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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

il lTustrate t&é&i r saedtidanditg heories and wansformational 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 (lIA) that

i mpact wupon individual s6é subject and career c
| have adoptedsemi-st r uct ured Onarratived styled interyv
science 6i nt er v e ndathesrfrometheahree adharte Mhée dawapgpnerated

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,

(i) progressive transformational learning and wavering transformation and (iii)
reconstructive transformational learning and wavering transformation. These themes
indicates that people in |ife accept and rej
their | hdgédiost 6gpbd. The majority find their \
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-sci ence or ant.i science and (i i-grouddfbétweend 6 p e
pro-science and anti-science people. The fluid group caught my attention because their 1A

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 | was able to work

withi and influence-mor e O6f |l ui dd kinds of secondary sch
transformative experiences that led them to gain appreciation of science-based education

and possible future science careers.
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Chapter One 1 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 thr
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 t hr ee 0§ stheiaddeessdweleefuniversity scientists and non-scientists,
one-hundred- and-twenty- three university students and thirty secondary school girls.

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

guestions 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 7 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. AlIl of these sub
umbrell ad and wi |l d atbesg oistigncedvithe-dor thensake of ¢his

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

included in my don-sciencebcategory.

Overall, the thesis makes use of Jack Mezi ow
(TLT), not least through its iteration by Kund llleris (2014) and Abes, Jones and
McEwens 6s (2007) Reconc e p-timeadionsofldentivldlieavorkio f  Mu |
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 b
participants, and uses a wide age range of narrative stories about school choices,
school interventions and O0transf or maual v e t
tendenciesd towards and/or away from scienc
research describes six classroom interventions enacted within science lessons over a

period of one year inan alkMus |l im girl sé6 school . My ai m h
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, | 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

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

Il 6d |i ke to answer yes, but 1 6m not confi
life would have changed by some alteration in its early history? | had a trained

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

could normally expect to see 1 and both of them were always eager to satisfy a

chil dbs c uthe realswortd yWasthabimportant in my life? Yes, it

surely was. 6 (Richard Dawkins, 2013).

Thisquote from Richard D grmdesnasvalgbleainirodacton togr a p h
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 6maked him a scient
| have reflected on my own decisions concerning science education and my career

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

study biochemistry after A-levels: the most prominent of these per sonalséwast r i g g «
actually Chapter Ten of my college chemistry textbook - 6 The ChemifeéMy v of
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 | read it by myself and

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

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

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

and | 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. | 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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bi ochemistry o6in the airé. Then, ajariy ofamy sci en
female students veered strongly away from science because science education at
school is just a 6us u-ammfditunatayh eavés thairgperdeptions y , o n
of the world unchanged at best, and disliked at worst. | had no initial intention of
conductngr esearch in a Muslim al/| girl sé6 school
science teacher at The Salehjee Girls School (a pseudonym) in London in late 2014. |
was struck by the negative attitude of these girls towards the uptake of science at A-
l evel s, and this motivated me to design (
interventionsodé to suit the needs of the girl
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
Omaking a scientistdéd in the UK context.

l2Makingb6 scihedk i sts i n t

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, Mac Donal dbs (2014) comprehensive surve
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; t he Confederation of British |
of businesses seeking STEM skills face pressing recruitment problems. In their report,

6The atSe of e, Nregdineedng rUK n(2918) 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 | 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, thepre-uni ver sity picture is relatiyv
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 bot h
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 =educat
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
0deeply rooted® aoEnce practicaliges.tThe mas beeman snormous
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, 2013/2014"; Archer,
DeWitt, and Willis, 2014%). 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 residin
their social contexts. aRdviewsefrsgienoe bareérslr e n 0 s
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.?, 2014, p. 902).

A further major point is that vyoung peopl eb:

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

Mur phy and B qmfiusntas study2a€yled 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 - wh a't are the issues that affec
dispositions towards science? MacDonald (2014) is unequivocal, the social science
research on identity formation indicates tha
interests and mot i v aitentitynissa, signifisastlelement in their subject/career
choicebod (p. 26) . The classical di vi si on h
6di spositionsd or 0 i ilg oy interhaly @ntentionad) ordextérnale n pr
(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

i ni quitous, both sets of factors asé waitt pllay
It is certainly the case that Archer et al
agai nst t he [ s oci2810,] p. &39) aof fortnative Racialyand familial
expectations. This was seen to work both ways, with some young people resisting a

strong sci en ctlee fadmidyteevieonndent £ whilemothers proactively chose
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science despite | i tt 1l e awareness O0r science resource
unclear whether the effects of family background can be explained by academic

di sparitiesd (Codirol i ,and2hértdleagues.strogly suggdsh we v e r
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 di scuss t deleperceptidns wn tdeupawed &f external global forces

mediated by the social agents, along with transformational learning experiences

towards or away from science. | am also interested to discuss the internal individual
agency that shapes @aercéigslenttyci ence and non

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

ethnicity, race, gender and religion. | see these to be prevalent through &ocial
agenciesé6 such as family structures, school
centres, numerous forms of media and so on. The GF | am discussing, then, are

enact ed bagentd6RAL suehl as parents, peers, teachers, youth leaders,

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

global forces interact with e a ¢ h  p eimdiwidual éternal agency (l1A) in many ways

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

peopl e . Needl ess to say, each indiviwoadn can
oppose such global forces, social agencies and agents in their lives. While some young

women wil |l fall into the pattern of régmed,s ¢
ot hers will actively challethgeaedbheéovaandsi G S
broad question here is how and why do both of these happen?

1.3 Initial theoretical framework

I have adapted Mezirowds Tr a(iLs) to supsort thie n a | L
research and to interpret Il i f e beuseMdzsi rforwbdns
(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

peoplebs I|ives, from numerous smal tshapenudge:
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peoplebds o6directiond and, given my particul e
a study of science. | have supported Me z i r theoy by an dédentity theorydbased

largely on I 1 1 eri sb6s ¢ @ enlity mbeek which [ tfurthemlinked to

Abes, Jones & MCEwen ( 2007) o6éreconceptualised model

i dent i t ylp Thic Ras gesuited in my formation of a combined 6 sci ence i der
mod el t hat | SeitDd rTeisy ScalD enodel aisesdthe transformational

concepts (progressive, regressive and restoring/ reconstructive) as described by llleris
(2014) to vi sual i speofessiona scipndstst and ngm-gcrentistss (

uni versity student s anrdspossescandndraativgs alsoat ftheiro | gi

science education.

llleris (2014 )identity aid Mezirow's

Figure 1.1: Theoretical framework

The very i dea ofacantested onmeé not al entersiintthistarea agree
that there is such a thing. | discuss this at length in the next chapter as part of my
review of literatur e . I have also used the expression

an llA, in particular where | want to discuss the power - the individual agency - of

people in relation to gravitating towards science and/ornon-s ci enc e . Through
inclination 6 | i hbemrtsiofnyd sa n@t ur al tendency or urge
wayd (English Oxford IThevempirgcal sbctiens of dhe shesise s , 2

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 IlIA is the drive and energy that accepts or rejects

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

In this introduction | 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 6 g | o b al

forcesd that shape the decline i inparsictlarlgin
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 i ndi vi
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 6 i d e stabilityband fluidity to different degrees in
their lives. | am hopeful that this multi-dimensional approach can give a broader picture
of the dransformational learning6that has - or will - stabilise or transform their science
(or non-science) identities. llleris (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 Ric har d Dawki ns) mi g
science at an early age, others reject it equally easily and quickly. Conversely, others
remain steadtanehtgd 6anmer a l' i feti me,
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 i again i there are but a few research papers

ce

ed

dual ¢

ht

wh i

of

(for example, Wong2015) based on Musl i onsmiamdnsti@ams ci e n (

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, | wanted to find out the reasons why Muslim girlsélack interest
in the science, which | loved from school age, and how | 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 resul't in peopleds decision towards sul

science or non-science fields:

What are the main events and circumstances that generate transformation in

peoplesd identity towards and away from scie
As discussed above, I am interested in the
peoplesd lives that take them in onedfodbr ect i
mod el of 6science identityd that acknowl edg

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 wupon an individual ds <choi

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
i ndi v intkanid-ndaking capacity, natural inclinations, IIA. Moreover, | look to
describe the impact of these internal and external forces upon individuals &ducation

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 Il lerisds (2014) idea of O&ébprogressivebo,
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 girlsé perceptions of science?

