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Abstract

England and Wales, as with many other countries across the world are faced with a large
proportion of secondary school students who are disengaged with physics. Teachers are faced
with immense pressure from accountability measures that have been seen to restrict innovation
and creativity in the classroom. This study implemented a series of astronomy-based outreach
activities that had been designed to apply a novel context to the curriculum and encourage an
inquiry-based, student-centred classroom. Though astronomy has been described as a promising
point of engagement and portrays widespread interest, no study is seen to evaluate the application
of astronomy as a context for compulsory science or physics curricula. This study successfully
achieves this through the implementation of a series of outreach activities that apply an inquiry-
based pedagogy. The study focuses on the evaluation of their impact on students’ learning
experiences in physics. However, findings are not limited to the outreach activities of this study
and a robust framework is presented to other practitioners seeking to design and evaluate their

outreach initiatives and teachers looking to implement them.

The study also demonstrates that initiatives do not necessarily require large amounts of time or
funding in order to have an impact. Though existing research is indicative that attitudes are
withstanding and difficult to change, this study demonstrates the influence just a single lesson
can have on students’ perceptions of their learning experiences and can encourage them to

reconsider their predispositions.
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Chapter 1

Overview and Purpose of Study

Physics is consistently seen to be the least popular science among secondary school students
throughout many countries around the world and England and Wales are no exception (Bartlett,
2018; Mujtaba and Reiss, 2013; Barmby and Defty, 2006). This is evident from applicants into
physics-based courses post-16 education, literature around students’ attitudes and perceptions and

concerns expressed by physics-based businesses.

Research is largely indicative that students’ attitudes towards physics and science go into decline
as they progress through secondary education (Barmby et al., 2008; Osborne and Dillon, 2008;
Tymms et al., 2008). A number of themes are embedded in the literature in terms of specific
aspects guiding students’ negative attitudes in science, including; general disinterest or lack or
enjoyment of physics, low confidence in their ability, a lack of perceived relevance of physics to
their day-to-day lives, its usefulness to future careers and poor pedagogical experiences. Many of
such problems are considered largely related to performance focused accountability measures

faced by teachers that sadly encourages teaching-to-test and teacher-centred classrooms.

Such problems are also not new ones and are cited throughout the literature spanning decades.
Various initiatives, demonstrating various levels of success, have been developed and
implemented across schools in the UK and overseas in an attempt to tackle some of such
problems. Although, what is clear from review of the research is the lack of high quality

evaluation and evidence of impact (Vennix et al., 2018; Bell, 2014).

Astronomy has been described as the “gateway science” (Salimpour ef al., 2018) and an effective
“point of engagement” (Osborne and Collins, 2001) due to its natural ability to engage people,
regardless of their interest in physics or science more generally. However despite such promises,
no formal research has been carried out on the effectiveness of its application as a context to
compulsory content of science of physics curricula. This study focuses on the evaluation of a
series of physics outreach activities (OAs) that have been developed to apply a context of

astronomy to the compulsory physics curriculum in England and Wales.

The OAs are evaluated in terms of their influence on students’ perceptions of their learning
experiences and students’ and teachers’ interaction with them. This is not specific or limited to
the particular OAs themselves, but in order to identify the components that constitute a ‘good and

effective OA’. This is defined in terms of its influence on students’ learning experiences in



physics and also how they support teachers and do not threaten a conflict with accountability
measures. A robust framework for evaluating OAs is developed and a series of recommendations
are provided to both to OA developers and practitioners, and for teachers. This study is therefore
considered to provide a wider applicability and offer insight to the wider field of research in

physics and science education.

This study follows a pre- and post-test mixed method approach with a sequential explanatory,
multiple-case study design. (Creswell, 2003; Johnson and Onwuegbuzie, 2004; Teddlie and
Tashakkori, 2009; Cohen et al., 2011).

The research is rooted within a constructivist epistemology with a realistic ontological position in
that it is the researcher’s belief that reality is subjective and dependent on experience, context,
and the perspectives of the participants themselves (Creswell and Plano-Clark, 2011). Due to this
position, the researcher is very much involved and immersed in the research process, the

implementation and the participants, in order to understand their environment and perspectives.

The study does not have a pre-defined hypothesis and therefore data is gathered inductively with
goal-free evaluation (Scriven, 1991). Although the study sets out specific research questions to
address, the researcher will consider all data that is yielded and will not disregard any evidence
that comes to light, regardless of its relevance to the specific research questions. In terms of
analysis, interpretations are constructed around reflexivity of the researcher’s experiences and
understandings of the educational environment and phenomena as it evolves with the study’s

progress (Cohen et al., 2011).

In order to manage and prioritise such large amounts of data, the researcher follows
recommendations from Stake (1995) and develops a concise evaluation framework that structures
and refines analysis and results. This framework is also used to synthesise quantitative and

qualitative data for analysis.

Context is a consistent theme throughout this study. Not only do the educational OAs provide an
astronomy context to the physics curriculum, but the research itself is considered to be
contextual. That is, school, classes, students and teachers are not uniform and each classroom has
its own internal climate based on infinite variables. Details of each environment and scenario of
implementation are therefore provided in order to offer a context to the reader and to enhance the

study’s transferability.

This thesis is structured around a following twelve chapters. Chapter 2 lays the foundations of the
study, discussing the importance of science and physics and where secondary education in such
subjects are falling short and struggling to inspire and engage students. Chapter 3 explores the
pedagogical approaches to learning and reviews such approaches in order to identify that most

suited to the objectives and focus of this study. Chapter 4 brings together the previous two



chapters to explain how the outreach activities implemented in this study are designed to build
upon the strengths and counter the limitations of previous initiatives. This chapter also

contextualises the outreach activities for the reader, setting the scene for implementation.

Chapter 5 defines the theoretical and evaluation framework that guides the data analysis and
interpretations. It defines the theoretical underpinnings of how student perception, interest and
engagement is defined and provides a framework to structure and synthesise multiple sources of

data and highlight its transferability.

Chapter 6 to 8 specify the methodological approach and design of the study. More specifically,
Chapter 6 clarifies the research paradigm in terms of the researcher’s epistemological and
ontological predispositions and approach to research. Chapter 7 describes the instrumentation
implemented for data collection and Chapter 8 highlights the approaches employed to address

issues of validity and reliability.

Chapters 9 to 11 report on the data analysis. Chapter 9 explores the preliminary data analysis,
providing the ‘big picture’ and a surface view of the study’s findings around the evaluation of the
outreach activities. Chapters 10 and 11 then explore the data in greater depth. The multiple
evidence sources are triangulated through the lens of the evaluation framework and findings and

interpretations are contextualised through a case-by-base analysis.

Chapters 12 and 13 then discuss the overall findings of the study, explaining specifically how
they address the initial research questions, why such findings are important and how they

contribute new knowledge and understanding to the field of physics education.



Chapter 2

Science and Physics Education in

Wales and England

2.1 Education in England and Wales

In the UK, education policies are distinct and independent for each nation, though similarities are
evident between England and Wales (Brill et al., 2018). Education in England and Wales is
compulsory up until the age of 16, however in England you must choose one of three options to

continue with until the age of 18. These are:

e Remain in full-time education, e.g. a sixth form or college;
e Begin an apprenticeship or traineeship;
e Spend 20 hours or more per week working or volunteering, whilst in part-time education

or training.

Science is also compulsory in education up to the age of 16 and is considered to be a core subject

alongside English (or Welsh) language and mathematics (Wellcome Trust, 2015).

Education standards in England and Wales are regulated by Ofsted, (the Office for Standards in
Education), and Estyn, (which translates from the Welsh language to “to reach or extend”)
respectively. These bodies are responsible for inspecting schools and learning centres to ensure
they are of a certain standard. Institutes are classified into one of four possible ratings, in England
these are inadequate, requires improvement, good and outstanding, and in Wales: unsatisfactory,
adequate, good and excellent. They also produce subject-specific reports summarising findings

from inspections across a representative sample of schools.

In their outline of the national curriculum for science in England, the Department for Education
(2015) highlight the purpose of science in education and why it is important. They affirm that
students must be taught essential aspects of knowledge, methods, processes and uses of science,

emphasising how science has changed our lives and is essential for future prosperity.

In key stage 1 (ages 5-7), the main focus of science education is to allow students to experience
and observe phenomena, taking a closer look at the world around them and encouraging them to

ask questions. By key stage 2 (ages 8-11) students should begin to expand their view of the world



around them by beginning to test and develop ideas more systematically. By the end of key stage
2 students should have begun to contend with more abstract ideas and make predictions about the

operating world around them.

Students enter secondary school education at key stage 3 (ages 12-14) where they are more
formally introduced to the three disciplines of science: biology, chemistry and physics. They
should start to see the connections between the different sciences and the overarching big ideas.
Students begin to work objectively, pursue scientific inquiry and construct explanations around

evidence.

Upon reaching the final years of compulsory science education in key stage 4 (ages 15-16),
students who wish to carry on with more advanced studies in the subject will begin to form a
platform for this and establish a foundation for future career prospects. For those intending to
finish their science education at the end of key stage 4, they will have acquired a level of science
knowledge to understand the natural world which will stand them in good stead for an
increasingly technology-enhanced society. It is perhaps in this final statement from Ofsted that
expresses the importance and relevance of science education to all individuals, whether wishing
to further their education or not. This echoes the sentiment expressed elegantly in the Thomson
Committee report in 1918, where it was emphasised that “science specialists need to be literate

and art specialists need to be numerate”.

2.1.1 School Accountability
Although this study focused specifically on secondary physics education, many issues faced by
physics teachers are not restricted to their department and are faced across subjects and schools in

England and Wales.

School accountability is a term used to describe the quality of schools, typically in terms of
performance. As with their educational structure and curriculum, accountability systems for
England and Wales are different (Brill et al., 2018). The most recent school accountability
system in England was introduced in 2016, such measures included (Department for Education,

2018):

e Progress and attainment across eight qualifications
e Percentage of pupils entering the English Baccalaureate (EB) and average point score*
e Percentage of pupils achieving a grade 5 or above in English or Maths**

e Percentage of students staying in education or going into employment after key stage 4.

! *The EB is a combination of subjects the government deems important at GCSE. These include, English language

and literature, mathematics, the sciences, geography or history and a language (Department for Education, 2017a).

**QGrade 5 is a “Strong Pass” in the new grading system in England and is equivalent to a B/C grade in the old A*-U
system.



As of 2018, two key measures are used in Wales which include the Level 2 inclusive threshold
and the capped 9 measure (Welsh Government, 2017a). The former measures the number of
students who achieve five A*- C grades at GCSE including English or Welsh language and
mathematics and also the Welsh Baccalaureate. The latter acknowledges nine GCSEs, five
compulsory core subjects (English or Welsh language, mathematics numeracy, mathematics and

two sciences) and four other subjects in which students achieved their best grades in.

Specific details on accountability measures is not divulged into in this study as it is not necessary,
however what is important, is the repercussions of such systems on teaching and learning in

schools in England and Wales.

The Department for Education (2018) emphasises that accountability measures are designed to
encourage schools to offer a broad and balanced curriculum that rewards schools for teaching all
their pupils. However, in light of other reports and enquiries into such measures, though slightly
different, it is clear that in both England and Wales, the focus is entirely on performance
measures. Teachers themselves have emphasised that such measures fail to contextualise schools
and account for variation across cohorts. This includes factors such as areas of deprivation and
special educational needs (Department for Education, 2017b). Similarly, the Wales Secretary of
the National Education Union Cymru expressed that such measures lead teachers to concentrate
on achieving the necessary C grades even when lower grades may represent a huge achievement
for some students. Critics have echoed this statement by emphasising that such measures are
incapable of recognising the hard work in some schools (Wightwick, 2018), or worse, particular
low or high performing students are almost ignored as they are not a priority as they do not sit on
the C grade borderline, and as a result schools are not meeting the needs of these students
(OECD, 2014).

The NAHT Accountability Commission (2018) emphasise how the accountability system diverts
teachers’ attention from teaching and learning and directs it towards exams and performance. The
Science and Technology Committee within the House of Lords emphasises that exams are largely
dominated by factual recall with little testing of students’ wider skills. As a consequence, less
time is focused on innovative learning strategies and more on targets, progress and performance,

implying that students are seen more as numbers than individuals.

Such pressures are highly influential to teachers’ decision making and their pedagogical
approaches that consequently encourages them to teach-to-test NAHT, 2018; OECD, 2014).
Such an approach sacrifices student autonomy and creativity and is described by Bailey (2014, p.
669) as playing safe. These pressures are so great and stand at the forefront of schools’
accountability, that sadly education becomes largely focussed on performance, with disregard to
students’ learning experiences. Bailey (2014) expresses grave concern that such pressures may

lead teachers to stretch from a guiding and supportive role to explicitly showing students what to



do in order to eliminate any risk of failure. The curriculum is narrowed and lessons are
dominated by revision, practice exam questions and recall of facts which consequently means
that anything considered to be an enrichment activity, and not directly applicable to the
curriculum, is overlooked. All teaching time is used to reinforce knowledge and exam technique.
One teacher in an interview with the Guardian in 2016 expressed “The system’s focus on exams

means killing any creativity. Children are more than units to be tested” (Marsh, 2016).

2.2 Applicants in Science and Physics

The Joint Council for Qualifications (JCQ) provides data for entries and results in individual
subjects at GCSE and A-level across the UK constituents. Figure 1 shows the number of students
who sat A-level exams in biology, chemistry and physics between 2010 and 2018 (JCQ, 2018;
2016; 2014; 2012; 2010). This data is for all of the UK but individually, England and Wales
shows almost identical trends. From Figure 1 although it can be seen that applicants in all three
sciences have shown a slight increase since 2016, physics remains the longstanding least popular

of the three.

Figure 1 — Percentage of Total A-level Students in England and Wales who sat Exams in Individual

Sciences between 2010 and 2018
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Entries at A-level are considered to be a valuable indicator of students’ attitudes towards the
individual science subjects as they can be chosen individually. Up until the age of 16 it is
compulsory for students to study all three sciences to some extent. Entries in GCSE can therefore

only reflect the number of entries in triple science, additional science or applied science and



therefore do not reveal much about students’ preferences to biology, chemistry and physics
individually. However, at A-level students are largely able to pick one, two, three or none of the

sciences.

As students typically only study three or four subjects at A-level, they must choose their subjects
carefully. Schools generally recommend that physics should not be taken without mathematics, it
could be that this lower uptake in physics is due to the fact that students have to sacrifice two of

their three or four subject choices.

Turning to applicants to University, UCAS and the Higher Education Statistics Agency (HESA)
do not categorise data by individual subject and instead group them. Therefore when looking at
applicants into university we can only distinguish applicants to ‘physical sciences’, which will

consequently include chemistry subjects as well as physics.



Figure 2 — All Applicants (a) and Physical Science Applicants (b) to University in England and Wales
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Figure 2(a) illustrates the number of individuals in England and Wales that have applied for
university since 2010 according to statistics published by UCAS (2018) where it is evident that
applicants have declined in the past two years. Figure 2(b) illustrates the proportion of university
applicants in England and Wales who applied for physical sciences courses. Here it is evident
that the percentage of students in Wales applying to physical science courses have continued to

decrease since 2014, and since 2015 in England, with the exception of a small increase in 2017.

These results indicate that not only are applicants to physical sciences in decline, but so are
university applicants as a whole. This is a cause of concern for many UK businesses and the

economy as is emphasised in the following sub-chapter.
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2.3 The Importance of STEM and Demand for its Professions

In the UK, 8.5% of the national economic output is contributed by physics-based businesses and
individually, each worker has a gross value added that is equal to twice the national average
(Deloitte, 2012). However, shortages in STEM-skilled personnel remain a long-standing concern
for UK businesses. Broughton (2013) estimates a skills shortage of approximately 40,000 STEM-
based workers each year. The pressure on students to get good grades has led to the perception

that STEM subjects are only suited to the extremely bright students.

As a result, UK employers are troubled with a growing recruitment concern and young people are
at risk of not possessing the necessary skills to meet the demands of today’s economy and
society. In 2017 the Confederation of British Industry (CBI) and Pearson published their annual
education and skills survey highlighting the longstanding problem in recruiting STEM-skilled
personnel. In their 2015 report they highlighted that the number of businesses announcing
difficulties in recruiting STEM graduates doubled between 2013 and 2015 (CBI/Pearson, 2015).
Their 2016 report published projections of demand increases for skills across different sectors
over the next 3-5 years. Engineering, science and hi-tech was forecast the highest of all sectors

with an increase of 90% highly skilled personnel.

Pursuing STEM in higher education also provides excellent prospects for students as well as
businesses. CBI/Pearson (2017) emphasise that their annual surveys repeatedly demonstrate that
STEM graduates have an edge over the general graduate population with higher employment

rates and higher median salaries.

There is clear evidence to show that the nation is presented with an issue that demands a
resolution and not surprisingly, has led to a rising concern in regards to the number of qualified
scientists and technologists that will be available in the near future (Osborne ef al., 2009).
Particularly in a time where we are faced with world-wide challenges, such as climate change, we
require extensive development in order for solutions to be found. Wieman (2007) emphasises that
science education is no longer just important for the small fraction of the population who wish to
become scientists. The global challenges that we face in the present day and age demands an
entire population that is scientifically literate in order to understand, explain and defy these
challenges. As it stands, we are currently presented with a vast number of individuals who are

inadequately prepared for the demands of today’s society and workplace (de Jong, 2006).

In 2004, the UK government responded to this ongoing problem and set out to increase A-level
participation in science and mathematics by 2014. This initiative was seen to be successful,
however since culmination in 2014, although uptake of mathematics has continued to rise, uptake
of all three sciences has generally plateaued (JCQ, 2018). The governing bodies in education
have also publically acknowledged the importance of reforming science education. Ofsted (2013,

p. 2) themselves stated, “We need better science education to secure a strong foundation for a
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successful and technological society”. However, concerningly, despite this comment, the
Wellcome Trust (2015) carried out a review of Ofsted reports in primary and secondary schools
in England. Despite science being a core subject alongside English and Mathematics and Ofsted
seemingly regarding it with high importance, Wellcome found that 93% of primary school and
33% of secondary school Ofsted reports gave no mention at all to science, despite 100%
mentioning maths. Ofsted and Estyn are the two key educational bodies in England in Wales that
govern the education system and monitor school standards. If they themselves do not place an
emphasis on science in their reports then they cannot expect schools to place a high priority on

their science departments.

It is clear that this problem in students pursuing science subjects and careers is ongoing and has
been largely unchanged over recent years, and as demand increases, each year becomes ever-
more worrying. Such problems imply that it should be in the UK Government’s best interest to
invest in STEM education in order to encourage the growth of the economy. The following sub-

chapter therefore explores such implications.

2.4 Previous Science and Physics Outreach Initiatives

According to such presumptions, in 2017 the UK Government agreed on the importance for good
quality initiatives to fuel students’ interest and aspirations in STEM. What’s more they also

acknowledged the importance of evidencing the impact of such initiatives, stating:

Having a strong evidence base that shows how effective they are is important to
achieving this, and will be a key factor in teachers’ decisions about what initiatives they

choose to engage in and are best for their students.

The Government also claimed to ensure that government funded initiatives were appropriately
monitored and evaluated. They launched the £125 million Education Endowment Foundation
(EEF) to help in assessing impact and with an aim to improve education attainment and other

outcomes (UK Government, 2017).

Such actions would appear extremely positive, however, review of the ‘completed projects’ on
the EEF website revealed just three science initiatives (two secondary and one primary)

compared to 42 language and literacy and 14 mathematics initiatives.

