science teachers) on individualsô science identities that 

allow them to countenance a science-based education and career: 

 

(i)Parents 

 

Numerous studies have identified parental involvement as an important ingredient in 

promoting academic success (for example: Jeynes, 2010; Seginer, 2006). In this vein, 

it is noted that parental influence varies on the basis of GF such as ethnicity, race, 

class, gender etc. For example, Bourdieu and Passeron (1990) indicated the 

importance of the ódisposition, which middle class students or middle rank teachers, 

and a fortiori, students whose fathers are middle rank teachers, manifest towards 

educationô (p. 192).  Archer et al.ôs (2012, 2013, 2014) ASPIRES study uses a 

Bourdieusian framework as discussed above to indicate that a family's óscience capitalô 

refers to science-related qualifications, understanding, knowledge (about science and 

óhow it worksô), interest and social contacts (e.g. knowing someone who works in a 

science-related job). Their (2014) analysis indicates that aspirations are ónot simply 

individual cognitions residing within childrenôs heads, unaffected by their social 

contexts. Rather, childrenôs aspirations and views of science careers are formed within 

families, and these families play an important, albeit complex, role in shaping the 

boundaries and nature of what children can conceive of as possible and desirable and 

the likelihood of their being able to achieve these aspirationsô  (p. 902).  

However, Archer et al. (2013) also indicate that the majority of the parents ófelt that 

science careers are associated with masculinity and held a perception of science as 

being an area that more men than women study and work iné. over half did view the 

sciences as dominated by men, although views differed considerably among parents 

as to the reasons for this imbalance, being divided between biological/genetic 

arguments and socio-cultural/structural argumentséô (p. 181). This view of gender 

inequality was also viewed by the students but not as intensely as the parents. For this 

reason, in the final analysis, the authors recommend that óthere is a strong case to be 

made for the implementation of strategies designed to increase science capital within 

the UK families, to help make science (and hence science aspirations) more óknownô 

and familiar within familiesô everyday livesô (p. 189). In a similar vein, Gilmartin, Li and 
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Aschbacher (2006) research, conducted in Southern California utilising 1126 tenth 

grade (age range 15-16) students, reported the importance of ófamily science 

orientationô (óstudentsô perception of family interest in and value of scienceô) ï although 

in their case, this depends more on ethnicity than gender. 

Other than gender issues, Archer et al. (2014b) point out that those families with higher 

levels of science capital (similar to Bourdieuôs social, cultural and economic capital) 

tend to be middle-class -although this is not always the case, and not all middle-class 

families necessarily possess much science capital. I see something of this at the 

individual level: not all children within a óhigh science capital familyô will aspire to a 

future in science, some órebelô. Equally, some within a ólow science capital familyô do 

find a route into science. Similarly, Gilmartin et al.ôs (2006) reports of career aspirations 

do not depend much on having a family member with science related occupations. In 

their work, Latino and Asian-American student perceptions of family science support 

linked more to studentsô science career aspirations rather than White and Black/African 

American students. The authors suggested that this difference in ethnicity/race is not 

clear as compared to White and Black/African American - the Latino and Asian/ 

American parents seem to have more power because of the cultural aspects. Gilmartin 

et al. (2006) indicated that the way parents exert their power on children could be 

through clear communication about their likes and dislikes on prospective career 

choices.  

Parental power has also been indicated in Chinese parenting styles (Tao, 2016) ï such 

as the concept of Chinese óTiger motherô, which refers to mothers with very high power 

over their childrenôs academic achievements. These mothers exert power through 

setting explicit targets for children, and they expect their children to attain the best 

despite their ability range and the childôs IIA. In contrast, Ing (2014), in the context of 

the USA, noted that external motivation given by the parents tends to be short-lived 

and does not help to push levels of attainment forward. For this reason, parents who 

intrinsically motivate their children (Ing, 2014) achieve better attainment, and generate 

greater studentôs persistence in the subject (in this case mathematics). Similarly, 

Jungert and Koestner (2015, p. 376) reported that the óparental autonomy supportô in 

high school students (age15-16) was seen to be mainly helpful to students already with 

óan intrinsic disposition in a domainô. Like Ing (2014), Jungert and Koestner (2015), I 

also believe that parents should support students intrinsically to have long-lasting effect 

on students; moreover, an effective way of communication based on  future subject 
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and career choices between parent and the child is needed in an effective manner 

(Hyde, Rozek, Clarke, Hulleman & Harackiewicz, 2016). 

(ii)School science and science literacy 

 

There is a considerable body of work addressing the importance of school science (for 

example Hulleman & Harackiewicz, 2009; Yeager & Walton, 2011). From these 

perspectives, school science can act as a resource to influence science identity and 

studentsô aspirations towards future science education and career (Pike & Dunne, 

2011). A positive influence of school science curriculum means a positive view of 

óscience literacy for allô. Because the majority of the students cannot become scientists, 

they can all however become science literate citizens (Hassard & Dias, 2009). This is 

recognised by many science educators as a worthwhile goal because they believe that 

pre-professional and established science is not as important as a broadly humanistic 

approach. Another suggestion is to include ólife problemsô within science teaching and 

learning so as to incorporate the óNature of Scienceô (NoS) to which students can relate 

to daily life science (Mandler, Mamlok-Naaman, Blonder, Yayon & Hofstein, 2012). 

Most recently, Archer et al. (2014a) in the UK context, emphasise the provision of 

scientific literacy and NoS in the science classrooms, and state that ówidening 

participation in STEM is not only beneficial for the STEM ñpipelineò (the supply of 

professionals to work within STEM fields of employment) and the UKôs economy, but 

also for increasing the scientific literacy of the general UK population. Both are 

desirable because scientific literacy is viewed as an important form of symbolic capitalô 

(Archer et al., 2014a, p. 22). On the other hand, these authors also note that, ódespite 

the rhetoric of scientific literacy for all students, science in schools remains virtually 

unchanged; students are confronted with basic facts and theoriesô (p. 5). For this 

reason Osborne (2014) designed a model based on óscientific activityô, the model is 

composed of three phases: óinvestigationô, óevaluationô and ódeveloping explanations 

and solutionsô. In supporting his model, he criticised that in the science classrooms, 

investigation (laboratory work) aspect is given more importance to incorporate enquiry 

based teaching and learning. However, in terms of working scientifically, Osborne 

(2014) believes that the incorporation of the evaluation phase is quite important 

because in real practice all scientists need to deal with the evaluation part of the 

scientific enquiry. Most recently, Chapman and Feldman (2016) adopted their research 

from Carlone and Johnson (2007) (mentioned above), and showed that the 

performance aspect in school science can be extremely fruitful in both establishing and 

polishing individualsô science identity with a focus on enquiry-based science learning 
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(EBL) and teaching. Chapter four, óscience education interventionô, will provide a brief 

description on scientific literacy, outside classroom learning, social and cultural aspect 

and communicative science in incorporating EBL.  

In connection to a humanistic approach, a recommendation of incorporating NoS is to 

include ósocio-scientific issues within science teachingô which is seen as óhighly relevant 

in the sense that the societal dimension broadly influences science educationô which is 

óalso influenced by the teacherôs personal beliefs, behaviour and practicesô (Stuckey et 

al., 2013). In connection to scientific literacy for all (discussed above), Hattam and Zipin 

(2009) indicate that, due to poor teaching practices, the school system has failed to 

incorporate cultural diversity and equality. Similarly, óscience teachers emphasize more 

heavily on science content objectives (traditional approach) as compared to NoS and 

application objectives (humanistic approach)ô (Hassard and Dias, 2009, p. 45). 

In addition to óscientific investigationô, Osborne (2014) has indicated that the 

incorporation of literacy in teaching and learning science is very important because 

scientists spend a good part of their lives in reading, writing and communicating 

science with others. For this he proposed five major ócommunicative activitiesô that are: 

ówriting science, talking science, reading science, doing science and representing 

scientific ideasô (p. 188). Moreover, he recommended that mathematics should act as a 

ócore featureô to incorporate NoS in the science classrooms and stated that óavoiding 

the opportunity to use mathematical forms and representations is a failure to build 

students competency to make meaning in scienceô (Osborne, 2014, p. 187). The 

Canadian National Science Curriculum has also emphasised the inclusion of cross-

curricular learning opportunities including numeracy, literacy and computing in order to 

avoid fixed and isolated transmission of science content knowledge (Davies, 2015a). 

For example Davies (2015b), like Archer et al. (2014a,b) and Osborne (2014) mentioned 

that teachers are required to develop pupilsô mathematical skills in science learning and 

incorporate daily life science teaching and learning strategies.  

From the above discussion, it is quite obvious that the school (institution) has 

considerable influence as an SA in mediating between school cultures. I believe that 

the role of school science is important but, nevertheless, various attempts to make 

school science sufficiently aspiring for students have failed (MacDonald, 2014). These 

critiques and suggestions indicate that it is important to develop (i) scientific literacy for 

all (ii) studentsô personal science aspirations and appreciate (iii) studentsô cultural 

diversity in the classroom.  
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(iii)Science teachers 

The role of science teachers in building a science (STEM) workforce is seen as an 

important factor. Archer and DeWitt (2016) view the role of science teacher as one of 

the main SA in helping students to identify themselves as óscience is for meô. 

Lock, Hazari and Potvin (2013) report that students with a positive science identity 

(physics identity) believe that their physics teacher sees them as a óphysics personô. 

However, like Kane, the current situation seems unjust - as Kane (2012) and 

MacDonald (2014, p. 6) have pointed out - where óteachers often have lower 

(stereotypical) expectations of under-represented groups in STEM reinforcing their 

non-STEM identityô. Teachers, MacDonald (2014) says, should play a vital role in 

nourishing the agency of a student rather than labelling students in terms of ethnicity, 

gender, academic achievement etc. Moreover, Reid and McCallum (2014) recommend 

that óteachers and schools must engage in discussions with students about their 

aspirations to consider how their learning connects with significant people and places 

in their communitiesô (p. 205). Moreover, as Elmesky and Seiler (2007) point out, a 

further recommendation is to incorporate successful social interaction through a 

positive emotional climate that, they say, is a key to establishing science identity. In a 

similar vein, Lewis (2008) in relation to IIA recommends that science educators, 

schools and teachers should ógive emotions the same status as cognitions. Just as 

cognitions can lead to emotions, emotions can lead to cognitions. The theory implies 

no status differenceô (p. 745). Taking his point further, Hampden-Thompson and 

Bennett (2013) found that the effect of emotions in altering science engagement is 

quite obvious - and teachers should cater these aspects of ótriggersô in the classroom. 

Because, it is believed that students' inner sense of self (schema) comes in contact in 

the science classroom field against positive social interactions, which leads to nurtured 

emotional energy and which, in turn, results in approved emerging identity (Carambo, 

2015).  Where negative emotions (fear, anger, lack of focus, failing tests) result in 

hardening of ócultural boundaryô, that is, when students inner ósense of self is 

disrespectedô by the teachers and/or school (Carambo, 2015, p. 161).  

There are numerous other reasons and suggested possible solutions that have been 

researched in association with school science, such as the lack of science specialist 

teacher (for example Taylor, 2009), support and training (for example House of 

Commons Children, Schools and Families Committee, 2010), appropriate use of 

teaching resources (Beauchamp & Parkinson, 2008; Wood and Ashfield, 2008; 
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Tissenbaum, Lui & Slotta, 2012) - and many other óimproperô teaching practices. The 

limits of space prohibit these being included in this literature review. 

2.3 Identity subject to change 

So far, I have acknowledged the power of global forces (GF) and seen how these can 

shape young people through the actions of some of the many social agents in their 

immediate zones of activity. I now move to consider the stability and change of 

individual identities and the nature of a core identity. 

The nature of individualised identity in relation to agency and in relation to the others 

(SA) has been identified many years ago by Erikson (1968) through his psychosocial 

theory of identity. This was followed by Marciaôs (1966-1980) empirical 

operationalisation of Eriksonôs work, and exhibits an individualôs identity transformation 

within eight psychosocial stages from infancy (ages 0-1 1/2) to maturity (ages 65+). 

Eriksonôs (1982) adolescence stage (between 13-19 years or teenagers) sees identity 

construction reaching its maximum fluidity.  At the adolescent stage, young people 

accept, reject and challenge different options by experiencing a great deal of freedom, 

accountability, progress and what Erikson (1973) calls óin-grouperô and óout-grouperô 

identifications: óthe sense of ego identityé is the accrued confidence that the inner 

sameness and continuity prepared in the past are matched by the sameness and 

continuity of oneôs meaning for others, as evidenced in the tangible promise of a 

careerô (p. 75). The aspect of óin-grouper or out-grouperô can be understood by 

teenagers in terms of skin colour, cultural backgrounds etc. which could lead to self-

labelling (stereotyping), self-beliefs and self-identifying people. These grouping 

according to Erikson (1973) act as a defence system (resembling Giddensôs (1991) 

óontological securityô) that works against a sense of identity confusion. Erikson views 

identity formation to be successful and stable when one identifies who he/she is, who 

he/ she wants to be within himself/ herself, and who he/she wants to be in a particular 

social context. Identity confusion is possible only when identity formation is fluid, when 

the adolescent is unsure of who he/she is?, how he/she want to see themselves as 

individuals and in social settings, to answer these questions an individual gains TL 

experiences from the external forces (Erikson, 1968) in order to attain certain form of 

stability in life.  

Illeris (2014) acknowledges Eriksonôs work on identity and indicated that identity 

confusion implies transformative learning (TL), with a change in the social context, in 

relation to the SA enacting GF;  the transformation is either added as something new or 



  

 

44 

 

it might change or reject (Illeris, 2014) previously held self-labelling (stereotyping), self-

beliefs and self-identifications mentioned above. Illeris (2014) links identity to 

transformational learning (TL), as he believes that óthe concept of transformative 

learning comprises all learning that implies a change in the identity of the learnerô 

(Illeris, 2014, p. 40). Illeris views identity transformation in the similar vein to Mezirowôs 

Transformational Learning Theory (TLT), which was initiated in 1975 with his study on 

women's re-entry programmes in community colleges. His most recent work was 

published in 2009, entitled óTransformative learning in practiceô. Mezirow has been the 

founder of TLT and this has been widely used in defining adult transformational 

processes. He explicitly used two main terms in his theory: first is ómeaning schemesô, 

which are óset of related and habitual expectations governing if-then, cause and effect, 

and category relationships as well as event sequencesô (Mezirow, 1990, p. 2). Second 

is ómeaning perspectivesô which are óbroad sets of pre-dispositions resulting from 

psycho-cultural assumptions, which determine the horizons of our expectationsô 

(Mezirow, 1991). 

2.4 Transformational learning 

Mezirow (2000) has indicated ten phases of transformation. However, for my purposes 

here, I will focus on just four principal points he describes: 

 

(i)Elaborating Existing Frames of Reference 

(ii)Learning New Frames of Reference 

(iii)Transforming Habits of the Mind (or meaning perspectives) 

(iv)Transforming Points of View (Mezirow, 2000, p. 22). 

 

A frame of reference encompasses óstructures of culture and language through which 

we construe meaning by attributing coherence and significance to our experienceô 

(Mezirow, 2009, p. 92). This elaborates the process of the continuing conflicts in daily 

life leading to ólearning new frames of referenceô and eventually leading to self-

development (DôAmato & Krasny, 2011).  The continuing conflict within and relation to 

daily life resembles to Eriksonôs identity confusion. A frame of reference consists of 

ótwo dimensions - habits of mind and resulting points of viewô (Mezirow, 2009, p.  92). 

Habits of mind constitute a specific way of individualôs thinking or feeling that results in 

a set of codes, and specific habits of mind result in specific ópoints of viewô as an 

awareness through, belief, sustained as a memory and/ or attitude, the way of judging 

future related actions (Mezirow, 2009). For example, gender discrimination acting as a 
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code can result in a point of view that science is ónot for me, because I am a girlô. This 

belief can remain in oneôs perception as a memory that, later in life, acts as a 

judgement/decision for not choosing science subjects in the future. 