The aim of the fourth question relates to the d e s i g n im@act@of aofassroom
interventions on the secondary school girls | teach. To help answer this question, |
have wused Bel |l 6s (2014) 6successful i nter v
programme. | 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 1 for reasons | 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
changesi n st udd mtesc& i o their préferenaesa wndelsi@anding 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) i ndepende n.tTheeasl-teacher appraacheddne ® teicb o |
Key Stage 3/ Key Stage 4 science because the previous teacher left the school. One of
the current teachers was also about to leave 7 not least because the school held her
personally responsible for poor grades in KS4! | was initially given Year 10 (14 year-
old) and Year 11 (15 year-old) groups to teach but, eventually (in January 2015), | 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 | tried my best to do as much as
possible to enthuse the girls (before entering KS4) in science with an agenda of
6science for all 6. My firm belief was that
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 | 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, | wanted to design and implement more interventions in the school(s),

especially to cater for 6science for alléb.
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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 | Sample
size
age
Phase | Semi-structured Scientists and 40 12
One

6narrati ve 0 |non-scientists

Phase | Survey questionnaires University 25 123
Two students
Phase | Intervention Secondary school | 13 30
Three | evaluations, girls

guestionnaires and

semi-structured

interviews

Table 1.1: Phases of the research process

Semi-st ructured O6narrativebo i nterviews,anddescr
éntervention e v a | u adllawane ® éxplore how and why adult participants decide to

continue with science educatonand sci ence related professior
transform attitudes and aspirations, how this might vary from person to person and

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

used thematic analysis to compare and contrast the notion of
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

under st and p a rfdrmative fearming exXperignces 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 soci oduch@s tieatudies dondacted on a
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, | 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 | am, to some
extent,an O6insider researchero in this research,
tisi der nes s 6. lyamwinsider withimthedi¢ldeoh 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 | an undergraduate
student, I'l e f t behind my o6insidernessd in that re
can claim some detachment and neutrality from those responses in Phase Two. | am,

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

theref or e, as to how O6honest 6can ldgetirdstubsingithed and
perceptions and experiences with me, their science teacher. | happen to believe that

these girls are o6feistyd young women, never sl ow
responded to the very best of their abilities. To overcome possible limitations, | 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. | 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 | 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 | emerge from this review by setting out a series of terms and
expressions, and suggesting a distinct model of science identity (Sci-ID) that | 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
gualitative method, ethical considerations and the strategies used to explore the Sci-ID
model and to analyse the ensuing data. | also discuss the issues of validating the
interview and questionnaire data that | generate.

Chapter Four 7T This chapter focuses on the science education based intervention

design and its implementation in The Salehjee Girls School.

Chapter Five 1 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 T This chapter presents the findings from evaluative questionnaires and

semi-structured interviews over a year-long process.

Chapter Seven i 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 | outlined the context, and the
research questions that helped me to identify gaps in the field. | then presented a brief
discussion on the theoretical framework and an overview of the research design to
include the three phases of data collection. | 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 | will further review research to elaborate the impact of specific social
agents in the development of student identities. Where | 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 wildl
learning theory (TLT) (2000). TLT will then establish further grounds that will lead to
presentl | | eri sés ( 20 B4£D07)anodel offiderities. Hext, | avill present a
combinedsci ence identity mode-l DO HRMBaddl willanelbde e v i
a few ingredients of llleris (2014) and Abes etal.6 s ( 2n6dels, yith my illustration of

at

the each ingredient. F i n a Dbfltrgnsformatiomwin & $ciened a b o r ¢

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 o6éinternaldé individual

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

ag

bythet heor eti cal frameworks used, with identit

comes to informi ng edudheclassicaldivisiophere stvhether 6 ( p .

a young personb6s early o6dispositionsoéror
structure, that is by o6individual internal
of social structures. As Block (2013, p.126) stated, the theoretical rigidity between
structure and agency is a dension often mentioned but seldom explored in d e p tThed .

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
6structure enters simult ane o uatahdyocial practicest he ¢ ¢
and 'exists' in the generating moments of this constit ut i oné ( Gi ddens,
Giddens (1991) doesbel i eve t hat , while there exists 0
6sense of conti nui t@hniité passive entity, detarmired solely s 6 |,

by external forces. In this manner, Giddens moves awayf r om &édual i smé ( 0 ac
and O0structure/rules of resourcesd are Vi ewe
both agency and structure are viewed as a part of the same phenomenon (Ransome,

2010) . Mor eover, Giddens, i-ind ehnitsi tbyddo k( 1®Mald e 1
that modernity features O6an interconnecti on
intentionality: globalising influences on one hand and personal dispositions on the

ot her 6 (Gi ddens, 1991, p.1). He therefore
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 | am interested in exploring
6science identitydé that is shaped by d6inter
interested in exploring the influenc es der i ved f r o94) thasloicthedlA agen
with the O6gl obal forcesd (GF) of society su
gender, institutional status etc. As | noted in Chapter One, by social agents | 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 T and that intercede - between the larger social forces and individual agency.
In this thesis | 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 IlIA, TL experiences, SA and GF i n shapi

science identity.

(i) ldentity model one

| 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 &ind of peopleéwho 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).

Brickhous 00® 1tk ahdb o fare these wHho eésitively adopt scientific
interpretations and exhibit engagement in science in relation to science identity.
lllustrating 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 Izecayse mes ILAndoesy hod
overlap with science learning. In such instances, according to Brickhouse et al. (2000),
students 6forge identities in communitd.i
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,
becauset he studentdés |1 A overlaps with sc
securityo61991Gindichtngpna, 6 ki nd of p er sidsnhe wdrld
sci ent (Bfickhowse étyl§ 2000, p.443). In addition Brickhouse et al. (2000)

6hat

es

of

i ence

believe that identity is certainlyn ot &ést abl e or singled6 (p.

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) 6i de
practi ce6 a ddiscassing&ransfosmatiorf 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 i not least through support from
her father (Brickhouse & Pot t er , 2001) . The central

order to transform African American girl identity, she needed to challenge and
overcome negative self-perceptions (for example: African American girls @estricted
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
st ud e menttyd constructions in relation to their multicultural backgrounds
(Brickhouse & Potter, 2001). From this example, | believe Brickhouse and Potter (2001)
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view both 6 0 t haenrds 6opersofad 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. | n my vVvi ew, I see no reason thayoé.dual
While this can be the case wher e p®alpngwi Hly pr evaitleiearg f or c
numerous examples of people 6going Migame nst
already noted.

(ii) Identity model two

In a similar vein to Brickhouse et al., Gee (2000) defines self-identificatonas &6t he ki |

ofperson one is seeking to be and eandtbarebyiba t he
recognised as a certain 6kind of persond in
6socially situated identityd to illusttrate

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

(DNature-i denti t vy, which refers to a state d
rather than, say, global forces. Gee (2000) believes that identity provided by the

nature lies outside the control of individuals and gives an example ofan 6 Af r i ¢ an
Ameri cano et hni c | abel , whi ch he believ
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 | abedrilciskned O6IAf ra chainolAorgi cal con
(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 a
consi der how a person perceives the attr
the authority (SA). He or she might perc
in future exhibiting IIA might avoid this number to deal with daily life activities.
(iiDiscourse-identity is an  individual trait recognised through

di scourse/ dialogue of/with O6rati-wmentty 6 i n
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

29



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

6af finity gr ougcerdngtoBeer(2000,xa160) Afregn Araerican
people could identify themselves in relat
practicesodo (p.|0h@n92006)dSifminlessr liydenke ty by s
individual accepts influence from another person or a group in order to establish

or maintain a satisfyingself-d ef i ni ng r el at i (p.®)slhadddtont o t he
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). Unl i ke Brick
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 oneds identity.

Carl one and Johnson (2007, p . 1191) extend
directly into science education, to present three science identity trajectories, namely
competence ( 6 k nowl edge and wunder st apaerfbimange (06fs oscciiad n
performances of r el ev anrécogsiton (eecognisingioneseffand ct i c e
getting recognised by ot heHtAsia )hat thdylneoyporadeo gi Vv
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 th at 6identity ari se
constraints and resources available in the I

career counsellors and institutions.
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These aothessd work on o6understanding the s
women of col or &6 was publ i sinvavdd ailomgitu2liGaD réseaech 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 me mber s) and GF (ethnicity, race and ger

s ¢ i e n where the @articipants themselves as well as the science faculty members

identify them as Osciencey peopl eb. The se
6 al t rsuciisetnicce i dent ginilar G0 Gseoenbeswh(@2 00 0) O6nature
participants felt science to be an integral

were recognised by others as sciencey Owomer

asdiésrupted scientist identityod, where the
6scienceyd6 by the others. Al t hough these w
careers, they were excluded from being 6sci
and racial f act or s. So, despite their 6di srupted

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 6disruj
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, | see Carlone and Johnson taking their influences from Gee

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

state thatwhil e &écul tur al prhed weptoisesndidliltywsof t he
meanings of MfAsci enitmeans todepdwoman afcalor & h & p . 1192)
actuality their female participants 6 wer e not free to develop any
(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 (l1A) and cultural productions ( GF) in developing 6scien
than focusing on science identities as predo
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 | believe

is also important.

(i) Identity model three

Hazari, Cass and Beattie ( 2015) f ol |l owed Car | omedelasing John
the three dimensions of recognition, performance and competence, initially based on
Geebs identity construct. Her e, these aut hor
external recognition to the neglects IlA - that is the role of personal thoughts, emotions,
cognition and learning. Therefore, to further incorporate IlIA, they added a fourth
di mension of 0interestod in their model . The
influencing the decision of who and what a student wants to be?6 ( Hazar i , Sol

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

1A, that in turn shapes onebds preferences,
et al . believe O6éperformance, [ore of otegpst and ns o f
interest al/l influence a f oc mltheirccasa s prhuycstidc s( |
identity?o. To this extent, they believe thai

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

6di scussion on underrepresentation of women
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 | 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-r ecogni ti on and recognition by others;

quite individually-centred.