One of the secondary science initiatives, ‘Let’s Think Secondary Science’ cost over £600,000
and aimed to develop students’ scientific reasoning. The initiative was evaluated through a
randomised controlled trial with over 8,000 students, but results demonstrated no evidence for
improved attainment and students who were subject to the initiative performed worse in

assessments than the control group (EEF, 2018a).
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The second initiative, ‘Spaced Learning’, was a pilot aimed to boost GCSE science performance
by repeating information to be learned to students multiple times with time between each
repetition. Though this £300,000 project showed promise, with teachers and students appearing
to enjoy and engage with the programme, (EEF, 2018b) the researcher here is sceptical. Though
repetition may be effective in knowledge retainment, its revision-like procedure is not
particularly innovative and the researcher is not convinced that this would promote long-term
positive learning experiences among students. It is also typical of didactic teaching methods

which is critiqued later on in this study.

Similar problems are recognised by the Welsh Government. In Wales, the National Science
Academy (NSA) stands as the Government’s primary vehicle for promoting STEM education and
participation. Since October 2012 is has invested £2.2 million across 50 STEM initiatives which
has delivered over 1,000 activities to over 100,000 students and CPD events to over 1,300
teachers (Welsh Government, 2015). However there are few reported outcomes and sole reliance

is placed on programme output figures as a means of evaluating success.

Such evidence merely demonstrates the reach of initiatives, which although is important, tells us
nothing about the actual impact such projects had on students’ attitudes, aspirations or
performances. The Welsh Government (2015, p.12) emphasise that an evaluation template and

delivery plan is crucially needed in order to identify “what works™.

Nonetheless, despite the lack of evidence reported at a government level, there are some
substantial efforts towards initiatives in physics, science and STEM education, with varying
degrees of success. Here the researcher defines an initiative as an event that takes place in the
classroom on either a short- or long-term basis and can be either internal; designed and
implemented by the school and teachers themselves, or external; where practitioners, universities
or businesses for example develop an initiative program and visit various schools for
implementation or invite schools to come to them. This latter approach is generally referred to as

outreach.

Vennix et al. (2018) describe outreach as a means of demonstrating the applications of classroom
content to practice. Outreach should be embedded within a learning environment and should
demonstrate relevance, inspire, intrigue and motivate students into the subject beyond the
compulsory level (Aslam et al., 2018; Turner ef al., 2007). Outreach can take a number of
different forms including: workshops, ambassador presentations, mentoring schemes, placements,
visits to industry, master classes, competitions and activities (Aslam ef al., 2018). Though they
specifically describe these in terms of STEM outreach, they are generally applicable to any

subject of outreach.

Unfortunately practitioners often report that they typically engage with the same group of schools

(Aslam et al., 2018), implying that often these are not the schools of the greatest concern. This is
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also the experience of the researcher during her outreach work prior to this research. It was
apparent from such experiences that many of the schools and teachers who were interested in
outreach were not faced with so many issues, teachers were pro-active and students appeared to
already display relatively positive perceptions of their learning experiences in science and
physics. Aslam et al. (2018) also emphasise that for STEM outreach to be successful, teachers
and practitioners must work together to ensure the right students are targeted and outreach
activities are complementary to school activities. This recommendation will also help
practitioners to understand which schools are of greater cause for concern, hosting the most

disengaged students.

Nonetheless, various initiatives have been developed over previous years in attempts to improve
standards in science education (Bell, 2014), at national, regional and local levels (Wynarczyk and
Hale. 2009). Despite the Government’s emphasis on the importance in the evaluation of
initiatives, and although judgements are being made on success, Bell (2014) highlights that the
majority of such initiatives, government funded or otherwise, lack the provision of high quality
evidence of their effectiveness. This is echoed by Vennix ef al. (2018) who emphasise that
although outreach initiatives are widespread and demonstrate variety, knowledge and
understanding of their effects is much more limited. Wynarczyk and Hale (2009) offer an
explanation for this in suggesting it could be that where initiatives generally reach their targets in
terms of participant reach (i.e. number of schools, teachers and students), this may be considered

a sufficient indication of the success.

Poor quality evaluation also does not appear to be limited to the UK. For example, Vennix et al.
(2018) investigated STEM outreach activities developed by companies and universities intended
to inform and motivate Dutch students towards careers in STEM. The activities involved
traditional lectures and workshops (spanning from one hour to week long projects), both were
offered either in- or out-of-school. Their participants included 696 students aged 12 to 17 from 35
high schools in the Netherlands. Though their study demonstrated that students reacted positively
to the outreach activities with positive perceptions of, inter-alia, innovation, cohesiveness,
involvement and autonomy, they did not do a comparison by occasion. They therefore had no
baseline for students’ perceptions of the science classroom and cannot guarantee that the
initiative caused positive perceptions or whether they already existed. Consequently this limits
the extent to which the success of the initiative can be understood. Again although some activities
span only an hour, there were multiple implementations over time, therefore again presenting the

problem for teachers of finding time.

On a much more local level is the Lab in a Lorry (LIAL) program set up by the Institute of
Physics in 2005 in order to address the concerns highlighted in preceding chapters. LIAL is a
mobile science lab that travels to secondary schools around the UK and Ireland to deliver hands-

on, open-ended physics experiments to students ages 11 to 14 (Grant et al. 2017). It is a one-off
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event lasting approximately three hours and therefore does not sacrifice large amounts of

teaching time.

In 2017, Grant et al. published an evaluation report of the program. Data collection involved
online surveys and telephone interviews with teachers and volunteers who delivered the outreach
program, and short exit surveys with students. Such approaches demonstrated that the most in
depth data was retrieved from teachers and volunteers. It was therefore immediately evident that
there was not a great focus on first-hand feedback from the students themselves about their
experiences. This is perhaps because more in-depth procedures would have required additional
time, and therefore would have meant sacrificing students’ contact time with the LIAL
workshops. What is more, the volunteers would have had no prior interactions with any of the
students and presumably no formal teaching experience, their observations and interpretations are
therefore considered to be largely unreliable, and given their voluntary participation in the project

would likely be biased to students’ reactions to the initiative.

There is also research evidence that demonstrates a discrepancy between student and teacher
reports of the same scenarios. That is, teachers have a tendency to report more positive
perceptions about the classroom environment than their students and outside observers (Centra,
1973). Hook and Rosenshine (1979) caution that teacher questionnaire responses around

classroom activities cannot guarantee an entirely accurate reflection of actual practice.

Another limitation identified among the literature was that evaluation appeared to focus largely
on the specific initiative. There was little implication of the value of such findings in the long
term or how such findings could be translated to other initiative designs and procedures. The little
data that was collected from students subsequent to the LIAL initiative, offered little value. The
short exit survey consisted of three items to which students had to respond with either yes or no,

these items were:

1. I understood something new about the real world
2. I met someone with a science job before today

3. I'would imagine doing a science job in the future

It is unclear on the purpose of question 2 and is particularly invaluable under circumstances
where all students had indeed met a scientist before the initiative. It also fails to reveal any
information about whether the students perceived the LIAL volunteers to be scientists and if they
did, whether they saw this as an appealing career. Question 3 had no baseline for comparison,
which means no inference can be made if this was an improvement from students’ perceptions

prior to the LIAL experience.

However, a more thorough evaluation and research procedure into LIAL was implemented by

Barmby et al. (2008). Their methodology involved student questionnaires and focus groups.



15

Feedback demonstrated that students enjoyed the LIAL experience due to the practical elements
and that the LIAL activities that had less of a practical focus were considered to be weaker.
However another positive reported by students was that the deliverers of LIAL “were different
from our normal teachers” (p. 1085). This point is subsequently not something that can be fed

into teachers’ practice and is not sustainable for reforms.

The initiative Einstein Year also carried out substantial evaluation. Launched in 2005, the
Einstein Year involved a coordinated programme of outreach activities aimed at changing young
people’s attitudes to physics, increase quantity and quality of physics outreach and build

sustainable links between physicists and their communities (Peters ef al., 2006).

They used a graffiti wall where students gave responses to the question ‘what is physics?’ before
and after an outreach event. Results demonstrated increased excitement subsequent to
participation, with before comments including adjectives such as ‘boring’ and ‘confusing’ and
after comments such at ‘fun’ and ‘more exciting’. Questionnaire data revealed that student
participants showed a small yet consistent increase in interest in comparison to non-participants,
however no significant changes were found in their opinions around the impact of science and

technology on society, or around their attitudes to scientists and their work.

One particularly interesting feature of the evaluation report of Einstein Year however, is that
Peters et al. (2006) provided recommendations for future ‘year of* celebrations, therefore
providing an example where results of outreach could be fed into the wider community and

broader context.

Unfortunately in both cases of LIAL and Einstein Year, neither initiatives were classroom-based
and both required substantial amounts of funding for implementation. Regardless of their levels
of success they are not sustainable and offer limited recommendations that can be immediately or
effectively employed by schools and teachers. Straw et al. (2012, p. 37-38) emphasise that
outcomes are much more sustainable where initiatives can be implemented into schemes of work.

A teacher participant in this study commented specifically:

“Big events, they look good... but they don’t really live that long in the consciousness,
which is why we focused on the schemes of work... it means that next year the exact same

’

lessons can be done, and so there is some sustainability there.’

More specifically, Straw et al. (2012, p.6) report on the evaluation of the Camden STEM
initiative funded by the Wellcome Trust. The initiative involved eight schools who received
£10,000 over two years to construct a STEM initiative project to address the necessary needs of
their school. Though the report does not detail the specific initiatives that were developed and

implemented by the school, it provides examples of successful activities and provides an
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evaluation of their influence on students, teachers and the schools as a whole. Successful

examples included:

e Teaching the key stage 4 curriculum in an entirely interdisciplinary way

e STEM homework exercises

e STEM enhancement and enrichment activities (including STEM clubs) on a range of
themes

e The use of the school garden for experiments and data collection and analysis

e The use of pre-prepared and external OAs

Of the studies mentioned thus far, this report was considered to provide the most valuable insight
into students’ learning experiences. Qualitative data provided specific examples of what students
perceive to be positive experiences, and initiatives were based around what schools and teachers

could implement into their own practice.

Teachers reported that enhancement and enrichment activities had been successful in starting to
boost students’ engagement and interest in the STEM subjects. Specific comments from students
detailed how the initiatives have given them a better idea of how science works in real life and
that it was good to be able to apply a context to what they were learning. These comments in
particular demonstrate that the initiative successfully targeted a problematic area highlighted in

Chapter 2.5, yielding more positive perceptions from students as a result.

Students were also seen to react well to more interactive learning environments, reporting that
they learnt more when interacting with things, getting real-world hands-on experience and having

to think independently.

Though this study appears to be well evaluated and offers insight to other practitioners on how to
design a STEM activity that is engaging and promotes positive learning experiences among the
students, again such results were only achieved through significant amounts of funding and time
provided to teachers. Given that time and money is typically reported by teachers to be among
the most limiting factors to their teaching, it is considered that such positive results could be
perceived by teachers and practitioners as unachievable without such funding and time

availability.

There therefore remains a gap in the literature whereby although many studies have been carried
out, with varying levels of success, many have simply identified where the problems lie in terms
of student engagement and what needs to be targeted, but there is little recommendations of how.
Other studies that shed more light are also often fuelled by large amounts of funding or demand
time from teachers. Teachers need initiatives that can be directly fed into schemes of work and do

not demand vast amounts of money and input from schools.
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Such claims are demonstrated in searches into science education initiatives that yield little
evidence of substantial evaluation reports. Such problems still remain despite being voiced in
previous years by Bell (2014) and Wynarczyk and Hale (2009). Where searches did obtain
evaluation reports, there were lacking valuable components. For one, and as highlighted by the
Welsh Government (2015), many reports merely document their reach rather than impact, others
are often restricted in terms of their sources of data collection that subsequently limits the
reliability of such data. Some procedures were so specific to the initiative they offered little
transferable insight to other practitioners. Finally, some were indicative that in order for success,
big grants are needed or someone external from the school needs to come in, thus implying

reform is out of the hands of teachers.

Regardless of initiatives and their success, the problems highlighted in Chapter 2.3 are current
and are only increasing in magnitude. Therefore, before identifying specifically where issues lie
and what should be targeted by initiatives, it is first important to identify whether there is a
particular point where problems arise in order to find a suitable target audience of initiatives. Are
students’ perceptions of science and physics ever positive? Or do many individuals simply have

an innate dislike towards such subjects? The answers, put simply are yes and no respectively.

2.5 Identifying the Point of Disengagement

It would appear that typically, individuals do not hold an innate dislike towards science and
physics. In fact, when in primary school, students present high levels of natural curiosity and
positive perceptions of science (OECD, 2006; Rocard ef al., 2007). Instead, it is upon the
transition into secondary education that students appear to become increasingly disengaged with

science (Osborne and Dillon, 2008).

When entering secondary education, students are seen to possess favourable attitudes towards
science, but this enjoyment and consideration of careers within a scientific field is seen to drop
substantially and relatively quickly, not only in the UK (Osborne et al., 2003; Barmby ef al.,
2008; Tymms et al., 2008; Galton, 2009) but on international scales (Trumper, 2006a; Rocard et
al., 2007; Osborne and Dillon, 2008).

Barmby et al. (2008) measured 932 UK students attitudes towards science (272 Year 7, 432 Year
8 and 228 Year 9). Participants were given questionnaires in which they had to respond to a
series of statements with a level of agreement of 1 to 5 (1 = strongly disagree and 5 = strongly
agree), where 5 indicated a positive attitude. Overall average scores were seen to be the highest

among year 7s, lower in year 8 and even lower again in year 9.
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More specifically, students in later stages of education demonstrated lower scores in interest in
learning science in school, self-concept in science, practical work in science, science outside of

school, future participation in science and importance of science.

Similarly, a study by Spall et al. (2004) implemented questionnaires to students in England in
years 7 through to 11 in order to gain an understanding of their perceptions of physics and
biology. Their results demonstrated that in year 7, students generally held positive perceptions,
with 61% of students reporting they really liked or quite liked biology and 64% for physics.
However, year 11 students’ perceptions were substantially different, particularly for physics. At

this stage 52% of students reported a liking to biology and just 29% reported a liking to physics.

Although these studies are not longitudinal, they are still indicative of a deterioration in students’
attitudes towards the sciences as they progress through their secondary education. Such research
is useful as it provides an indication to where things start to go wrong, but it also needs to be

understood what specifically happens during secondary education that triggers this decline.

Williams et al. (2003) found that the three most popular reasons reported by year 10 students in
England as to why they found physics boring to be due to the difficulty of the subject, a general
lack of enjoyment and the subject’s content, respectively. Barmby et al. (2008, p. 9) also
followed up questionnaires with student interviews that provided insight to why students are
“switched off”’. Though their study focused on science more broadly rather than the separate

strands, students reflected science is not practical, well explained or relevant.

However, though there may be a general trend of declining interest in science and physics,
naturally this is not the case for all students. Although there is clear evidence that the UK is faced
with problems in recruiting STEM professionals, the head count is not at zero. So what is the
reason behind these exceptions? Why, when many students are being discouraged from science

and physics, do some continue to persist?

2.5.1 Who Stays and Who Leaves?
Aschbacher and Roth (2009, p. 564) performed a longitudinal study in order to examine students’
aspirations in science as they progress through their secondary education. More specifically they
wanted to analyse the trajectories of students who were initially considered to be “in the pipeline”
and expected to pursue science post-16. Analysis of data from interviews and surveys revealed

three groups of students, high achieving persisters, low achieving persisters and lost potentials.

Almost half (n=15) of the 33 students who expressed a strong interest in pursuing science at the
age of 15 were no longer interested by the age of 18, these were the lost potentials. Some
influential factors identified were subject difficulty and poor school experiences. For the former
point students claimed they felt they had to work much harder in science to get the equivalent

grades they could obtain in other subjects with much less effort. Consequently, this pushed
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students towards other subjects that they felt more capable in. This latter point was reflected in
terms of poor instruction with a lack of hands-on inquiry activities and little encouragement from
teachers. There was also evidence that students faced disapproval or even rejection from teachers

when seeking help or guidance.

However, 18 of these 33 students continued to persist in science, 12 of these students were
considered high achievers and six low achievers. Interestingly, perceptions were not entirely
different and even high achievers reported that science could be hard and boring. Their
continuation was seen to be due to an altruistic interest and enjoyment of understanding the
world. Here, the researcher considers that such responses could imply that these students were
focusing more on the larger picture and the long-term which drove their continuation. Lost

potentials however were more focused on their current and immediate experiences of science.

The low achievers, although remained interested in pursuing scientific careers did slightly shift
their direction and aspirations. For example one student who initially wanted to be an obstetrician
and attend medical school, by the time she was 18 was looking instead at nursing programs. The
researcher here considers findings of the low achievers to be particularly important. Though
students were not top achievers, they had an awareness of alternative scientific avenues they

could take and thus shifted their motivations accordingly.

Though the study is limited in its applicability due to a sample of American students rather than
English and Welsh, a UK study carried out by Hamlyn et al. (2017) demonstrated similar
findings, particularly in relation to the difficulty of science. Their report illustrated that students
felt performance in English and Maths was more due to natural ability whereas science was more
due to how hard you work. What’s more, multiple studies have demonstrated the remarkable
similarities in students’ experiences of school science across different countries (e.g. Sjoberg and

Schreiner, 2010; Lyons, 2006).

Where Ashbacher and Roth’s study highlights the negative influence teachers can have, an
English study by Wynarczyk and Hale (2009) emphasises the positive influence teachers can
have. In an all-girls’ school case study, the authors found that despite a short supply and outdated
labs, many students carried science into A-level even where it was not their strongest subject.
When asked, students reported this to be due to the high level of support and the approachability
of the teaching department. Although the participants of this study were more relevant, it could
still be criticised for its small sample and thus weakness in terms of generalisability. Nonetheless
it is acknowledged for its examples of where external and vastly expensive initiatives discussed
in Chapter 2.4 are not the only means of promoting science education and in fact change can be
induced by subtle in-school measures and efforts from teachers. The researcher considers that
what these studies lack in breadth, in terms of their sample sizes, they make up for in depth.

Where many studies touch the surface of the problems faced in science education, these studies
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have unpicked these problems and explored the mechanisms behind such issues. As a result they

have offered much more valuable, detailed insight into the causes.

2.5.2 Summary
Chapter 2.5 has explored a narrow area of secondary science and physics education. It has
revealed that individuals appear to be innately curious and interested in the world around them,
yet upon reaching secondary education, the system struggles to foster the scientific interest of
many students and therefore discourages future aspirations (Osborne and Dillon, 2008).
Aschbacher and Roth’s study offers valuable insight into students’ experiences of science at
school and what factors cause intentions to shift. Findings from Wynarczyk and Hale are a small
but valuable contribution of evidence against the requirement for external, costly initiatives as the

only source of change.

However, the researcher considers it important to explore some of the problematic areas in
science and physics education in more depth. The remainder of Chapter 2 therefore explores the
wider literature on secondary students’ perceptions and what this means for the aims and

direction of this particular study.

2.6 Secondary School Students’ Perceptions of Science and Physics

Having identified that student disengagement in science and physics appears to be triggered in
secondary school, in conjunction with the finding that even students who at the age of 15 held
positive attitudes and intentions in science, still faced discouragement, we now turn to look at
students’ specific experiences of secondary school science that could be the reasons underlying
such concerning trends. This chapter explores such experiences, regardless of students’ initial
predispositions, interests and career prospects and simply explores how science and physics is

experienced in secondary education by the masses.