Mezirowôs transformative learning theory indicates that identity is fluid and is subject to 

transformation but - at the same time - belief that fluidity depends on some form of 

disorienting dilemma, a possible dramatic life experience leading to transformation. As 

Mezirow (1978) states óéto negotiate the process of perspective transformation can be 

painful and treacherousé [oneôs] sense of identity and integrityéô can be challenged 

(p. 11) leading to transformed behaviours, feelings, beliefs, identity (Mezirow, 1991) 

values, attitudes, and perceptions (Jackson, 1986).  

In my view, the primary link between Mezirowôs TLT and Illerisôs (2014) identity model 

includes the ómeaning-makingô process whereby individuals negotiate their 

understanding of self that shapes (transforms) their identity in a certain social or 

cultural contexts. Mezirowôs (2000) four principal points mentioned above also includes 

the core component of meaning-making. With similar intentions, Abes et al. (2007) 

introduced a ómeaning-making filterô as one of the main parts of their identity model in 

order to elaborate, extend or even transform the ómeaning-making capacity integratedô 

(p. 7) into a personôs self-perceptions. This ties with Mezirowôs suggestion that TL 

incorporates the ómaking of meaningsô, and he describes the process as an intense, 

thoughtful journey of constructing meaning of oneself through life experiences. The 

meaning-making process in a personôs learning depends upon critical self-reflection on 

the experiences that have taken place within a particular context.  

At first, a personôs life experiences (rather than typical academic learning) act as the 

key initiators of change, and these depend on the varying contexts and time at which 

the life changing experiences are practiced (Mezirow, 2009). These contextual life 

experiences have been visualised by Abes et al. (2007) in their óre-conceptualized 

model of multiple dimensions of identityô where óa person experiences (his or) her life, 

such as family, sociocultural conditions, and current experiencesô (p. 3). It is quite clear 

that not all the contextual influences/ life experiences will be life-changing, and Illeris 

(2014) makes the case that life experiences (and/or influences) need to be of óhigher 

orderô and require considerable energy to create changes - especially if those changes 

interfere with strong pre-held affiliations towards something. These ólife changing TL 

experiencesô which includes events, triggers and interventions initiate ódiscourse 

leading to critical examination of normative assumptions underpinning the learners é 

value judgments or normative expectationsô (Mezirow 2000, p. 31). Such discourse 
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elements lead to self-examination of pre-held assumptions, and are catered through 

dialogue with self and with others. Dialogue allows people to critically reflect on the 

contextual influences, and these evaluations require a ócritical and reflective lens to 

authenticate their reasons to adapt new actionsô (Mezirow, 1996, p. 162). Through 

dialogue, one can determine the boundary that accepts or rejects certain life 

experience through ócontinuous effort to negotiate contented meaningô (Mezirow, 2000, 

p. 3). When this meaning system is found to be inadequate in accommodating some 

life experience, it can be replaced with a new meaning perspective that exhibits change 

in habits of the mind, one that is ómore inclusive, discriminating, open, emotionally 

capable of change, and reflectiveô; in other words, more developedô (Mezirow, 2000, p. 

7) which results in transforming points of view.  

I believe that, for some people, a complete transformation in their meaning 

perspectives is possible and can happen. For example, there are numerous accounts 

of people undergoing life-changing events ï after a significant illness or disability, a 

significant change in relationships, a major shift of occupation, and so on. For some 

people smaller life changes might have higher impact in choosing science or non-

science discipline. For example, a love for physics (in general) at school might later 

occupy meaning of oneôs life after meeting a rocket scientist. Mezirowôs TL theory has 

been challenged for its individualistic mode of analysis, with few links to social action 

(Welton, 1995). 

2.5 A return to intentionality 

This places Mezirowôs theory principally within óintentionality identityô (IIA) rather than 

an extensionality (external forces) view. TL accords with Eriksonôs (1973) óepigenicô 

identity theory that links the later stages to previous developmental stages based on 

crisis. Within a similar framework, Kegan (1994, 2009) understands meaning-making 

and identity transformation as forms of intentionality because he gives credence to 

individuals working towards their own personal pre-held dispositions. As Kegan (2009) 

suggests, post-modernism requires learners (especially adult learners) óto win some 

distanceô from pre-held dispositions, identify areas of incompetence in order to 

óembrace contradictory systems simultaneouslyô (p. 52). Kegan (2009) has criticised 

Mezirowôs TL theory for a lack of distinction between informational and TL, and that the 

theory recognises adult education as a separate domain. 
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Taking up this point, Jarvis (2013) views individuals as a ópersonô and their personality 

relates to the way they learn from the external culture. He believes that learning can be 

a ólifelong process intrinsic to the living organism itself, whereby the individual internal 

life force experiences externality (through body and mind) and generates a permanent 

state of becoming in the human beingô (Jarvis, 2013, p.13).  His óinternal life forceô is 

the force derived from IIA and in turn identity that then interacts with externality leading 

to identity formation; therefore Jarvis applies both external forces (extensionality) and 

IIA (intentionality) to the construct of identity. The idea of óbeing itselfô resembles Abes 

et al.ôs (2007) idea of core and óexternalityô meaning, when an individual is exposed to 

contextual influences. Jarvis also indicates the fluid nature of the personôs learning 

processes, which eventually form an identity. Within this view of learning, Jarvis (2009) 

has criticised Mezirowôs TL theory because it focuses mainly on adults creating a gap 

between adult and childrenôs learning and fails to relate Jarvis sense of lifelong learning 

as a whole. In contrast, Jarvis (2009) believes that it is not always the meaning-making 

process that transforms learning - it can be daily life experiences that can be 

transformed by learning.  

 

Illeris (2014) views identity transformation in a similar way to Mezirowôs TL, and has 

stated that óthe concept of transformative learning comprises all learning that implies a 

change in the identity of the learnerô (p. 40). In addition, Illeris (2014) believes that 

óidentity involves learnersô mental wholeô (p. 39) and the important changes within 

personôs mental whole can be taken as TL that leads to alter oneôs identity in a way 

that we want ourselves and others to identify us (Illeris, 2014). Illeris (2014) has been 

critical of Mezirow on the issue of ómeaning perspectives and frames of referenceô as 

being dominated by cognitive rather than affective learning. In answer to this critique, 

Mezirow recognised the importance of affective phenomena and believes that a frame 

of reference can have ócognitive, conative and affectiveô functioning - consciously or 

unconsciously (Mezirow, 2009, p. 92). Even then, Illeris (2014) stated that while 

Mezirow (2000) links and understands emotions at the same time óhe understand 

emotions as a kind of concomitant or even distracting phenomenon in relation to what 

the real transformation is about, which is precisely meaning perspectives, frames of 

reference or as here our beliefsô (Illeris, 2014, p. 36). Unlike Erikson (1982), Mezirow 

(2000) and Illeris (2014) are not certain that identity is constructed within the time frame 

of adolescence - and actually believe that transformation cannot really occur at the 

early stage of óteenageô.  While Illeris (2014) concedes that episodes of provisional 

identity might emerge in the early ages (even before the age of thirteen) and can form 
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ólong lasting effect on identityô (p. 124), Mezirow (2000) believes that transformation is 

fully prominent in adults. Illerisôs (2014) view is that identity development mainly takes 

place after adolescence and, therefore, after the compulsory age of school (science) 

education from ages 11 -16 years. 

2.6 Illerisôs model of identity 

 

As noted above, Illerisôs (2014) general structure of identity belongs within a framework 

of intentionality. His model exhibits a three-layered structure of identity that includes a 

core identity, personality layer and preference layer (Figure 2.1). 

 

 

Figure 2.1: The general structure of identity (Illeris, 2014, p. 71) 

Illeris termed the inner most-layer the ócoreô, the most stable and solid layer that 

controls the construction of the subsequent layers. He believes that the core identity is 

developed and extended during childhood by elements such as gender; family identity 

etc. and that change in the core are quite gradual unless it experiences a life changing 

event. Surrounding the core is the ópersonality layerô where transformation is primarily 

apparent. Illeris (2014) believes that this layer includes ówho and how the individual 

wants to be and appears in relation to others and the surrounding worldô (p. 72). This 

layer is susceptible to change óin connection to important experiences, events, 

exchange of views and similar kind of interactionsô (Illeris, 2014, p. 73). The impact of 

exchanges of views and social interactions resemble Geeôs (2000) óaffinity identityô, 

which is experienced through shared practices with óeliteô groups of people. This allows 
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for free will in choosing a particular group to which an individual is attached. Rodogno 

(2012) describes this as óattachment identityô (and is a ódeepô understanding of a notion 

of identity) that relies on expressions such as ócaring aboutô, óof importanceô, 

óattachment toô and ówhat matters to meô. That is, it is an identity ultimately anchored in 

a personôs attachments. Again Gee (2000) emphasises the free will exercised in 

choosing the group in accordance to the ókind of person they areô (p. 106) ï it is a 

freedom that might be restricted for those who ólack access, networking and mobilityô 

(p. 121). 

Illerisôs outermost layer is the preference layer, where the individual chooses and acts 

without entailing too much effort (thinking, feeling or acting). The changes in the 

conditions (daily life activities) being experienced in this layer are somewhat 

independent of self-perceptions and involve minimal energy to make any change: 

ówhether we in the situation to have the energy to make such changes é [they] do not 

mean much to us, and we have long ago got used to the idea that we shall be open 

and ready for changeô (Illeris, 2014, p. 73-74).  

This identity model gives a general structure that exhibits the possibility of identity 

transformation interlinking both oneôs core identity and out-facing personality. It serves 

both external and internal forces and, in relation to external forces, involves an 

individualôs participation, dialogue and/or discourse with social, cultural and/or 

economic ócapitalsô or resources that can be linked to the personality layer. Illerisôs 

(2014) core identity empowers the personality layer, which is more susceptible to 

transformation (through conscious understanding of self in relation to others) than the 

core. Robnett et al. (2015) and Illeris emphasise the stability of core identity as being 

dominant over influences from others and surroundings. It is only very limited and 

strong life changing events that have the ability to transform the core identity. Robnett 

(2015) refers óbeing a scientistô as part of the core component of identity construct. 

(i) Illerisôs Transverse model of part identities 

 

In addition to the general structure above in Figure 2.1, Illeris (2014) extended his 

identity model to involve different ópart identitiesô such as work identity, family identity, 

everyday identity etc. (Figure 2.2). He believes this transverse model of part identities 

to be interlinked with the central identity (including core, personality layer and 

preference layer) and each different part identity comprises of all the three layers 

identified as well. The idea of part identities working simultaneously is an appealing 
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notion, because an individual can utilise part of ï say ï his or her work identity with 

cultural identity etc. Moreover, people act and/or react differently in different situations 

and the activation of various identities is evident when trying to accomplish different 

roles (Burke & Stets, 2009). So, in this case a particular identity (surrounding the 

central identity) can switch on/off due to the exposure to different situations, influences 

and/or experiences. And this switching on and off process might later affect the central 

identity. Therefore, Illerisôs (2014) model of part identities combined GF (extensionality) 

and IIA (intentionality) ideologies resulting in a composite model (Figure 2.2). 

 

 

Figure 2.2: An example of part identity structure (Illeris, 2014, p. 76) 

It is important here to note a few limitations to Illerisô model. First, in connection to his 

preference layer, Illeris is inexact about the everyday conditions that have an ability to 

transform parts of the personality layer and that might even transform the core. As 

Illeris (2014) himself believes, the boundary between the personality layer and 

preference layer is unclear. My sense of remedy here is to suggest a ócontrolling filterô 

between the personality layer and preference layer. I see this controlling filter as a filter 

that controls the conscious conditions (like Kaneôs (2012) contested spaces) and/or 

objects (like Bourdieuôs objects), a filter that permits or rejects the opposing conditions/ 

objects. This permission or rejection is based on the intensity of the conditions in 

relation to the automatic dispositions (embodied). 
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Second, while Illerisôs (2014) transverse model does give an insight to part identities 

surrounding the central identity, again, the interlinking between one form of the outer 

structure identity to the central or to another form of identity seems unduly complex. It 

seems to me to be extraordinarily difficult to link the different identities to the central 

identity. For example, it is not straightforward to understand how Illerisôs (2014) ówork 

identityô in its own orbit surrounds the core, personality and preference layers because, 

in this particular situation, work might not be of over-riding concern for the individual. 

But then, nor did ówork identityô fit in the preference layer, and so linking ówork identityô 

to the central three layered identity might prove difficult to adapt. 

(ii) Accidental or planned transformations 

The life changing triggers mentioned earlier could be accidental or planned. An 

example of accidental trigger could be ótreesô, as Loehle (2010) has stated:  

 

Some individuals find themselves fascinated with ants or birds or fossils from a 

young age. Why? I have never seen an explanation for this early attraction to a 

scientific subject. For me it was trees. I can remember the trees in the 

neighbourhood where I lived at age 7 so well I can still tell you what species 

they were and how tall (p. 13). 

 

Another example of an accidental trigger could be death of a younger sibling that 

transformed the decision of a business student to become a child specialist. A planned 

trigger could be when a teacher designs a particular visit to a hospital (in one of the 

deprived areas in their country X) to incorporate students role as citizens. At the 

hospital, students came to know that - due to the lack of child specialists in their 

country ï there are high mortality rates of children under the age of seven. This 

planned intervention along with a series of other planned interventions might transform 

some of the ónon-scienceyô students towards becoming a child specialist, a nurse, a 

laboratory technician or even someone who wants to build a childrenôs hospital in 

country X. Six planned interventions are part of the empirical study, which will be 

discussed in Chapter Four.  

Archer et al. (2012, 2013, and 2015) indicate such triggers to be linked with óscience 

capitalsô involving resources such as parents, schools, and teachers. Abes et al. (2007) 

call these contextual influences, Illeris (2014) described them as óconditionsô, and 

Mezirow (2000) sees them as óexperiencesô leading to disorienting dilemmas.  But, at 
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the same time, from the above discussion based on self-identity subject to 

transformation, depends on the stability and fluidity of identity. When young adults are 

asked what subjects they will choose at A-level, they take time to answer and give their 

decision. This entails some kind of stable core that gives them positive and negative 

signals, where some students might take longer than others, where their identity is 

quite fluid and the core is challenged by both enjoyable and unpleasant experiences.  

The stability of core identities is always in question. It could be that the transformation 

takes place gradually as Heddy and Pugh (2015, p. 56) believe: that ótransformative 

experiences may be a way to facilitate micro changes in students that, when 

accumulated, lead to TL outcomesô. Nohl (2015) argues that transformation need not 

necessarily start with a disorienting dilemma - it can start óunnoticed, incidentally, and 

sometimes even casually, when a new practice is added to old habitsô (p. 45) or, even 

sometimes, the process of transformation starts with great emotional experiences but 

then later the processes fail or even the new meaning-making process does not 

challenge the pre-held disorienting dilemma. People with ófluidô science identities can - 

potentially - be more open to accidental and/or planned transformative interventions 

and widen their options, exhibiting transformation.  

2.7 Models of multiple dimensions 

Unlike Illerisôs (2014) transverse identity, Jones and McEwenôs (2000) model appears 

less complex in terms of picturing one core surrounding the multiple identities. 

Moreover, this model provides a distinction between multiple identities and contextual 

influences and, in my opinion, the presence of contextual influences provides an open 

space to capture social influences/ triggers ï a space that is lacking in Illerisôs (2014) 

general model. Jones and McEwen (2000) describe identity theories as órepresenting 

the on-going construction of identities and the influence of changing contexts on the 

experience of identity developmentô (p. 408). They propose a conceptual model (Figure 

2.3), where they argue that there are two general parts to an óidentityô construct: 

 

(i)The outer contextual layer includes influences from family background, socio-

cultural conditions, current experiences, career choices, etc. The intersecting 

circles termed as identity dimensions placed around the core identity and within 

the premises of contextual ring. Moreover, the intensity of the órelative salience 

of these identity dimensions is indicated by dots located on each of the identity 
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dimension circlesô (Jones and McEwen, 2000, p. 410). These include self-

perceived dimensions such as gender, culture, faith, class etc.  