(iv) Identity model four

I n hi s wor Kk, Kane (2012) al so acknowl edge

competence, performance and recognition construct of science identity. In his empirical
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research he included studentséself-nar r at ed i nterviews invol vir
school and science with their performances of self in the midst of complex,
spontaneous classroomengagement s with theird4dHe)ler sKkamead
work (2012) highlights lIA 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 studentsdindividual 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
Brickhouseds (2000forcoasamplce, oWwhdrleA a 6br a
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 6science identityd which needs

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

(v) ldentity model five

Robnett, Chemers and Zurbriggen ( 2 01 5) view o6identity as a
component of i ndividual so identity.stradahey a
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 t hose i ndividual sb p o :
colleagues (2015), the aspect of -eficacpthat acsagad al s«
mediator between positive science research experiences and science identity. They
understand &ddiiemceg 6selof originate from sour

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
6research experi-ehtiedacydcaedcéi dgnmdefdidtnot
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 Omore varo
students from underrepresented ethnic backgrounds (African American, Latino or
Native American).

| 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 individual 0s
self-efficacy is important in filling the gap between positive science research
experiences and science identity. | also understand that more powerful attribution
should be given to self-narrated stories rather than having community perceptions
decide individual identities. However, | am not interested in using self-efficacy (Robnett
et al., 2015) and or choice dneasuring scalesd (Wang, Eccles & Kenny, 2013) to
measure identity. For my research | understand self-e f f i cacy as an
perception and self-beliefs of their own ability that leads to self-confidence (Bandura,
1990). And, instead of using self-efficacy empirical measures, | am much more
interested in short biographies of people and their self-narrated perceptions on whether
t hey see t henmseenlcveeysd aosr Onso t tha might astlasniediators.e
as mentioned by Robnett et al. (2015), includes science research experiences through

outreach programme.

(vi)ldentity model six

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

wor k of Bourdieu on identity and deve

ance

ndi

SA

ope

di scussing Archer 6so wourtk,i niet Biosu rnde ceeusdssa rayp ptr

Bourdieubs work has been widely wused i

n

i d

constructs fundament al to Bourdi eubds under

habitus and f i e(Blatly 2013, p.136). The habitus provides space where individual

e xXpe

(

(

€

<

agents act in a specif i capitad briresductds (economic,o nt e X

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. Soci al capital is descr

resources linked to possessions of a durable network of essentially institutionalised
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relationships of mutual acqguaintance and rec
words, it involves social obligations or connections that can be converted into economic

capital. Cultural capital exists in the following three states:

(DEmbodied: 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 oneod6s | ife as an automatic
6embodi ed®6 as a recausd Bourdieo 1(1990)r stated thab the
embodi ed state 0iconfranting smdgety ias/ilesociety tvgreean t
object constituted externallydé (p. 70).
(i)Obj ecti fied: This is the state where ¢
(pictures, books, dictionaries, instruments) and can easily be transmitted in its

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

use it beneficiallyé (Claussen and Osbor
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.

(idl nstitutionalisedd st aths is@movidaibpthd i t ut i
institution,whi ch resembl es to Geebsl (2080pai neri
of cultural competence which confers on its holder a conventional, constant,

|l egally guaranteed value with respect to
the emphasis is on SA (institution) who will decide the competence of the
persondés capabilities r at HBourdieuw,1286 p.dhe | | /
- 50).

Jenkins (1992) and DiMaggio (1982) <critici se
deterministic (less emphasis on consciousness and agency). This criticism was
addressed by Bourdi eu and Wacquant (1992)
objectivism of action, understood as mechanical reaction without an agent and the
subjectivism which portrays actions as the deliberate pur sui t of consci ous
King (2000) believes that Bourdieu did acknowledge subjectivism with objectivism in

regards to meaning-making processes. However, King (2000) later stated that
6Bourdieu has failed to takyanthehasaslippediga eat e s

the very objectivism whose poverty he has
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Mor eover, Sullivan (2002) also acknowledged
only for individual agency b ulteld)Swmiamy, helmad i vi du

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

2004) . Sullivan (2002), t oo, critiqued Bour
capital over the other forms of capital (social, economic) as being unclear. Moreover,

Er el (2010) indicated that 60Bourdieu has r
activated for resistant purposeso (p. 647) .

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

l i nes as Bl ock (2013), in that 6Bourdi eu
determining social structure and individual
(p. 136).

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

enjoy science but think of science as O6not
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, 2014°). In addition to their identity construct, Archer et al.
(2013) have used the idea of Bourdieubs cap
this as 6sci-e which deala pitht 4§ 6i ence rel ated gL
understanding, knowl edge, i n fTheeir tareetmaia fiorchs s o c i ¢

of science capital are as follows:

(hScience 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)
(ilScience linked to cultural capital (for example: science qualifications,
scientific literacy, and understanding about nature of science)

(ii)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 t o Bourdi e®dmi lcaurlltyw,r alAr cchaepri t @t . al
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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
critigued for the way Bourdieuds conscribept of
science capital. As Claussen and Osborne (2012) indicate, it is not clear whether
Archeros science <capital is intrinsically
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 O6scieniele capi
the Bourdieu 6 fArceel, Bawson, Mewitt Sebking dnd Weng (2015

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

the three divisions (social, cultural and economic) identified by Archer and DeWitt
(2016) and Archer 6s under standing of inter
criticisms of Archer et al. are telling. | 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, | can identify with

three general partsofddient i t y6, t he:

(DGF (such as ethnicity, religion, race, gender etc.), these are relatively
powerful, although individualsbhave agency by which they act with, against and
through these GF

(illA, the individual agency, inherent dispositions, an internal force that accepts

or rejects the GF, SA, events etc. and

(iiinteracting 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. | will further
highlight some of the literatures on SA influences (the impact of parents, school
science/ sci ence | iteracy and science teachers)

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

(iYParents

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

i mportance of the 6édisposition, which middl]l
and a fortiori, students whose fathers are middle rank teachers, manifest towards
educationdé (p. dalo.29 s ( 2A0rld2h, ASRPIRES 3tudy Ases a
Bourdieusian framework as discussed abovet o i ndi cate that a f ami/l
refers to science-related qualifications, understanding, knowledge (about science and

6how it wor ks 6) , contact$ @.0. krsowing aomeoneswha Wwoakk in a

science-r el ated job). Their (2014) analysis 1ind
i ndividual cognitions residing within chil
contexts. Rat her ,saadviewsdirseiemde sarears gd formetd 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 abletoac hi eve t hese aspirationsé®é (

However, Archer et al . (2013) al so indicate
science careers are associated with masculinity and held a perception of science as
being an area that more men than women studyand wor k i né. over hal
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-c ul t ur al / struct ur a). Thes vigwuohgendes € 6 (|
inequality was also viewed by the students but not as intensely as the parents. For this
reason, in the final analysis, the authors 1
made for the implementation of strategies designed to increase science capital within
theUK families, to help make science (and hei
and familiar within familiesé eGlaindlaand | i v e s
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Aschbacher (2006) research, conducted in Southern California utilising 1126 tenth
grade (age range 15-16) student s, reported t he i mpo
orientationdé (6studentsd6 percept i oinalttmdgh f a mi |

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

Other than gender issues, Archer et al. (2014) point out that those families with higher
l evel s of science capital (similar to Bourd
tend to be middle-class -although this is not always the case, and not all middle-class

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

indi vidual l evel: not al | children within a
future in science, some O6rebel 6capEguwdl Ifyamid
find a route into science. Similarly, Gi | ma r t i(2006¢repores bf cabegr 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 studentsd science career aspi
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) i such

as the concept of Chinese 6Tiger motherd, wh
over t heir childrenbés academixert gowen thugle ment s
setting explicit targets for children, and they expect their children to attain the best
despite their ability r aastgleg (20 in thdontexttofi | d 6 s
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 student &s per si stcasa mathematics). tSimiarly,s u b e
Jungert and Koestner (2015, p. 37 6 ) reported that the Oparen
high school students (agel15-16) was seen to be mainly helpful to students already with

6an intrinsic disposi t il4,nunger and Kodstmen&D15)0!. Lik
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).

(i)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
studentsd aspirations towards future scienc
2011). A positive influence of school science curriculum means a positive view of
6science |iteracy for alld. Because the majo
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. Anot her suggestion is to include ¢
|l earning so as to i ncor gNo$) sotwbkichstidentsgéad eelata r e o f
to daily life science (Mandler, Mamlok-Naaman, Blonder, Yayon & Hofstein, 2012).