The literature review process began with a search of relevant literature around secondary school
students’ interests in science and physics both nationally and internationally, though priority was
naturally given to studies based in England and Wales. What was immediately evident was the
lack of research that used students in Wales as participants. Where a substantial amount of
research into science and physics education in England or the UK as a whole was found, although
not necessarily within the last five years, only one study was found to focus on Wales which was
published by Parkinson et al. in 1998. Given that England and Wales have different education
systems, curricula and examination bodies, it is important to gather literature on both
geographies. Nonetheless, this finding; or lack of, merely emphasises the need for further

research into secondary physics education in Wales. The statistics reported in Chapter 2.2 in
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terms of applications into physics, post-16 level, demonstrate that recruitment in physics is just as

much of a problem in Wales as it is in England.

Nonetheless, on review of the literature that was collected, much of it was seen to be reflective of
the points highlighted by Aschbacher and Roth (2009) as the reason behind their “lost potential”
students. As common themes were seen to emerge, the researcher began to categorise the
literature into two overarching themes, evidence of positive experiences that had led to positive
perceptions of physics and evidence for negative experiences which alternatively led to negative
perceptions of physics. A number of sub categories were identified for each of the two strands,

these are summarised in Table 1.

Table 1 — Positive and Negative Experiences in Physics Education

Positive Negative

Interest and Enjoyment Disinterested or Boring

High Confidence Low Confidence

Ability Difficult

Relevance Irrelevant

Pedagogical Experiences Classroom/School Experiences
Usefulness Not Useful for Future

Career Aspirations Don’t Want to be a Scientist
Family Influences Family Influences

Good Teachers Poor encouragement from teachers

From Table 1 it is evident that most categories appear to be almost antonyms of one another. The
remainder of this chapter therefore discusses the various experiences that are reported as having
negative effects and impediments on students’ learning experiences in science and physics and

are compared with their equivalent positive counterpart.

However, it should be clarified that many of the issues highlighted in the following sections are
not standalone. That is, many of them are correlated and influential of one another which will
become apparent throughout. For example, we begin by discussing students’ interest and
enjoyment around physics, yet many other points discussed such as confidence and relevance are

intertwined with students’ interest.

2.6.1 Interest and Enjoyment
Interest and enjoyment has been touched upon previously in relation to attitude, perception and

experiences. Where an individual has as interest in something, the researcher assumes that they
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will have had enjoyable experiences of it and hold some degree of a favourable attitude towards
it. Upon review of the literature, it appeared that the most common focus of students’ attitudes
appeared to centre on interest and enjoyment. The Wellcome Trust (2011) found that in UK
schools, one of the key elements that underpinned students’ engagement in science revolved
around their level of personal interest and that making science more enjoyable would
subsequently improve engagement. What their report did not say however, is what makes science

enjoyable.

On an international level, the ongoing 40 country collaborative ROSE project (Relevance of
Science Education) gathers data around students’ attitudes and motivations towards science and
technology. Results from ROSE although noted slight variations across countries, identified that
common across countries was students’ claim that “school science has not increased my

curiosity” (Sjeberg and Schreiner, 2010).

Though Sjeberg and Schreiner’s study included England, Northern Ireland and Scotland among
the 40 countries, the focus was on international trends, and research on a local scale implies less
cause for concern. Hamlyn et al. (2017) reported findings on behalf of the Wellcome Trust who
gathered survey data from a nationally representative sample of 4,081 students aged 14 to 18
attending state-funded schools in England. One of the headline findings appeared more
promising, with 68% of students reporting that they find science at school very or fairly

interesting.

However, this is not the full picture. Research into students’ attitudes towards science in the UK
is not clear cut. Though there are general patterns, there are a number of factors that can have a
great influence on research outcomes. For one, the critical importance of distinguishing between
the three core disciplines of science was identified very early on in the literature search. For
example, though Hamlyn ef al. report somewhat promising findings, when broken down into
physics, chemistry and biology, the physics story is much less heartening. Spall et al., (2004)
emphasise that such distinctions of the sciences are not always made, with much literature
referring to science as a whole. The researcher considers this to be unsurprising for two reasons.
For one, science is a consistent subject throughout compulsory education, whereas it is only
distinctly separated into its three core disciplines in key stage 3 in the UK or even later in some
schools. It is therefore easier to gather data from a larger group of students. Secondly, it is
expected that more funding is available for research in science education that encompasses a

broader demand of the economy rather than the narrower disciplines.

However, physics, biology and chemistry are three different subjects and where distinctions are
made, attitudinal research tells a very different story. This is immediately evident from the report
from Hamlyn et al. (2017). Where students’ attitudes initially seemed positive, when science was

broken down, physics was seen to be the least popular, although this was largely influenced by
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highly negative responses from girls. Chapter 2.2 also highlights that the uptake in chemistry and
biology is less of a concern than physics. An attempt is therefore made to focus solely on

literature that distinguishes between these separate strands of science.

Williams et al. (2003) explored interest in biology and physics among 317 year 10 students
across six state schools in England. Where half of students reported finding biology interesting
and only a quarter found biology boring, the opposite was found for their interest in physics,

where half of the students found physics boring and only a quarter found it interesting.

The only research into attitudes towards science among students in Wales was published in 1998
by Parkinson et al. Though two decades old, results from Welsh students is largely reflective of
findings from more current studies in England and other countries. Parkinson ef a/. found that
attitudes to science among 1,038 13 to 14 year old students were generally positive. However, in
follow-up focus groups with a representative sample of participants, students were asked about
what aspects of science they liked most and between the three core disciplines, physics was cited
the least among both male and female students. This finding according to gender is therefore

conflictive to those of Hamyln et al.’s (2017).

Nonetheless, we can be confident that generally, physics is seen to acquire less interest among

secondary school students than other sciences and this is particularly prominent among females.

2.6.2 Confidence versus Actual Ability
Much of the literature around students’ interest in physics also highlights the difficulty of physics
as an impediment to students’ enjoyment. The difficulty of physics has also been reported as a
strong factor influencing students’ decision not to progress with the subject post-16 (Tripney et
al., 2010). The work of Bevins et al. (2005) again highlights the importance of distinguishing
between the three strands of science. Where students reported that they did not find science
difficult to learn, feedback from interviews revealed that physics was in fact difficult and

complex; more so than biology and chemistry.

Multiple studies have demonstrated large correlations between students’ confidence in their
ability in a subject and their liking of said subject (e.g. Barmby and Defty, 2006; Williams ef al.
2003). Unfortunately, common among the literature are reports from students that attribute their
dislike of physics to its difficulty (Gill and Bell, 2013; Tripney et al., 2010; Aschbacher and
Roth, 2009).

Where students’ general interest in physics is seen to decline throughout secondary education,
their perception of its difficulty is seen to increase. Spall ef al. (2004) found that in year 7, 21%
reported to find physics easy whereas only 9% of year 11 students said the same. This is

contradictory to biology where 20% of students claimed to find it easy in year 7 and this
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percentage remained stable into year 11. This element of difficulty could imply a contributing

factor as to why biology is seen to be more popular than physics.

However, interestingly, despite frequent reports regarding the difficulty of physics, in England,
more students obtain A*- C grades in GCSE physics than in chemistry or biology. Physics also
took the lead in Wales in 2017 (based on JCQ data, 2010-2018).

In response to such discrepancies, several researchers have subsequently looked into the
relationship between perception of ability and actual ability. Barmby and Defty (2006) looked at
both expected grades and actual grades in relation to the liking of biology, physics and chemistry.
Though they saw a large correlation between expected grade in physics and students’ liking of
the subject, this correlation was not applicable for students’ actual grades, and not only for

physics but also for biology and chemistry.

Perhaps most worrying is the findings from Rodd ef al. (2014) who used purposive sampling to
gather data from an equal number of STEM and non-STEM undergraduates across four UK
universities. All students had qualifications that would have allowed them to pursue, and be well-
suited to a STEM subject at university, however they found that many of these candidates still
held a perception of being “not good enough”. Similarly, results from the Horizons in Physics
Education report (HOPE) (2016) sampled gifted and talented students and even these typically
reported that the difficulty of physics was the deterrent from pursuing a physics-related degree.
Similar findings were found among younger students, aged 10 to 13 in the ASPIRES survey
(Archer et al., 2013). Interview data from ‘middling achievement’ students revealed that although
they were highly interested in science, they felt that a career in science was “not for them”
because they were not clever enough. Though the researcher considers that what qualifies as
“gifted and talented” and the limits of what qualifications would make students “well-suited” to
STEM are not specified and subjective to the researchers, such results from multiple studies are

nonetheless considered to be indicative of a problem in confidence among students.

Such findings suggest it is therefore not purely a matter of ability that is resulting in a skills
shortage in physics and STEM industries, the skills are held by many individuals but issues in
their confidence is dissuading them from pursuing such subjects further and impeding their
interest and future aspirations. Should students recognise their ability, this could help in

enhancing their interest and driving continuation.

2.6.3 Relevance
Many international studies on attitudes to science education have highlighted a lack in students’
perceptions of the relevance of the subject, both to themselves personally and to the world around
them (Bevins et al., 2005; Cleaves, 2005). In particular, OECD (2006) attribute students’
declining interest throughout education to the fact that science teaching becomes increasingly

disconnected from cutting-edge science and in its relevance to day-to-day life. However, given
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the serious issues highlighted in Chapter 2.3, physics and science is highly relevant to our current
world and so students need to be made aware of this through a more connected and applied
curriculum. Such disparities have led to relevance being a common focus in reforms to science

education (Stuckey et al., 2013).

Nonetheless, research findings are not unanimous even among those with similar participant
groups. For example Osborne and Collins (2001, p. 446) found that 16 year old students in
England perceived science to be an important component of their education as it is “all around
us” and that it helps you to “understand the world”. Whereas Barmby et al. (2008) examined
variations in students’ attitudes in science over the first three years of secondary school in
England and found that science at school is not perceived to be relevant. Though the ages of the
participants in Barmby ef al.’s study were slightly younger, if anything, their results would
suggest that the participants in Osborne and Collins’ study should have been even more

concerning, but instead the opposite was seen.

However, there is a seven year difference between the two studies, in that time there may have
been various curriculum changes if not at a national level, then perhaps on a school level in terms
of structure and pedagogy. Alternatively if there had been no changes this could present an even
more plausible explanation for such discrepancies. For example, if the science curriculum is
largely unchanged across decades, then what was relevant and current at one point, is unlikely to
hold ten years later. This consideration gains support from the report by the Wellcome Trust
(2011). They explored young people’s views on science education and provided a commentary
from teachers. They urged that there is a great need for newer examples and applications in order

to make science at school more relevant to students.

Alternatively, Reid and Skryabina (2002) reflect on how students’ attitudes to physics appears to
be less problematic in Scotland, they found that positive views were more pronounced in students
pursuing the Standard Grade course, that was “application-led”, than the Higher Grade course
that has a more theoretical base. This suggests that students are more driven to continue with
physics where its relevance and applications are evident than when content is abstract and
theoretical. Barmby et al. (2008) subsequently suggest that a curriculum that is more readily

geared around everyday life may be able to trigger more interest among students.

However, we are again drawn back to the familiar issue of distinguishing between the three
disciplines in science as another valid explanation for contradictory results. When research
breaks science down into biology, chemistry and physics, biology is typically seen to be more
relevant than physics or chemistry (Osborne et al., 2003; Williams et al., 2003; Murray and
Reiss, 2005). Such differences in studies around the relevance of science as a whole therefore

cannot guarantee that participants are reflecting on like-for-like experiences.
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2.6.4 Usefulness and Career Aspirations
A concept that ties closely with the relevance of physics is students’ perception of its usefulness
and the prospects it offers in terms of future careers. Unfortunately, much of the literature focuses

on science more broadly rather than any of the three strands.

A common report among the research is that even where students hold favourable attitudes
towards physics and science, this often does not translate into career aspirations (Ametller and
Ryder, 2014). A report from the ASPIRES project involving over 9,000 students aged 10 to 14 in
England revealed that although students generally felt that science was interesting and valuable,
less than 17% would contemplate science as a career (Archer et al., 2013). More disappointingly,
they also found that only 43% of students who obtained an A* in GCSE physics and 30% who
obtained an A continued with physics into post-16 education. These results are compatible with
the previously discussed work of Rodd et al. (2014) and HOPE (2016) that implies even the high

ability students are not continuing with physics.

However, what is remarkably apparent is how much research merely touches the surface,
primarily exploring whether a career in science appeals to students and how they perceive its
importance to the world. Little emphasis is attributed to students’ awareness of the applicability

of science and what sort of careers they perceive to involve science of any level.

The most relevant study found by the researcher was that from The Wellcome Trust (2016a).
They demonstrated that students were of the opinion that science qualifications lead only to
careers as scientists and had limited awareness of it applicability to non-science careers. Such
findings indicate that not only does the curriculum need to highlight the application of physics to
the day-to-day lives of students, but emphasis is also required around its importance to society

and its application across multiple disciplines.

Osborne and Collins (2001) had begun to touch on this issue. Their focus groups revealed that
students perceived science to be less valuable than English and mathematics for future
employment and that science was not necessary for many careers. Although the authors
highlighted that some students hinted at a recognition of the wider applicability of science
beyond the traditional careers, no specific examples were yielded. However, it was noticed that
one career the authors reported that students had argued science was not relevant to, was
hairdressing. The researcher here recognises that hairdressing would have many scientific

applications, particularly in chemistry for hair colouring.

Such an argument is therefore suggestive that research into students’ aspirations in science
careers is lacking in construct validity. If students do not have an informed awareness of what
careers involve science then they cannot answer such questions to full capacity. Researchers not
only need to be specific about their own definition of ‘science careers’ but they must also identify

their participants’ definitions and what they consider to qualify as a scientific career.
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2.6.5 Classroom Experiences
A final aspect, that is perhaps more peripheral from students’ subjective perceptions of physics
education, is the classroom and pedagogical experiences they are exposed to. Where learning
experiences are highly subjective and present difficulties in generalisability, pedagogical
experiences and how science is conveyed can be much more objective and many similarities are

seen from classroom to classroom (Lyons, 2006).

Classroom experiences have been touched upon as a large factor both encouraging and
discouraging students from physics and science. Rocard et al. (2007) emphasise that although the
reasons behind students’ disinterest in science are complex, there is firm evidence for the

connection between such attitudes and the way in which science is taught.

Trumper (2006a) and Osborne and Collins (2001) argue that the decline in interest throughout
education is significantly influenced by the quality of teaching that students experience and posit
that secondary school science places too much emphasis on didactic activities such as recall and
copying. Although students were of similar age in both studies (15 and 16 respectively), the
former study focused on participants in Israel and the latter in England, thus such results offer

support to Lyons’ (2006) claim of common international trends.

Similarly, Siorenta and Jimoyiannis (2008) investigated methods of physics instruction across
secondary schools. They reported that physics education generally appears to place emphasis on

the following:

e Teachers transmitting physics content by means of verbal explanations

e Covering the content of the specified curriculum

e Preparing students for examinations

e Strict alignment with textbooks and approved written materials

e Training students to acquire skills needed to solve conventional paper-pencil problems

demanding complicated mathematic formulae.

It is expected that this didactically-dominated instruction is another negative by-product of
accountability measures highlighted in Chapter 2.1.1. As emphasised by multiple authors, the
accountability system encourages teaching-to-test and playing it safe. Bailey (2014) describes
how it shifts teachers’ approaches from guidance and support to explicit direction. A trainee
teacher in Bailey’s study reflected on her surprise that students expected to be told what to do
rather than explore and carry out independent thinking for themselves. Such pedagogical
approaches in physics reported by Sorienta and Jimoyiannis are demonstrative of this teach-to-

test approach.

These points are reinforced by student focus group feedback in the report from Osborne and

Collins (2001). Sixteen year old students in England reflected that lessons are largely dominated
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by processes of copying notes from the board or from textbooks and opportunities for practical
activities were rare. This method was also described to be both boring and not useful to their
learning. One student in the study also commented on the difference in the nature of practical
lessons and note copying lessons. Where students were able to participate in practicals it
triggered them to ask questions and hold discussions that generated interactivity. However where
students have to copy notes, they are so rushed to write everything down that they get no real

sense of what they are writing and no real opportunities to ask questions.

Similarly, on an international level, Lyons (2006, p. 591) reported specific comments from

students explaining how science was often conveyed to them in lessons:

’

“This is it, this is how it is, and this is what you learn.’

’

“It is like this, learn it because it is right, there is nothing to discuss.’
“It happened, accept it, you don’t need to know this until A-level.”

Two large scale studies ran by the Wellcome Trust both identified ‘having a bad teacher’ as the
most commonly cited factor for discouragement in science (Tripney et al., 2010; Hamlyn et al.,
2017). However, the same two studies and that of Mujtaba and Reiss (2013) also highlight the
positive influence teachers can have on students’ attitudes and intentions to participate. Such
reports are indicative of the substantial influence teachers have over students’ learning

experiences both for the better and worse.

However as with students’ future aspirations, some research into classroom experiences appeared
to be limited to a surface level. Though they report the influence of having a ‘good teacher’ or a
‘bad teacher’, they do not always highlight specifically what constitutes a ‘good’ or ‘bad’ teacher.
This is not to say that such definitions do not exist, Coe et al. (2014, p. 2) define great teaching as
“that which leads to improved student achievement using outcomes that matter to their future
success”. At face value, this definition appears to be relatively holistic, yet Coe ef al. accompany
their definition with six measures of great teaching which breaks this definition down into

individual components:

1. Pedagogical content knowledge
Quality of instruction
Classroom climate

Classroom management

Teacher beliefs

AN e i

Professional behaviours

Several studies are seen to focus on one or some of these components, for example Fraser and
Fisher (e.g. 1982) have focused a lot of their research on classroom climate in Australian

classrooms. Unfortunately no UK study was found to explore the complete definition of great
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teaching provided by Coe et al. at secondary school level. Goodrum et al. (2001) composed a
Secondary School Science Questionnaire for students which included a dimension on teachers’
actions. This dimension or questionnaire as a whole has been used in several studies (e.g. Bartlett

et al. 2018; Danaia et al., 2012), though these are primarily in Australia.

A UK study by The Wellcome Trust (2011) however sheds light on what students perceive to be
positive teaching. Students reported that they did not enjoy science under circumstances where
the teacher did not make learning fun or when there was a lack of discipline in the class.
Alternatively, where teachers were good at explaining things, students found science more

enjoyable.

Osborne and Collins (2001) also retrieved more in depth data via their focus groups with
students. They identified a general consensus among students that interest was sustained by
teachers who made lessons ‘fun’ through their methods of presentation and through carrying out
practical activities. Students also valued attention from teachers and those who were happy to
explain things and help students when they faced struggles. This comment was particularly
common among students who claimed to have teachers that provided opportunities for their

students to have an active role in their own learning.

As well as highlighting the ‘good’ teachers, students also reflected on qualities of a ‘bad’ or
‘weaker’ teacher. These teachers typically resorted to writing on the board and working from
textbooks and did not explain things fully when students did not understand them which they
claimed offered a “better opportunity for learning” (p.460). Such findings from Osborne and
Collins’ study, which has been reflected on several times, are again reflective of the teach-to-test
approaches resulting from accountability measures and offer valuable insight into what is
happening in classrooms in England, reporting directly from the students themselves. Where
many quantitative-based studies offer a general grasp on the big picture and where the problems
lie, due to a lack of depth, they offer little in terms of evidenced recommendations for
improvement. Although qualitative studies typically involve a much smaller sample, what they
lack in numbers they arguably make up for in the depth of knowledge and understanding they

reveal.