(ii)The central core, which includes the óinner personal identityô that we have for 

ourselves. This resembles to Illeris (2014) core identity.  

 

 

 

Figure 2.3: Model of multiple dimensions of identity (Jones and McEwen, 2000) 

Later, in 2007, this model of multiple dimension of identity (MMDI) was 

reconceptualised by Abes, Jones and McEwens. They called their new óadvancedô 

model a óReconceptualised Model of Multiple Dimensions of Identity (R-MMDI)ô, 

utilising Keganôs (1994) ideas of meaning-making processes during identity 

development, and based on research on lesbian college students by Abes in 2004.  In 

this work, (Abes, 2004) it was suggested that the inclusion of meaning-making process 

in the MMDI was important because it allows the researcher to better understand the 

links between core and social identities as well as a relationship between contextual 

influences and the salience of identity dimensions. The results from Abes (2006) entails 

a ómeaning-making capacity served as a filter through which contextual factors are 

interpreted prior to influencing self-perceptions of (particular) identity and its 

relationship with other identity dimensionsô (p. 6). 

The reconceptualised model now consists of the following four main parts: 
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(i) The outer contextual influences, which are placed outside the identity circles. 

Illeris (2014) sees these as conditions 

(ii)Social identity dimensions are now viewed in relation to personal perceptions 

of multiple identity dimensions. This resembles Illeris (2014) part identities 

(iii)Meaning-making filter, this is placed between (i) and (ii). The filter depends 

on the depth and size of the mesh opening. Complex, meaning-making can be 

represented by increase thickness (increase depth) and smaller grid openings. 

Where  meaning-making with less complexity is indicated as a thin filter (lower 

depth) and bigger grid openings. This resembles to Mezirowôs (2009) dialogue 

element of transformational learning and Geeôs (2000) discourse identity, 

whereas such a filter is missing in Illeris (2014) identity model (Figure 2.1) 

(iv)Finally core indicating self-identity resembling to Illeris (2014) and Robnett et 

al. (2015) core identity. 

 

 

 

 

 

 

 

 

 

 

Figure 2.4: Reconceptualised model of multiple dimensions of identity (Abes, 

Jones and McEwen, 2007, p. 7) 

In summary the above model (Figure 2.4) gives space to capture individual self-

perception in the following ways:  

(i)First, the meaning-making filter will allow me to capture the understanding of 

scientific concepts and procedures 

(ii)Second, whether the meaningful positive/ negative science linked influences 

had an impact on their self-perception of single identity or self-perception of 

multiple identities at the same time  
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(iii)Third, whether these meaningful influences have transformed oneôs science 

or non-science core 

(iv)Then, the basis of the outcome will enable to distinguish between active or 

passive science and / or non-science identity formation during a lifetime of the 

participantsô (individualsô). 

2.8 A proposed Science Identity Model (Sci-ID model) 

The literature review on science identity and identity transformation has enabled me to 

suggest a science identity model (Sci-ID model) adapted principally from Illeris (2014), 

Abes et al. (2007) and Jones and McEwen (2000). 

The science identity model (Figure 2.5) I envisage here consists of seven main parts: 

 

1.Global forces (GF): This involves external influences in relation to ethnicity, 

gender, race, religion, class etc., resembling to Giddensôs (1991) óglobalising 

influencesô. 

 

2.Social agents (SA): Are the agents  that mediates the global influences with 

the individual through interaction and relationships. For example: parents, 

school, teachers, peers, churches etc. 

 

3.TL experiences (events, triggers, interventions): These are the resultant 

experiences, events, triggers and interventions gained from the SA and/or GF 

which could have high, intermediate, low or no impact on individuals. 

 

4. Meaning-making filter:  I have introduced Abes et al. (2007) meaning-

making filter (Figure 2.4), this part of the model involves understanding of the 

scientific concepts. More complex meaning-making filter (a thick layer with 

small grid opening) allow little understanding and a less complex filter (thin layer 

with large grid opening) allows greater understanding of the scientific concepts 

being studied. 

 

5. Preference filter: I have introduced this layer from Illerisôs (2014) identity 

model (Figure 2.1), which constitutes Mezirowôs meaning schemes (Illeris, 

2014). For me these meaning schemes are the TL experiences that have been 

sieved by the meaning-making filter (or not). Now a preference filter will actually 

select the preferred (liked) experiences that have the potential of some degree 
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to interact with the IIA.  More complex filter exhibits little or no preferences and 

less complex filter exhibits preferences/ likes towards science. The non-

preferred experiences will not proceed further inside the identity model. This 

filter differs from Illeris identity model (Figure 2.1) first, it is represented as a 

filter and second, it forms the second layer in my model and outermost layer in 

Illerisôs model. As in my opinion Illeris is aware of meaning-making of the events 

as well as preferences however he has not separated both in his identity model. 

 

6. Individual Internal Agency (IIA):  This part of the model involves personal 

ódriveô, the ways in which people can go against TL experiences, SA and/or GF 

ï or go with them. This layer is quite stable unless exposed to life changing 

(high impact) TL experiences leading to movement (transformation) into or 

away from science. This layer resembles to Mezirowôs meaning perspectives 

where higher order of pre-held schemes can be transformed based on the 

experiences received from the previous layer (preference layer), where critical 

reflection is extended further (Illeris, 2014). Illeris named this layer as 

personality layer, where I do not, as the intention of this study is not to look 

deeply into the personality theories and huge number of personality issues but 

rather I am interested in self-perceptions of people towards science and non-

science education and career. 

 

7. Core: It resembles Abes et al. (2007) and Illeris (2014) inner most central 

core. Which I believe could be stable or fluid.  If the transformation in IIA layer is 

successful or IIA layer is in ambivalence then there is a possibility that the pre-

held transformed viewpoints could change the core identity. I understand it in 

such a way that if the core is stable then transformation at the core level is quite 

difficult and time consuming but if the core is fluid than the transformation is 

relatively easier and less time consuming. 
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Figure 2.5: Sci-ID model 

 

2.9 Kinds of science identity transformation 

In addition to Mezirow (2000), Illeris (2014) extended transformative learning theory 

into progressive, regressive and restoring transformations. I will now describe my 

viewpoints on the three kinds of science identity transformation with examples. My 

intention here is not to include Illeris (2014) collective transformation in this study, 

which has the potential for further research. I will now use the above model to describe 

the three kinds of Illerisôs (2014) kind of TL and later the model as a theoretical 

framework will be used to analyse my findings in Chapters Five and Six. 

 

(i) Progressive transformation 

Progressive transformative learning involves goal oriented purposeful learning with 

awareness of self and others. It involves progression towards the intended goal and 

throughout the journey making learning improved, implying actions appropriately and 

modifying identity accordingly to reach a desired position in life. This leads to identity 

change óinto something better, more proper, more promising or more rewardingô which 

Illeris (2014) termed it as progressive transformation (Illeris, 2014, p. 93). A theoretical 

example is as follows: 

1.Global forces:  

Ethnicity, gender, race, 

religion 

2.Social agents:  

Parents, peers, institution 

etc. 

3.Transformational 

learning experiences:  

Events, trigger or 

interventions 

4.Meaning making filter: 

understanding of scientific 

concepts 

5.Preference filter:  

Likes/ dislikes 

6.Internal Individual  
Agency:  
The drive/ force that accepts 

or declines external forces 

7.Core:  

Scientist or non-scientist 

identity. 
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Sam believes himself to be a óbrainy personô reflecting on this he believes he is 

a ósciencey personô and perceives to have positive SA influences (teachers, 

peers etc.). A further exposure and reflection made him compare and contrast 

the subjects in science, showing progressive transformation into physics and 

maths (and not biology, chemistry etc.) studies at the university; now he 

believes to be a óphysics and maths personô. Sam almost completely ignored 

the existing non-science external GF, SA and TL experiences. Finally he further 

progressed to become a óphysical engineerô (not a chemical engineering etc.); 

and believes to have an identity of a physical engineer. This shows that even 

within science discipline a numerous positive self-perception in relation to 

science external forces originated but were then further reduced to a more 

better and rewarding transformation in relation to the stable belief of a ósciencey 

personô. 

(ii) Regressive transformation  

Regressive transformations involve individuals who enrol themselves in an activity or in 

a situation where transformation is necessary. Which could be intended or situational 

transformation and people might withdraw the progressive changes despite of having 

all the necessary challenges and support that are provided in the form of contextual 

influences. In this situation the progressive transformation could be felt as too 

demanding and unbearable despite of individualôs attempts to keep up the progressive 

transformative expectations. This withdrawal leads to regression that Illeris termed it as 

óregressive transformationô (Illeris, 2014). A theoretical example is as follows: 

 

Sarah preferred to take up medical science at the university, few science based 

external influences has made meaning in her life for example that a degree in 

science provides better career opportunities, earns respect and money. But 

then later due to failure in her exams she realised that she is unable to live up 

to the desired expectations and found it too hard to carry on with medical 

sciences. This fairly sudden regression will be quite upsetting for Sarah so then 

she tried an english course but failed again. This might lead Sarah to 

completely move out from education exhibiting a fairly regressive 

transformation. It seems that even with time Sarahôs core and IIA did not 

become stable and forceful enough that could make her fight against the 

negative external force. Instead, failure rooted quite deep in Sarahôs identity. 

This regressive TL towards education could even paralyse the person to look 

for other avenues, even if the opportunities/ resources are available.  
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(iii) Reconstructive transformation 

Third is restoring transformation that is a combination of progressive and regressive 

transformation.  The regressive transformation above could have been sudden 

upsetting change but can be useful and progressive in the long run. The regression 

towards these adverse experiences might be useful later in life, which could act as the 

first step towards the initiation of progressive transformation. This type of 

transformation is termed by Illeris (2014) as órestoring transformationô where I call it as 

reconstructive transformation because I believe progression after regression will allow 

a person to accept quite different TL experiences incorporated through a certain 

drive/or force (IIA). A theoretical example is as follows: 

 

Deborah was expected to do a degree in chemistry, as both her parents were 

working in the field of chemistry. She entered into a chemistry course at 

university, struggled to pass first year exams. While discussing her failure with 

her friends from the arts department she realised that chemistry is not for her. 

Deborah later recognised that her real interest lies in studying arts as she likes 

to be creative and imaginative like her friends. This resulted into a progressive 

transformation of becoming something better in accordance to oneôs agency.  

2.10 Summary 

In this chapter, I have reviewed and analysed the aspects of GF, SA, TL experiences, 

IIA and their incorporation key science identity research models. I have also discussed 

the transformation of identities using identity models and kinds of transformation. In this 

chapter I have argued that: 

(i)identities are fluid and the journey towards stability depends on different factors for 

example age, experiences, relationships, events, triggers etc., (ii) identities are not 

entirely fluid, there is some kind of stability, a kind of internal force or agency that 

empowers people accepting or declining the influences from the external forces; and 

(iii) oneôs identity depends on the strength of certain GF, SA, TL experiences (events, 

triggers, interventions) and the strength of oneôs IIA that goes with it or against it.  

The understanding of GF, SA, TL, IIA, stable and fluid identities led me to design a 

theoretical Sci-ID model principally adopting Illeris (2014) and Abes et al. (2007) 

identity models. Moreover, I have also proposed theoretical example stories to illustrate 

progressive, regressive and reconstructive TL practices adopting Illeris (2014) TL 

theory.  
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The above arguments on stability and fluidity of identity, proposed a Sci-ID model, 

which is now ready to be tested using the empirical data. For this reason I have chosen 

and implemented an appropriate methodology, methods, research design, sample and 

mode of data analysis, ethical considerations and validation practices. The description 

of the chosen methodology is dealt in the next chapter - Chapter Three. 
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Chapter Three - Methodology 

3.0 Introduction 

In Chapter Two, I critically reviewed the literature on science identity using the broad 

dimensions of GF, SA, TL experiences (events, triggers, and interventions), natural 

inclinations and IIA. From this I constructed a model of identity that gives a structure by 

which to analyse the individual biographies of the participants in this research. A 

combination of my professional (science teacher) interests and the literature on 

research methodologies directed me initially towards a longitudinal study - so that I 

could study peopleôs ólife eventsô towards and away from science throughout their 

lifetimes. Needless to say, research practicalities limit such ambitions, and the 

restrictions of maintaining and sustaining long-term contact with participants has led 

me, instead, to take three óhorizontal slicesô of data (Figure 3.1) over a relatively short 

period of time. Each slice has addressed one of three different constituencies, has 

asked slightly different questions, and generated slightly different data. That said my 

overall aim is still to look at an overall picture of movement towards or away from 

science along this ótimelineô of people. Due to the nature of the research question and 

framework, I have used an interpretivist model of research, generating qualitative data 

using narrative enquiry-based semi-structured interviews, descriptive questionnaires 

and school-based interventions (Chapter Four), and these data have been aggregated 

to form individual stories and I have also used thematic-based approaches to analysis. 

This chapter critically discusses the suitability of the research design against Denzin 

and Lincolnôs (2011) four main elements of a research paradigm: óepistemology, 

ontology, methodology and ethicsô. I begin with a discussion of ontology and 

epistemology of the research followed by sample selection, qualitative methods, ethical 

considerations, data analysis process and finally a discussion of the validation 

processes undertaken before, during and after the research. 

3.1 Ontological and Epistemological positioning  

According to Ritchie, Lewis, Nicholls and Ormston (2014) the two key philosophical 

issues in social research are ontology and epistemology. Ontology óconcerns the very 

nature or the essence of the social phenomenon being studiedô (Cohen, Manion 
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& Morrison, 2007). The phenomenon here is what we know about science identity and 

non-science identity, and how these identities can be transformed over a period of time 

in people from different age groups, cognitive levels and through social experiences. 

Moreover, to find out whether or not the adapted Sci-ID model (Figure 2.5) can help to 

envision a person's life journey through TL experiences as depicted by Illeris (2014). 

For this reason, I wanted to gather stories from the perceptions of participants, stories 

that give diverse interpretations on identity transformations. Second, epistemology is 

defined as óa science of knowledge studied from the philosophical point of viewô 

(Horrigan, 2007, vii). Epistemology is concerned with how we know and what we know 

(Crotty, 1998); it involves óthe nature of the relationship between the knower and what 

can be knownô (Guba & Lincoln, 1989, p. 83). An epistemological approach questions 

my aim here to gather life stories, experiences, anecdotes that involve not only ówhatô 

people select to do after the compulsory school age of science education, but also why 

they make those choices, and óhowô the transition happens in oneôs life. I have treated 

the participantsô recollecting stories, interpretations and their opinions as factual 

evidence about their science/ non-science experiences, perception of natural 

tendencies, employment choices, school science curriculum, teachers and parental 

influences in making their decisions towards or away from science even, though I know 

they are interpretations of what might or might not be the case. 

3.2 Interpretative research philosophy 

Interpretivism is an óessential methodological tool in the social sciencesô (Williams, 

2012, p. 88) where óinterpretivists believe there is a clear distinction to be made 

between the natural and the social world, and therefore we need a methodology and 

methods of gathering data that are more in tune with the subjects we are studyingô 

(Grix, 2010, p. 83). As I am studying the reasons behind the likes, dislikes and life 

choices of our participants, I obtained qualitative data using narrative enquiry styled 

semi-structured interviews, descriptive questionnaires and intervention evaluations. 