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

scientific literacy and NoS in the science classrooms, an d state t hat o
participation in STEM is not only beneficie
professionals to work within STEM fields of

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

desirable because scientific |literacy is vie
(Archer et al., 20142, p . 22) . On the other hand, t hese
the rhetoric of scientific literacy for all students, science in schools remains virtually

unchanged; student s ar e confronted wi t h b as
reason Osborne (2014) desi gned a model based on 6éscien

composed of three phases: 6i nvestigati ordd,6 dé&e/ed lowpd tnigo nedx p:
and solutions©é. I n supporting his mode,l, he
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

pol i shi ng stignceiidentity with b oéus on enquiry-based science learning
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(EBL) and teaching. Chapter four, 6science
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
includecGsendiidi c i ssues within science teact
in the sense that the societal di mension brc
6alisnd l uenced by the teacher 6sprpaecrtsbacieagldgi b(e | i
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
i ncorporate cultural diversity and equality.
heavily on science content objectives (traditional approach) as compared to NoS and

application objectives (humanistic.approach)

[ n addition to 6scientific i nvestigationbo,
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 ot hers. For this he proposed five
6writing science, talking science, reading
scientific ideasd6 (p. 188) . Mor eover, he rec
6dcge featured to incorporate NoS in the scie

the opportunity to use mathematical forms and representations is a failure to build
students competency to make ,n28ld4,npi 18F). Then s ci
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. (2014*") and Osborne (2014) mentioned
that teachersarerequired t o devel op pupi lirsséiencedetrmingamat i c al

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. | 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 (i) studentsd personal sci enc i) atsypd ecatiral® n s &

diversity in the classroom.

41



(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 themselvesas 6 s ci ence. i s f or me:

Lock, Hazari and Potvin (2013) report that students with a positive science identity
(physics identity) believe that their physi
However, like Kane, the current situation seems unjust - as Kane (2012) and
MacDonald (2014, p. 6) have pointed out - wher e 6t eachers of t en
(stereotypical) expectations of under-represented groups in STEM reinforcing their
non-STEM i dentity6©o. T e(20&4h sayss shoultl alay aovitah fold 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

t hat 6teachers and school s mu st engage in
aspirations to consider how their learning connects with significant people and places

in their c(p. 0B Mareovere 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 6 gi ve emotions the same status
cognitions can lead to emotions, emotions can lead to cognitions. The theory implies

no status di fferenced (p. 7 4 5) -Thoripaok iamdg hi s
Bennett (2013) found that the effect of emotions in altering science engagement is

quite obvious - and teachers s houl d cater these aspects of
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 6 ¢ uhatt is; rwehle n b su udarmy & i nner O s e
di sr es p e c teacteds amdipr sthbok(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 ot her (@ipracticesopher 6 t

limits of space prohibit these being included in this literature review.

2.3 ldentity subject to change

So far, | 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. | 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. Thi s wa s1980j oempiricalv e d
operationalisation of Erik s on6s wor k ,aniamdi eixdhiadli ds i dentit

within eight psychosocial stages from infancy (ages 0-1 1/2) to maturity (ages 65+).
Erik s 0 n 6 s) adolegéh@ 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,

e

b

accountability, progress and what Erik s on (19 7 3g)r oaaplelr 6 -g&iord p &0 &t

identifications: 0t he sense of ego identity

sameness and continuity prepared in the past are matched by the sameness and

continuity of onebs meaning for ot her s,

careerd (p. 7 5) .-grodphreor cutsgpreocutpeo® 6 AN be
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) actas a def ence system (resembl

6mt ol ogi cal s eks against aysénse of ideatity comfosion. 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. ldentity 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.

llleris (2014) acknowledges Erik sonds wor k on 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
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it might change or reject (llleris, 2014) previously held self-labelling (stereotyping), self-

beliefs and self-identifications mentioned above. llleris (2014) links identity to
transformational learning (TL), as he believes that 6t he concept of tr
l earning comprises all/l l earning that i mplie
(Illeris, 2014, p. 40). llleris views identity transformation in the similarvein t o Me z i r o w
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 O0Transfbeenth@at i ve
founder of TLT and this has been widely used in defining adult transformational
processes. He expl icitly wused two main terms in hi
which are 6set of rel ated an-thenhcause andueffdct, e X p e C
and category relationships as wel l2).8=zonkvent
isdmeaning pewlsipeltt av es & b r edspgbsitiene tesulting fromp r e
psycho-cul t ur al assumptions, whi ch deter mi ne t
(Mezirow, 1991).

2.4 Transformational learning

Mezirow (2000) has indicated ten phases of transformation. However, for my purposes

here, | will focus on just four principal points he describes:

(hElaborating Existing Frames of Reference
(ilLearning New Frames of Reference
(i Transforming Habits of the Mind (or meaning perspectives)

(iv)Transforming Points of View (Mezirow, 2000, p. 22).

A frame of reference encompasses O0structur e:c
we construe meaning by attributin g coherence and significanc

(Mezirow, 2009, p. 92). This elaborates the process of the continuing conflicts in daily

l'ife |l eading to Ol earning new frames -of r e
devel opment ( D6 Ama.t The dgntiniingaconiligt withid &nd relation to
daily life resembles to Erik sonés i dentity confusi on. A fre

60two di médabdi d6ss of mind and resulting 9points
Habits of mind constitute aspeci fi ¢ way of individual 6s thin
a set of codes, and specific habits of mi n
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 sci e
belief can remain in oneds perception as a

judgement/decision for not choosing science subjects in the future.

Mezirowbs transformative | earning theory ind
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 O0éto negotiate the pro
painf ul and treacherousé [onebs] sense of i
(p. 11) leading to transformed behaviours, feelings, beliefs, identity (Mezirow, 1991)

values, attitudes, and perceptions (Jackson, 1986).

I n my view, the pri marTT ahdiln k elrd tsiden@Eynmad®elz4i)r o \
i ncl ud e smeaning-makingd process w h e rse begotiated nheii v i d u e
understanding of self that shapes (transforms) their identity in a certain social or
cul tur al cont extfeurprifdipat pointe mediteoned abdve® dlsh includes
the core component of meaning-making. With similar intentions, Abes et al. (2007)

introduced-makdomgardiindgeré as one of the main

order to elaborate, e X meaniry-making ceavpeanc ittrya nisrftoer g
(p. 7) i nt o -merceptiens.sThig ties witls B¢ £ i s suggéstion that TL
i ncorporates the O6making of meaningso, and

thoughtful journey of constructing meaning of oneself through life experiences. The
meaning-ma ki ng process in a per sonoselffefledionon ng de

the experiences that have taken place within a particular context.

At first, a personds | ife experiences (rath
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 visual i sedondeptualizet es et
mod el of multiple dimensions of identietyd wl
such as family, sociocultural c3). hid quiteiclean s, an

that not all the contextual influences/ life experiences will be life-changing, and llleris

(2014) makes the case that life experiences (and/or influences) need t o be of 6 h
order 6 and require consi de+eapkdakyifoseachangest o cr
interfere with strong pre-held affiliations towards something. These 61 i f €L chan

experiencesd which includes events, triggers and interventions i ni t i at e 6di s

|l eading to critical examination of nor mat i v e
value judgments or nor mat i ve. 3&)xPuehcdisatrseo ns 6
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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 i nfluences, and these evaluati

aut henticate their reasons t o adep Throumge w

dialogue, one can determine the boundary that accepts or rejects certain life
experience through o6continuous effort t
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

o

on

act

neg

i n habits of t he mi nd, one t hat i s dmor e

capable of change, and reflectived; 000np. ot her

7) which results in transforming points of view.

| 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 i 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 o n eldéisf e after meeting a rocket
been challenged for its individualistic mode of analysis, with few links to social action
(Welton, 1995).

2.5 A return to intentionality

This places Mezirowbds theory pr ({IA) catherdhbnl vy

an extensionality (external forces) view. TL accords with Erik sonés (197
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)

3)

e i

Wi

6e

suggests, postmoder ni sm requires | earners (especial

di st anc e 6-helfl dispositiopst @lentify areas of incompetence in order to

6embrace contradictory systems si murltidisadneous|

Mezirowbéds TL theory for a | ack olL adlithatthe nct i o

theory recognises adult education as a separate domain.
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Taking up this point, Jarvis ( 201 3) views individuals as a 0]
relates to the way they learn from the external culture. He believes that learning can be

a o6lifelong process intrinsic to the Iliving

life force experiences externality (through body and mind) and generates a permanent

state of becoming in the human beingd (Jaryv
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

lIA (intentionality) t o t he construct of iidentity. The ic¢c
et al.o6s (2007) idea of core and Oexternali-t
contextual influences. Jarvis also indicates the flud nat ur e of the perso
processes, which eventually form an identity. Within this view of learning, Jarvis (2009)

has criticised Mezir daoedsss mAirly oh ddelts creatindeegam u s e i
between adul t and c hi |falsteraldelarvisesenserofilifelgng laannohg

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.

llleris (2014) vi ews i dentity transformation in a si
stated that O6the concept of transformative |
change in the i den.td4D)t Iy addition, ltlehse(2014k telievee thad ( p
6dent ity involves | earnersd ment al wholed (p
personds ment al wh dll teh acta nl ebaed st atkoe na latser o n e
that we want ourselves and others to identify us (llleris, 2014). llleris (2014) has been
critical of Mezirow on the issue of Omeaning
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 O6cogniti v-econscowlpart i ve
unconsciously (Mezirow, 2009, p. 92). Even then, llleris (2014) stated that while

Mezirow (2000) links and understands emotions a t the same time Ohe
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 ldrg 2044, m 86). Urlike [Eiikeoh @382), (Mezirow

(2000) and llleris (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 Ot eenagebd. While 11 leais (2

identity might emerge in the early ages (even before the age of thirteen) and can form
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6l ong | asting e fl24)eMetzirow (B000) kekeves that tyabsformation is
fully prominent in adults. I 1 1 e rntmaily takek 01 4)
place after adolescence and, therefore, after the compulsory age of school (science)

education from ages 11 -16 yeatrs.