Teacher influence is also not limited to their academic impact, evidence is also demonstrative of
the social influence teachers can have. Pianta ef al. (2012) highlight that student-teacher
relationships are a reflection of a classroom’s capacity for encouraging development and a key to
understanding student engagement. Where positive relationships can enhance various aspects
including students’ attention, applied effort and affective processes, negative or hostile
relationships can inhibit them. More specifically, Roorda et al. (2011) highlight the various
research that has demonstrated significant associations of student-teacher relationships and the

social functioning of students, their behaviour, engagement and academic achievement.
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Such influences were evident in the girls’ school case study from Wynarczyk and Hale (2009)
detailed in section 2.4.1, where students cited supportive and approachable teachers as their
reason for pursuit. Although this was just one school, it nonetheless provides evidence of the
value of student-teacher relationships that came directly from the students themselves. Or
alternatively, Mujtaba and Reiss (2013) worked on a much larger scale, with 5,034 year 10
students in England. Similarly, they also found strong correlations between students’ intentions to
participate in physics post-16 and whether students believed that their teachers wanted them to

study physics and were good at explaining physics.

Such evidence is therefore indicative not only of the importance of teachers’ pedagogical
approaches, but also of the relationships they form with their students. The researcher therefore
acknowledges the importance of considering both aspects within a classroom and both are

subsequently discussed in greater depth in Chapters 3 and 4.

2.6.6 Summary
Accountability measures in England and Wales have been widely criticised for their primary
focus on performance and student achievement of A*- C grades. As a result, teachers are often
forced to teach-to-test and play safe in their approaches by applying didactic pedagogies in the

classroom.

Various initiatives have been implemented with an aim of promoting students’ attitudes or
achievement in science but many efforts are confined by their lack of robust evaluation, repeat
schools that aren’t necessarily the ones that need targeting, high costs and their take up of
teaching time for often what could be considered enrichment activities rather than curriculum

enhancement.
Such initiatives present the following gaps:

e A need for a robust evaluation framework for science education initiatives.

e Outreach activities that are parallel to the compulsory curriculum and therefore appeal to
a wide audience of teachers.

e Qutreach activities of which success is not conditional on additional funding, long-term

interventions or visits from individuals external to the school.

Chapter 2.5 identified that individuals do not have an innate disinterest in science but that their
attitudes decline throughout secondary school. This therefore presented a suitable target audience

for this study.

Finally, Chapter 2.6 though not exhaustive, explored some of the key underpinning influences on
students’ perceptions of their learning experiences in physics and discussed research both at a

national and international level. It is clear that whether a study focuses on a single classroom in
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England or thousands of students across multiple countries, similarities are reported in results and

the most profound issues are clearly evident.

Review of the literature demonstrated the importance of distinguishing between the three separate
strands of science and how findings can often be misleading when this is not accounted for.
Although many studies have often demonstrated favourable perceptions of ‘science’, a very
different picture is seen for the three core disciplines. Where favourable attitudes are typically
focused around areas of biology which is considered more relevant and comprehendible, physics
is deemed by many secondary school students as uninteresting, irrelevant and difficult. Such
findings therefore presented a focus for this study and specifically what areas need to be targeted

in order to attempt to promote positive learning experiences among students.

2.7 Aims of the Study
This chapter has highlighted the importance of and problems with physics (and more broadly,

science) education in England and Wales, and some of the initiatives that have been implemented
in response. Review of the literature has revealed that in terms of physics, in general terms, we
are no further forward and poor attitudes and a lack of uptake of post-16 education still remains.
Several gaps were also identified in the literature around previous interventions in physics,

science and STEM education which pave the way for this study.

As heartening as it is to see that attention is being attributed to current problems, many efforts are
suppressed by their lack of robust evaluation or offer of transferable recommendations that can be
fed into the broader context and can induce changes to physics teaching practices and enhance
schemes of work. Often such efforts provide little insight to practitioners seeking to develop new
initiatives, or to teachers who did not participate in the particular intervention. Alternatively,
where research does report valuable evidence, their impact is often limited due to their substantial
funding which, generally, is not readily available to schools and may consequently lead teachers

to believe that such initiatives or improvements cannot be successfully implemented without it.

Accountability measures mean that teachers are under extreme performance pressures and any
activity that is considered merely enrichment, without explicit application to the curriculum, is
not compatible with such pressures. Practitioners must acknowledge such affairs if they are to be
successful in addressing both some of the negative learning experiences among students and in
producing something that is perceived to be worthwhile from a teacher’s perspective and
potentially feed into their schemes of work. This study therefore set out to identify and
understand what constitutes an ‘effective outreach activity’. In this context, the researcher
defines an outreach activity (OA) as an activity that is developed externally to the school and
teachers, but can be implemented by teachers into their set scheme of work. Understanding what

constitutes an effective OA is achieved through detailed evaluation of a series of pre-existing
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OAs in terms of their influence on students’ learning experiences in physics, teachers’
implementation, and how they tie in with current issues in physics and education as a whole
faced by English and Welsh schools. It is emphasised that this study did not set out to reinvent
the wheel and solely identify whether such specific OAs are effective. Instead of saying this OA
caused x, y and z, this study delves into the broader context and takes the approach of saying
aspects a, b, and ¢ of a given OA are capable of causing x, y and z under w conditions, this is
indicated by students and teachers as the primary stakeholders. This aim is what guided the
specific methodology of the study that is set out in Chapter 6. Where a study seeks to understand
the interaction between a, b, ¢ and x, y, z, an objective positivistic approach is not suitable.
Instead the research is constructivist and the researcher becomes very much a part of the research

process and environment.

This study investigates specifically what features of an OA stimulates positive or negative
learning experiences, and consequently what this implies to practitioners when developing
classroom initiatives and to teachers when employing them or designing them themselves. More

specifically, the research questions addressed in this study are fourfold:

1. How are students’ perceptions of positive learning experiences promoted within a

physics lesson?

2. How does teachers’ planning and delivery of the Down2Earth and Hubble outreach

activities influence students’ learning experiences?

3. How does the implementation of the Down2Earth and Hubble outreach activities reveal

the opportunities and limitations they lend to students’ learning experiences?

4. What are the implications for the future development and utilisation of physics outreach

activities for developers and teachers?

Given that focus is attributed to students’ learning experiences and it is their perceptions towards
physics that are the root of the problems faced, data collection is primarily targeted at students.
Student feedback and behaviour stands as the main source of evidence around students’ learning
experiences. A robust, detailed evaluation procedure is constructed that is not only used to assess
the impact of this study on students’ learning experiences but can also be used to guide
evaluation procedures of other educational initiatives in science education. Having a detailed
understanding of exactly what aspects and activities engage students and stimulate their curiosity,
provides invaluable insight into the future direction of science education and could help to
overcome barriers that we currently face in encouraging students to pursuing physics and science
in the future. A detailed description of the design and methodology of this research is set out in
Chapter 6.
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Chapter 3

Instructional Design

Instructional design theories are used for guidance and support on how individuals learn and
develop their education. They can encompass various processes such as cognitive, emotional,

social, physical and spiritual (Reigeluth, 1999, p. 5).

Ertmer and Newby (2013, p. 44) specify a series of questions that practitioners must consider

when developing an instructional method. These are fourfold:

o What are the situational and contextual constraints of the application?

o What is the degree of individual differences among the learners?

o What form of solutions will or will not be accepted by the learners as well as by those
actually teaching the materials?

o What are the learning problems?

The authors emphasise that a practitioner cannot recommend an approach or reform to instruction
without a clear diagnosis and understanding of the fundamental problem and where current
instructional designs are falling short. That is, the researcher here must first recognise the
problems faced in physics instruction in England and Wales before she can attempt to provide an
OA that effectively addresses such problems and targets appropriates aspects of students’

learning, and develop a framework for evaluating its effectiveness.

The previous chapter discussed the various obstacles faced by physics teachers, and touched upon
some of the classroom experiences and pedagogies employed. This revealed that the teaching of

physics content appears to be largely transmissive and didactic in nature.

In choosing an instructional design method for the basis of the OAs, the researcher had to
identify the current approaches typically employed in physics instruction and how and why they
are hindering students in the above areas. Once this is achieved, the researcher can then consider

the method of instructional design that best accommodates for such problems.

3.1 Learning Theories

There are three primary learning theories that have evolved with advances in educational

research: behaviourism, cognitivism and constructivism (Ertmer and Newby, 2013).
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Central to behaviourism is the learner’s response to environmental conditions and cues. Learning
occurs in the form of a response to stimuli and future recurrence is encouraged through positive
reinforcements (Cooper, 1993; Ertmer and Newby, 2013). Learning is therefore considered to be

directly observable and takes place through classical conditioning as proposed by Pavlov in 1902.

However, as practitioners and psychologists began to focus on more cognitive processes, several
confinements of behaviourism were recognised and consequently triggered the development of
cognitivism. Although cognitivism still places an emphasis on environmental conditions, the
focus is shifted from what students know to sow they know it. Where behaviourism jumps
straight from the stimulus to the response, cognitivism is concerned with the process between
these two points in terms of how information is received, organised, stored and retrieved in the

mind (Ertmer and Newby, 2013).

Today however, many educational researchers argue that although important, less focus should
be attributed to the learner’s environment and more attributed to the learner themselves. Where
behaviourism and cognitivism consider learning to be objective; where the world is separate and
external to the learner, this modern theory regards knowledge to be subjective; a function of how
an individual interprets their environment and creates meaning from such exposure and
experiences. This theory is called constructivism. Where learning theory moves from
behaviourism to cognitivism to constructivism, the focus of instruction shifts its emphasis from

teaching to learning (Ertmer and Newby, 2013).

Constructivists place an emphasis on context and consider learning to be situationally
determined. Transfer of knowledge will not take place unless learning experiences are embedded
within meaningful contexts which the learner can explore and interpret for themselves. However,
Chapter 2.6.5 highlighted that many physics teachers, to a considerable extent, still apply more
traditional approaches that are largely reflective of behaviourism. A search of literature around
constructivist approaches from teachers yielded little research, this echoes the claims of Mulhall
and Gunstone made in 2012. Such observations are considered by Tsai (2002) to be due to the
minority of teachers actively employing such views. That is, as emphasised in Chapter 2,
classrooms are often characterised by teacher-centred, transmissive approaches rather than
student-centred, experiential approaches. As a result, students are not offered substantial

experiences to construct their learning for themselves.

Though attention in the field of educational research has been dominated by constructivism only
more recently, its foundations were laid in the work of John Dewey, Lev Vygotsky and Jean
Piaget in the early 1900s. Clements and Battista (1990) although focus on constructivism in
mathematics education, provide relevant arguments to science education. They posit that
constructivism allows students to develop learning processes that are more complex and powerful

than those that result from traditional teaching methods, thus increasing their capability of
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problem solving. In addition, where transmissive, behavioural approaches present students with
pre-defined knowledge, constructivism encourages students to seek such knowledge and employ
their own methods and processes to explore it. This allows students to become autonomous and
self-motivated in their learning (Clements and Battista, 1990), characteristics that DeVries (2002)
considers to be impossible under transmissive relationships between students and teachers. The
research from DeVries (2002) demonstrates that where students are exposed to sound
implementation of constructivist programs, they perform better academically, personally, morally

and socially.

In light of the definitions of constructivism throughout the literature, the researcher appointed her
own combined definition of constructivism that is followed in this study. Here constructivism is
recognised as a process whereby learning occurs as a result of the learner’s own contextual
experiences. Learners are not presented with a number of facts that they must take as bible, but
instead must experience the processes that yield such facts in order to acquire knowledge and
understanding. The focus is shifted from statements of knowledge, which is pre-specified to

knowledge acquisition that cannot be pre-specified (Karagiorgi and Symeou, 2005).

However, having praised the benefits of constructivism, given that teachers often appear to be
resistant to constructivist approaches, it cannot be without its disadvantages. For one, as
individuals’ experiences are subjective, a common set of outcomes for every learner in the
classroom cannot be guaranteed. Similarly, it does not account for students’ initial understanding
or any misconceptions they hold (Karagiorgi and Symeou, 2005). The researcher acknowledges
that this could be particularly problematic to teachers given the issues of accountability measures
discussed in Chapter 2.1.1. Where schools are pressured by performance, the teacher would
presumably approach a lesson with a set of learning objectives that they would aim for all
students to obtain by the end of the lesson. Any lesson that risks students obtaining different

understandings which may not be exactly parallel to their exam, would not be preferable.

The shift of control from the teacher to the student also raises concerns. Karagiorgi and Symeou
(2005) highlight that too much control can risk the assumption that students will learn or will
acquire the correct understanding, that is, they could construct an incorrect understanding from

their experiences.

Edelson et al. (1999) also insist that students need to be motivated towards the topic of
exploration in order for meaningful learning experiences to take place. The researcher considers
that such motivation is arguably even more vital in constructivist learning environments than
behaviourist ones as students are given more control and need to take more of an initiative. With
more responsibility over their own learning, students need to be curious and want to understand

the subject matter.



However constructivism is an umbrella term, and can be applied through multiple approaches.
The following chapter discusses one particular form of constructivism that the researcher
considers to be proficient in all the advantages of constructivism but also capable of curbing

some of the limitations that have been raised.

3.2 Inquiry-based Learning

One particular teaching approach rooted within constructivism and has gained momentum in
recent years is inquiry-based learning (IBL). The inquiry-based approach is reflective of
constructivism in that it is based upon the awareness that scientific concepts are only fully
understood under circumstances whereby the learner has constructed their own thinking and
experiences (InterAcademies Panel, 2010), and is responsible for the acquisition of their new
knowledge (Pedaste et al., 2015). Learning is achieved through inquiry of the student and
focusses on a search for an understanding and explanation of a concept in order to satisfy a
curiosity (Haury, 1993), rather than through the presentation of scientific content from the

teacher or a textbook (Levy ef al., 2011a).

The inquiry process stimulates the curiosity of students and actively engages them with the

challenges and problems that are presented by the research scenario (Levy ef al., 2011a). By
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creating an emotional response that triggers interest and attention, IBL proves both more relevant

and exciting than learning through deductive means and is capable of promoting a much more

positive attitude towards science (InterAcademies Panel, 2010).

This approach has been praised not only by educational researchers but also governing bodies in

the UK. In 2014, the Department for Education (p. 3) in England stated that science should be

taught in a way that gives students an “appreciation of the relevance of science in their everyday

lives” through “working scientifically”. Two particular points they raise is that secondary school

students should:

“Develop their understanding of the nature, processes and methods of science, through

different types of scientific enquiry that help them to answer scientific questions about

3

the world around them.’

“Develop and learn to apply observational, practical, modelling, enquiry, problem-
solving skills and mathematical skills, both in the laboratory, in the field and in other

environments.”’

Similarly in Wales, students are expected to understand the role of science and scientists in

society (Welsh Government, 2008). They should be capable of working both individually and in

groups to investigate relationships between data, evidence, theories and explanations and develop
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their skills in practical work, problem-solving and inquiry. Estyn (2017) also report the positive

effects of such opportunities and the benefits of group and class discussions to students’ learning.

Between 2010 and 2013, Ofsted inspectors (2013) visited 91 primary schools and 89 secondary
schools, including 53 sixth form colleges and six special schools in order to assess the standard of
science education. They reported that schools who reflected the best teaching of science set out to
encourage students’ natural curiosity and held scientific inquiry as the foundation. Problems
appeared evident among schools who were too attentive to exam results and did not seek to
establish student understanding or aim to apply scientific ideas via practical and inquiry-based
methods. This latter point is considered to be parallel to pressures of accountability. Similarly in
an earlier report (2011), they emphasise that the highest standards were seen in schools where
there was evidence for students’ regular involvement in all aspects of science investigations, such
as forming a hypothesis, planning and performing an investigation and then evaluating their

findings.

Estyn’s most recent thematic report in science explored standards at key stage 3 and 4 (2017).
One of their key recommendations was for schools to provide both stimulating and challenging

learning opportunities with practical work involvement for students of all abilities.

As with constructivism, the concept of IBL is not a new one, and originated from the work of
three theorists several decades ago, these were David Ausubel (1963), Jean Piaget (1977) and
Lev Vygotsky (1978) (Cakir, 2008; Minner et al. 2010).

Loucks-Horsley and Olson (2000) also highlight Schwab’s (1960) large influence on the initial
foundations of inquiry-based learning. He proposed that when approaching a topic, teachers
should employ real laboratory experiences to lead their educating, rather than following day-to-
day classroom procedures. This is echoed by Wood ef al. (1976) who explains that teachers
should approach their lesson in the same way they would approach an experiment, with a clear
goal and methodology. This approach allows students to first experience the science before they
are presented with the underlying concepts. As a result, the final explanations proposed by
students are built upon evidence from their experiences rather than information they have merely

been given.

3.2.1 The Case for Inquiry-based Learning
Having set out the foundations and theories behind inquiry-based learning, we now turn to the
characteristics of an inquiry-based classroom, its opportunities and limitations. Such
characteristics not only set the basis on which the OAs were developed around but will also
influence the evaluation protocol in order to identify the extent to which the OAs were successful
in implementing elements of inquiry into the classroom. Spronken-Smith and Walker (2010, p.

726) describe the following key characteristics of inquiry-based learning:
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o Learning is stimulated by inquiry that is steered by scientifically oriented questions or
problems

e Learning is based on a process whereby knowledge is constructed through new
understanding

o Learners are ‘active’ in the process and learn by doing and experiencing

o Teaching becomes student-centred and the teacher acts as a facilitator

o Learning is self-directed by students and they have increased responsibility and control

over their learning.

The key characteristic of inquiry-based learning that is considered to aid in reducing the
limitations of constructivism highlighted in the previous chapter is that it can encompass a variety
of levels. Such levels are typically dependent on the amount of control that is assigned to the
students (Spronken-Smith and Walker, 2010). Thus, before constructing the OAs prior to this
study, the researcher had to decide which level of inquiry would be most suited to the audience of
this study and was also able to accommodate for some of the concerns associated with

constructivism.

If a continuum were to place traditional instruction at one end, signifying an entirely teacher-
centred classroom where students acquire knowledge through transmission of information, on the
opposite end we have complete constructivism. Here the lesson is entirely student-centred,
information is constructed entirely by the learner (Kirschner et al., 2006), inquiry is open ended
and students must construct the question or problem themselves. This level therefore demands the
highest cognitive ability from students (Banchi and Bell, 2008). There are then several levels of
inquiry that are commonly recognised and situated between these two extreme pedagogies. Each
level of inquiry varies from the next in terms of how much control and responsibility is assigned
to the students and how much guidance and support is provided by the teacher. Such levels are
commonly referred to as confirmation, structured and guided inquiry. (Banchi and Bell, 2008;
Bell et al., 2005; Herron, 1971; Schwab, 1962; Tafoya et al., 1980; Protopsaltis and Specht,
2013). The fourth level is open inquiry which describes the extreme end of the inquiry spectrum.

Confirmation is the lowest level of inquiry and sees the teacher guide students through an entire
activity (Protopsaltis and Specht, 2013). Students are given a research question, its answer and a
procedure to follow in order to prove and explain this answer (Banchi and Bell, 2008).
Confirmation introduces students to scientific inquiry, enabling them to practice the basic skills

that are involved, largely making observations and recording and analysing sets of data.