My research questions are designed to interpret the lived experiences of three different 

groups of people in three different phases of their lives, from broadly science and non-

science educational and or career interests; to interpret the external (GF, SA, TL 

experiences) and internal (natural inclination, IIA) forces, meaning and reasons 

associated with their action(s) during their path of life by deriving categories to 

understand the social reality. As mentioned above, I do believe that the stories of the 

participants are not faultless and fixed because they are from the participantsô own 
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perspective and interpreted in past, present and future time. Although interpretivism is 

criticised for working at a higher level of (data) generality and interpretivists believe it to 

be a meaning-making process where observersô self-interpretation can be more 

dominant over participantsô interpretations. For this reason, I have chosen an 

epistemological interpretive route as the aim is to understand the meaning of an 

occurrence rather than to generalise the outcomes from data (Cranton, 2001; Walker, 

1996).  Moreover, the interpretive approach can provide valuable novel information that 

requires application in the area being studied and for further research. For example, 

stories from scientists and non-scientists revealing their lived experiences based on 

daily life science experiences involving óthe doing of scienceô (for example working in 

the laboratory to working in the garden) and/or ódoing research on science as a social 

institutionô (for example talking to people about misconceptions of a scientist in society 

etc.) could reveal the way scientists and non-scientists think of science. 

For this research, these stories act as personal retrospective descriptions of life 

experiences and can serve to generate knowledge about significant areas of the 

human realm (Schank, 1990). This tackles a key theme that has come to characterise 

the development of narrative research in educational theoryðthe ongoing tension 

between stories and science. A story, rather than just being a passive rendering of 

events, assumes óthe double role of mimesis-mythosô (Kearney, 2002). That is, a story, 

unlike a chronologyða list of events in date orderðis a ócreative re-description of the 

world such that hidden patterns and hitherto unexplored meanings can unfoldô 

(Kearney, 2002, p. 12). To author a story is always a creative act (Coulter & Smith, 

2009). As Lieblich, Tuval-Mashiach & Zilber (1998) have asserted, frequently the study 

of narrative óhas been criticized as being more art than researchô (p. 1)ðthough why art 

has less value as knowledge is more often assumed than argued.  Narrative enquiry 

originally grew out of literary theory (Zald, 1996) and, over the past two decades, has 

generated a ónarrative turnô in the social sciences (Atkinson & Delamont, 2006; 

Spector-Mersel, 2010). It is an interpretive approach that seeks to bring the reader 

closer to the phenomenon being studied (Bansal & Corley, 2011), allows an 

examination of social dynamics as process and enables understanding of human 

behaviour and the complex, relational quality of social interactions (Cope, 2005; Leitch, 

Hill & Harrison, 2010).  
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3.3 Three stage design and sample 

Because I am looking at transformations over time, an ideal research design would be 

a longitudinal study. However, a PhD does not allow the luxury of a long period of time 

and so I have designed a 'tracks backwards' approach, from adults to students to 

school children; from committed experts to emergent students to novice children the 

choice of three different sets of participants was manageable. Different research 

indicates that identity development is heightened during the middle and late teens 

(Erikson, 1968) and, for some, maybe in later stages of life (Illeris, 2014). Moreover, 

Mezirow (2000) believes that transformation affects self (identity) in adulthood. With 

this in mind, I have shaped this three-phased research so that the samples chosen are 

from three different broad age groups: the average age of scientists and non-scientists 

was forty, for university students this was twenty five, and the secondary school girls 

were thirteen (Table 1.1).  

I have used these three-phase transverse slices to collect a broad set of data first from 

participants from different phases of the life cycle. I began with professional scientists 

and non-scientists, all at Brunel University London, who have progressed well beyond 

their student lives and have quite clearly chosen and settled into science or non-

science professions. At the time of interview their lives seemed fairly stable and the 

ability to make large-scale changes/ transformations at this stage of life was perhaps 

becoming increasingly less likely. The second sample, a voluntary survey sample of 

Brunel University London students, have chosen their broad field of study but not yet 

entered into any permanent professional role or responsibility. Through the 

questionnaires, these students showed a range of positions ï understandably, some 

seemed quite fixed, some more fluid, towards their future employment destinations. 

Finally, the opportunistic sample of secondary school girls will be soon selecting 

science or non-science subjects for future studies at A-level and beyond. Again, quite 

understandably, this group of participants were found to be most fluid and quite open 

about their subject and career choices. 

Interviews of the sample for Phase One (scientists and non-scientists) shaped the 

design of the questionnaires for Phase Two (Brunel University London students). 

These two phases in turn, formed the basis for designing Phase Three (secondary 

school girls) science education intervention plans, intervention evaluation 

questionnaires and interviews (Figure 3.1). 
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Figure 3.1: Research design: three óslicesô 

In Phase One I employed ópurposive samplingô or ópurposeful selectionô. This type of 

sampling engages people who are professionals, experts or those who have particular 

experience and can give in-depth information on particular issues (Ball, 1990); 

therefore twelve current professional scientists and non-scientists were chosen as a 

sample who can communicate their part of the story while in their different stages of 

life. For the Phase Two study, one-hundred and twenty-three university students were 

voluntarily recruited through an invitation to participate advertised on the universityôs 

internal website, and through notification of the universityôs systems. For Phase Three 

study, thirty secondary school girls were chosen as an opportunity sample given by my 

own professional activities at the time. A further description of sampling used for the 

three different phases, are as follows: 

 

Phase One: An equal number of male and female Brunel University scientists and non-

scientists were approached. Initially the plan was to accommodate in total six 

participants (three male and three females). However, after conducting the first six 

interviews, a need for further data collection was felt necessary to achieve rich data. 

The twelve interviews took me around two to three months (February 2014 - May 2014) 

to collect and transcribe the tape recorded interviews. A 50:50 split of science and non-

science academics, however, is glaringly unrepresentative; there are many more non-
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scientists (however classified) than there are those who have chosen a work-life within 

science. My choice of equal numbers here has more to do with my sense of symmetry 

than sample statistics. 

  

Phase Two:  The online survey with Brunel University London students did not show a 

50:50 split; instead it gave ratios of male: female to be 1: 0.84, and science: non-

science students of 1: 0.85 (Table 5.8 and Table 5.9). The online questionnaire was 

available for three months from 21st September 2014 ï 21st December 2014 on the 

Brunel University London website, which all Brunel students could access. During this 

time I received only one-hundred and twenty-three responses from Brunel students. 

Despite its name and Brunelôs strong science emphasis (Brunel Engineering is ranked 

top ten in the UK Times Higher Education World University Rankings in Engineering 

and Technology during 2014) this is not an entirely unbalanced picture, and the 

university has a substantial arts and humanities base.  Brunel is comprised of broadly 

six colleges and institutes and identifies the College of Business Arts and Social 

Sciences (CBASS) as a non-science department in comparison to Engineering, Design 

and Physical Science, Health and Life Sciences and the Institute of Energy Futures, 

Institute of Environment, Health and Societies and Institute of Materials and 

Manufacturing ï all of these are seen as science-oriented departments.  

 

Phase Three: The Salehjee Girls School, thirty students aged 12-14/15 from UKôs 

ethnic minority families were the subjects of Phase Three of my research. I believe that 

The Salehjee Girls School was the correct choice as firstly to date, I have not seen any 

published work that has been carried out on an independent all Muslim girlsô school in 

the UK. Secondly, the school offers science GCSE single and double awards and does 

not offer triple science award or A-level sciences. Moreover, for the academic year 

2015/2016 only five out of fifteen girls were doing the double award and the rest did 

single award science due to their low achievement and interest in science as compared 

to non-science subjects. A similar case is noted by IpSOS (2012) which demonstrates 

that the number of students taking up double science has fallen significantly. The 

reason for inappropriate KS3/KS4 science results mentioned by the science teacher 

and head teacher were that the girls are not scientifically able as they are not taught 

properly in KS3 (science teacher) and students like to do more non-science subjects 

rather than science subjects at A-levels (previous head teacher). Thirdly, the majority of 

the girls did not have any aspiration to study science(s) at A-level or were confused 

about science choices. As their science teacher, my intention was also to prepare the 
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students for the new GCSE science 2017 examination curriculum in which single award 

science is completely eradicated from GCSE and all students in the UK are obligated to 

take double science or triple science awards.  

In addition to the particular school setting, I believe, this study with Muslim girls is also 

appropriate as the students in the study are from ethnic minority families. Overall, 

Muslimôs are a marginal number and make up 5% of the whole population though the 

population of Muslims in England and Wales has risen by 1.16 million in 10 years (from 

2001-2011). By 2021, there are expected to be 300,000 Muslim teenagers; however, 

currently Muslim women are under-represented in the UK in terms of education and 

employment (Iqbal, 2016). In addition, ógirls and young women in general are not as 

well catered for by faith-based organisations, nor are those young people that are not 

interested in religionô (Communities and Local Government London, 2009). However, it 

has been reported in the Communities and Local Government London (2009) paper 

that Muslim girls (in the studied communities) are performing better than their male 

counterparts and that numbers of female Muslim students are successfully 

accomplishing careers. Even then, it is indicated by Elias, Jones & McWhinnie (2006) 

and Engineering UK (2014) that girls are under-represented in STEM education and 

careers. Wong (2015) believes that there is a need for research in the area of 

secondary schooling involving participants from minority ethnic backgrounds. For this 

reason my choice was The Salehjee Girls School, as this school consists of all Muslim 

girls from British Somali, Pakistani and Arab backgrounds belonging to the UKôs ethnic 

minority groups according to Ethnicity and National Identity in England and Wales: 

2011. Moreover, although similar research has been conducted by Ruthven, Mercer, 

Taber, Guardia, Hofmann, Ilie, Luthman and Riga (2016) and Topping, Thurston, 

Tolmie, Christie, Murray & Karagiannidou (2011) carrying out intervention studies in a 

science classroom, with studentsô aged around 12-14/15, however the studies are 

different from my study as both the studies chose mixed sex schools. I believe the 

participant age group was appropriate as science engagement and interest in science 

and technology is mainly needed in 14-year-old students (OECD, 2013). In addition, 

Bennett and Hogarth (2008), Osborne (2008) and Tai, Qi Liu, Maltese and Fan (2006) 

indicated that ages 11-14 are the crucial period where the studentsô interest is formed. 

 

Moreover, I believe that my choice of school and targeted sample for Phase Three is 

appropriate because in the recent literature I was able to find only research by Archer 

et al. (2010) and Wong (2015) based on science education and UK based Muslim 

secondary school girls. Archer et al. (2010) highlighted that identities are interlinked 
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with choices and Muslim girls perceive their personal choices, social and cultural 

factors to be central to their decision towards educational choices. To this argument, it 

would be worth questioning that if it is personal choices/ natural inclination (either way) 

- does it take a big dispositional transformation to move them? If they are not strongly 

inclined will a series of small nudges (science education interventions) work?  

 

I believe that through my understanding of UK secondary school science educational 

policies, curriculum and assessment needs (which I gained from eight years of GCSE 

and IGCSE science teaching and tutoring experience) and being a science teacher in 

the school helped me to design and implement science education interventions 

according to the needs of the students. Moreover, I have been engaged in the 

necessary CPD such as teaching and learning workshops, courses, teaching 

observations, reading about science classroom strategies and publishing papers to 

understand and implement the interventions effectively. I originally planned to conduct 

six interventions over a three month period, however few interventions took longer than 

expected and it took me closer to six months (Year 8 and 9 November 2014-April 2015; 

Year 7 January 2015ïJune 2015) to complete the intervention study inside and/ or 

outside the science lesson time (Table 4.1 ï Table 4.9).  

 

3.4 Methods 

The main methods that I used to collect the data were semi-structured interviews, 

descriptive questionnaires and óintervention evaluationô questionnaires. These methods 

allowed me to capture participantsô experience and self-perceptions associated with 

GF, SA, transformative and/or non-transformative learning experiences, natural 

inclination and in few instances IIA. The interview and questionnaires drew broadly on 

Facer and Manchesterôs (2012) ódynamics of livingô: personal events, practicalities, 

participation, pleasures, and came in the form of brief narratives: óI decided to . . . ô; óI 

think I needed to . . . ô. In addition, the respondents chose, or were given, a pseudonym 

and, as might be expected, they disclosed only those details with which they were 

comfortable, resulting in a rich and varied, often lively, data collection. The stories 

written were in third personôs voice about the scientists and non-scientists, university 

students and secondary school girls- rather than first personôs voice by the participants, 

this allowed me to analyse the data at a subjective level as well as I was able to 

generalise the data using numbers and percentages. There was a need to ensure 

some direction in the interview obtained; the interview guide allowed any systematic 
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collection of the data and closed any ñlogical gapsò. However, a fixed guide can alter 

flexibly in the delivery of the interview questions and in the pace of responses (Cohen 

et al., 2007, p. 353). For this reason, my questions were carefully designed in order to 

encourage interviewees wherever possible to expand on their experiences and 

elaborate on the points which they felt relevant. In the same vein, the questionnaire 

and intervention evaluation questionnaires provided a systematic collection of data, 

moreover, to incorporate flexibility; at the end of every question a comment box space 

was provided. I also did not restrict the time of response so that the participants could 

take as much time as they wanted to complete it; they were also allowed to change 

their responses later if needed. 

I will now describe the narrative enquiry styled semi-structured interviews, descriptive 

questionnaire and intervention evaluation exercises separately with indications of 

similarities and differences in regards to the principal analysis Phase One (professional 

scientists and non-scientists) to Phase Two (Brunel University  London students) and 

Phase Three (secondary school girls). 

(i) Phase One: Professional scientists and non-scientists 

As mentioned before, twelve oral stories were obtained through semi-structured 

interviews from the scientists and non-scientists. The interview questions were 

designed to find out and test a few reasons and solutions present in the recent 

literature, based on the scarcity of students going into sciences. The interview guide 

was in three sections including óbiographical detailsô, óstarting outô and óstaying in (or 

out) of scienceô. In total sixteen questions were asked of the Brunel University London 

scientists and non-scientists. A few important ethical concerns and validation issues 

including a piloting exercise were dealt with before the interview exercise (see section 

on ethical consideration and response validation) to rectify ambiguous or too structured 

interview questions, to identify places where probing was required, to check the 

recording system and average time of the interview.  During the interview process all 

the scientists and non-scientists had undergone individual face-to-face semi-structured 

interviews which were audio-recorded over a period of some two months; each 

interview was conducted in the work office of the respondent and lasted between 40 

and 60 minutes each. After each interview session transcripts were created (Appendix 

5 and 6). These transcripts were at first written in full without adding, deleting or 

correcting responses. I repeatedly listened to the audio recording to gain a better sense 

of the intervieweesô responses. Then I aggregated and summarised individual 
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interviews into stories which led into the generation of broadly three themes, or three 

ólife trajectoriesô (See below in analysis section). Later the data were subjected to 

thematic analysis approach, using both initial interview responses and summarised 

aggregated stories mainly looking at the influences from GF, SA and TL experiences.  

(ii) Phase Two: Brunel University students 

For Brunel University London students, I designed an online questionnaire using Bristol 

Online Survey (BOS). The questions were adapted from Phase One ïscientists and 

non-scientists - with a few changes.  Prior to use, the questionnaire was piloted with a 

small sample of Brunel students and amended accordingly. Based on this pilot, the 

questionnaire took, on average, between 10-15 minutes to complete. The 

questionnaire was in four sections; it was planned to investigate educational 

background, opinions of school science, perceptions and inclinations towards science 

and non-science disciplines, current and future career options. The first page acted as 

an information page about the surveyôs aim, the data protection policy and the last 

page provided opportunity to volunteer for a follow-up of one-one interview session 

(Appendix 4). Twenty questions were asked, and these were a mix of open, closed and 

four scaled questions (strongly agree, agree, disagree and strongly disagree). After 

reaching the three months point I closed the BOS system and started to repeatedly 

read the responses individually as well as combined percentages to gain a better 

sense of the questionnaire responses. Then I made my notes to summarise few 

individual questionnaire responses from the students who had written their responses 

in the comment box along with ticking the closed four scaled questions.  