261 1 1 er i s o6fsdemity d e |

As noted above, 1l erisbs (2014) gener &l str
of intentionality. His model exhibits a three-layered structure of identity that includes a

core identity, personality layer and preference layer (Figure 2.1).

Preference layer

Personality layer

Figure 2.1: The general structure of identity (llleris, 2014, p. 71)

llleris termed the inner most-l ay er t he 6cor eod, t he mo st st
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 O6personal
apparent . 1Tl eris (2014) believes that this
wantstobe and appears in relation to others anc
l ayer i s susceptibl e t o change 6i n connect
exchange of views and similar kind of i nt er
exchanges o f views and soci al interactions resen
which is experienced through shared practice
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for free will in choosing a particular group to which an individual is attached. Rodogno

2012) describes this as o6attachment identit)
of identity) t hat relies on expressions s
6attachment tod and o6what matters toedimd. Th
a personds attachment s. Again Gee (2000) e
choosing the group in accordance todoitishe OKki

freedom that might be restricted for those
(p. 121).

1l erisbs outermost |l ayer is the preference
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:

Owhet her we in the situation to have the ene
mean much to us, and we have long ago got used to the idea that we shall be open

andr eady for changedé74(l 1l eris, 2014, p. 73

This identity model gives a general structure that exhibits the possibility of identity
transformation interl i nki ndaciig@drdonalibynliesérees c or e
both external and internal forces and, in relation to external forces, involves an

i ndividual 6s participation, di al ogue and/ o
economic o6capitalsd or resources that can b
(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 llleris 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 6being a scientistd as part of

(i) 1 I 1 eTransvérse model of part identities

In addition to the general structure above in Figure 2.1, llleris (2014) extended his
identity model to involve different dédpart i
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 i say I 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, lllerisd €2014) model of part identities combined GF (extensionality)
and IIA (intentionality) ideologies resulting in a composite model (Figure 2.2).

ATTITUDES PRACTICE
National- Work
cultural identity
identity

Religious Central Family

identity identity identity

Political Everyday
identity identity

Figure 2.2: An example of part identity structure (llleris, 2014, p. 76)

It is important here to note a few | imitati
preference layer, llleris 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
llleris (2014) himself believes, the boundary between the personality layer and

preference |l ayer is unclear. My sense of rer
between the personality layer and preference layer. | see this controlling filter as a filter

t hat controls the consci{201@)scontested dpaced) and/er (| i k
objects (like Bourdieubs objects), a filter

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 Illerisbés (2014) transverse m
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,iti s not straightforward to underst
identitydé in its own orbit surrounds the cor
in this particular situation, work might not be of over-riding concern for the individual.
Butthen,nor did oO6work identityd fit in the pref
to the central three layered identity might prove difficult to adapt.

(if) Accidental or planned transformations

The life changing triggers mentioned earlier could be accidental or planned. An
example of accidental trigger could be O6tree

Some individuals find themselves fascinated with ants or birds or fossils from a
young age. Why? | have never seen an explanation for this early attraction to a
scientific subject. For me it was trees. | can remember the trees in the
neighbourhood where | lived at age 7 so well | 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 i 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 -$bhieemmmneoyndé students towards becoming
|l aboratory technician or even someone who v
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 6 s ci enc e
capitalsd invol ving r es ownddeacherssAbesletala(B00) ar e n't
call these contextual influences, llleris (201 4) described them a:

Mezirow (2000) sees them as O6experiencesod |
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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) bel i eve:
experiences may be a way to facilitate micro changes in students that, when
accumul at ed, | e a dNohl @015 arguesuhatdransferrmafion need not
necessarily start with a disorienting dilemma -itcan st art Ounnoticed,
someti mes even casually, when a (méSyor,pveract i C €
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. Peopl e wi th &6fl ui dé sci e
potentially - be more open to accidental and/or planned transformative interventions

and widen their options, exhibiting transformation.

2.7 Models of multiple dimensions

Unli ke I 11lerisds (2014) transverse identity,
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/ triggersi a s pace t hat is lacking
general model. Jones and McEwen (2000) desc r i be i dentity theori e:
the on-going construction of identities and the influence of changing contexts on the
experience of identity developmentd (p. 408)

2.3), where they argue that there aretwoge ner al parts to an 6ident

(DThe 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. Mor eover

of these identity dimensions is indicated by dots located on each of the identity
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A

di mension circlesd (Jones and déselEwen, 20C
perceived dimensions such as gender, culture, faith, class etc.
(i)The central core, which includest he &éi nner per sonal i dent

ourselves. This resembles to llleris (2014) core identity.

CORE

CONTEXT Personal Attributes
Personal
Characteristics
Personal Identity

Family Background

Sociocultural Conditions

Current Experiences

Career Decisions and Life Planning

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
mod el a OReconceptualised Model ity gRF-MMRU ) ©i, p |
utilising Keganos ( 1 9rBaking processes sduring f identitye a n i n ¢

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 meéaning-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 dimensions?®o

The reconceptualised model now consists of the following four main parts:

53



(i) The outer contextual influences, which are placed outside the identity circles.
llleris (2014) sees these as conditions
(i)Social identity dimensions are now viewed in relation to personal perceptions
of multiple identity dimensions. This resembles llleris (2014) part identities
(ilMeaning-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 resemblestoMe zi r owés (2009) d
el ement of transf or ma{2000)miscbursé ideattyni ng and
whereas such a filter is missing in llleris (2014) identity model (Figure 2.1)
(iv)Finally core indicating self-identity resembling to llleris (2014) and Robnett et
al. (2015) core identity.

Identity Dijpenalons, such as

race, social class, sexual
orientation, gender, religion

Meaning-Making Filter
Depending on complexity,
contextual influences pass
through to different degrees

T
s

I
T

.

Contextual Influences, such as
peers, family, norms, stereotypes,
sociopolitical conditions

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:

()First, the meaning-making filter will allow me to capture the understanding of
scientific concepts and procedures

(i)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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@(iThi rd, whet her these meaningful infl uen
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

participantsdé (individual sd).
2.8 A proposed Science ldentity 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 llleris (2014),
Abes et al. (2007) and Jones and McEwen (2000).

The science identity model (Figure 2.5) | envisage here consists of seven main parts:

1.Global forces (GF): This involves external influences in relation to ethnicity,
gender, race, religion, class etc., resemblingto Gi ddensdés (1991) o]

i nfl uenceséb

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: | 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: | have introduced this layer from lllerisd6 $2014) identity
model (Figure 2.1) , whi ch const i tanmingesshends (dlleris,0 wo s
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 llleris 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
11 er i sAs & mynapidienlllleris 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 (I1A): This part of the model involves personal
6drivebd, the ways in which peS8Shandor@GFan go
i 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 |l ayer resembles to Mezir
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 (llleris, 2014). llleris named this layer as
personality layer, where | 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 | am interested in self-perceptions of people towards science and non-

science education and career.

7. Core: It resembles Abes et al. (2007) and llleris (2014) inner most central
core. Which | believe could be stable or fluid. If the transformation in llA layer is
successful or lIA layer is in ambivalence then there is a possibility that the pre-
held transformed viewpoints could change the core identity. | 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), llleris (2014) extended transformative learning theory
into progressive, regressive and restoring transformations. | will now describe my
viewpoints on the three kinds of science identity transformation with examples. My
intention here is not to include llleris (2014) collective transformation in this study,
which has the potential for further research. | will now use the above model to describe
the three kinds of llleris6 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 O0into soneetphrionpge rb,e tnhoerre, pmoormi si ng ofr
llleris (2014) termed it as progressive transformation (llleris, 2014, p. 93). A theoretical

example is as follows:
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Sam believes himself to be a d6brainy

per

a Osceiyenpersond and per c 8A inflaencest (teachera,v e po

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 6éphysics and maths
the existing non-science external GF, SA and TL experiences. Finally he further

per s

progressed to become a O6physigioearingetcn;gi nee

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
betterand r ewarding transformation in re

personbo.