Under structured-inquiry, students are still provided with the research question and procedure,
but it is now up to them to construct explanations that complement the evidence they collect

through following the method they are given (Banchi and Bell, 2008).
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For guided-inquiry, students are presented only with a research question; it is now their duty to
design an experiment and based on their findings, construct appropriate conclusions to this
question (Spronken-Smith and Walker, 2010). A summary of the various levels of inquiry and
how much guidance is provided to students is provided in Table 2 and adapted from Banchi and

Bell (2008).

Table 2 — Variations in Levels of Inquiry adapted from Banchi and Bell (2008, p. 7).

Provided to Student

Level of Inquiry
Question Procedure Answer
Confirmation X X X
Structured X X
Guided X

Open

3.2.2 Optimum Level of Inquiry-based Learning
However, although researchers are largely in agreement with the advantages of inquiry over more
traditional methods of teaching, disagreements are evident among which level of inquiry is most
advantageous and how much structure and guidance students should receive in order to achieve

the most beneficial learning experiences.

Many issues were also identified across the literature. For one, a lack of consistency in the
definitions of each of the inquiry levels was clearly evident. Although the specific definitions
applied in this study have been set out here and are reflective of those of Banchi and Bell (2008),

other researchers attribute alternative definitions.

For example, Sadeh and Zion (2012) investigated attitudes towards guided and open inquiry
projects in biology among 295 16-19 year old students in Israel. Results from an attitudinal
questionnaire revealed that students who completed the open inquiry project reported higher
levels of satisfaction and gained greater benefits than those who completed the guided inquiry
project. They also claimed to have felt a greater sense of involvement in the project and more

cooperation with peers.

Chatterjee et al. (2009) however did a similar investigation on undergraduate students in Texas
enrolled on a chemistry course. They contrarily found that 77% of their participants claimed they
would choose a guided-inquiry lab over an open-inquiry lab, 46% felt they learnt more and 43%
felt they got better grades. Such results are illustrated in Figure 3. Remaining percentages are

participants who were neutral in their responses.

However, at a closer look, where Sadeh and Zion’s definition of guided inquiry is parallel to
Banchi and Bell’s and this study, Chaterjee et al.’s definition is what Banchi and Bell describe as

structured inquiry. Such disparities were evident across multiple studies in the literature.
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Another issue, though more specific to this particular study was that many studies were seen to
focus on biology and chemistry instead of physics in terms of subject and undergraduate students

instead of secondary school students in terms of audience.

Also of interest is that despite the push from Ofsted and Estyn, little research into inquiry-based

learning in science classrooms in England or Wales was found in the literature search.

In response to such issues, much of the decisions for what level of inquiry deemed as most
suitable to this study was largely based on inferences made by the researcher and in light of

pressures on schools and teachers in the UK.

However, irrelevant of definition, age group and subject is the study by Zion and Mendelovici
(2012). They suggest that inquiry should be a progressive process and that students should move
gradually from more structured processes towards open inquiry. When turning to literature that
explores the effectiveness of open-inquiry when placed as a direct jump from didactic teaching,
similar arguments are seen, and research evidence is suggestive of the improvement of inquiry
abilities over time and experience. Spronken-Smith and Walker (2010) for example although
argue open-inquiry as the most advantageous level, also emphasise the importance of more
structured levels in equipping students and developing their skills ready for more advanced, open
levels. They assert that implementation of the lower levels into the science curriculum should not

be undermined by the positive results from open-inquiry.

Figure 3 — Students Preferences of Inquiry. Summary of Results from Chatterjee ef al. (2009)
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Prince and Felder (2006) parallel this progressive technique emphasising that jumping straight
into open inquiry will not automatically lead to increased satisfaction and performance among
students. In response, the researcher therefore expects that by undergraduate level, students

would likely have more experience with scientific inquiry and thus feel more comfortable and
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capable in open inquiry. Younger, secondary school student however with less experience would
benefit from additional structure. Arslan (2014) concludes that open-inquiry is only beneficial
where students have prior knowledge of the process of inquiry and have progressed their skills. In
the absence of this, open inquiry is simply too difficult and must develop from more supportive,

guided levels of inquiry.

3.3 Limitations of Inquiry-based Learning

But again, as with constructivism, despite evidence for success, many studies still report that
teachers typically apply more didactic, transmissive approaches in their classroom (Osborne and
Collins, 2001; Lyons, 2006; Siorenta and Jimoyiannis, 2008). Even reports from Ofsted (2013)
and Estyn (2017) have emphasised the importance of inquiry based learning and that not all
schools are giving it priority. Particularly in Wales, Estyn emphasised the concern that practical
investigations are increasingly seen to be replaced by worksheets and videos, thus restricting

opportunities for students to develop essential scientific skills.

The researcher therefore reviews the potential shortfalls of IBL before specifying the particular

approach that is adopted in this study in light of the advantages and disadvantages discussed.

For one, the issues in accountability measures discussed in Chapter 2.1.1 highlight why
performance pressures are encouraging teachers to teach-to-test rather than stimulating positive
learning experiences, which consequently does not marry with the nature of IBL. Songer ef al.
(2003) highlights that didactic techniques are easier to implement and of lower risk than more in-
depth and involved lessons involving inquiry, investigation and practicals. The pressure of

performance standards consequently often overshadows the higher-risk approaches to teaching.

Another problem faced by schools is recruiting physics teachers. Chapter 2.1.1 highlighted the
more general shortage of teaching staff and the Department for Education (2017b) mentioned
physics as a particular subject that faced this problem. More specifically, in 2015/16 just 71% of
positions on physics teacher training courses were filled (National Audit Office, 2016), thus
demonstrating that there are not enough physics teachers to meet the requirements of today’s
schools. Matters had worsened by 2017 where such courses saw a 19% drop from 2016 (Ward,
2018).

As a result of such deficits, schools have suffered and students are consequently taught by
teachers who are not physics specialists. In 2015 the Department for Education revealed that just
67% of physics teachers in schools held a physics degree and therefore approximately a third of

physics teachers held no post A-level qualification in physics.

In an interview with TES (formerly the Times Education Supplement), the president of the Royal

Society of Chemistry, Sir John Holman claimed this to be a reason for the abundance of didactic
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teaching and lack of practical science lessons. He asserted that specialist teachers have a greater

sense of confidence and preparation in implementing experimental lessons (George, 2017).

Such a claim is reflective of reports from the InterAcademies Panel (2010) who posit that the
pedagogical approach employed by a teacher is highly influenced by their subject knowledge.
The fear that discussions of particular topics might extend beyond their area of expertise and
comfort zone deters them from more open-ended methods such as inquiry. Teachers instead take
the ‘safest’ pedagogical approach, which typically rely on textbooks and do not engage students
in discussion or inquiry of the subject. This safest approach is also encouraged by accountability

measures highlighted in Chapter 2.1.1.

The benefit of specialist teachers is demonstrated by the case study reported by Wynarczyk and
Hale (2009). This school saw all three disciplines of science within the top five most popular
subjects at A-level and also employed teachers who taught almost exclusively within their

specialist subject. Though this does not demonstrate causation, a relationship is evident.

A third potential barrier to implementing IBL is time constraints. It is recognised that inquiry-
based methods can be a lot more time consuming and present more work and planning for the
teacher than traditional approaches. Gonzales ef al. (2004) reports findings from the Trends in
International Mathematics and Science Study (TIMSS) that found teachers to be deficient in the
time they have available to cover the entire curriculum content with sufficient depth. As a result
they select the easiest and most familiar method of teaching. Similarly a study by the Wellcome
Trust (2016b) reported a lack of time to be a common barrier reported by teachers. The
researcher considers that these findings could suggest that even under circumstances where
teachers may wish to implement more IBL, it is simply not feasible under the strict time

constraints.

3.4 The Inquiry Approach for this Study

The researcher’s motivation in structuring the OAs that are evaluated in this study resulted from
the literature around the different levels of inquiry and also the barriers to reform that are faced

by teachers.

Complete open inquiry was ruled out for several reasons. For one, it is generally recognised that
secondary students cannot be expected to design and carry out a full experiment from start to end
(National Research Council, 1996; Loucks-Horsley and Olson, 2000; Banchi and Bell, 2008). A
consistency is seen across ages from primary to post-secondary education (Simons and Ertmer,
2005) in that the skills of scientific inquiry are not instinctive for many students (Hung, 2011).
Alternatively, the key to successful scientific inquiry is attributed to the guidance that students

receive in the early stages of being introduced to inquiry (Simons and Ertmer, 2005) and on the
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condition that they have previously undergone more structured practices with appropriate
scaffolding (Hung, 2011). These experiences will allow students to develop their capabilities in

inquiry (Roblyer et al., 1997) and progress towards the more open levels.

Another influential factor to the researcher’s decision ties back to students’ confidence. It is
assumed that students will be less likely to enjoy and engage in an activity that they identify to
extend beyond their capability (Fitzgerald, 2015a). This is supported by the work from Prince and
Felder (2006) who found that if students are given increased responsibility over their learning,
they will quickly become resistant if they are not provided with adequate support. This resistance
is accompanied with a potential to turn into hostility which if experienced by teachers, will deter
them from continuing to apply this pedagogical approach. Simons and Ertmer (2005) suggest
appropriate scaffolds and guidance should be incorporated within inquiry and adjusted in

accordance to the level of difficulty that is suitable and achievable to that student.

The OAs were therefore designed to align with, though not be limited to, structured inquiry,
providing students with the research problem and the process of investigation (see Appendix 1
and 2 for OA extracts). This level was chosen as the researcher considered it to be most suited to
the target audience of the OAs and most proficient in overcoming the disadvantages of
constructivism and IBL. However, the researcher did explain to teachers that the level of inquiry
they implemented was at their discretion. This decision is supported by the work of Levy ef al.
(2011b) who emphasise the importance for flexibility in this pedagogical approach and that
teachers should tailor their level of inquiry to the context of their classroom and the needs of their
students. The researcher considered that structured inquiry was also most suitable in this respect
as it would be easier for the teacher, particularly if they were not a physics specialist, to have all
the structure and support already embedded in the OAs and merely had to remove aspects in
order to tailor the activity to their students rather than add things in and thus requiring additional

work from them.

Table 3 summarises the disadvantages of constructivism that have been expressed and how
structured inquiry and the approach of the outreach activities in this study overcome or at least

limit such problems.
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Table 3 — How Structured Inquiry Tackles Barriers to Constructivism

Limitation

Method to Overcome

Risk of different outcomes for
different students

Lack of accountability of
students’ initial understanding

Students must be motivated

Time constraints

Lack of subject specialists in
physics

A structured level of inquiry provides students with the research
question and the procedure but not the answer. Given this substantial
level of guidance and a question to work around, it is less likely that
students will yield largely different findings or understandings.

The OAs are designed so that students are presented with a research
problem which they must first discuss and consider related concepts in
order to construct a hypothesis. The teacher can therefore use this
initial activity to focus and guide students’ preconceptions and
expectations.

This element is not directly related to the inquiry process itself and is
instead addressed through contextualisation. This is described in the
following chapter.

Though teachers are faced with extreme time constraints and struggle
to cover all curriculum content, the approach for this study is
structured enough for students so that it doesn’t require as much time
as open inquiry, and OAs are also directly applicable to curriculum
content so should fit into schemes of work and thus not require any
additional lesson time.

Structured inquiry confines the number of avenues that students can
take in their exploration and discovery. Teachers will therefore have a
clearer idea of the possible outcomes of such processes and should not
be daunted by unexpected outcomes.

3.5 Summary

This chapter has set out the various learning theories and approaches to instructional design.

Advantages and limitations of constructivism as a whole, as well as IBL have been reviewed in

conjunction with consideration of problems faced by schools and teachers. This process led to the

decision for OAs to employ a structured level of inquiry. In line with this decision, the OAs were

designed to present students with a research question and procedure, but it was down to them to

complete the procedure and draw conclusions based on their experiences.

Having set out the instructional design of the OAs and justified such structure, this chapter has

primarily addressed some of the issues seen in classroom experiences and to some extent, in

students’ confidence. The following chapter divulges into the contextualisation of the OAs which

more specifically address the issues with students’ interest and enjoyment of physics.
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Chapter 4

Physics-based Outreach Activities

The physics-based outreach activities that were implemented were developed prior to the onset of
this study. This study therefore focuses on their evaluation and on identifying components of an
‘effective outreach activity’. The researcher defines an effective OA as one that meets the

following criteria:

e Induces positive learning experiences among students
e Successfully applies elements of the compulsory physics curriculum
e Enables students to apply skills of inquiry as well as content knowledge

e s easily implemented by a teacher and does not conflict with accountability pressures

However the researcher does not rely solely on the instructional design to produce an effective
OA. This chapter therefore explains the contextualisation of the OAs and more specifically what
was provided to teachers. Extracts of the specific OAs themselves can be found in Appendix 1

and 2.

4.1 Contextualising Physics

The decision to contextualise physics is largely based on the issue that many students find
physics boring (see Chapter 2). Lavonen ef al. (2005) recommend adapting either the content or
context of physics in order to make it more interesting and appealing to students. Although they
focus on female students, the points they raise are considered to be applicable to all students.
Given that the curriculum is fixed and there is no immediate way of changing the specific content
that is delivered to students, the aspect that can be changed is the context through which the

content is delivered.

The InterAcademies Panel (2010) posits that whether or not students perceive a topic to be worth
learning is influenced by the way in which the skills and knowledge they are presented with are
applied and put into context. This echoes the findings of Sjeberg (2000) who experimented with
delivering the same content to students but through alternative contexts. He found that the
context through which scientific ideas are taught were more influential to students’ interest than
the scientific ideas themselves. This was reaffirmed through the ROSE project findings reported
in 2010 by Sjeberg and Schriener.
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However, the diverse environments presented by classrooms has been touched upon and
therefore finding a context that is well suited to all students and their individual preferences is a
trying task. One of the biggest discrepancies among the literature in interest and perceptions is
seen between genders. Student accounts often reflect differences between male and females’
preferred aspects of science. Typically, girls prefer areas relating to topics such as health,
medicine and the human body, and boys prefer topics that are more technical, mechanical and

explosive (Sjeberg and Schreiner, 2010; Lavonen et al., 2005; Jones et al., 2000).
However, despite the divergences, we do see some commonalities.

Osborne and Collins highlight one area that presents a valuable “point of engagement” (2001, p.
454) and appears to generate “universal enthusiasm” (2000, p.5) is topics of astronomy and
space. What’s more they also emphasise that this topic received interest not only from students
who wanted to pursue science but also those who did not. Even students who declared no interest
in physics were seen to become animated when entering discussions around space (2001).
Similarly, a study conducted by Williams et al. (2003) used questionnaires to investigate why
year 10 students across state schools (aged 15) in England are not interested in physics. An open
question asked students to highlight what they found interesting or boring about physics. Many
topics were reported on both sides of the coin, i.e. some students found a topic interesting and
others found it boring, however the topic ‘Solar System/Universe’ only appeared in reports of

interesting areas, no students claimed it was boring.

On an international level, data gathered from students across 160 countries and reported by
Sjeberg and Schreiner (2010, p. 21) showed clear divergences in preferences across gender, but
also found that the most popular topic for both male and female students was ‘space, life, wonder

and openness’.

However, astronomy is not a broad area of the compulsory curriculum (Salimpour et al. 2018),
and therefore it is important to identify how curriculum content can be taught through the context
of astronomy. Lavonen et al. (2005) explain how astronomy can be used to teach a variety of
topics in physics, such as kinematics, electromagnetic radiation and nuclear fusion. Trumper
(2006b) recognises the cross-curricular links astronomy offers such as mathematics, chemistry
and geoscience. This is reinforced by Coward et al. (2011) who highlight astronomy’s
application to both fundamental and applied sciences, and how it clearly translates to professional
research, thus providing a relevance and real-life application to students. Astronomy is among the
sciences that receive the highest public interest across all countries (Trumper, 2006b). As a
subject it spans a broad range of topics and has a wide spectrum of knowledge that provides

many applications to the curriculum.

Although complications still remain and topic preferences will understandably vary from student-

to-student, the research discussed here indicates the positive potential of astronomy as a context.
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However, despite the promising potential of astronomy as a context, there are no apparent studies
that have specifically investigated its application as a context in the classroom and what influence
this has on students’ perceptions and learning experiences. This is therefore another gap in the

literature that this study addresses.

In response, this study set out to test this potential and evaluate the effectiveness of a series of
astronomy-based educational OAs, developed prior to the onset of this study. Astronomy serves
purely as a context and the OAs still cover necessary areas of their curriculum, it was therefore

anticipated that teachers would not need to find additional teaching time for implementation.

Though, what is evident in the literature is the various outreach initiatives that have provided
schools with access to telescopes. Previous and existing educational programmes across the
world that have used access to the cosmos as a driving force to promote interest in science. Such
endeavours are now discussed before setting out the theoretical framework and methodology of

this study.

4.2 Robotic Telescopes

Telescopes come in various types and sizes. They can be sensitive to different wavelengths of
light, such as infrared, optical, and x-ray. Arguably the most recognised across the media due to
their ‘pretty pictures’, and those used in this study, are optical telescopes. These observe the
Universe in the same way we observe the world around us, through the visible wavelengths of the

electromagnetic spectrum.

The key difference between regular telescopes and robotic telescopes (RTs) is the ‘hands-on’
element. Some students, scout or brownie clubs may have experienced a star-gazing night where
they have set up small telescopes one evening and explored the night sky. Users would choose a
region of the sky they want to look at and then guide the telescope in that direction. Conversely,
RTs do not require this manual control and instead, they are driven, often remotely, by

computers.

Remote robotic telescopes, which can be controlled remotely and do not require someone to be
on site, are particularly advantageous as they do not demand the observer to be present for their
observations. Such telescopes are usually ran by schedulers that programme observation requests
submitted by astronomers. This therefore offers greater flexibility in where the telescopes are
located. Telescopes are best placed at high altitudes, above much of the atmosphere, weather, and
light pollution from surrounding cities. Such locations help to improve the quality of observing

and resulting images.

Also benefiters of remote robotic telescopes are schools. No school trips need to be organised

anywhere and teachers and students do not need to spend time learning about and setting up a
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telescope, as they are already set up, aligned and ready to go (Gomez and Fitzgerald, 2017).
Students can control a telescope on the other side of the world right from their classroom. This

ability in itself could be considered to be an exciting prospect for many students.

We now look to some of the existing educational projects involving robotic telescopes and

discuss their levels of success.

4.2.1 Robotic Telescopes in Science Education
There are multiple science education projects around the world based on astronomy and robotic
telescopes. A recent paper by Gomez and Fitzgerald (2017) reviews the current educational
projects around the world that offer students access to research-grade robotic telescopes. The 24-
inch telescope at Mount Wilson is recognised as the first research grade instrument that provided
telescope time for educational purposes through the Telescopes in Education project (Gomez and

Fitzgerald, 2017; Clark, 1998).

At around the same time in 1993, and more specifically in the U.K., the Bradford Robotic
Telescope (BRT) was launched. Astronomers running the telescope encouraged amateur
astronomers and members of the public to submit observation requests. Baruch (2015) reported
their surprise at the level of interest received from schools and teachers all over the world and

soon realised the unique opportunity they were offering to students.

Initially, the BRT targeted primary schools, seeking to work with the youngest students who
could use a computer and to provide a window to explore questions that could not be answered in
their day-to-day lessons. However, due to such success, the project expanded to secondary
schools through to sixth form education. When Baruch explored university applications, a 30%
increase was seen in STEM-based subject applications from the 50 schools involved with the

BRT compared with 80 schools who were not.