(iii) Phase Three: Secondary school girls 

The secondary school girls were at first asked about their choice of studies at A-levels 

where some wanted to do science in combination with non-sciences, where the same 

number wanted not to do science at all. On the basis of this outcome, pre-intervention 

questionnaires (Appendix 8) were designed to facilitate clarity of communication using 

open-ended questions which allowed free expression of student views and resulted in 

both expected and unexpected outputs. I have not only taken into account the 

expected, I have also charted unexpected outputs as a reflection of the intervention 

research (Tables 5 - 13). These questionnaires included four scale evaluations 

(strongly agree, agree, disagree, strongly disagree) supplemented with open-ended 

questions to evaluate improvement, failure and perception alterations of the thirty girls 

towards or away from science education and career choices. Over time, the 
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interventions were systematically monitored using six óintervention evaluativeô 

questionnaires (Appendix 9) during the six interventions and after the interventions, 

approximately at six and twelve months (Appendix 10). The main reason for collecting 

data at different time intervals was to observe the transformations in subject choices.  I 

made sure that the same questions were asked twice either at pre-intervention and 

sixth month stage or sixth and twelfth month stage (Table 3.1). The time frames in 

asking the questions differ as few concepts came out during the intervention study like 

ónatural inclinationô. This was an important question in regards to asking their personal 

choices which was not asked in the pre-intervention stage, so it was asked later in the 

sixth and twelfth month. 

In addition to the intervention evaluations, twelve willing students were selected on the 

basis of their subject selection and varying degree of their perception on science and/or 

non-science natural inclination. Interviews were conducted to confirm and/or clarify the 

intervention evaluation responses. In total eight questions were asked which were 

adapted from the sixteen interview questions, which were, originally designed for the 

scientists and non-scientists and from the twenty questionnaire questions, which were 

designed for the university students. A few important ethical concerns and validation 

issues including a piloting exercise were dealt with before the interview exercise to 

rectify ambiguous or too structured interview questions, to identify places where 

probing was required and the average time of the interview (see section on response 

validation).  During the interview process all the twelve secondary school girls had 

face- to-face semi-structured interviews and instead of tape recording their voices, the 

students wrote the answers and in some instance I wrote their responses on printed 

interview sheets (Appendix 11). The reason for not recording (audio or video) was 

because the school management did not allow me to do so for confidentiality purposes 

(Appendix 2).  

3.5 Ethical considerations 

Silverman (2010) stated that, óqualitative research inevitably involves contact with 

human subjects in the field; ethical problems are not usually far awayô (p. 154). The 

research conducted at Brunel University London and at The Salehjee Girls School had 

been approved by the Brunel University Ethical Framework, Brunel University Good 

Research Practice Policy, Brunel University Code of Research Ethics, and the 

Universities UK concordat on research integrity, under Data Protection Act 1998. The 

following measures were taken to overcome ethical problems: 
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(i) Phase One: Professional scientists and non-scientists 

 

Before conducting the interview I prepared the participantôs information sheet and 

consent forms. Moreover, I also considered interview location/ room/office/laboratory 

as recommended by Cohen et al. (2004). Interviews were conducted in a non-stressful 

and non-threatening manner as they took place in the participantôs office or in the 

science laboratories. In addition to the emailed information sheet, I answered any 

questions in relation to the interview process, publication and purpose of the study 

through email and/or in person to avoid communication barriers.  

Before conducting interviews all the volunteer scientists and non-scientists were 

contacted by email and were sent the same participantsô information sheet and an 

informed consent form (Appendix 1 and Appendix 3). Just before the interview, the 

consent form was signed by all twelve Brunel University London professionals as 

óprotection of human rights in qualitative research is achieved mainly by using the 

process of informed consentô (Carpenter & Hammell, 2000, p. 116). On the consent 

form first confidentiality and anonymity was offered for the scientists and non-scientists 

name, age, religion, ethnicity, social class and name of their Brunel colleges. During 

analysis and reporting all these aspects were kept entirely confidential. It was only 

reported if the scientists and non-scientists wanted to disclose it. Moreover, permission 

for (audio tape) recording interviews was obtained from the scientists and non-

scientists in the consent form as well. After the interview and to date the recordings and 

transcripts have been kept safe. In addition, all the participants were given the right to 

terminate at any point. None of the scientists and non-scientists wished to leave during 

the interviews and none asked me not to report or publish their stories.  

While analysing and reporting the data I have disclosed not only positive results, but 

also negative results and respected the autonomy of the scientists and non-scientists. 

For example, I did not hide the fact that the two scientists and non-scientists  moved 

away from science due to failure in exams and/or because of poor teaching practices 

and at the same time acknowledged the way some of the scientists and non-scientists 

praised their teachersô teaching style and support.  
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(ii) Phase Two: Brunel University students 

Before dispatching the online questionnaire on the Brunel homepage, I prepared a 

quite similar participant information sheet to that of the Phase One information sheet 

which became the first information page for students explaining the purpose of the 

research to avoid communication barriers (Appendix 4).  

For confidentiality and anonymity reasons, I could not access the names, college, email 

addresses, religion, ethnicity and age of the participants. During analysis and reporting 

all these aspects were kept entirely confidential. It was only reported if the students 

disclosed it in the questionnaire comment boxes.  The opportunity to volunteer for a 

follow-up one-one interview session was also indicated on the last page of the 

questionnaire (Appendix 4). However, no one agreed to give the interview, so I did not 

have any kind of communication (verbal, written or face-face) before, during and after 

the study with the participants. Moreover, all voluntary Brunel University London 

students were given the right to terminate at any point. However, none of the 

participants terminated while filling up the questionnaire and no one asked to do so 

after completing the questionnaire. 

While analysing and reporting the data I have disclosed not only positive results but 

also negative results and respected the autonomy of the participants. For example the 

four scaled evaluation reported not only positive (agreed) statements but also negative 

(disagreed) statements and was later analysed looking at the both sides of the coin. 

(iii) Phase Three: Secondary school girls 

 

Before conducting the research I first obtained permission to conduct science 

education interventions at The Salehjee Girls School for six to twelve months.  After 

receiving verbal permission I prepared the participantôs information sheet explaining the 

purpose of the research to avoid communication barriers and a consent form which 

similar to Phase One form. 

 

The schoolôs head teacher was given the participant information sheet to read and sign 

the consent form before the pre-intervention questionnaire (Appendix 2 and Appendix 

3). In addition to the head teacher, before conducting the research, the participant 

information sheet was read aloud and discussed as a whole class activity in my 

science lesson. In addition to the information sheet I answered any questions in 
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relation to the interventions, questionnaire and interview process and publication and 

purpose of the study thoroughly in person before and during the research. 

 

I did consider the location/ setting and other people involved during the intervention 

study. The study mainly took place in the school setting itself which included the girls 

and myself, as their science teacher. School visits took place outside the school 

premises in the presence of other science teachers and were conducted after obtaining 

verbal permission from the head teacher and written permission from the parents. 

Moreover, confidentiality and anonymity were also offered on the consent form; 

keeping the name of the school and names of the students, entirely confidential. To 

maintain confidentiality during analysing and reporting the data, I did not disclose the 

above; however, in an objective manner, religion, ethnicity and age of the students 

were disclosed as all the girls aged 12-14/15 in the study are Muslims and from ethnic 

minority families, however during analysis I did not group the girls into Pakistanis, 

Arabs etc. On the consent form the permission of video and/or audio recording was not 

given by the head teacher in accordance with the school policies (Appendix 2). 

Therefore, during data gathering only verbal and written communication methods were 

used.  

 

While analysing and reporting the data I have disclosed not only positive results but 

also negative results and respected the autonomy of the participants. For example the 

data reported not only indicated those students who now wanted to do science A-levels 

but also reported those students who liked and/or disliked the interventions and still did 

not want to carry on with science at A-level. 

After using the methods mentioned above and considering ethical issues I analysed the 

data using thematic analysis. The process of analysis that I followed for Phase One, 

Phase Two and Phase Three will be explained in detail in the next section. 

 

3.6 Data gathering and initial analysis 

 

In this research I am looking at interpretative commonalities in the narrative styled 

semi-structured interviews and descriptive questionnaire participant responses as they 

relate to personal events in the subjectôs social (scientific) world. In my view, stories, 

even diverse and complex ones, provide the context within which intelligible action is 

taken: they tell where we come from so that we can understand who we are and what 
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we might do. Schank (1990) sees such storytelling as a form of intelligence; as ópeople 

remember what happens to them, and they tell other people what they remember. 

People learn from what happens to them, and they guide their future actions 

accordingly [é] Intelligence is really about understanding what has happened well 

enough to be able to predict when it might happen againô (p. 1). 

In taking this route, I recognised that recalled experience is influenced and altered by 

memory and may not reflect the exact nature and sequence of events that took place 

(Powney & Watts, 1987). The mere act of participating in an interview is a transactional 

event that can alter the recall of experiences (e.g. Roth & Middleton, 2006). My 

orientation sees data analysis as a complex transaction between researcher and 

evidence, the ends of which are provisional and fallible. I probed the themes, 

hypotheses, categories and assertions that emerge from analysis to see how they 

stand up to the weight of evidence and counterclaims (Selvaruby, OôSullivan, & Watts, 

2008). 

As can be seen in Figure 3.1, the research design involved three phases using a 

slightly different route (similar and/or different methods) to conduct the study according 

to the need of the research and availability of the participants. Therefore, I will now 

describe the process of analysis separately with indications of similarities and 

differences among Phase One (professional scientists and non-scientists), Phase Two 

(Brunel University London students) and Phase Three (secondary school girls). 

(i) Phase One: Professional scientists and non-scientists 

After transcribing the twelve stories (transcribing process, please see above) in 

March/April 2014 I have used the following steps to analyse the data: 

 

Step 1:  

At first codes were drawn from the interview questions and responses using word 

phrases, under three headings: óbiographical detailsô (4 codes: job title, qualifications, 

working years, start teaching) included one to two word structured questions to help the 

participants understand the background behind the upcoming questions which were 

mainly based on the lived academic and professional life in the experienced social 

settings. Second heading óstarting outô (5 codes: Am I able (or not able) to do science, 

subject choice reasons at 16 , subject choice fast or slow/ trigger momentsô, teachers/ 

parents/ peers influence, school science or awareness of science in daily life affecting 

interest) included questions on their perception on science/ non-science ability, TL 
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experiences, events and SA influences. The final heading óstaying in (or out) of science 

(8 codes: Factors that have kept your interest alive in science (or in your chosen field), 

like and dislike about chosen field, positive (and negative) features of the university 

study, knowledge (or ignorance) of science impact on your everyday life, positive (and 

negative) features of the school curriculum, transformation into and out of science, 

gained from the subject, important factor that would motivate more young people to 

take up science) included various questions regarding likes and dislikes about science 

and non-science from school life to current academic and/ or professional life, and their 

opinion as how to motivate students into science.  

 

Step 2: 

Then using an aggregation process - synoptic analysis, I constructed stories of the 

interview data, in third person voice about the participants rather than by the 

participant. I understand aggregation as the process of collecting and combining the 

data horizontally, vertically and chronologically and then expressed it in a summary to 

generate stories that presents transformation and change in individualôs science or 

non-science lives. The stories comprised of individualôs life journey specifically looking 

at the broad events, circumstances, meaning-making of science, preferences, natural 

inclination etc. These stories led me to group the participants into broadly three 

themes, which are as follows: 

 

(i)Progressive TL and smooth transformation 

(ii)Progressive TL and wavering transformation 

(iii)Reconstructive TL and wavering transformation. 

The description of each theme is noted in Chapter Five under the heading 

Transformation and change. 

 

Step 3:  

Later, the participant interview responses were pulled from twelve different Word 

documents into one, by copy and pasting the answers under the (sixteen) interview 

questions on the interview guide. I then adopted thematic analysis in which I compared 

and contrasted the participants based on scientists and non-scientists which remained 

as one of the main analysis distinctions. I made use of ómanifest items which are 

physically presentô (Robson, 2002, p. 354) to count frequencies; I tried to locate words 

that resulted in positive, negative or neutral impact, the participants accepted or 

rejected such influences from GF, SAs, TL experiences. The resulting list consisted of 
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three broad sub- categories which included the following: GF (gender, race, and class) 

and SA (parent, school science, and teacher) along with TL experiences. The first sub-

themes emerged from the interview directly; this was not included in the interview 

questions. A detailed discussion on the findings and analysis is conducted in chapters 

Five and Seven. 

(ii) Phase Two: Brunel University students 

I began analysing the data in January 2015, and as mentioned before, the survey 

(questionnaire) questions were derived from the scientists and non-scientists 

interviews, with a few codes and related categories differing from the scientists and 

non-scientists.  I took different measures to obtain the frequency. I compared questions 

between sciences and/or non-science subject choices and gender, also contrasted the 

studentsô response on the natural inclination towards or away from science with the 

percentage of responses to the choice at A-levels and university studies and 

professional choices after university. Furthermore, I compared the effects of SA 

(parents, school science and teacher,) influences on their choices of taking up science 

/ non-science education and careers. I have used the following steps to analyse the 

data: 

Step 1: 

The recording units included manifest items in terms of percentage frequency. 

Eighteen word codes from the questions emerged, under the three headings:  

First, is óDemographic detailsô; the codes here were different from scientists and non-

scientists (4 codes: student status, academic year, A-level subject choices and 

gender).  These were in order to find out whether or not students are in science/ non-

science colleges, the academic year of study (which helped me to ascertain the 

average age of the participants), their A-level subject choices which was an important 

question as it helped me to see the people moving in and out of science and gender to 

identify gender related preferences.  

Second, óMy perceptionsô (7 codes: science natural inclination, non-science natural 

inclination, parental influence, happy about choice at Brunel, science at school, daily 

life science, teacher, and interest through science curriculum). From scientists and 

non-scientists interview responses, I have found that few always wanted to opt for 

science and kept on doing it even after A-levels, but some were on the other extreme 

and some in the middle. For this reason, to confirm my findings, I added two opposing 
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questions - one on natural inclination into science and the other one on natural 

inclination into non-science and later compared the percentages between science and 

non-science natural inclination against science and non-science choices, to further 

examine the transformation and the root cause of the decision. The majority of the 

scientists and non-scientists liked their teachers. To examine further as to whether 

teachers really had an impact in choosing subjects, two opposing questions on science 

and non-science teachers were asked and each question was compared against 

science and non-science students.  

Finally a new section was introduced - óCareer opportunitiesô (5 codes: science career 

opportunities, non-science career opportunities, becoming a scientist, future career 

plan and employability skills). As university students within a few yearsô time will be 

looking for jobs. For this reason, two opposing questions were included in this section 

based on better science and/or non-science career opportunities, future career plans 

and comparison between science and non-science employability skills development. 

Step 2: 

I have used the above eighteen code words to further analyse the data. The main 

analysis included the percentage obtained using four scaled questions - strongly agree, 

agree, disagree and strongly disagree.  

At first, in line with the scientists and non-scientists codes mentioned above, I used 

numbers to analyse the questionnaire data but later used percentages. Because, the 

number of science and non-science studentsô responses were not equal this makes it 

difficult to generalise the data with numbers. So I used percentages and converted 

100% for science and another 100% for non-science students.  

Moreover, where the whole number was not obtained I rounded the percentage to the 

nearest whole number that is 10.4 = 10, where 10.5=11.  

Step 3: 

Initially I compared and contrasted the participants based on science and non-science 

students, which remained as one of the main analytical distinctions to grasp the 

transformative practices in the participants. I also looked into individual questionnaires 

manually to find out the frequencies, for example: student choices and their perception 

of attaining science or non-science natural inclination and comments made. This 

resulted in the emergence of a new sub-themes, for example, óboth science and non-
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science natural inclinationô, as few students despite being in a science or non-science 

college believed to have both science and non-science natural inclination. However, I 

did not find a new theme(s) in addition to Phase One themes.  