(i) 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 ind
transformative expectations. This withdrawal leads to regression that llleris termed it as

6regressive transf or mat alexardple(slad follevs:i s, 2

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
transformati on. It seems that even

become stable and forceful enough that could make her fight against the
negative external force. Il nstead, failure rooted
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 Il leris [(ta®1l4) &
reconstructive transformation because | believe progression after regression will allow

a person to accept quite different TL experiences incorporated through a certain

drive/or force (I1A). 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 o n e ayency.
2.10 Summary

In this chapter, | have reviewed and analysed the aspects of GF, SA, TL experiences,
IIA and their incorporation key science identity research models. | have also discussed
the transformation of identities using identity models and kinds of transformation. In this

chapter | have argued that:

(Didentities 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) oneds identity dependsTLexperigndeg(eventsyr engt |

triggers, interventions) and t he strength of oneds |1 A thi;

The understanding of GF, SA, TL, IlA, stable and fluid identities led me to design a
theoretical Sci-ID model principally adopting llleris (2014) and Abes et al. (2007)
identity models. Moreover, | have also proposed theoretical example stories to illustrate
progressive, regressive and reconstructive TL practices adopting llleris (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 | 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, | 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 | 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 |

could study peopleds oO6life eventsd towards
lifetimes. Needless to say, research practicalities limit such ambitions, and the
restrictions of maintaining and sustaining long-term contact with participants has led

me , i nstead, t z00 nttaskle stlhirceees 8dhover & dekattvely stfof i gur e
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 al ong pedple.Duedd thematdre ohteedresaarfth question and
framework, | 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 | have also used thematic-based approaches to analysis.

This chapter critically discusses the suitability of the research design against Denzin

and Lincolnbébana(20%k1l)eméous of a research p e
ontol ogy, met hodol ogy and et hicso. I begin
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 socialresear ch are ontology and epistemol ogy

nature or the essence of the socialph e nomenon being studiedbé (Co

61



& 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 llleris (2014).

For this reason, | wanted to gather stories from the perceptions of participants, stories

that give diverse interpretations on identity transformations. Second, epistemology is
defined ase 60af skmewl edge studied from the
(Horrigan, 2007, vii). Epistemology is concerned with how we know and what we know

(Crotty, 1998); it involves O6the nature of the relatic
can be kno wnntoln( 1889 bpa83)&An lepistemological approach questions

my aim here to gather |ife stories, experi el
people select to do after the compulsory school age of science education, but also why

they make those choice s |, and O60how6é the transition happe
t he participantsé recollecting stories, i ni
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 | know

they are interpretations of what might or might not be the case.

3.2 Interpretative research philosophy

Interpretivi sm i s an Oessenti al met hodol ogi cal t o
2012, p . 88) where O&édinterpretivists believe
between the natural and the social world, and therefore we need a methodology and
methods of gath er i ng dat a t hat are more in tune Wwi
(Grix, 2010, p. 83). As | am studying the reasons behind the likes, dislikes and life

choices of our participants, | 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, 11A) 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, | do believe that the stories of the

participants are not faultless and fixed be
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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-ma ki ng process w h e-interpretatiors ean \bee mared sel
domi nant over participantsé i nterpretation:e
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 ot/
the laborator y t o working in the garden) and/ or o0d
institutiond (for example talking to peopl e
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 theoryd the ongoing tension

between stories and science. A story, rather than just being a passive rendering of
events, assumes O6themgbohbké (&Kkarabtymi bR} .
unlike a chronologyd a list of events in date orderd i s a 0 c desa@iptionwfether e

wor |l d such t hat hi dden patterns and hithel
(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 O6has been critici z@&thoughsvhybagi ng m
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 Onarrative turnd in the social
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 | 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 | 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 (llleris, 2014). Moreover,
Mezirow (2000) believes that transformation affects self (identity) in adulthood. With
this in mind, | 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. | 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
gquestionnaires, these students showed a range of positions i 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

guestionnaires and interviews (Figure 3.1).
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Phase One

Twelve professional scientists and non-scientists

Narrative styled semi structure interviews. from Brunel university London,

Phase Two

One hundred and twenty three students from Brunel

BOS questionnaires. university London.

Phase Three

Questionnaires

Twelve selected namative styled semi-structured | Thirty students from The Salehjee School for Gitls.
interviews.

Figure3.1: Research design: three O0slicesbd

I n Phase One | empl oyed 6épurposive sampling
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
voluntarilyr ecr ui ted through an invitation to par
i nternal website, and through nkotBhdse Thed i on
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 i 21st December 2014 on the
Brunel University London website, which all Brunel students could access. During this
time | received only one-hundred and twenty-three responses from Brunel students.

Despite its name and Brunel 6s s taringmsganked i e n c e

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 i all of these are seen as science-oriented departments.

Phase Three: The Salehjee Girls School, thirty students aged 12-1 4/ 15 fr
ethnic minority families were the subjects of Phase Three of my research. | believe that

The Salehjee Girls School was the correct choice as firstly to date, | have not seen any

o

publi shed work that has been carried out

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, | believe, this study with Muslim girls is also
appropriate as the students in the study are from ethnic minority families. Overall,
Musl i mbs are a marginal number an dhouglatkee
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
empl oyment (Il gbal, 2016) . wdmen iragereeialtare mot as
well catered for by faith-based organisations, nor are those young people that are not

interested in religiond (Communities and

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

O

girls from British Somali, Pakistani and

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, llie, Luthman and Riga (2016) and Topping, Thurston,
Tolmie, Christie, Murray & Karagiannidou (2011) carrying out intervention studies in a
science classroom, with st u d e n td saundalP-44/15, however the studies are
different from my study as both the studies chose mixed sex schools. | 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)

up

Loc

Ar @

indicated that ages 11-14 ar e the crucial ©period where th

Moreover, | believe that my choice of school and targeted sample for Phase Three is
appropriate because in the recent literature | 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?

| believe that through my understanding of UK secondary school science educational
policies, curriculum and assessment needs (which | 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, | 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. | 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 20151 June 2015) to complete the intervention study inside and/ or

outside the science lesson time (Table 4.1 17 Table 4.9).

3.4 Methods

The main methods that | used to collect the data were semi-structured interviews,
descriptive questionnaires a n dhtergention evaluationbquestionnaires. These methods

all owed me to captur e par tpeéroeptigng assosiabed withper i e
GF, SA, transformative and/or non-transformative learning experiences, natural

inclination and in few instances IlA. The interview and questionnaires drew broadly on

Facer and Manchesterds (2012) 6dynamics of
participation, pl easur es, and caneed itno t.he f.c
t hi nk | n e énchédidon,tthe respondents ch@se, 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 persond s v abouttke scientists and non-scientists, university

students and secondary school girls- rather than first persond soice by the participants,

this allowed me to analyse the data at a subjective level as well as | 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 c |l fixedeguide aan glterii | o g i
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. | 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.

| will now describe the narrative enquiry styled semi-structured interviews, descriptive
guestionnaire 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 6 bi ogr aphi @€at ardteitrag d smady d6n @ nidn
out) of sciencebd. I n tot al 8runeltUnivensity onders t i o n s
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. | repeatedly listened to the audio recording to gain a better sense

of the intervieweesd responses. Then | aggregated and summarised individual
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interviews into stories which led into the generation of broadly three themes, or three
6l i fe traject inrahatysisbsectio).elater the datawwere 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, | designed an online questionnaire using Bristol
Online Survey (BOS). The questions were adapted from Phase One i scientists 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
gquestionnaire took, on average, between 10-15 minutes to complete. The
guestionnaire 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 survey st
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 | 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 | 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. | have not only taken into account the
expected, | 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 6i nterventi on eV
gquestionnaires (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. |

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
6natur al i nc | iamimagortaot qu@stion Thhreigasds tw 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 | 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, 6gualitative researc
human subjects in the field; ethical problems are n o't usual(p.ywbd)f The away
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 | prepared the ©participantés
consent forms. Moreover, | 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 theyt ook pl ace i n the particior
science laboratories. In addition to the emailed information sheet, | 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 t he same
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
Oprotection of human rights in qualitative
process of i nformed consentd6 (Car penteatr & H
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 | have disclosed not only positive results, but
also negative results and respected the autonomy of the scientists and non-scientists.
For example, | 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 teachersé teaching style and s
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(ii) Phase Two: Brunel University students

Before dispatching the online questionnaire on the Brunel homepage, | 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, | 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 | 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 | 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.

(iif)Phase Three: Secondary school girls

Before conducting the research | first obtained permission to conduct science
education interventions at The Salehjee Girls School for six to twelve months. After
receiving verbal permissionlpr e par ed t he parti ci explainingthe
purpose of the research to avoid communication barriers and a consent form which

similar to Phase One form.

The school 6s head teacher was given the
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 | 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.

| 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, | 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 | 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 | 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 | analysed the
data using thematic analysis. The process of analysis that | 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 | am looking at interpretative commonalities in the narrative styled
semi-structured interviews and descriptive questionnaire participant responses as they
relate to personalevent s i n the subjectdés soci al (
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 ¢eople
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]ealy aboue lndersmradinge vehat has happened well

enough to be able to predictwhen it might happen againdé (p.