This unexpected success was one of the first pioneers of the exciting and engaging opportunities

robotic telescopes have to offer to science education.

Following this, more science education projects incorporating robotic telescopes began to
develop in the 1990s. Most involve the use of optical telescopes however projects exist that allow
students to observe the Universe through different wavelengths of light, for example Pulses at

Parkes uses a radio telescope (Gomez and Fitzgerald, 2017).

The buy-in for using optical telescopes in schools is usually the ‘pretty pictures’ aspect, where
students can choose objects to observe and perform colour imaging processes. However, there is
the worry that teachers may consider colour imaging to be the limit to what students can do with
robotic telescopes and are unaware of the scientific opportunities they can offer. Access to such
instruments provides a unique way for students to practice the ‘scientific method’, from

generating hypotheses, collecting data, performing analysis and drawing conclusions. It is
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recognised that the use of remote astronomy in the classroom is slightly more abstract to the
typical textbook approach or typical classroom practical experiments. It may also seem very
technical and potentially overwhelming to some teachers, consequently deterring them. It is
therefore essential to emphasise how these projects tie in to the curriculum content and to provide
a high level of support to ensure that teachers feel comfortable and competent in delivering such

material.

Where this study implemented and evaluated a series on astronomy-based outreach activities, it
was important to first review existing projects in order to identify both their successes and
lessons learnt. The researcher purposefully only focuses on research around optical telescopes

rather than any other wavelength as it is optical data that is used in one of the OAs of this study.

MicroObservatory is one of the longest standing educational programmes involving online
robotic telescopes. The telescopes saw first light in 1995 (Sadler et al., 2001) and with a goal to
promote inquiry-driven projects, it encompasses a network of five online telescopes that are

accessed by middle and high school students, teachers and the public across the U.S.

In 2007, Gould et al. evaluated the educational influence of ten years of the project. With a total
of 475 students across the U.S, they assessed students’ knowledge gains through pre- and post-
knowledge tests and from looking at their project work and also investigated students’ interest
through an analysis of 2,613 online comments. They were overwhelmed with the levels of
enthusiasm and interest from students and report receiving frequent messages from students

explaining they had been inspired to pursue astronomy at college (university).

A pilot carried out by Chubb et al. (2017) allowed key stage 3 students to take part in the
‘Discovery Project” where they were given the chance to discover new variable stars. These
researchers gathered feedback from their teachers, who reported that students appeared to enjoy
using the activities and software. A particular positive was expressed towards working with real
data used in real research. However, they also reported that although initial interest was very high
from students, attendance was seen to decline in the middle of the sessions. Overall teachers felt
that students enjoyed the variety of software but there were occasions where difficultly levels

were perhaps too high.

While it is considered that teacher feedback is important, the researcher believes it cannot
supersede the value of feedback directly from students. Concerns in reliability of teachers as
sources of evaluation is detailed by Fitzgerald ef al. (in writing) where it is often seen that
teachers generally have a more positive view of the classroom than students or an outside
observer, their reports are based on results from multiple studies (e.g. Hook and Rosenshine,

1979; Centra, 1973).
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Richwine (2007) ran an astronomy-based science project on secondary school students, aged 16
to 18 that involved studying images of variable stars from an extensive archive. Much of this
archived data may never have been analysed by professional astronomers allowing students to

conduct never-done-before research.

Interested in the project’s impact, Richwine implemented pre- and post- attitude questionnaires
and knowledge tests. Although students showed a significant increase in their knowledge test

scores, sadly, no significant changes were seen in their attitudes.

However, given the instrument they used, this is perhaps not unsurprising. As most frequently
seen in astronomy education research, this study employed Zeilik ef al.’s ‘Survey of Attitudes
towards Astronomy’ (1997, 1999). This is an adaptation of a previously developed survey by
Schau et al. (1995) regarding attitudes towards statistics and currently, no study that employs this
instrument is known to have found significant changes in a repeated-measures design and is

typically seen to be susceptible to ceiling effects (Bartlett ez al., 2018).

Although some research has been done to an extent, the majority of telescopes in education
projects cease to implement valid and reliable evaluation instruments, therefore suffering from
methodological flaws, or, even worse, carry out no evaluation into the effectiveness into their
initiatives (Gomez and Fitzgerald, 2017). Although many programmes boast how telescopes will
change science education, research into the effectiveness of such programmes and how it actually
does effect student engagement is much more limited. While it is unlikely that such programmes
offer nothing to students, in many instances, these do remain as assumptions yet to be properly

validated (Fitzgerald et al., 2014; Gomez and Fitzgerald, 2017).

The majority of evaluation is seen to focus on gains in students’ content knowledge, and many
studies have shown subsequent improvements (e.g. Coward et al., 2011; McKinnon and Danaia,
2008; Gould et al., 2007; Taasoobshirazi et al., 2006). Research into students’ attitudes is much
more limited and also reports mixed results. Reports are largely anecdotal, involving post hoc
data collection, quotes from student and teachers and successful case studies. Although this
provides a level of insight into how the programme was received by participants, it provides no
indication of the actual impact of the project. This cannot be measured without, at the very least,
a baseline understanding of participants’ perceptions prior to any initiative or involvement with
such a project. Much research shows no significant improvements on students’ attitudes towards

science at school subsequent to relevant initiatives (Fitzgerald et al., 2015a and Richwine, 2007).

A limitation in evaluation if often seen in accessing participants. Studies are often forced to use
astronomy clubs or students that have volunteered to take part in astronomy- and telescope-based
activities, therefore already presenting favourable attitudes and are not representative of the

secondary school student population (e.g. Coward et al., 2011; Taasoobshirazi et al., 2006).
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Fitzgerald et al. (2014) point out that the most common reason for carrying out mere surface-
level evaluation is due to a lack of funding, however they also emphasise that evaluation
procedures do not necessarily need to be costly. There are many existing instruments that have
been previously validated and can be easily implemented into educational programmes. Just
simple pre- and post-questionnaires can reveal a great deal about the experiences of participants

and the impact on their attitudes or knowledge.

Some of the major educational projects involving robotic telescopes around the world and the
pioneers for such initiatives have been highlighted, and many have been criticised for the

evaluation methods they employed. However, there is one project that is of particular interest.

Space to Grow (STG) was an Australian project administered by astronomers from the Physics
and Astronomy department at Macquarie University (Danaia ef al., 2012). It is of particular
interest to this study as not only did it employ both IBL as the pedagogical approach and
astronomy as the context, they also provided schools with access to the Faulkes telescopes (see
Chapter 4.2.2) via the LCO network in order to obtain real scientific data to use for investigative
activities in their classrooms. Though the astronomy topics of their student projects were
different to those of this study, there are many comparable elements that remain particularly

relevant.

The project was funded for three years (2009-2012) with a target audience of 14-18 year old
students in New South Wales, Australia (Danaia et al., 2012). The educational research element
of STG was very much a priority in the project. This was designed to investigate the project’s
impact on students’ perceptions of science, their knowledge and their intentions to pursue science
post-compulsory education. This was measured with pre- and post- attitude questionnaires, pre-
and post-knowledge questionnaires (astronomy-based) and interviews with a sample of

participating students (Danaia et al., 2012).

Subsequent to implementation, the researchers saw gains in students’ content knowledge, but
significant changes were only seen in some aspects of students’ experience of science. Students
perceived the lessons to be less teacher-led but also felt the project was less relevant to their
everyday life than their usual lessons. Aspects regarding their excitement, perceived difficultly
level and enjoyment were unchanged. Fitzgerald ef al. (2015a) suggest that an initiative project
with just a few classes a week over a limited time period is not sufficient in overpowering the
more common, unexciting day-to-day science lessons students are used to. Such findings could
imply that implementation reaped little benefit and is suggestive that the OAs implemented in
this study, which are not intended to be extended initiatives, have a poor chance of success.
However the researcher emphasises that this study does not seek to induce attitudinal change.

Instead it seeks to identify how positive learning experiences are promoted among students and
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thus what components should be used in outreach activities and encouraged in physics

classrooms.

4.2.2 The Faulkes Telescope Project
The OAs implemented in this study were developed as part of the Faulkes Telescope Project
(FTP). FTP was set up in 2004 where concern with students’ disengagement with science and
maths was even evident then. Dr Martin Faulkes responded to this and sought to make a

contribution to science education that would inspire students and improve their attitudes (Beare,

2007; Lewis and Roche, 2009).

With funding from the Dill Faulkes Educational Trust and the UK Government, two 2-metre
remote, robotic telescopes were built at observatories in Hawaii (Faulkes Telescope North) and
Australia (Faulkes Telescope South). These sites were chosen so that users could observe the
night sky in both hemispheres and also because these locations presented time zones that meant
they were in the dark whilst UK students were at school, thus allowing for them to carry out real-
time observations in their lessons. These were research-grade telescopes that allowed students to

explore the wonder and beauty of our Universe, taking, processing and analysing images.

However, FTP set out to provide students with more than just the prospect of taking “pretty
pictures” of the cosmos and aim to offer students access to a remote “laboratory”, opening the
door to the Universe right from their classroom. Teachers can use the telescopes as a tool to carry
out real science, whether it relates directly to their school curriculum or form a more extensive
research project in collaboration with research members of the FT team (Lewis and Roche,

2009).

In 2005, Las Cumbres Observatory (LCO) bought out a large percentage of the telescopes and the
project became an official educational partner of LCO. At this stage, LCO were building a
worldwide network comprising of 2-metre (FTs), 1-metre and 0.4-metre telescopes. As of 2018,
the network encompasses 21 telescopes at eight sites across the globe, Australia, China, Israel,
South Africa, Tenerife, Chile, Texas and Hawaii. These locations create a unique network where
at least one site is in darkness throughout a 24-hour period, allowing for continuous observing.

Any school that signs up with the FTP will have access to each of these telescopes.

Schools throughout the UK and Europe have embarked on various scientific adventures through
this opportunity. Projects have included collaborations of schools in different countries where
they have shared and combined data, thus presenting the additional opportunity of working with

students overseas and developing communication and teamwork skills.

An example of this is shown in Figure 4. This displays a light curve of asteroid (1676) Kariba

produced as a collaboration from schools from five different countries, Poland, UK, France,
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Portugal and Ireland. Each school observed the asteroid for a given time slot and then they

combined their observations and analysis to produce this extended light curve.

Figure 4 — A Light Curve of Asteroid (1676) Kariba Created by School Students from Five Different

Countries.

Light Curve of (1676) Kariba
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There have been several occasions where schools have been acknowledged in published journal
articles for their contribution of observations and analysis (Lewis and Roche, 2009), these are
clearly big success stories, however again, other than anecdotal reports, no real investigation has
been carried out into the impact such involvement had on students’ perceptions of and
engagement with science. What’s more, despite the potential links to the curriculum, the majority

of FT work in schools has been as enrichment activities rather than curriculum specific.

A degree of evaluation of the impact of the FTP was carried out by Beare (2007) when the
project was still starting up. Unable to access student participants, the research was carried out
with 15 trainee primary school teachers. All participants had studied biology up to A-level but
only one had studied physical science; Beare therefore claimed them to be comparable to key

stage 4 students.

This research focused on perceptions towards directly controlling the telescopes, performing
observations and carrying out various astronomy projects relating to an astrophysics option in an
A-level physics course. Responses to Likert-scale questionnaires, although not validated,

revealed positive attitudes towards the telescopes, encouraging excitement and inspiration.
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The results spurred confidence in the success of the project, suggesting it could be very valuable
in promoting students’ enthusiasm in physics. However, since this small-scale research project,

no further investigation has been carried out on the Faulkes Telescope Project until now.

This study therefore has not only carried out thorough evaluation of outreach activities from the
Faulkes Telescope Project, but also how FTP is not only useful for enrichment but can also be
applied to the compulsory curriculum content, and potentially feed into teachers’ schemes of

work.

4.3 Down2Earth

Down2Earth is a separate educational project ran by FTP in partnership with the National
Museum of Wales. With supporting funding from the Science and Technology Facilities Council
(STFC), the project offers a series of teacher and student resources based around asteroid,

comets, meteorites, impacts and mass extinction.

One resource is the Impact Calculator, developed by E. Gomez and J. Yardley and based on the
original online tool, Earth Impact Effects Program (Collins et al., 2005). The Impact Calculator is
an online simulator that allows students to design a virtual asteroid or comet and simulate its
collision with Earth. Using a Google Maps interface, students can choose a region on the globe
that they want to strike and a scientifically-sound impact crater is superimposed onto the Earth’s
surface. This resource was developed to appeal to both students and larger audiences (Astronomy
and Geophysics, 2008) and can be used as an inquiry-based tool that can apply various aspects of

the science curriculum.

To date, no formal evaluation of this online simulator as an educational tool has been carried out.
This is therefore another first for this study as some of the OAs that are evaluated are lessons
built around the Impact Calculator. Although this study presents the first formal evaluation of this

particular simulation, research into other computer simulations has been carried out before.

4.3.1 Computer Simulations in Science Education
Investigations into the influence of computer simulations as an educational tool has been
explored quite heavily in the past few decades as technology has developed and schools’ access

to technology has increased dramatically.

Many schools are faced with a lack of funding to support practical tasks in science classrooms
but this can be overcome through e-learning and free online resources that simulate laboratory
practices (Agrusti, 2013). Computer simulations are used to model different processes within a
real system. They are useful in education as they overcome the expense of equipment for

experiments and do not require time to set up. The National Research Council (1996) also
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highlight their ability to match the varying pace across different students and can therefore
account for differentiation in the classroom, an issue highlighted by Ofsted (2013) that many

schools are not accounting for.

The dramatic advancement in technology over the past few decades, has not only led to
significant developments across industries and changes to lifestyles, but it has also fed into
educational reforms (Bernard, 2017). As of 2014, 70% of primary and secondary schools in the
UK had access to tablets (Coughlan, 2014).

However, such advances in technology and the access for schools are seemingly not being
utilised to full potential. Webb (2010) argues that even where computers have been incorporated
into science lessons, they are often merely used as a supportive tool for traditional, teacher-led
pedagogies such as animations or demonstrations. Nonetheless, there are circumstances where

computer simulations have been implemented more constructively and have also been evaluated.

Such research typically focuses on the effectiveness of computer simulations (CS) compared to
hands-on laboratories (HOL), remote laboratories, traditional teaching methods, or a combination
of the three. There are also some studies that focus on CS as entire replacements of traditional
instruction and some as enhancers of it (Rutten et al., 2012). Despite the abundance of research,
the debate remains long-standing and there does not appear to be a clear-cut winner (Ma and
Nickerson, 2006; Smetana and Bell, 2012). The researcher suspects that this is largely due to the
variety of such simulations and research rapidly becoming outdated as technology accelerates its
advantages. Corter et al. (2004) argue that the majority of comparative studies demonstrate
simulations to be a worthy substitute for hands-on labs. However as with the issue of IBL, review
of the literature demonstrated that many studies have focused on undergraduate courses rather

than secondary schools.

Much evaluation and educational research has focused on the benefit of technology on learning
and engagement. In light of the broader research discussed in Chapter 2 that reveals the
importance of attitudes in education, it is necessary to consider the opinions among students
towards the use of computer-based learning and whether they reap the benefits. Though this
study focuses on learning experiences, research into knowledge gains is also discussed here as
this is ultimately what the teacher will be interested in when considering implementation. The
researcher considers both students and teachers views to be influential on if'and how the

computer-based OAs are adopted in the classroom (Li, 2007).

Sarabando et al. (2014) investigated 12-13 year old students across three different scenarios: just
hands-on activities, just a computer simulation and both methods combined. Participants
involved three teachers and six classes (each teacher had two classes). Students’ knowledge gains

were measured through pre- and post-tests, the results of which are summarised in Table 4.
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Table 4 — Results from Sarabando ez al. (2014, p. 119)

Teacher Lesson Implementation Total Gains
Class X (HOL) 20.0%
Teacher A
Class Y (HOL + CS) 40.7%
Class X (HOL) 29.6%
Teacher B
Class Y (CS) 58.4%
Class X (HOL) 36.9%
Teacher C
Class Y (CS) 45.0%

It was evident from the results that in all scenarios involving CS, students had higher knowledge
gains. Interestingly the one class that used both HOL and CS (teacher A, class Y), achieved the
smallest gains out of the other class Ys which used just CS. Though, teacher A also had the
smallest gains for just the HOL of the three teachers so it is likely that an element of teaching
style is at play here. Each teacher was also from a different school and therefore introduces

additional variables that cannot be accounted for.

One divergence among the research is seen where some studies focus on comparing CS to
traditional instruction, others evaluate its ability to enhance traditional instruction. It should be
emphasised that here, the researcher did not set out with an aim to produce evidence in favour of
replacing hands-on experiments with CS. As with other researchers, it is perceived that real,
hands-on, laboratory experiences are an essential part of education (e.g. Ma and Nickerson,
2006). Instead, in instances where hands-on labs are not feasible, an OA involving a computer
simulation could offer an alternative way of enabling students to engage in experiences of
investigation and inquiry. The literature reviewed here is intended to demonstrate that such

feasibility is not at the expense of students’ learning experiences and outcomes.

For example, de Jong ef al. (2013) highlight how real hands-on labs can be limited by practical
and financial constraints. Not only are HOL costly, they are also space and time consuming
(Corter et al., 2004; 2007; Sauter et al., 2013), which have been highlighted by teachers as
barriers to their teaching. CS therefore enable students to gain experience in scientific
experimentation that may otherwise be unattainable to schools through more traditional means

(Sauter et al., 2013).

Less specific to simulations but still considered to be relevant are the results from Li (2007).
Questionnaires were implemented to 575 students ages 12 to 18 about their perceptions regarding
technology integration in school. They identified areas relating to confidence to be most
frequently discussed, relating to 74% of students comments. Typical comments reflected on the
increased access to information and research that technology provides and how it makes learning

easier. The second most cited topic related to pedagogy, students were particularly fond of the



57

visual and animation elements that technology provides and how it can bring the real world into

the classroom.

Webb (2010) emphasise a unique selling point of CS in that they can be used to explore scientific
phenomena that are too small, too large, too slow or too fast to observe in real life. Examples of
this could include the evolution of a star, nuclear decay or global warming. In the case of this
study, it is the process of an extra-terrestrial object colliding with Earth’s surface (see Chapter
4.4.1). This is not an event that occurs frequently and is not a phenomenon you can get up close
to when it does. Being able to simulate such events therefore provides unique opportunities for
scientific learning. Huppert et al. (2002) are also of the opinion that CS enables students to carry
out investigations quicker, therefore providing them with more time to generate hypotheses and
analyse results. In specific relation to IBL, Méeots et al., (2008) carried out a study on 302, 10 to
12 year old students in Estonia that looked specifically into the inquiry element of simulations.
Students were given pre- and post-tests that assessed their level of inquiry skills. Generally,
students’ initial inquiry skills (pre-test) were relatively low but results showed significant
developments, subsequent to a web-based learning environment initiative. The largest
improvements were seen in problem identification, formulating research questions and
hypotheses, and applying skills into data analysis. Similar findings were reported by Nakhleh et
al. (2000) in open questions asking students to report the advantages and disadvantages of using
computers. These revealed several advantages of computer labs, this included the ability to cover
more content over a shorter period (thus reflective of Huppert ef al.’s argument) and being able to
work at their own pace. This final point is reflective of that made by the National Research

Council (1996).