Step 4: 

Then I constructed a few stories using aggregation process - synoptic analysis (as 

mentioned above) of the questionnaire data, in third person voice about the participants 

rather than by the participant. In order to summarize the life journey of the individual 

participants specifically looking at the broad events, circumstances, meaning-making of 

science, preferences, natural inclination etc. Although the descriptive data received 

through the questionnaire was not as rich as scientists and non-scientists. I have used 

the following themes to present the summarised stories: 

 

i. Progressive TL and smooth transformation 

ii. Progressive TL and wavering transformation 

iii. Reconstructive TL and wavering transformation. 

 

The description of each theme is noted in Chapter Five under the heading 

Transformation and change. 

 

(iii) Phase Three: Secondary school girls 

The mode of analysis used in this phase resembles to both Phase One (scientists and 

non-scientists) and Phase Two (university students). Three questionnaires were filled 

in at three different time intervals, which were then recorded manually on thirty 

separate spreadsheets and analysed. The questionnaire was based on codes that 

were used twice to confirm the data. All the codes were either compared from month 

zero to six months or from six months to twelve months (Table 3.1).  
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Influences Pre-intervention   

zero months 

After  

intervention  

six months 

After  

intervention  

twelve months 

Employment    

Parents   

 

  

Teachers     

Science curriculum     

Science  in daily life    

Natural inclination     

 

Table 3.1: Questions asked at different time intervals 

In addition to the above questionnaires, students filled in six intervention evaluation 

questionnaires that were based on six individual interventions. These intervention 

evaluation questionnaires asked questions on subject choices, level of enjoyment, like 

and dislike and feeling good and/or bad about science with respect to the particular 

intervention. This was carried out to compare the interventions, evaluate best teaching 

and learning strategy and to track the transformation/ change within the thirty girls.  

Some of the data gathered has not been used, in order to emphasise more on the 

prominent issues and to avoid irrelevant and repeated questions. For example, 

questions about parental influence at university level, perception of scientists and 

science employability skills were found to be repetitive and did not give any particular 

information in relation to the research objectives. 

The following steps were broadly taken to conduct the analysis of questionnaires and 

interviews of the secondary school girls. 

Step 1: 

At first, before choosing the recording system, the students were grouped on the basis 

of their science and non-science subject choices. When comparing the students on the 

basis of subject selection I utilised biology, chemistry, physics, maths, computer 

science/ICT as science subjects, whereas english, arabic, religious studies, sociology, 

psychology, physical education, citizenship, PSHE and design technology were taken 

as non-science subjects. I compared and contrasted the secondary school students 
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based on four groups (C1-C4), which remained as one of the main analytical 

distinctions to grasp the transformative ability in the participants. The four groups and 

criteria grouping criteria are as follows:  

(i)Science choices only (C1): where the students listed science only subjects. 

For example biology, chemistry, physics and related subjects 

 

(ii)Both science and non-science choices (C2): where students want to opt for 

both science and non-science subject choices. For example, biology and 

English 

 

(iii)Unsure about science choices (C3): the students can list prospective non-

science subject choices, but are unsure of listing any science subject choices 

 

(iv)Non-science choices only (C4): where the students listed only non-science 

choices and were quite confident in not pursuing science subjects at A-level. 

 

Step 2: 

Next the word codes were generated from the questionnaires as frequencies based on 

four scale responses (strongly agree, agree, disagree, strongly disagree) questions 

and additional comments made in the comment box - given at the end of all the twenty 

questions. However, the comments obtained were not as descriptive and different 

enough to warrant an additional category and/or theme. Instead the codes that 

emerged under the four headings are as follows: 

First óBiographical detailô (3 codes: year group, age, A-level subject choices) these 

codes obtained information to help me analyse in the average age of the participants 

and changes in subject choices with time. 

Second óMy perceptionô and third óSchool scienceô.  As the questions were designed 

according to Phase Two (Brunel University  London students), therefore, the codes and 

questions that emerged were very similar as Phase Two (Brunel University  London 

students) section on ómy perceptionô , except that the secondary school students were 

not asked about the current choice at Brunel. The óCareer opportunitiesô the codes and 

questions used in this section were the same as Phase Two. 
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Step 3: 

The questionnaire responses obtained after every intervention mainly achieved a 

numerical data rather than a descriptive data and so I used codes highlighting the 

expressive side of the students after doing the interventions (5 codes: enjoy, like, feel 

good or bad about science, change in A-level choices and school science helpful in 

daily life). 

Step 4: 

In addition to the codes obtained from the questionnaires mentioned above, I 

conducted twelve interviews on the basis of subject choices and varying degree of 

natural inclination. The questions asked and phrase codes generated were mainly 

based on their perception on self-ability and future transformations/ changes in subject 

choices and why, as I did not gain enough information on that from the questionnaire. 

The codes are divided into two headings. 

First  óstarting outô (5 codes: Am I able (or not able) to do science, subject choice 

reasons in 16 , subject choice fast or slow/ trigger moments) included questions on 

their perception on science/ non-science ability and triggers.  

Second heading óstaying in (or out) of science (5 codes: Factors that have kept your 

interest alive in science (or in your chosen field), like and dislike about chosen field, 

transform into and out of science, gained from the subject, important factor that would 

motivate more young people to take up science) included questions regarding like and 

dislike about science and non-science from school to present and their opinion as to 

how to motivate students into science (Appendix 11). 

Step 5: 

The aggregated pre-intervention, sixth and twelfth month questionnaire, intervention 

evaluations and (twelve) interview responses of the individual students helped me to 

write individual stories. The stories were constructed as synopsis, in third person voice 

about the participants rather than by the participant. In order to summarize the life 

journey of the individual participants specifically looking at the broad events, 

circumstances, meaning-making of science, preferences, natural inclination etc. I have 

used the same three themes mentioned above in Step 2 (Phase One) and Step 4 

(Phase Two). The description of each theme is noted in Chapter Six under the heading 

Transformation and change. 
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3.7 Data accumulation and further analysis 

After collecting the data and looking at the broad themes, the three phases of the data 

were accumulated for further analysis using the Sci-ID model ingredients; first 

separately for the each phase and then I accumulated the main outcomes from the 

three phases and discussed it in Chapter Seven.  

The discussion of this study, also consists of coding what scientists and non-scientist, 

university students and girls say about the small (positive) gains of the experiences, 

circumstances, triggers and interventions, that created a greater óeducational impetusô 

towards gaining science or non-science subject choices and/or careers. 

Moreover, from all the three phases I was unable to capture all the Sci-ID ingredients. 

Table 3.2 highlights the source of data gathering for each of the ingredient from the 

three phases of the study. 

Sci-ID ingredients Phase 

One 

Phase 

Two 

Phase 

Three 

Global forces    

Social agents    

TL experiences 

(events, triggers, interventions) 

   

Meaning-making filter    

Preference filter    

IIA    

Core    

 

Table 3.2: Sci-ID ingredients- data accumulation from the three phases of study 

The steps taken in the sections above on methods, ethical consideration and data 

analysis contribute to various validation questions that will be dealt in the next section 

on validation. 
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3.8 Validation 

As a broad concept, validity pertains to the extent that a method investigates what it is 

intended to investigate (Kvale, 1989, p. 74). 

 

I have utilised a five-part threeïstage validation framework (Figure 3.2) as the 

approach of validity matches with the interpretative interaction (Pedrosa, Lopes & 

Watts, 2013). Moreover, it considers both internal and external validity (generalising) 

issues as it órelates to whether the results of a measure can be extrapolated to other 

settings, times, etc.ô (Neuendorf, 2002, p. 115). 

 

 

 

 

Figure 3.2: The validation framework, based on Pedrosa et al. (2013) 
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Now I will discuss the five parts of validation in accordance with this PhD research. 

(i) Context Validation 

 

In response to the problem mentioned in Chapter One based on the lack of STEM 

skilled workforce, I wanted to ascertain why some people decide to have their careers 

in science and others do not. What are the incidents in life that made them move into or 

out of science? So my research is aimed at exploring not only the limitations and 

solutions as described in Chapter One and Two, but also to examine the previous 

recommendations and other linked solutions for negligence in science education and 

future career choices (for example: positive/ negative teachers, parents, curriculum, 

influences). These aims were discussed with all the three groups before the data 

collection, by providing written participant information sheets to the Phase One 

scientists and non-scientists (personally) (Appendix 3), Phase Two university students 

(online) (Appendix 4) and the Phase Three secondary girls school head teacher 

(personally) (Appendix 2) and was discussed personally with the secondary school 

girls. At the end of the information sheet the participants were given the freedom to ask 

questions which I answered before conducting the interviews and interventions 

evaluation questionnaires. The same opportunity was given to the Brunel University 

London students but no one approached me (on my email address) to ask questions in 

relation to the survey (as mentioned above in the section on ethical considerations). 

Next óthe form of research must be congruent with this broad contextô (Pedrosa, et al., 

2013, p. 9). The research project was required to be conducted by means of an 

interpretivist approach using participantôs interpretations/ perceptions of the social 

world to explore the lived sciencey and/or non-sciencey stories. Therefore, I decided to 

choose two organisations (Brunel University London and The Salehjee Girls School) 

and as far as possible explored the self-perceptions of the participants by giving them 

enough space to talk through or write their responses. For this, interview questions 

were designed in a way that permitted participants to elaborate their ideology about 

themselves as an individual, their existence in social settings, real life conditions and 

influences that made them choose science or non-science education and/ or careers.  

Moreover, Phase One (scientists and non-scientists) interview questions were 

designed after reading the literature on problems in association with under-

representation of students in science education, career and related identity and 
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transformative learning  theories (see section below on Theory based Validation). Then 

Phase Two survey questions and Phase Three survey questions, interview questions 

and science education interventions mainly originated after analysing Phase One 

interview responses and a further reading of identity theories and other research into 

science education (see section below on Theory based Validation). These changes 

also kept the three different life phases in consideration. For example, the school girls 

were obviously not asked about their positive and/ or negative experiences at university 

as they have not been to the university; similarly university students were not asked 

about what they have gained or not gained from science or non-science careers. I 

believe the research question which originated from the background context and data 

developed comparable themes from three different methods of data collection. For 

example the notion of natural tendency and IIA emerged quite strongly in adults despite 

using different methods (interviewing and surveys), which reflect the main context of 

being a science or non-science person to a wider extent. Whereas parental and 

teacher involvement in decision making towards or away from science education and 

or a profession was found to be limited. 

(ii) Theory Validation 

 

The theoretical basis of this study involves the recent literature based on identity and 

identity transformations, GF, SA, TL experiences, natural inclination and IIA. The 

literature review along with the main aims of this research, explores the link between 

oneôs natural inclination and IIA, and TL experiences. This led me to first read general 

literature on science education and problems associated with high drop outs of 

students after the compulsory age for science education, including Archer et al.ôs 

(2010, 2012, and 2015) various works on science education research. Later to 

accommodate transformation I selected Mezirowôs TL theory (2000 - 2009). Finally, 

Illerisôs definition of transformation in relation to identity constructs led me to adopt 

Illerisôs identity model and linking it with TL. Later, through the concept of Illeris (2014) 

part identities, I understood the multiple identity theory and models as a key model that 

explains the meaning-making process from inside out. However, I found Illerisôs model 

complex when I practically tried to fit in a theoretical story. The main reason for this 

was that it consists of complicated boundaries and I found difficulty in deciding the 

importance of one identity over another. Later on, through reading literature on multiple 

identities I came across Jones and McEwenôs (2000) and later Abes, Jones and 

McEwenôs (2007) model of identity, that included the meaning-making filter in my 
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model. This theoretical understanding helped me to design Sci-ID model ingredients 

which I used to accumulate the data from the three Phases of the study.  

In addition, this research also includes GF (for example: gender class and race) (to 

some extent), parents, school science and teachers as SA and natural inclination. 

There are various other factors in relation to the general distaste of science in public 

(like SEN, globalisation etc.), but it was quite impossible to study every influence/ 

factors in this study. In addition, it was impossible to read the wealth of literature on 

identity and transformation and include it in the study. For this reason, I have studied 

the articles and books that are available in the Brunel University London library and 

Google Scholar from around years 2006 to 2016. The identity models used in Chapter 

Two were from 2000 and onwards. 

(iii) Response Validation 

Response validation was based on two main confirmations - model validation (Figure 

2.5, Figure 7.2, Figure 7.3 and Figure 7.4) and data collection validation. 

The final theoretically-based model (Figure 2.5) was accomplished not only by reading 

and understanding the recent relevant literature on identity and transformations, but 

also through a discussion about the model with my supervisor, education-based journal 

peer reviewers and conference audiences ranging from education professors to PhD 

students. At first, the Phase One (scientists and non-scientists) study incorporated 

Mezirowôs and Illerisôs theory in relation to core identity using narratives which was not 

only appreciated by the conference audience at the London International Conference 

on Education 2014 and Brunel educational conferences (2013/ 2014) but also the 

International Journal of Science Education published the theoretical framework along 

with the results as a manuscript in 2015. Secondly, Phase Two study incorporated 

Mezirow/ Illeris TL relating self-perceptions to contextual influences and the data was 

first presented in the JRST journal for a peer review in 2015. The reviewers believed 

that the manuscript had the potential to make a contribution to the field of science 

education. However, the paper was asked to be resubmitted due to lack of justification 

based on empirical study, including design, validity, and data analysis protocols, which 

I have taken into consideration in this chapter. In contrast to JRST, my paper was 

accepted by the Australasian Science Education Research Association 2016 (ASERA), 

and later I received invites to publish the paper in different international education 

journals. The addition made at ASERA was that I incorporated Jones and McEwens 

(2000) identity model to support the data analysis from Brunel University London 
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students. As a result, I continued using the same theoretical framework to justify Phase 

Three secondary school girlsô data which was also accepted by the Czech Institute of 

Academic Education. In addition, I have currently employed Illeris (2014) general 

structure of identity and óReconceptualised Model of Multiple Dimensions of Identityô, 

Abes, Jones and McEwenôs (2007) model adopted from Jones and McEwenôs (2000) 

Model of Multiple Dimensions of Identity as these models provide an advanced insight 

into the meaning-making process (Chapter Two). Moreover the model was approved 

by my supervisor. 

Second, for data validation, the first phase was planning the interview guide and the 

interview protocol. At first, Phase One interview questions comprised of twenty two 

questions and were quite close ended, as at the beginning, I intended to test a lot of 

different specific variables. These variables were mostly adopted from The Relevance 

of Science Education Project (Sjøberg & Schreiner, 2010). However, later with the help 

of my supervisor interview questions ended up to be sixteen in total and quite open 

ended. Next, Phase Two survey questions originated with similar aims and objectives 

as Phase One. In addition to Phase One interview questions, four more questions were 

added based on the information on Brunel college, year of study, gender and A-level 

science subject and prospective career choices. Because it was an online survey (I 

acted as a complete outsider) I was not sure whether they were from science or non-

science colleges, undergraduate or postgraduate students, male or female and prior 

science subject choices. In addition, Phase Three questions also originated from 

Phase One questions with few amendments, and interventions were designed from the 

recommendations given by the scientists and non-scientists (Phase One).  