In taking this route, | 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. | probed the themes,
hypotheses, categories and assertions that emerge from analysis to see how they

stand up to the weight of evidence and counterclaims (Sel var ubynp &®@atS,ul | i v
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, | 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 | 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: 0 lualdigatiomsp hi ¢ a |
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 headi Anglablegdr aot able)moglo stiented ( 5 ¢
subject choice reasons at 16 , s ubj ect choice fast or sl ow/ t
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, eventsand SAi nf l uences. The final heading 6
(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, | constructed stories of the

interview data, in third person voice about the participants rather than by the
participant. | understand aggregation as the process of collecting and combining the

data horizontally, vertically and chronologically and then expressed it in a summary to

generate storiest h at presents transformation and c¢h
non-science lives. The stories comprised of i n d i v ilifd jousnkeydspecifically 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:

(DProgressive TL and smooth transformation
(iProgressive TL and wavering transformation
(iil)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

guestions on the interview guide. | then adopted thematic analysis in which | compared

and contrasted the participants based on scientists and non-scientists which remained

as one of the main analysis distinctions. | made use of Omani f est
physically presentd® (Robson, 2002, p . 354) t
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.

(i) Phase Two: Brunel University students

| 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. | took different measures to obtain the frequency. | compared questions
between sciences and/or non-science subject choices and gender, also contrasted the
studentsd response on the natur al inclinat:i
percentage of responses to the choice at A-levels and university studies and
professional choices after university. Furthermore, | compared the effects of SA
(parents, school science and teacher,) influences on their choices of taking up science
/ non-science education and careers. | 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 6Demographic det ail sdtientistslarel nano d e s
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, 0 My per c e pidnéeonatwad inclindtionc romseisnce natwral
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, | 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, | added two opposing
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gquestions - 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 hatural 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 -6 Car eer opportunitiesd (5
opportunities, non-science career opportunities, becoming a scientist, future career
plan and employability skills). As uni versity students within
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:

| 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, | used
numbers to analyse the questionnaire data but later used percentages. Because, the
number of science andnon-s ci ence st udent s otequa thip makeséts wer
difficult to generalise the data with numbers. So | used percentages and converted

100% for science and another 100% for non-science students.

Moreover, where the whole number was not obtained | rounded the percentage to the
nearest whole number that is 10.4 = 10, where 10.5=11.

Step 3:

Initially | 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. | 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-t h e me s, for example,- 6bot
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science natur al i nclinati on 6 scierrcs or oa-sciered ud e nt

college believed to have both science and non-science natural inclination. However, |

did not find a new theme(s) in addition to Phase One themes.

Step 4:

Then | 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. | 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.

(ii)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 | After After
zero months intervention | intervention

six months | twelve months

Employment

Parents

Teachers

Sciencecurriculum

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
guestionnaires 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,
gquestions 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 | 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. | compared and contrasted the secondary school students
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based on four groups (C1l-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:

(Science choices only (C1): where the students listed science only subjects.

For example biology, chemistry, physics and related subjects

(iBoth science and non-science choices (C2): where students want to opt for
both science and non-science subject choices. For example, biology and

English

(ifUnsure 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
guestions. 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 6Bi ographical det ai ledel sufect choicks) dhese y e a r
codes obtained information to help me analyse in the average age of the participants

and changes in subject choices with time.

Second O6My perceptiond and third 6School s cC
according to Phase Two (Brunel University London students), therefore, the codes and
questions that emerged were very similar as Phase Two (Brunel University London
student s) secti on o0 n exéeptyhatphe secoadary sclwoal 8tudents were
not asked about the current choice at Brunel. The6 Car eer oppoodesiand t i e s ¢

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 | 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, |
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 | did not gain enough information on that from the questionnaire.
The codes are divided into two headings.

First 6starting outd (5 codes: Am | abl e
reasons in 16 , subject choice fast or slow/ trigger moments) included questions on
their perception on science/ non-science ability and triggers.

Second heading 6staying in (or out) of sci
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. | 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 | 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

towards gaining science or non-science subject choices and/or careers.

6educat.i

Moreover, from all the three phases | 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

A

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).

| have utilised a five-part threei stage 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)
i ssues as toiwhetha the resalts ef @ measure can be extrapolated to other

settings, times, etc.6 (Neuendorf, 2002,
Context-based Theory-based
v Before
validation validation
Response ‘_
validation During
Criterion-related Consequential ¥
validation validation After

Figure 3.2: The validation framework, based on Pedrosa et al. (2013)
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Now | 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, | 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 | 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 o6the form of research must be caagruent
2013, p. 9). The research project was required to be conducted by means of an
interpretivist approach using participantds
world to explore the lived sciencey and/or non-sciencey stories. Therefore, | 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 guestions, interview guestions
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. |
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 IlIA. The

literature review along with the main aims of this research, explores the link between
oneds natur al | amccTIL iexpaxiences. Mhisded ohe td firsAread general

literature on science education and problems associated with high drop outs of

students after the compulsory age for science education, incl udi ng Archer
(2010, 2012, and 2015) various works on science education research. Later to
accommodate transformation | s e 2009t Eirdlly, Me z i r
I | | sedefinigof of transformation in relation to identity constructs led me to adopt

lllerisdé &entity model and linking it with TL. Later, through the concept of llleris (2014)

part identities, | understood the multiple identity theory and models as a key model that

explains the meaning-making process from inside out. However, | found lllerisd snodel

complex when | practically tried to fit in a theoretical story. The main reason for this

was that it consists of complicated boundaries and | found difficulty in deciding the
importance of one identity over another. Later on, through reading literature on multiple
identities I came across Jones and McEwenbo
McEwendés (2007) mo d el od thei ntkanmg-making, filtert ifn @yt i nc|
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model. This theoretical understanding helped me to design Sci-ID model ingredients
which | 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, | 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.

(iif) 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
Me z i r o wlbls | setreadsirbrelation 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/ llleris 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
| 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 | received invites to publish the paper in different international education
journals. The addition made at ASERA was that | incorporated Jones and McEwens

(2000) identity model to support the data analysis from Brunel University London
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students. As a result, | continued using the same theoretical framework to justify Phase

Three secondary s chhvas dlso gecceptéddy thedCaechalnstitute of

Academic Education. In addition, | have currently employed llleris (2014) general

structure of identity and 6 Reconceptuali sed Model of Mul t i
Abes, Jones and Mc Ewlkeonpdtse d( 2fOrOorm  Jnoondeesl an d Mc
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
gquestions and were quite close ended, as at the beginning, | intended to test a lot of
different specific variables. These variables were mostly adopted from The Relevance
of Science Education Project (Sjgberg & 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) | 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, | answered the questions
myself first and then piloted with a PhD student and with a part time lecturer from
Brunel University. For Phase Two, | 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 O6a ctheaimvestgationo mo d
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proper (FPewdy msldNVatts, 1987, p. 125). Before collecting the data, the

modified interview guide was approved by my supervisor. In my opinion, two additional

6pil ot od intervi ews wi t h Phase Three partic
approach.

Moreover, Cohen et al ., (2007, wayofachi@ving st at e
greater validity is to minimize the amount

during the interview/ questionnaire processes the following considerations were taken:

(DThe sequence and wordings of asking the questions were kept constant
within each phase. During Phase One and Phase Three interview sessions, |
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 | asked her
again and we came to a decision that she identifies herself as a Reader in
Education. Moreover, | asked Zikri (Phase Three C2 group) to elaborate about
what she meant by &égrowi ngd uept con her gr an

(ilPhase 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). | 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.

(i 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 | 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

o1 al ways had a natur al inclination towa

natural inclination towards non-s ci ence subj ect aféw moterof my o

these flipped questions would have been useful for further analysis.

MThe interviewerds bias in Phase One and

because of the absence of an accompanied observer at the time of the
interview and science education intervention. Denzin (1989, p. 239) believes
t hat 6observers remove the potenti al bi

Further replication of a similar research with similar or different participants and

~
C

by a different interviewer can help to a

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 éempathetic observero
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 Iliterature on Oi
Merton (1972) stated that insider researchers are members of specified groups and
collectivises, or occupants of specified social st
6outsider r es e ameartbeerrss@® arpe  @nkgasitivisMWapprdach an  a
(mentioned above) | bel i eve t hat 6complete objectivity
2005, p. 7). Moreover, | have noticed that as a researcher | can position myself as an

insider as well as an outsider, as these two elements overlapped each other due to its
fpermeabled ( Mel9#20pn 37) aptitude. My positioning as an insider and outsider

varies from one phase to another, which is as follows:

Phase One: | had insider knowledge about the university as | 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 | 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, | believe | did not influence my viewpoints based on my interests and identity

during data collection (by using the interview guide) which relied completely on the
participantéds per ceptfandliar.with the academiesrextensionalwa s n
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, | 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 6Science |ives: school ch
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, | listened to her recording again and took help from my supervisor to confirm

the summarised story. No changes were made
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 | 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

t hat I consider the participant sadtruhattleei ved

point of data collection and analysis.