The effectiveness of CS however is argued by Grant (1995) who claims that simulated labs do
not allow students to learn through trial and error, however here the researcher considers this to
be largely untrue. Although this argument may have been true twenty years ago, is likely to have
become obsolete given the advancement in technology over this time. For example, the ‘Recreate
a Crater’ OA implemented in this study (see Appendix 1) that uses a relatively basic simulator,
involves students designing an impactor that will recreate one of the existing craters on Earth.
Students have to experiment with changing various parameters that have different effects on the
object’s kinetic energy and damage to Earth, until they succeed. Such a process is considered by

the researcher to be a classic example of trial and error.

Corter et al. (2007), also found CS to be at least equally effective (if not more) as HOL in
developing learning and understanding, they also suggested this was due to the additional time
provided in CS to develop their conceptual understanding that is lost in HOL through assembling

and taking down equipment.
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Evidence is therefore present within the literature for computer simulations to be effective in
promoting student learning and positive experiences. Some research is even indicative that it
offers additional opportunities and overcomes some of the boundaries of HOL. The researcher
therefore considers the OAs based around the Impact Calculator simulation not only to have
potential to promote positive learning experiences among students but also appeal to teachers due

to the learning opportunities they offer.

4.4 Educational Outreach Activities

Chapter 3.3 highlighted some of the barriers that teachers face and can often lead them to be
hesitant towards implementing inquiry-based approaches. Two particular barriers were time and
knowledge limitations. The OAs produced in this study therefore aimed to eradicate such

concerns.

Fitzgerald et al. (2015b) highlight two simplistic techniques of gaining the approval of teachers
and counteracting their resistance. One is to provide as much of the required material as possible,

therefore each activity was provided as a “Teacher’s Package” that included the following:

o A lesson plan with suggestions and guidance on implementation for the teacher

e A series of background information relevant to the subject matter, this is so that teachers
will not need to do any background research into the context in order to deliver the
activity

o Student worksheets, these are for students to record their workings in throughout the
investigation activity

e A teacher guide, for guidelines of answers that students should be getting and
suggestions for discussion points

e [ntroductory PowerPoint presentation, for if the teacher wants to deliver a short
presentation at the beginning of the lesson to introduce students to the subject they will

be investigating

The only equipment that will need to be provided by the schools themselves is computers, laptops

or tablets, which as identified by Coughlan (2014) are available in the majority of schools.

The second technique to appeal to teachers is to make the OAs editable so that teachers are able
to customise content in order to make it most suitable for them and their students. It has been
touched upon and will be discussed in detail in Chapter 6, that no two classrooms are identical,
therefore the researcher did not assume that one approach or method would be optimal for all
classrooms. Although it has been argued that the instructional design of the OAs will be through
structured inquiry, how exactly the activities are implemented is largely at the discretion of the

teachers. Teachers were provided with multiple suggestions and options of how the activity can
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be carried out, enabling the teacher to take a direction in which they are most comfortable with.
Editable formats are also useful in differentiating lessons as it means the teacher can adjust
activities to best suit the varying needs of their individual students. Techniques for differentiation
were provided in the lesson plan and the researcher also explained possible variations to the
teacher ahead of implementation. Having said this, it was emphasised to teachers that the OAs
are designed so that learning is student-centred, and they were encouraged not to alter the

activities too much so that the focus of the lesson shifted back to the teacher.

The activities were also developed in a way that ensures students are not all doing the same thing,
work can be divided among them, and students can collaborate, share their findings and discuss
their work with peers. This decision was influenced by the findings by Treisman (1992) who
compared the performance levels of students who studied individually and students who spent at
least a third of their time in groups, discussing their work. Not only was it found that those who
studied in groups performed much better, but after encouraging the students who worked

individually to then work together, their performance levels were also seen to increase.

However, it was not only important to consider the needs of students and teachers but was
essential that the OAs were accessible to schools more generally (Fitzgerald ef al., 2015b). The
basic versions of the activities use Microsoft Office (e.g. Word, Excel, PowerPoint) so were not
anticipated to be a problem for schools as they do not need to download any specialist software.
Students though needed to access particular websites, however these were not expected to be
blocked by any firewalls put in place by school internet servers and had not presented any

problems in schools previously and external to this study.

The next two subchapters will now describe the specific OAs that were implemented in
secondary schools in this study. Activities were designed for key stage 3 and 5 and all apply a
context of astronomy and space science while focusing on the physics content within the national
curriculum for England and Wales. OAs for key stage 4 students were also available but
implementation of these did not take place throughout the duration of the study and therefore are

not reported.

4.4.1 KS3: The Impact Calculator
Activities developed for key stage 3 students (years 8 and 9) were based on the Down2Earth
Impact Calculator. Students investigate various comet and asteroid impact events and their
effects on Earth. Through inquiry-based processes, students explore the outcomes of changing the
properties of an impactor. The activities cover aspects within the physics curriculum such as

speed, distance and time; kinematics and energy.

Most students at this stage of education will not have come across the equation for kinetic
energy, this therefore gives students the opportunity to first explore the different parameters and

relationships rather than just being presented with the facts and underlying equations.
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Not only do the activities cover compulsory curriculum content and therefore do not defy
accountability measures, but they are also intended to drive students to generate hypotheses,
identify their variables, record their results and interpret their findings. This is therefore
considered to be reflective of constructivism where students learn through their own investigative

experiences.

Several activities had been developed around the Impact Calculator which teachers could choose

from, extracts from one example, ‘Recreate a Crater’ is provided in Appendix 1.

4.4.2 KSS5: Hubble’s Expansion of the Universe
This teacher package is designed for sixth form or college students. Although it is recognised that
these students have already chosen to pursue physics in post-compulsory education, the
researcher considers the importance of reinforcing this interest and continuing encouragement

through to university.

The activity involves students working with real photometric data of type Ia supernovae which
are used as standard candles in distance measurements in cosmology. By measuring how bright
they appear from Earth (their apparent magnitude), we can compare this with their known
absolute magnitude and assume that the difference between these two values it due to the

supernova’s distance from Earth.

Once students obtain their value for distance, they access an online astronomical database to
search for the radial velocity of the host galaxies of the supernovae. They can then produce a
Hubble plot of distance against radial velocity for 15 supernova datasets. Using the equation y =
mx + ¢ (that students should be familiar with at this stage of their education), students calculate
the gradient of their graph to obtain a value for the Hubble constant (Ho). They can then use this

to derive an approximate age of the Universe.

This activity allows students to work from the beginning to see how Hubble originally created his
first Hubble plot. Using real data they have analysed themselves they are able to calculate the

Universe expansion rate and its approximate age using real data directly from the classroom.

This activity can be differentiated depending on the ability of students and also how much time
the teacher wants to devote to this area or how much the students want to take on in their own
time, though can be done over a single lesson. An extract of the activity is provided in Appendix

2.

Again, this activity covers additional skills beyond the curriculum content. Students gain
experience with accessing research databases to extract data, plotting graphs, extrapolating data,
unit conversions and advanced calculations, thus providing skills not only useful for their exams

but also useful for pursuing physics, astronomy or another science at university level.
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4.5 Summary

This chapter has identified a key gap within the literature whereby although there is much
evidence in support for astronomy as a point of engagement, there is a gap in the research in
terms of how this is applied to practice and can influence students’ learning experience in

compulsory physics.

This chapter has explained the context through which the OAs will deliver physics curriculum
content to students. It has also set out the format of the OAs for implementation across secondary
schools in England and Wales. The OAs were designed so that learning is student-centred and
students are able to take control of their learning and carry out investigations into themes of
astronomy that have been seen to trigger interest amongst various groups of students. The OAs
apply compulsory curriculum content that will have allocated lesson time and therefore should

not be considered as enrichment activities that demand additional teaching time.

Attempts to overcome barriers to implementation include providing OAs that can be
implemented over a single lesson, requiring minimal equipment and providing teachers with all
the material necessary so that the only work demanded of them is to read the activities. All
material was also provided in editable formats so teachers could make changes and adaptations to

suit their students if they so desire.

Specific extracts of the OAs are provided in Appendix 1 and 2.
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Chapter 5

Evaluation Framework

Though the evaluation framework was not fully conceptualised until much of the data had
already been collected, it is described here in order to illustrate the underlying structure and
theories that set out the foundations for the specific research design and methodology. The
conception of the evaluation framework emerged largely as a result of the researcher’s
reflexivity, as her involvements in and understanding of the classroom environment and students’
learning experiences developed and thus influenced her interpretations of the research

environment and evidence that came to light.

Stake (1995) explains how at the beginning of his inquiries, he sets himself a page limit for his
final report. He justifies this technique in that it prevents him from continuing to gather more and
more data on the possibility it may be of interest. Application of such restrictions forces him to
prioritise data of value. A similar intention is a primary purpose of the evaluation framework of
this study. The constructivist, inductive approach of this study that applied Scriven’s (1991) goal-
free evaluation, yielded extensive amounts of data that needed to be refined and prioritised. As
Stake warns, much of the data was considered to be of potential interest but would deviate from

the focus of this study.

The framework therefore sets out the structure for what is reported for each case in this study. It
prescribes a set number of areas of discussion and anything outside such dimensions is deemed

beyond the scope of this particular study.

Figure 5 illustrates the mind-map that evolved as qualitative data was thematically analysed and
patterns were identified. This image is a reconstructed version of a hand-written mind-map. It has
been transferred into a digital format in order to make the text clearer and to ease reading. Table

5 details a key of the components of Figure 5.

This chapter therefore explores the various theories that underpin the themes identified among
the data collected and that are considered to be key in promoting positive learning experiences
for students. Such processes were critical in the researcher’s reflexivity processes and thus the

development of the evaluation framework.

Learning experiences, engagement, motivation, interests and confidence among students are not
straight forward, one dimensional concepts. They are largely multifaceted, latent constructs that

have welcomed a wide array of theories. This chapter consequently reviews various theories
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surrounding such relevant concepts in order to construct a framework that will form the basis of

the methodology and data analysis of this study.

Table 5 — Key of Evaluation Framework Mind Map

Item

Explanation

Large blue squares

Grey squares

Small rectangles

Arrows and text

These represent the research questions of the study and were used to identify what
data evidence they related to.

These represent some of the key messages that were identified among the data
relating to students’ learning experiences. More specifically, they summarise themes
that were commonly identified across both statistical and thematic analysis (see
Chapter 9) and were therefore considered to be important factors.

These represent overarching dimensions that were considered to tie the themes
among the data to the research questions. Such dimensions were also situated within
the existing literature. They were therefore recorded as potential dimensions of the
framework.

Arrows indicate that relationships were identified between two or more aspects.
Free-written text provides a brief explanation for such relationships and what this
may imply for the evaluation framework and how it feeds into the grey squares (key
messages).
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5.1 The Concept of Interest

Chapter 2 revealed not only the negative impact resulting from students’ lack of interest in
physics but also the power interest can have on students’ persistence in physics. Though there are
multiple problems within school physics yet to be successfully addressed and thus form some of
the targets of the OAs in this study, the researcher considers that students’ interest should be
triggered from the introduction of the OA in order for them to consider it worthy of their effort.
We therefore begin by addressing theories of interest in order to define the term and identify

methods of enhancing and fostering interest.

In terms of definition, the literature largely focuses on two categories, individual interest and
situational interest (Schiefele, 1991; Krapp et al., 1992). Individual interest is specific to an
individual and is generally considered to be a temperament that is acquired with time. This form
of interest is stable and is typically associated with positive emotions and raised knowledge.
Situational interest is typically more short-term and is triggered by a particular experience or

environment; it is therefore generally not unique to but common across individuals.

Though only short-term, Hidi and Renninger (2006) emphasise that situational interest can stand
as a foundation from which a more stable, individual interest can develop. They propose a four-
phase model of development. Phase one involves triggering students’ situational interest, this is
then maintained in phase two, an individual interest begins to emerge in phase three and a well-
developed individual interest is present in phase four. Phases one and two are largely governed

by external factors, whereas in phases three and four, interest is more self-generated.

Despite the different definitions, both individual and situational interest involves experiences and
psychological states in an individual that are largely referred to as interest. These include
increased attention, greater concentration, enjoyable feelings, applied effort and an increased
willingness to learn (Krapp et al., 1992). However, given the nature of the two definitions and the
nature of this study, the focus here is appropriately situational interest. The embedded,
longstanding nature of individual interest makes it an unrealistic target for this study. Instead, the
researcher seeks to provide OAs that can trigger students’ situational interest, thus addressing

phase one of Hidi and Renninger’s model.

Ainley et al. (2002) acknowledge the abundance of researchers who maintain that bases for
situational interest are especially valuable among students who hold no pre-existing individual
interest in a subject (e.g. Hidi, 1990; Hidi and Harackiewicz, 2000), therefore placing situational
interest as a suitable target for those students who do not engage with physics lessons. Given that
Chapter 2.5 highlighted how many students enter secondary education with favourable attitudes
towards science that go into decline with progression through education, the researcher considers
that whereby an interest once existed, it should be possible to trigger this interest again under

suitable situational contexts.
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Various researchers emphasise a number of different methods to trigger situational interest,
though here the research pays particular attention to the examples provided by Hidi (1990) that
include novelty, surprise and unexpected events or ideas. Given that many students perceive
physics to be uninteresting or boring (Ametller and Ryder, 2014; Williams et al. 2003), which is
considered to be based on their relatively prolonged experience of the subject in secondary
education, the researcher hypothesises that if students are presented with a novel, unexpected
context in their physics lesson and an activity that they would not expect to do in their day-to-day
classroom, this deviation from the norm in conjunction with a promising context (as highlighted

in Chapter 4), could offer an effective trigger.

Context is also a key element in constructivism in that it assumes that knowledge transfer is
facilitated when students are involved in authentic tasks that are anchored into meaningful

contexts and the experiences of the learner within such contexts (Ertmer and Newby, 2013).

5.2  Self-Determination Theory
Self-determination theory (SDT) is proposed by Gagne and Deci (2005) and posits that

individuals have three basic needs that must be fulfilled in order for one to feel intrinsically

motivated. These are competence, relatedness and autonomy.

Competence is experienced when one feels capable and effective within an environment and is
therefore considered to tie in with students’ sense of confidence. SDT posits that motivation is
encouraged when one feels competent and receives positive feedback from a significant
individual that indicates such competence. A classroom environment is optimal under
circumstances whereby the teacher outwardly conveys their confidence in their students’ abilities
and also guides them towards a higher level of achievement (Stipek, 2002). This latter point in

particular places further emphasis on the importance of successful differentiation among students.

Relatedness ties in with concepts of community and belongingness discussed by Dewey (1958)
and Vygotsky (1978). Dewey in particular poses that students should function as a social group
as it is through collaboration between peers that learning takes place. SDT poses that students
experience relatedness when they feel connected with other individuals in their environment, in
the classroom this would be their peers and the teacher. When this personal relatedness is felt by
all members of a class, a community is considered to exist (McMillan and Chavis, 1986).
Osterman (2000) also emphasises a link between these basic needs and explains that when
students perceive a sense of belonging within a group they also begin to feel more competent,
both of which enhance intrinsic motivation. Johnson and Johnson (1999) emphasise how
cooperative work can not only build and maintain relationships among peers but also establish
them. As these relationships grow, improvements are also seen in student moral, commitment and

willingness to persist with set tasks.
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Autonomy is encountered when students experience an element of control over their learning
(Gagne and Deci, 2005). There is also evidence among the research that suggests this is
something students would like to see more of in their physics lessons (Angell et al., 2004).
Students are seen to be more committed to learning and applying themselves when teachers show
an interest in their opinions (Furrer ef al., 2014). Angell et al. (2004) however report that both

teachers and students indicate that suggestions from students are rarely used to guide instruction.

Given that one of the key elements of constructivism is a shift in focus from teaching to learning
(Ertmer and Newby, 2013) and thus the classroom becomes student-centred rather than teacher-
centred, autonomous learning should therefore be clearly evident among the OAs both to address
students’ basic needs and to also coincide with the emphasis on the control of the learner as

outlined by their instructional design.

5.3 Individuals’ Internal Goals

The researcher considers that the competence element of SDT is also influenced by students’ goal
orientations in the classroom. Dweck (1986) highlights how students will generally display one
of two goal orientations, performance goals or learning goals. Those who identify with the former
are of the belief that the pursuit of tasks is governed by their ability level. Those who identify
with the latter however believe that task pursuit is governed by the effort they put in. There is a
large limitation of those with performance goals in that they generally stay within their comfort
zone and do not seek challenging tasks as they believe their ability is fixed. They must be
confident when pursuing a task otherwise they will avoid it. As a result, their learning is limited

and these students struggle to expand their ability.

Students with learning goals however, will often seek a challenging task as they believe that if
they apply effort, they can succeed. This is even evident among those of lower ability as they
believe that choosing a challenging task will foster their learning (Dweck, 1986). These types of
students will also respond to failure in alternative ways. Where performance students will
attribute failure to a lack of ability, learner students will alternatively respond by increasing their
effort or adjusting their approach to a task. Students with learning goals therefore have a less
restricted view of their abilities. More recently Dweck (2016) has coined this theory ‘growth

mindset’.

It is therefore considered that lessons should focus on qualitative goals that are descriptive rather
than quantitative. Quantitative goals are more typical of educational grades that students are
familiar with. Qualitative goals however offer a less competitive target for students and are less
comparable between peers. Such a nature can potentially drive students to aim to learn something

rather than obtain a particular grade.
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5.4 The Teacher’s Role in the Classroom

Despite the instructional design of the OAs that places students and the centre of learning, the
teacher still has a critical role (Reigeluth, 1989). Various terms are used in the literature to
describe the teacher’s role, such as a guider or facilitator (Crawford, 2007). Regardless of the
term, the level of support or involvement provided by the teacher is primarily what distinguishes
the different levels of inquiry discussed in Chapter 3, and therefore too little or too much input

from the teacher can have a negative impact on students’ learning experiences.

The teacher is also the medium of instruction in the classroom, governing lesson tasks and
activities. It was therefore considered that the teacher will ultimately have a significant influence
on students’ learning experiences, regardless of the OA. That is, even if two classes completed an
identical activity, they could have different experiences based on how their teacher interprets and

adapts the activity for their delivery.

Teaching style and approach to instruction is also not the only influence the teacher has on
students’ experiences. Teacher-student relationships are also seen to be a significant factor

associated with student engagement (Roorda et al., 2011; Pianta et al. 2012).

Pianta et al. (2012) emphasise that teachers should be sensitive to their students, whereby they
are aware of and responsive to students’ individual needs, and also show regard to students’

perspectives. This former aspect is again reflective of a constructivist teacher, where students’
perspectives are acknowledged the teacher provides opportunities for students to take the lead

and have a formative role in the lesson content (Pianta et al., 2012).

The teacher is also highly involved in self-determination theory. Teachers can promote students’
feelings of competence where they express confidence in their abilities and guide them towards
higher levels of achievement (Stipek, 2002). Autonomy is enhanced when teachers attribute a
level of control to students, and relatedness not only includes a sense of belongingness among
peers but is also improved when teachers show respect and warmth towards their students (Furrer

etal., 2014).

5.5 Constructing the Framework

All of the theories discussed thus far provide a foundation for understanding influential factors to
students’ learning experiences in the classroom. Many theories consist of complementary factors
and are also seen to be correlational. For example, confidence and interest both influence
students’ engagement and learning experiences individually, but students with high confidence in
a subject are also generally seen to have a higher interest in that subject (Barmby and Defty,

2006; Williams et al. 2003).
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Having identified the key theories underpinning students’ learning experiences, the final process
before constructing a refined framework involved identifying existing frameworks within the

literature that have been used to evaluate educational OAs from a similar perspective.