After making the interview guide, pilot studies were conducted to improve and confirm 

the validity of the chosen method. Initially, for Phase One, I answered the questions 

myself first and then piloted with a PhD student and with a part time lecturer from 

Brunel University. For Phase Two, I tested the online questionnaire myself and 

secondly a pilot study was carried out by two PhD students, one from science and the 

other from a non-science college. Finally, for Phase Three participants, before and 

after intervention questionnaires were piloted by two GCSE students who were not part 

of the science intervention study. The above mentioned pilot studies helped me to 

identify potential interview, questionnaire and intervention difficulties such as duration, 

data recording instrument (tape recorder) voice checks and Bristol Online Survey 

application areas where an alteration in questions was required or areas where probing 

was required that gave me óa chance to modify practices, before the investigation 
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proper beginsô (Powney and Watts, 1987, p. 125).  Before collecting the data, the 

modified interview guide was approved by my supervisor. In my opinion, two additional 

ópilotô interviews with Phase Three participants would have further validated the 

approach. 

Moreover, Cohen et al., (2007, p. 150) stated that óthe most practical way of achieving 

greater validity is to minimize the amount of bias as much as possibleô. Therefore, 

during the interview/ questionnaire processes the following considerations were taken: 

(i)The sequence and wordings of asking the questions were kept constant 

within each phase. During Phase One and Phase Three interview sessions, I 

probed some participants if something was not clear. For example, Danielle 

(Phase One non-scientist), was asked about her current profession, she 

mentioned a varied job description in relation to the profession. So I asked her 

again and we came to a decision that she identifies herself as a Reader in 

Education. Moreover, I asked Zikri (Phase Three C2 group) to elaborate about 

what she meant by ógrowing up on her grandparentsô farmô etc. 

(ii)Phase One interviews were recorded and transcribed the same day, where 

Phase Three interviews were either written by the participants themselves or by 

me while they were giving answers (Appendix 11). I tried to be as truthful as 

possible by correctly transcribing (word by word) the interviews, recording 

survey questions as original data. The data collected and appeared stories 

were being discussed with the supervisor and a few willing participants to avoid 

further bias. 

(iii)Similar to the suggestions of Kvale (1996), a part of the interview transcript 

was transcribed by a university librarian (from West London), and was later 

matched with the transcript that I transcribed. In addition, two academics were 

asked to read their own transcripts and summarised stories to further validate 

the data; both the participants were happy in the way they were addressed in 

the self-generated stories. In addition all the Phase One and Three interview 

participants were asked to read their stories and validate it. Necessary 

amendments were made after the review from these participants. A critical PhD 

friend was asked to match the BOS questionnaire response and summarised 

stories of the Phase Two participants. 
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(iv)Cohen et al. (2007) argues that the interpretation of the interviewer can be 

biased at the time of analysis. In addition, the interview and questionnaire 

included the same, but flipped science and non-science questions, for example 

óI always had a natural inclination towards science subjectsô/ óI always had a 

natural inclination towards non-science subjectsô. In my opinion, a few more of 

these flipped questions would have been useful for further analysis. 

(v)The interviewerôs bias in Phase One and Phase Three can still be present 

because of the absence of an accompanied observer at the time of the 

interview and science education intervention. Denzin (1989, p. 239) believes 

that óobservers remove the potential bias that comes from a single personô. 

Further replication of a similar research with similar or different participants and 

by a different interviewer can help to avoid the interviewerôs bias further.  The 

use of an observer was not undertaken in this research - another limitation of 

this study. 

Insider and outsider researcher 

The issue of subjectivity over objectivity is emphasised in the qualitative research.  For 

this reason, the research stance taken to gather data from the sample participants 

mainly deals with the óempathetic observerô which involves the objectivity position of the 

researcher, but at the same time being subjective to further understand the social 

actions taken by social actors (Blaikie, 2010).  My understanding of subjectivity and 

objectivity relates to the literature on óinsider researcherô and/or óoutsider researcherô. 

Merton (1972) stated that insider researchers are members of specified groups and 

collectivises, or occupants of specified social statusesô being researched where the 

óoutsider researchersô are ónon-membersô (p. 21). With an anti-positivist approach 

(mentioned above) I believe that ócomplete objectivity is thus impossibleô (Rooney, 

2005, p. 7). Moreover, I have noticed that as a researcher I can position myself as an 

insider as well as an outsider, as these two elements overlapped each other due to its 

ópermeableô (Merton, 1972, p. 37) aptitude. My positioning as an insider and outsider 

varies from one phase to another, which is as follows: 

Phase One: I had insider knowledge about the university as I am a student at Brunel 

University   London. However, unlike me, the participants were professional scientists 

and non-scientists. In order to select a particular sample I had researched the 

participants before conducting the interview identifying their science or non-science 
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discipline, research interest, job title etc. from the Brunel University   London webpage. 

However, I believe I did not influence my viewpoints based on my interests and identity 

during data collection (by using the interview guide) which relied completely on the 

participantôs perception. Moreover, I was not familiar with the academics extensional 

experiences and intentional perceptions based on family science/ non-science 

influences, school science, science teachers etc. Six of the participants were female, 

one of the participants was Asian like me and six participants (3 males and 3 females) 

were from a science background like me. However, they all started their educational 

and career journey in the UK, whereas, I started this journey in Pakistan and built on it 

in the UK. Moreover, none of the participants had the same biochemistry background 

as me. In addition, all the twelve scientists and non-scientists were sent the IJSE 

published article óScience lives: school choices and natural tendenciesô, and none of 

the participants objected to the three broad categories (as smooth, wavering and 

transformative) and or summarised story, except Nikki (non-scientist) who was not 

entirely happy with the way she was portrayed in the summarised story. To deal with 

this issue, I listened to her recording again and took help from my supervisor to confirm 

the summarised story. No changes were made with the participantôs permission. The 

analysis was also shown to two non-participating university students and to the twelve 

secondary school girls. No objections were made, although one female scientist 

indicated that I should have included the aspect of parental professions to better 

understand as to whether parents were influential in choosing the science/ non-science 

subject or not. These issues could be dealt in future. The justification for this could be 

that I consider the participantsô perceived influences from the parents as truth at the 

point of data collection and analysis. 

Phase Two: I had insider knowledge about the university as I am a student at Brunel 

University  . Like me the participants are university students as well. However, unlike 

me the majority of the students were from the undergraduate level of study. Like me 

the majority of the students were females and belonged to the same department 

(Education) or college (CBASS). However, to my knowledge I have never personally 

met them and I am not familiar with their names, ethnic backgrounds, nationality, 

contact details etc. The biographical details I collected were gender, college and year 

of study in order to group them and compare. However, none of the university students 

questionnaire was verified, as I was completely unaware of the participants, in addition, 

almost all the students answered all the four scaled (strongly agree, agree, disagree, 

strongly disagree) questions, but very few (three students) added additional comments 
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in the comment box given at the end of all the twenty questions and none of the 

participants showed interest in taking part in further follow up; another limitation of this 

study. 

Phase Three: In The Salehjee Girls School I acted as a teacher researcher. For this 

reason I have been an integral part of the school environment and I was aware of 

school policies/ regulations and special measures/ protocol needed to conduct the 

research in an all-Muslim girlôs school. Like all of the students I am Muslim and female 

and like a few others I am Asian and Pakistani, and then as their science teacher with a 

particular interest in the subject I could have altered the way students answered the 

questions. For this reason I avoided talking about the research work. I made sure that 

they completed the questionnaires in my absence and without consulting other 

students. I also could have input my personal interest in summarising the stories, 

therefore, to validate this I asked the twelve students to read their stories and all the 

students were happy with their summarised stories, except that Talat mentioned, that 

later she did not actually feel like, opting only science subjects at the sixth month of 

intervention studies. After carefully looking at the rest of the six intervention evaluations 

(questionnaires) filled by Talat, I moved her from C1 group to C2 group.  

(iv) Criterion Validation 

Criterion related validation óconsiders the relationship of the research to interpretive 

frame of referenceô (Pedrosa, 2013, p. 13). In contrast to the literature and this 

empirical study I have found few similarities, few differences and few insights that are 

not available in the recent literature. Examples are given in Table 3.3 below. 
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Table 3.3: Criterion related validation 

(v) Consequential Validation 

 

Besides adapting the three main theoretical models and designing a Sci-ID model to fit 

the aim and objectives of this research, the work/ part of the work was accepted and 

appreciated by the journal reviewers, conference attendees, the participant school, and 

participant secondary school students. The significance of this work will be further 

discussed in Chapter Seven. 

 

3.9 Limitations 

Even after considering validation of the research, there were limitations that will be 

needed to be considered for future research. Limitations of this research are discussed 

below: 

Few previous literature My findings 

Reports show high importance of employment 
choices in relation to subject choices post 
compulsory age of science education, where 
students perceive that science based 
employment is limited (for example: 
Macdonald, 2014). 

For university and secondary school children, 
the main idea was to obtain a degree, whether 
science or non-science.  

A quite strong parental influence in choosing 
science or non-science subjects and careers 
has been reported (for example: Archer et al., 
2010; Sheldrake, 2016).  

The majority did not experience specific 
parental influence in guiding science subject 
or career choices. On the other hand, few 
participants experienced positive/ or negative 
influence of parents. 

The role of science teachers has been given 
considerable importance in the literature and 
by the UK government (for example Kellner, 
Gullberg, Attorps, Thorén & Tärneberg, 2010 ; 
Logan & Skamp, 2014). 

High importance was given by the scientists 
towards teachers, whether science or non-
science. In relation to the literature a few 
participants showed negative, few mixed, few 
none and few positive experiences. But the 
majority disagreed on having teacher(s) 
influence. 

One-off science interventions have been 
unsuccessful (MacDonald, 2014).Series of 
micro-transformative experiences might result 
in big transformations (Hedy & Pugh, 2015). A 
series of mini transformative experiences 
might lead to transformative learning. 

In accordance to the literature, a series of mini 
science based interventions helped the 
majority in deciding their science subject 
choices.  
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(i) Phase One: Professional scientists and non-scientists 

Ideally the sample size should be much larger to validate the ideas that appeared from 

the university academicsô interviews, but this thesis is limited in terms of accessibility to 

other Brunel University   London scientists and non-scientists due to their busy 

schedule and it was also not possible for me to collect data from a wide range of 

science and non-science colleges. I sent email requests to various professors and 

lecturers from science and non-science colleges, out of them only one agreed for an 

interview; the rest were approached as my own and my supervisorôs contacts.  

(ii) Phase Two: University students 

 
The majority of the university students ticked the four scaled evaluation grid, however 

most did not comment further at all or very limited comments were given by a few 

students in the comment box. In this way I was unable to picture the complete story of 

the majority of the participants. In addition, I was unable to interview Brunel University   

London students, although on the last page of the online questionnaire all the students 

were invited for an interview, but none of them opted for it. I could not locate the 

participants as all the personal information like name, email address, phone number, 

student numbers were kept confidential and were not asked for unless the student 

wished to give them. In addition, through the questionnaire, I could not locate any 

gender-related specific information as the majority of the participants were females 

(68%) so while analysing the data I have converted and used equal percentages in 

order to compare male and female responses. However, I was unable to separate the 

male and female participants into science and non-science colleges for all the 

questions as the BOS did not gave me the luxury to cross tabulate three questions at 

the same time. 

(iii) Phase Three: Secondary school girls 

I was allowed to research with thirty Muslim secondary girls to whom I was teaching 

science. The school management did not allow me to research the óGCSE exam girlsô 

because of syllabus completion time. The other science teacher was not happy to 

conduct these sessions as she believed that it would add to their existing workload. In 

addition, as mentioned above, due to the school being a Muslim school, the girls were 

not able to be videoed and even their voice was not allowed to be recorded. In this way 

only written responses were taken into consideration, which could have not entirely 
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pictured the real feelings of the girls while doing the interventions and giving the 

interviews. 

3.10 Summary 

This chapter has provided an overview of the research philosophy, research design, 

methods and procedures that I have used to carry out the three phase study to analyse 

óthe making of a scientistô - the preconditions that foster a 'science identity', the 

educational and 'life experiences' that move people towards - or away from - the study 

of science.  

The chapter was divided into seven main sections (Figure 3.3). Within these sections I 

have addressed the main aim of gathering self-narrated stories from the participants 

themselves. To accomplish this aim I have used interpretative philosophy, three stage 

design, sample/ institution, and narrative enquiry styled interviews/ questionnaires to 

obtain depth from the stories from a wide range of people. In carrying out the research I 

have also dealt with ethical issues that could have misinterpreted the data collection 

procedures, reporting and analysis. Through the analysis process I was determined to 

understand the identity transformation over a period of time in a subjective as well as in 

an objective manner and in doing so I studied recent science education research and 

theories like identity and transformational learning theories. Moreover, in order to make 

my research acceptable enough to be replicated in future I have used the validation 

framework to deal with issues of Context, Theory, Response, Criterion and 

Consequential validation. In addition to the validation process, some of the limitations 

of the study have also being addressed in a way that provides opportunities for further 

research.  
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Figure 3.3: The empirical research flow chart 

After looking at the above research practice, the next chapter will present the science 

education intervention activities which will provide an insight on the Phase Three part 

of the school based research conducted in The Salehjee Girls School. I will discuss the 

use of an enquiry based learning (EBL) strategy and Bellôs (2014) model of successful 

intervention in the intervention design. Moreover, with the help of a few relevant 

literatures I will present the design of six interventions in the form of lesson plans with 

an intention of further improving and updating the design in the future, in accordance 

with the needs of students, availability of resources and time. 
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Chapter Four: Science education interventions 

4.0 Introduction 

As mentioned in the last chapter, I designed six science education interventions to 

enthuse more girls to choose science subjects at A-levels and beyond.  In the English 

Collins Dictionary, intervention is the óaction or process of interveningô. In addition, 

Schensul (2009) defines intervention as a  

systematically planned, conducted and evaluated social science based cultural 

products intercepting the lines of people and institutions in the context of 

multiple additional events and processesé. that may speed up, slow or reduce 

change towards a desired outcome (p. 241).  

I understand science intervention studies to be along similar lines so I designed, 

conducted, evaluated, reflected upon and planned the next steps for six science 

education classroom interventions at The Salehjee Girls School. During these, I 

mapped the context of studentsô SA influences, TL experiences and their engagement 

and disengagement with school science. The events and processes designed were 

integrated wherever possible with the curriculum and were dealt during standard 

science lessons, out of school visits and/or in home time and school holidays.  

It is widely acknowledged that connecting science with the public, and girls in 

particular, are a ómustô, and many organisations have put significant resources into 

doing so. The predicted demand for STEM subjects in the workplace over the next five 

to ten years has provided a major stimulus for a large number of interventions in this 

area. For example, the National Audit Office (NAO, 2010) reported that, in 2006, the 

Department for Education and Skills (now the Department for Education) identified 

some 478 intervention designs to improve young peoplesô experiences of STEM (as 

part of a review).  

Moreover, to achieve my research purposes and to make the interventions successful, 

I critiqued recent literature on science education interventions. Here, though, there is a 

distinct paucity of published work and the óstandoutô reading in this literature was Bellôs 

2014 ósuccessful interventionô model that includes the main aspects required to design 

and implement science education interventions. Another model, óResponse To 

Interventionô (RTI), has been used in mathematics classrooms (by, for example, 

Marston, Lau, Muyskens & Wilson 2016; Xin, Chen & Kastberg, 2016), in literacy 
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lessons (for example, Burns, Silberglitt, Christ, Gibbons & Coolong-Chaffin, 2016; 

Shapiro, 2016), in modifying behaviour (Shinn, Windram & Bollman, 2016), disability 

(Carta, McElhattan & Guerrero, 2016), to improve academic and behavioural aspects 

at an individual level. Unlike Bellôs model, however, RTI does not help in the initial 

design of the intervention, only in making improvements in already existing systems. 