Phase Two: | had insider knowledge about the university as | 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 | have never personally
met them and | am not familiar with their names, ethnic backgrounds, nationality,
contact details etc. The biographical details | collected were gender, college and year
of study in order to group them and compare. However, none of the university students
guestionnaire was verified, as | 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 | acted as a teacher researcher. For this
reason | have been an integral part of the school environment and | was aware of
school policies/ regulations and special measures/ protocol needed to conduct the
research in an all-Muslim g i rs¢héos Like all of the students | am Muslim and female
and like a few others | am Asian and Pakistani, and then as their science teacher with a
particular interest in the subject | could have altered the way students answered the
questions. For this reason | avoided talking about the research work. | made sure that
they completed the questionnaires in my absence and without consulting other
students. | also could have input my personal interest in summarising the stories,
therefore, to validate this | 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, | moved her from C1 group to C2 group.

(iv) Criterion Validation

Criterion related validation o6éconsirgretives t he
frame of referenced (Pedrosa, 2013, p . 13)
empirical study | 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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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 & Tarneberg, 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.

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:
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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
theuni ver sity academi csd i nter vi e waccesskilitytto
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. | 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

(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 | was unable to picture the complete story of
the majority of the participants. In addition, | 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. | 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 gquestionnaire, | could not locate any
gender-related specific information as the majority of the participants were females
(68%) so while analysing the data | have converted and used equal percentages in
order to compare male and female responses. However, | 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.

(ii)Phase Three: Secondary school girls
| was allowed to research with thirty Muslim secondary girls to whom | was teaching
science. The school management did not
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 | have used to carry out the three phase study to analyse
6t he maki ng 6o fthe preconditione thatifaster 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 |
have addressed the main aim of gathering self-narrated stories from the participants
themselves. To accomplish this aim | 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 |
have also dealt with ethical issues that could have misinterpreted the data collection
procedures, reporting and analysis. Through the analysis process | 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 | 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 | 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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Research philosophy
Interpretivism philosphy.

Three stage design and sample selection

Methods

Narrative enquiry based- semi-structured interviews, descriptive questionnaires and intervention
evaluation questionnaires.

Ethical considerations

Data analysis

Validation
Context, Theory, Response, Criterion and Consequential.

Limitations

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. | will discuss the
use of an enquiry based learning (EBL) st r at egy and Bell 6s (2014)
intervention in the intervention design. Moreover, with the help of a few relevant
literatures | 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, | designed six science education interventions to
enthuse more girls to choose science subjects at A-levels and beyond. In the English
Col ins Dictionary, iom oreprocessotf i oinnties vehéengact

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

mul tiple additional events and processes:¢
change towards a desired outcome (p. 241).

I understand science intervention studies to be along similar lines so | designed,
conducted, evaluated, reflected upon and planned the next steps for six science
education classroom interventions at The Salehjee Girls School. During these, |
mapped t he c¢ont3Axnfluenzds, Tk éxpedeaces aaddtheir 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
particul ar, are a Omust o, and many organi s a
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 designst o i mpr ove youngncepef GPEMdasd e x p

part of a review).

Moreover, to achieve my research purposes and to make the interventions successful,
| critiqued recent literature on science education interventions. Here, though, there is a

distinct paucity ofspabdosth@&dr ewadkn@nidntthlei €

2014 O6successful interventiond model that in
and i mpl ement science education intervent.i
Intervention 6 (RTI), has b e e ncs alasseodms by, fomexaniple,ma t

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 l evel . Unli ke Bell s model
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.ds (2011) -14 gehrioldshamd Rutt ihwee nk eed r mail
(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 Schitte and Kéller (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, Sche¢t treadyand K
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
resecarc h O6with talented students who show (comj
the outset rather than with highly motivated students who self-select into the
programmed (p. 2306) . My selection criteri a,
show early interest in doing science and/ or non-science subjects at A-level. |
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 | have incorporated an enquiry based learning approach and
B e | (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 | 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 Of f i ce f or Standards in E
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

98



al so highlighted the i mport afhemuryedict#as8that J o hn
6education begins with curi osi tiyfirstostientcetbye | ear
doing and, second, through reflection (Kuhlthau, Maniotes & Caspari, 2015). Similarly,

EBL is independent student-c ent red | earning that i nvol ves
through inquiry[ enqui ry] 6 (Hutchings 2007, p . 11) ar
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 |l ogically assigned set of sm
attention to important features of scientifict hi n k i n g 6-ordinattbn df these uaits
constitutes an enquiry cycle (Pedaste, Maeots, 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 t
questions, designing experiments, collecting data, drawing conclusions, and
communicating findings) and 6hands on e X |
thinking skills and, in turn, enhanced stud
scientific c enat 0iQ, p.&0). Thdie are aher 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,
(questioning/ hypothesis generation), Investigation (exploration, experimentation, data
interpretation), Conclusion, and Discussion (communication and ref |l ectj on) 6.
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. | 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 i principally because secondary science teachers

commonly teach only science (Artigue, Dillon, Harlen & Léna, 2012; Borda Carulla,
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2012). Science linked to mathematics, english, computing etc. is rare but important
since 6science is not an (Bamdtt&irehsey, 80lahe xi)t aug h't
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 integrationin s ci ence O6pupils are mot
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 subj mjech 200212018, p.F6). bMMonecver, cthie
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 | will now move on to the intervention

exercises that | 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, bot h 6 general ly and i n

di sciplinesd ( BleDonald (2014 ardued that oneoff interventions do

not work and that constant practice is needed to gain positive effects. Her argument is
based on the fact that, after many decadesof oO6wort hyé intervention:
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 oO6consideration shoul
model for developing interventions in order to explore in more depth ways in which

interventions of all types can be made more successf ul 6 ( Bel | , 2014, |
believe in éconstant practiced and accordi ng

in science classrooms according to the needs of the students. In this vein, | have
incorporated Bell 6s ( 2retvénjionsmvichecdnsistsmfrsevenu c c e s
el ements that 6al l interact and contribute
together, can be considered to form three intersecting axes, as set out in Figure 4.1, in

which:
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( iTHe @larity of, and commitment to, the purpose lead to tangible impact and
outcomes

(iSuitable people working in the right context results in measurable and
demonstrable outputs

(iilRobust processes lead to effective implementationé(Bell, 2014, p. 8).

Successful
-
Outputs

Figure 4.1: A model for successful interventions (Bell, 2014, p.8)

Implement-

Interventions

ation

Qutcomes

I will now describe the journey of the intervention programme that | have conducted in
The Salehjee Girl s Scnmwodebfor successful mgrveitiens.| 6 s (201

(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 | wanted to incorporate better teaching and

learning practices by avoiding traditional teaching and learning procedures in order to

make girls think of themselves as 6a kind o
doing that | 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 | 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 Ohow to make i nt earsgcendaryisccrhso odindily leckesef u | [
that the |l esson strategies and processes shc

fixed and to some extent cater for an open form of enquiry strategy as well. For

exampl e, i n-déptelad ni ngerwvient i on ap thatijhe topic one
mu st be chosen from O6natured (teacher Il ed)
(student l ed) to all the student s. Similar

experi ment sénded (sthdent ledp gratess 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 T and educational - setting. The
evidence | 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, 6 meet i ng a scientistd and also emplc
and writing skills through open-enquiry-based learning through science poetry writing,
the oO0treasure huntdé and | earning in depth.

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. | 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, D r Essex publ inscheuds i @@u litnu rSacl (2818)cgwingEd u c a

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 1 4.9).

Other than the above interventions, | 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. | 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
uni versity | ife experiences to scaffold
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. | also

believe that a separation made between pedagogy and E&E is not suitable as even in

103



the E&E intervention study, the impact of pedagogy is quite prevalent. Moreover, after
conducting the lesson | realised that not only careful planning is important, but
reflecting on it is also integral in making the process repeatable. | have included a short

reflective report (few ideas for the next stage can be seen in lesson plan Tables 4.1 1

49based on Kol bdés | ear ni n-Barestsert dn@d Mattheyse, ot ed b

avoid researcher biases and assumptions (Roffey-Barentsen & Malthouse, 2013) and |
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 assess ment-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, | 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 | found that they were not engaged so | googled
the movie on YouTube and played it for them. Students looked quite interested so |
changed my strategy and used films instead. The chosen films (Superman and Z for
Zachariah) were silent for the first 5 minutes as | wanted the students to give scientific
voice to it (during group discussions). Later, students looked at the films with sound as
6when words and v i dosedyl tied,e dtudents rare detter alde to

comprehend and synthe si z e new i nf or n2al2,i m rBp Sinilstlg,q u e z ,

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
st ud eatiitude fowards 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
6Cored ancdcgfacumwe &f hectefausd that aassingledvievtin afta
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

studentsd (p. 179) . At this point I bel

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
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http://www.sciencedirect.com/science/article/pii/S1871187114000509#bib0140

out that they connect themselves to the world of science through writing and reading
science fiction books. For this reason | approached Adam to advise me on few science
fiction based films. A list was provided by Adam, out of which | managed to implement
two in the classrooms in six lessons (approximat el y) . The mo vhekirm
Super mand and 0 ZPhdtograph Zand 2).aArbrieé dtiénce fiction related
enquiry activity lesson plan is given in Tables 4.1 and 4.2.

Bu s

Photograph 1: Science fiction 1- Science behind Superman
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Photograph 2: Science fiction 2- Science behind Z for Zachariah
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