Similarly, in comparison to my intervention design, few recent research papers 

emphasise broad collaborative science intervention studies. Interventions such as 

Topping et al.ôs (2011) collaborative learning with 12-14 year-olds, and Ruthven et al.ôs 

(2016) dialogic physical science and maths teaching with student age groups from 11-

12, are mild exceptions, but are essentially classroom-bound. Interesting research has 

also been conducted by Schütte and Köller (2015) in three German secondary schools, 

which involved science industry-based project work for primary-age students (grade 

five and six) which lasted for two years. Other than gender, age and test versus 

comparison group differences, Sch¿tte and Kºllerôs (2015) participants were already 

motivated towards science, and self-selected their entry to the programme. The 

authors accepted these limitations to their work because they found no increase in 

science motivation in the participating students and wanted to carry out further 

research ówith talented students who show (comparatively) less interest in science at 

the outset rather than with highly motivated students who self-select into the 

programmeô (p. 2306). My selection criteria, in contrast, have involved both those who 

show early interest in doing science and/ or non-science subjects at A-level. I 

implemented science interventions because the majority of my target sample indicated 

less motivation in carrying out with science subject(s) in the future. To design and 

implement interventions I have incorporated an enquiry based learning approach and 

Bellôs (2014) model for successful intervention which will be described in detail in the 

subsections below. 

4.1 Enquiry-based learning (EBL) 

In designing the six interventions I have incorporated an enquiry-based learning (EBL) 

approach to plan and implement in the science classrooms. The reason for choosing 

this approach is because in 2013, the Office for Standards in Education, Childrenôs 

Services and Skills (Ofsted) conducted a survey of primary and secondary schools and 

showed concern for the lack of EBL in schools and strongly recommended an increase 

in the amount of science lesson time to incorporate scientific enquiry skills including 

practical social issues. In addition to Ofsted, the European Commission (2007) had 
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also highlighted the importance of EBL. John Deweyôs early 20th century edict was that 

óeducation begins with curiosity of the learnerô (Savery, 2015, p. 11) ï first, science by 

doing and, second, through reflection (Kuhlthau, Maniotes & Caspari, 2015). Similarly, 

EBL is independent student-centred learning that involves óany process of learning 

through inquiry [enquiry]ô (Hutchings 2007, p. 11) and emphasis is on asking students 

to work as scientists designing, testing and critically concluding their results, rather 

than the correct results (Hepworth & Walton, 2009). Amongst its numerous benefits, 

EBL provides a logically assigned set of smaller units óthat guide students and draw 

attention to important features of scientific thinkingô and the co-ordination of these units 

constitutes an enquiry cycle (Pedaste, Mäeots, Siiman, De Jong, Van Riesen, Kamp, 

Manoli, Zacharia & Tsourlidaki, 2015, p. 48). Minner, Levy and Century (2010) 

conducted a longitudinal study on enquiry-based science instructions impact on K-12 

students (from 1984 to 2002) and reported that an óinvestigation cycleô (ógenerating 

questions, designing experiments, collecting data, drawing conclusions, and 

communicating findings) and  óhands on experienceô stimulated studentsô active 

thinking skills and, in turn, enhanced studentsô ócontent learning, especially learning 

scientific conceptsô (Minner et al., 2010, p. 20). There are other enquiry-based learning 

cycles like Bybee, Taylor, Gardner, van Scotter, Carlson & Westbrook (2006) five Es 

(Engagement, Exploration, Explanation, Elaboration, and Evaluation) cycle; Pedaste et 

al. (2015), conducted a literature review on thirty-two research papers and summarised 

existing EBL cycles into five main phases, which are óOrientation, Conceptualization 

(questioning/ hypothesis generation), Investigation (exploration, experimentation, data 

interpretation), Conclusion, and Discussion (communication and reflection)ô. Justice, 

Warry, Cuneo, Inglis, Miller & Rice (2002) believe that the order of these phases in the 

cycle is not fixed. In accordance with Science by Doing (Australian Academy of 

Science, 2013) the forms of enquiry instructions include closed, guide and open 

enquiry. Open enquiry involves only students in generating questions, designing 

methods and drawing conclusions. Closed enquiry involves only teachers for all the 

three enquiry-based processes and guided-enquiry is a combination of both student 

and teacher led participation and mode of instructions. I have mainly incorporated open 

ended or guided enquiry approaches which are indicated in the lesson plans Table 4.1- 

4.9. In addition, The Fibonacci Project (2012) emphasised the current need to integrate 

science enquiry across the curriculum, because it is noted that the secondary school 

system exhibits integration only within the sciences (biology, chemistry and physics) 

and not outside of the sciences ï principally because secondary science teachers 

commonly teach only science (Artigue, Dillon, Harlen & Léna, 2012; Borda Carulla, 

http://link.springer.com/article/10.1007/s10956-015-9594-0#CR47
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2012). Science linked to mathematics, english, computing etc. is rare but important 

since óscience is not an island to be taught on its ownô (Barnett & Feasey, 2016, p. xi). 

A cross-curricular link is beneficial because (like religion) it makes connexions between 

science and future citizens and specialists (Billingsley, Brock, Taber & Riga, 2016). For 

example, through mathematics integration in science ópupils are more likely to develop 

creativity, critical thinking and problem solving abilities as they become more familiar 

with recognising the complex demands of problems requiring knowledge and skills from 

more than one subjectô (The Fibonacci Project, 2012/2013, p. 6). Moreover, the 

Fibonacci Project listed benefits of integrating literacy in science lessons in developing 

speaking, listening, reading and writing skills. Taking the EBL approach along with 

social, cultural contexts and interlinking subjects I will now move on to the intervention 

exercises that I implemented in the school. 

4.2 Intervention exercise  

So, returning to Bell (2014), his work is apposite because it not only refers specifically 

to broad classroom and non-school-based science education, but also deals with 

groups rather than simply with individuals. He believes that such intervention in science 

education can be used to engage students in learning in order to improve their skills, 

knowledge and conceptual understanding, both ógenerally and in specific science 

disciplinesô (Bell, 2014, p. 21). McDonald (2014) argued that one-off interventions do 

not work and that constant practice is needed to gain positive effects. Her argument is 

based on the fact that, after many decades of óworthyô interventions, very little progress 

has been made in encouraging more girls towards science. While her approach 

certainly has some force, her comments do not draw attention to what might have been 

the case - had there been no interventions at all? One of the recommendations given 

by Bell (2014) is that óconsideration should be given to testing and refining such a 

model for developing interventions in order to explore in more depth ways in which 

interventions of all types can be made more successfulô (Bell, 2014, p. 44). I also 

believe in óconstant practiceô and accordingly ótesting and refiningô of the interventions 

in science classrooms according to the needs of the students. In this vein, I have 

incorporated Bellôs (2014) model for successful interventions which consists of seven 

elements that óall interact and contribute to the success of an interventionô (p. 8), but 

together, can be considered to form three intersecting axes, as set out in Figure 4.1, in 

which: 
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(i)óThe clarity of, and commitment to, the purpose lead to tangible impact and 

outcomes 

(ii)Suitable people working in the right context results in measurable and 

demonstrable outputs 

(iii)Robust processes lead to effective implementationô (Bell, 2014, p. 8). 

 

 

 

Figure 4.1: A model for successful interventions (Bell, 2014, p.8) 

I will now describe the journey of the intervention programme that I have conducted in 

The Salehjee Girls School, using Bellôs (2014) model for successful interventions. 

(1) The purpose leading to outcomes 

The purpose of school based science interventions is to increase a positive approach 

towards science in order to integrate willingness within the thirty girls to opt for at least 

one science at A-levels. To achieve this I wanted to incorporate better teaching and 

learning practices by avoiding traditional teaching and learning procedures in order to 

make girls think of themselves as óa kind of personô who can do science. Moreover in 

doing that I wanted to build up an understanding that science is not studied in isolation 

- instead the aspects of science are present in almost every subject and in daily life 

practices. 

To accomplish this I designed teaching and learning strategies in order to expose the 

girls (from UK ethnic minority families) to enjoyable in-school and out-school co-

curricular (like literacy and numeracy) and real world (like social contexts) linked 
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science enquiry (guided and open) based lessons. These interventions were conducted 

to improve the existing practices; later these practices were also evaluated for future 

intervention practices (Reflection and Next stage section on Tables 5-13). However, 

one of the challenges in implementing interventions at the school was finance. While 

the school allowed me to carry out the interventions, there was no budget allowance for 

this. A second limitation was that the school did not allow me to carry out an 

intervention study with the Year Ten or Year Eleven pupils (age group fifteen to 

sixteen) because of limited syllabus time and examination pressures.  

(2) People, context and outputs 

As mentioned in Chapter Three, the people involved in the study were mainly the thirty 

girls and myself in a school context. Occasionally other science teachers and science 

educators were also involved during out of school visits. As mentioned before, The 

Salehjee Girls School is a Muslim faith school and those students are from a minority 

population as compared to other multi-religion mainstream schools. The question then 

was óhow to make interventions successful in a secondary school?ô I strongly believe 

that the lesson strategies and processes should be óschool appropriateô but not be too 

fixed and to some extent cater for an open form of enquiry strategy as well. For 

example, in ólearning in-depthô intervention project one restriction was that the topic 

must be chosen from ónatureô (teacher led), the research topic though was open 

(student led) to all the students.  Similarly, in ótreasure huntingô and óproblem solving 

experimentsô, the open-ended (student led) process of decoding and conducting the 

experiments was followed closely but the hypothesis was provided by the teacher and 

the experiments were differentiated slightly according to the age group of the students 

(teacher led). A further detail on the intervention processes design and implementation 

can be seen in lesson plans (Tables 5-13). 

The main outputs are expected to engage girls into science-based activities leading to 

the possible continuation of studying science subjects over the age of sixteen and/ or 

be influential to others. If possible, the girls would continue with science-related career 

opportunities and/or encourage others within a social ï and educational - setting. The 

evidence I have gathered to observe whether the interventions were successful or not 

include: (i)reporting level of enjoyment and understanding of scientific concepts in the 

intervened science lessons and (ii)reporting movement of the girls into or away from 

science. The outcomes of these evidences can be seen in Chapter Six. 
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The six interventions were implemented in the three classrooms over approximately six 

months, using different teaching strategies like discussions, group work, hands on 

activities, individual work and activities mainly linking to literacy and numeracy and 

social and cultural aspects to introduce quality science teaching instructions (Shelton, 

2016). For every intervention the aspect of EBL was highlighted. 

(3) Process and Implementation  

The guided enquiry used in The Salehjee Girls School included science fiction, visits 

outside school, ómeeting a scientistô and also employed speaking, listening, reading 

and writing skills through open-enquiry-based learning through science poetry writing, 

the ótreasure huntô and learning in depth. For example, students were shown science 

fiction videos and were asked to look for answers themselves as to how these related 

to science; for the learning in depth intervention study, students were asked to collect 

primary evidences such as pictures or samples and explain the natural phenomenon 

behind them; the students themselves performed the problem solving activities. At first, 

students were given hypotheses to plan the investigation and later students modified 

the practical according to the secondary data collection and availability of resources. 

Their conclusions were made and shared with the other team members. I also included 

societal and cultural aspects linked to science topics and also took personal help from 

Dr. Jane Essex, who is a secondary science PGCE tutor at Brunel University   London. 

Recently, Dr Essex published óCultural Inclusion in Science Educationô (2016) giving 

examples in linking science to society and culture. Literacy and Numeracy and other 

interlinking topics can be seen in the lesson plans (Tables 4.1 ï 4.9). 

Other than the above interventions, I am aware of the extensive literature on formal/ 

informal learning, collaborative learning, group work, differentiation and other related 

strategies. However, my aim is not to include in-depth research on the advantages and 

disadvantages of these teaching and learning approaches. I have utilised science 

pedagogical interventions to improve teaching and learning strategies (like group work, 

independent work, and linking science to literacy, numeracy and real/daily life 

experiences) and Enhancement & Enrichment interventions through career talks and 

university life experiences to scaffold girlsô enthusiasm towards science. In Bellôs 2014 

paper, pedagogical and enhancement and enrichment (E&E) interventions are 

categorised as a separate typography of interventions, however Bell (2014) himself 

pointed out that the boundaries identified are not rigid and can be interlinked. I also 

believe that a separation made between pedagogy and E&E is not suitable as even in 
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the E&E intervention study, the impact of pedagogy is quite prevalent.  Moreover, after 

conducting the lesson I realised that not only careful planning is important, but 

reflecting on it is also integral in making the process repeatable. I have included a short 

reflective report (few ideas for the next stage can be seen in lesson plan Tables 4.1 ï 

4.9) based on Kolbôs learning cycle depicted by Roffey-Barentsen and Malthouse, to 

avoid researcher biases and assumptions (Roffey-Barentsen & Malthouse, 2013) and I 

believe this also helped me to improve my teaching practice by reviewing my own 

ability and pitfalls as a science teacher. vanVondel, Steenbeek, vanDijk, and van Geert 

(2016) reported that the assessment of studentsô performance during group-based 

interventions in enquiry learning have been given much attention in the recent years, 

while the influences on individual student learning gains over time have been relatively 

low.  

At this point, I tried to interpret individual student gains through their own perception on 

enjoyment and feelings in science. A more thorough data collection through 

observation would have been better. The accompanying literature, process of 

interventions, few photographs, reflection, and the future practices based on the six 

main science education interventions are given below. 
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i) Science fiction 

 

Science fiction stories help project ideas into the future and aid discussions about the 

future direction of science and technology (Piggott, 2014). Some recent literature 

indicates the benefits of using science fiction stories in the classroom. Hewlett (2016) 

believes that reading science fiction stories make students link scientific concepts with 

their own daily life experiences and in turn can relate the characters of the story with 

their own understanding of the world. Although, in the first instance a book called Z for 

Zachariah was given to the students I found that they were not engaged so I googled 

the movie on YouTube and played it for them. Students looked quite interested so I 

changed my strategy and used films instead. The chosen films (Superman and Z for 

Zachariah) were silent for the first 5 minutes as I wanted the students to give scientific 

voice to it (during group discussions). Later, students looked at the films with sound as 

ówhen words and visual elements are closely tied, students are better able to 

comprehend and synthesize new informationô (Vaquez, 2012, p. 8). Similarly, 

researchers in the field of product design have reported that students were found to 

perform better using science fiction films (Lin, Tsai & Chien, 2013; Yu, Fan, Tsai & 

Chu, 2013).  

Surmeli, (2012) examined the influence of science fiction films on second grade 

studentsô attitude towards a Science Technology Society University course at Mersin 

University Science Teacher Education department. They found positive results in the 

attitude of the students and students themselves also liked this teaching strategy in the 

science course. However, Barnet, Wagner, Gatling, Anderson, Houle and Kafka (2006) 

conducted similar research in an eighth grade lessons, where students viewed the film 

óCoreô and found a negative effect as stated that ówe found that a single viewing of a 

science fiction film can negatively impact student ideas regarding scientific 

phenomena. Specifically, we found that the film leveraged the scientific authority of the 

main character, coupled with scientifically correct explanations of some basic earth 

science, to create a series of plausible, albeit unscientific, ideas that made sense to 

studentsô (p. 179). At this point I believe that teachers should be vigilant enough to 

clarify the misconceptions in the classroom and for this reason a discussion on the 

aspects of science which cannot be answered or are incorrect were also emphasized in 

the discussion with the students. For example: how Superman unlike humans can fly 

and like humans can walk as well? 

Another reason for introducing science fiction in science lessons was that Adam and 

Norman, the two english non-scientists from the Phase One study (Table 5.1) pointed 

http://www.sciencedirect.com/science/article/pii/S1871187114000509#bib0140
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out that they connect themselves to the world of science through writing and reading 

science fiction books. For this reason I approached Adam to advise me on few science 

fiction based films. A list was provided by Adam, out of which I managed to implement 

two in the classrooms in six lessons (approximately). The movies were óScience behind 

Supermanô and óZ for Zachariahô (Photograph 1 and 2). A brief science fiction related 

enquiry activity lesson plan is given in Tables 4.1 and 4.2. 

 

 

Photograph 1: Science fiction 1- Science behind Superman 
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Photograph 2: Science fiction 2- Science behind Z for Zachariah 

 