What was immediately evident from this search was the wide inconsistency among the
terminology for what is described here as an outreach activity. It was apparent that not only were
equivalent elements termed differently, but there were also instances where the same terms were
used for different things. This not only created difficulties in performing the literature review but
was also indicative of the disparate research into this domain. The researcher continues to
attribute the term ‘outreach activity’ to an activity (paper or electronically based) that can be used

within a lesson to teach or learn aspects of the necessary curriculum.

It was also evident from the search that much of the literature focused on the evaluation of web-
or digital-based OAs. Although the OAs developed in this study will incorporate digital elements,
this study is concerned with the pedagogical and instructional components of the OAs rather than
technical and functionality components. However, many of the dimensions set out by such
research were considered to be applicable to both paper- and digital-based OAs as they outline
the technical as well as the pedagogical usability, therefore the researcher focused on the latter
dimensions. Six studies were identified to possess relevant dimensions in their frameworks; the

authors and dimensions are summarised in Table 6.

It is evident from Table 6 that there are several commonalities across the existing frameworks
which have been highlighted accordingly (green). Such commonalities are suggestive of the
importance of these dimensions as essential characteristics of an educational OA. Hadjerrouit’s
(2010) framework is considered to be the most applicable to this study as the majority of his
dimensions focus on pedagogical aspects rather than technical, and many of such dimensions are
relevant to the theories that have been discussed in this chapter to underpin students’ learning

experiences.

The researcher therefore adopts those dimensions that harmonise the various theories explaining
students’ learning experiences most proficiently and is also essential to an inquiry-based,
constructivist approach to learning. The following subsections therefore discuss each dimension

within the framework of this study.



Table 6 — Existing Evaluation Frameworks within the Literature

Quinn (1996) adapted by

Reeves (1994) Albion (1999) Squires and Preece (1999) Hadjerrouit (20!
Epistemology Clear Goals and Objectives ﬁfiﬁ;ﬁgﬁimmgm and () derstandability
Pedagogical Philosophy Context Meaningful to Domain Appropriate Levels of Learner Added Value

Underlying Psychology

Goal Orientation
Experiential Value
Teacher Role

Program Flexibility

Value of Errors

Motivation

Accommodation of Individual

Differences

Learner Control
User Activity
Cooperative Learning

Cultural Sensitivity

and Learner

Content Clearly and Multiply
Represented and Multiply
Navigable

Activities Scaffolded
Elicit Learner Understandings

Formative Evaluation

Performance should be ‘Criteria-
Referenced’

Support for Transference and
Acquiring ‘Self-Learning’ Skills

Support for Collaborative
Learning*

*Albion only

Control

Prevention of Peripheral
Cognitive Errors

Understandable and Meaningful
Symbolic Representation
Support Personally Significant
approaches to Learning

Cognitive Error Recognition

Match with the Curriculum

Goal-Orientation

Time
Interactivity
Multimedia

Motivation
Differentiation

Flexibility
Autonomy
Collaboration

Variation
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5.5.1 Goal Orientation
The Goal Orientation dimension was adopted from Reeves (1994), Nokelainen (2006) and Hadjerrouit
(2010), though is also similar to the Objectives dimension set out by Quinn (1996) and Albion (1999).
These authors consider goals and objectives to be vital elements of a lesson in order for students to
understand what they are aiming for and what they should set out to accomplish in order to focus their

attention (Quinn, 1996).

Goal Orientation is also relevant to the theory that describes the type of goals students approach a
lesson with relating to Dweck’s growth mindset theory. This dimension is therefore used in order to
assess whether the OAs can successfully direct students towards a more learning focused orientation

which is advantageous over a performance orientation.

Reeves (1994) and Nokelainen (2006) however focus more on the clarity of lesson goals and both
propose a continuum of its specificity. Reeves proposes a spectrum spanning from sharply focused to
unfocused, whereas Nokelainen suggests a range from concrete to abstract. Where a specific goal is
positioned on either of these continuums is, to an extent, dependent on the subject. For example,
where mathematics is a highly prescriptive subject a lesson goal may be to understand and apply
simple quadratic equations. However, in an art lesson, the goal may be less prescriptive, for example
to gain an appreciation for the work produced in the renaissance era. Reeves’ spectrum however is

considered to be most applicable to science education.

Here the researcher employs two sub-dimensions of Goal Orientation, one ranging from the type of
objective employed by the student, performance to learner and also Reeves’ continuum of the clarity

of the objectives presented in the OA.

5.5.2 Differentiation
Differentiation is a vital feature of lesson plans and classroom conduct (Ofsted, 2013). It involves
constructing the lesson content and information so that it is accessible to all students within a class
and can account for individual characteristics, such as ability, gender, language and prior knowledge
and experience (Hadjerrout, 2010). Nokelainen (2006) use the term flexibility which is considered to

be parallel to differentiation.

The differentiation dimension is considered to hold relevance to a number of theories underpinning
students’ learning experiences. For one, effective differentiation is deemed important in enhancing
students’ sense of competence set out in self-determination theory and confidence described in
Chapter 2. By tailoring a lesson or activity to the individual needs of students, it is considered that
they are less likely to be faced with struggle or failure and are subsequently able to thrive in the
lesson. Differentiation also ties in with the Goal Orientation dimension in that all students should be

presented with a goal that is suitable for them, that is realistic but challenges them.
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Ofsted (2013) found that in key stage 4, the majority of teachers were relying on student sets to
differentiate by ability and were not taking suitable measures to accommodate for within class
differences. However, in instances where Ofsted did see teachers accounting for within class
differences, effective differentiation was seen to be the most effective method of raising achievement

1n science.

This dimension therefore assessed how effectively the OAs were able to accommodate for
differentiation both between classes and between individuals. Though Reeves (1994) proposes
continuums within his framework, Differentiation is not a dimension he included. The researcher
therefore proposes a continuum that spans from unaccommodating, denoting that needs for the
majority of students within a class are not met, to accommodating, where all students’ needs are

sufficiently met.

5.5.3 Student Autonomy
Student Autonomy is a dimension coined by Hadjerrouit (2010) though is also used in the frameworks
of Reeves (1994) Squires and Preece (1999), and Nokelainen’s (2006) under the term Learner
Control. Student autonomy is an important aspect of inquiry-based learning within the constructivist
domain and also one of the three basic needs according to SDT (Gagne and Deci, 2005). Ertmer and
Newby (2013) highlight the shift in focus from teaching to learning and that there is an emphasis on

control of the learner with this approach.

This dimension therefore assesses how much control is in the hands of the students. Hadjerrouit
(2010) describes autonomy as the ability for students to acquire relevant knowledge, independently
and without sole reliance on their teacher. The continuum set out by Reeves (1994) ranges from non-
existent to unrestricted however given that all students will experience the same OA, variations in
autonomy will depend largely on implementation style by their teacher. The researcher therefore
wanted the teacher’s role to be more evident in the description, and so the continuum instead was
chosen to range from dependent to autonomous. Where dependent signifies that students are entirely
reliant on the teacher for their learning and autonomous indicates that learning is entirely student-

centred.

5.5.4 Collaborative/Cooperative Learning
Classrooms, by design, are social environments. In every classroom that a student experiences, they
will have social interactions with the teacher, their friends and all other students whom they may not
have friendships with (Urdan and Schoenfelder, 2006). School is not merely an environment whereby
students seek to meet performance and achievement needs, but also seek needs of membership and
involvement (Gagne and Deci, 2005; McMillan and Chavis, 1986). The value of
Collaborative/Cooperative (C/C) Learning was first emphasised by the highly influential
educationalists in the early 1900s, John Dewey and Lev Vygotsky. Although they had different views
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of education and learning, both conceptualised learning as a social process. Dewey (1958) in

particular emphasised that it is through collaboration that learning occurs (Osterman, 2000).

This is another dimension adopted from multiple authors, Reeves (1994), Quinn (1996), Albion
(1999), Hadjerrouit (2010) and Nokelainen (2006), and is described by the latter two authors as a
process whereby students work together in order to reach a common goal. The researcher also
considers that students who have highly performance oriented goals are likely to be more competitive
than those with learning oriented goals, and will also more likely compare themselves to their peers.
However, students working either cooperatively or collaboratively is deemed to be a more supportive
environment where students are focused on working together towards a common goal. Johnson and
Johnson (1999) also highlight that cooperative group work can help students to establish and maintain

relationships, which brings us back to self-determination theory and the need for relatedness.

The researcher acknowledges an importance in clarifying the difference between cooperative learning
and collaborative learning. Here, the researcher regards the former definition as an environment where
students help one another and form a supportive environment. The latter definition is denoted by

students specifically working together to reach a common goal.

It is considered that where a classroom activity encourages or even requires students to work
collaboratively or cooperatively, students’ sense of belonging is fostered or enhanced and the
classroom holds a greater sense of community (McMillan and Chavis, 1986; Osterman, 2000).
Juvonen et al. (2012) anticipate that where students feel socially connected and supported in school,
more positive predispositions are promoted in school and classrooms in general and student

motivation towards academic activities is promoted.

Reeves’ (1994) spectrum of cooperative learning spans from unsupported to integral. The OAs were
developed to support cooperative and collaborative learning however what actually occurs was
dependent on both the teacher’s implementation and the interrelationships among students. The
continuum used instead therefore ranged from independent, where students work solely individually
and do not confer with their peers of any level during the lesson, whether academically or socially, to
collaborative. This is apparent when students discuss ideas, work together towards a common goal

and support each other both academically and socially.

5.5.5 Context Novelty
Context Novelty was the single dimension that was exclusive to this study and not adopted from an
existing framework. Context Novelty describes elements of an OA that are unexpected and novel to
students. Though there are myriad OAs available for students and teachers to apply in lessons, many

are much of a muchness and do not necessarily apply a novel context to the everyday curriculum.
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Though the content coincides with the familiar physics curriculum, the context was anticipated to be

less familiar or expected.

The researcher adopts the opinion of Hidi (1990) whereby presenting students with a novel lesson
activity that they have never experienced and may not even expect to experience in the classroom, this
can act as a trigger point for situational interest. A central characteristic of the OAs in this study is the
astronomy context they apply to the physics curriculum in an effort to enhance students’ learning
experiences and stimulate their interest in the physics lesson. It is therefore crucial to assess the

effectiveness of this context and the responses it triggers from students.

As this dimension was not present in any existing frameworks, a suitable continuum needed to be
conceptualised. Given that the purpose of a novel context was to trigger students’ interest, the
continuum appropriately spanned from boring to interesting. Where students showed little or no
interest in the context and did not appear to be curious about the topic, this would signify boring,
however where students appeared interested in the topic, showed enjoyment and were curious about

it, they were be considered to find the context interesting.

5.5.6 Teacher Role
Interestingly, the Teacher Role dimension was only evident in Reeves’ (1994) framework. It is
believed that other frameworks did not include a teacher-related dimension as they focused on an OA
that to an extent, made the teacher redundant other than for behavioural management and assisting
with computer and technical aspects. However, here the researcher still considered the teacher’s role
to be integral, as everything that takes place in a lesson is based on the decisions of the teacher. Part
of the focus of this study was therefore to investigate the teachers’ influence on the OA and how
implementation varied from classroom to classroom. It is for this reason that this is the final
dimension within the evaluation framework. Though the framework is used to evaluate the
educational OAs in this study, many of the dimensions will be highly influenced by the teacher’s
implementation method. For example, even if an OA offers the opportunity for
cooperative/collaborative learning among students, the teacher still has authority to neglect this

opportunity or maintain that students work individually.

Reeves (1994) describes the teacher’s role to vary from didactic to facilitative which is again largely
influenced by their pedagogical approach and is interchangeable with the student autonomy
dimension. A constructivist teacher should be facilitative whereas those who follow a more traditional
approach will behave more didactically. Typically where student learning is autonomous, the
teacher’s role is facilitative, they guide and assist students in their learning but they do not entirely
govern it and the classroom is largely student-centred. Where the teacher’s role is didactic, it is they

who are seen as the centre of the classroom. This approach is used to describe scenarios where teacher
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dictate a series of facts to students for them to remember and students have no control over their

learning.

However, the Teacher Role dimension is a two-sided coin. The continuum of didactic to facilitative is
not only used to describe teachers’ pedagogical approaches but also their relationships with their
students. A didactic teacher is therefore considered not only to be didactic in their teaching but is also
considered to be detached from their students, denoting the absence of a more personal relationship
between them. A facilitative teacher on the other hand, not only places students at the centre of
learning but also knows them on a personal level and individually. Where a teacher has built personal
relationships with their students and has an awareness of their individual needs and capabilities, it is

anticipated that this will also influence the Differentiation dimension.

5.5.7 Determining Overall Effectiveness
This chapter has set out six key dimensions that are employed in the construction of a framework that
was used to evaluate students’ learning experiences with a specific set of educational OAs. A
continuum spanning from one extreme to another has been described for each dimension, this is a
technique that is adopted from Reeves (1994) and used as a means of providing a visual
representation of the overall effectiveness of the OAs in terms of each individual dimension. A
summarising diagram of these continuums is therefore provided not only for each OA overall (see
Chapters 10 and 11). The integral role of the teacher was highlighted in the preceding chapter and
therefore it is expected that teacher implementation will cause positions on the continuums to vary

from classroom to classroom for each given OA.

5.6 Summary

This chapter has justified the necessity for an evaluation framework in order to refine the substantial
amount of data that is collected through mixed methods and through an inductive, goal-free approach.
In assembling such a framework that guides the methodology and analysis of the study, this chapter
has discussed the relevant theories that underpin our current understanding of students’ learning
experiences. The final framework is composed of seven dimensions, six of which have been adopted

from existing frameworks within the literature and one that is entirely unique to this study. These are:

Goal Orientation

Differentiation

Student Autonomy
Collaborative/Cooperative Learning
Context Novelty

Teacher Role

Overall Effectiveness
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These dimensions were chosen based on their relevance and applicability to the study’s research
questions and are considered to be key to understanding what makes an effective OA according to the
defined criteria (see Chapter 4) and that promotes positive learning experiences for students and ease

of implementation for teachers.
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Chapter 6

Methodological Design

This chapter argues and justifies the decision for this research study to follow a multiple-case study
design. This takes the form of a pre- and post-test, mixed method approach with a sequential
explanatory design (Creswell, 2003; Johnson and Onwuegbuzie, 2004; Teddlie and Tashakkori, 2009;
Cohen et al., 2011).

Here, the nature of the research is set out in terms of its epistemological and ontological foundations,
and a detailed description of the research design and procedures for participant recruitment is

provided.

6.1 The Researcher: Predispositions, Beliefs and Biases

This chapter begins by setting out the predispositions of the researcher, including her educational
experiences as a student herself. This is done so that the reader can understand the motivations that
led the researcher to pursue this particular research study and her beliefs in terms of how education

should be delivered and received.

The necessity to clarify such dispositions becomes clear as this chapter progresses into descriptions of

the nature of this study and why such approaches were taken.

Prior to pursuing this research study the researcher’s education was primarily scientific, obtaining a
BSc in Astronomy in 2014. However, in the early years of secondary education, science was not a
subject the researcher regarded with particular interest and was a fairly average student in terms of
performance. When it came to choosing GCSE subjects, it crossed her mind to pursue triple science,
but there were other subjects she was more competent in and no one had really expressed how
beneficial the triple science course might be. As a result she pursued additional science and it was not
until the second half of year 10 that the she started to gain an interest in science and doubted her
decisions against triple science. One of the physics lessons touched upon areas of astronomy, and her
attention was drawn. At this point, the researcher began to focus a lot more in all aspects in the
subject. The more she applied herself to physics, the more she realised she found it interesting and
actually understood it, even in areas where she had less interest, she continued to work hard. This

eventually transferred to her other science classes, chemistry and biology.
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Reflecting on theories of individual and situational interest, the researcher considers that her own
experiences could be reflective of Hidi and Rinninger’s (2006) four-phase model of interest, whereby
a trigger of situational interest eventually developed into a sustained, individual interest. In
conjunction with a change in interest, the researcher’s grades improved significantly and at the point
of the first set of GCSE exams sat in the summer of year 10, she achieved an A grade. By the end of

year 11 when the second half of the exams were completed, she progressed to an A*.

Despite this performance improvement and noticeably improved attention, none of it was
acknowledged by her teachers. When it came to selecting A-level subjects, again, no advice or
suggestions were made. However, now that certain areas of science had sparked her interest she made
the decision to carry physics and biology (among other subjects) into A-level. Though the difficulty of
the subjects increased greatly, she was not deterred from her fascination in astronomy. Eventually
after completing her A-levels, she went on to higher education and graduated with a BSc in

Astronomy with First Class Honours.

After graduation, the researcher looked into carrying out some volunteer work in science outreach.
Registering as a STEM ambassador, this allowed her to volunteer at a variety of science events for
various audiences such as schools and the general public. She volunteered with the Oxford Museums
and also at a local library for a summer reading challenge for children. The researcher found this
experience of working with a variety of audiences and seeing all the different mediums of learning,

particularly interesting.

When working at science festivals, she discovered that whilst communicating general aspects of
science, she was often able to apply it to contexts of astronomy and space. Not only was this her area
of expertise, it seemed to trigger interest in people she spoke to. When an opportunity was presented
to develop a series of astronomy-based educational materials and carry out some research, it naturally

seemed like the perfect combination.

It was not until around this point that the researcher began to reflect on her previous experiences in
education that she realised how little guidance she had received from her school and teachers, both
when she was an average student and when she was a high performing one. This became a great

frustration and she believed that everyone should be encouraged to pursue a subject if they have an

interest in it.

In hindsight, the researcher’s pursuit of physics and astronomy was entirely self-driven and had it not
been that something sparked her interest, it would not have carried her through her particular
educational path. The researcher therefore believes that greater attempts should be made to foster
interest in physics and a wider variety of contexts should be applied to the physics syllabus content in

efforts to do so.
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When transitioning into the PhD, the changeover from physical science to social science was very
different and an almost entirely unfamiliar concept. Given the experience of the researcher, it would
perhaps be expected that the researcher would follow a positivistic stance in the educational research,

due to its similarities to research in the physical sciences. However, the opposite was desired.

Coming from a background of looking at data and observations of galaxies, the research was
primarily black and white and largely objective. When the focus of the researcher turned to
interactions and engagement among human participants, the researcher felt that such separate fields
should not be studied with equivalent approaches. In order to successfully cross into this new research
field, it was decided that the approach should also change. To fully recognise the difference in the
nature of the two subject matters, it was felt that the tendencies and dispositions of the researcher

when approaching research must also be altered accordingly.

Coming into the study the researcher had a clear lack of professional experience in this research area.
Though she had experience of delivering workshops at CPD and teacher training events, perhaps the
richest experiences were of being a student herself and learning science at secondary school. It was
merely these experiences that the researcher held when designing the OAs used for implementation in
this study. The researcher therefore began this study with a very different perception of how
implementation may take place. For example, activities were much more involved, requiring even
greater input from students and would have needed more than one lesson. Given that the majority of
her experiences of education were that of being a student herself, her perspective was weighted
towards student experiences. However, upon immersing herself in the classroom environment and
spending time with teachers; going through their timetables, it became increasingly clear just how
pushed teachers are for time and how each lesson is crucial and students must walk away from it with
something that they will use in their exams. This led her perspective to shift towards the teachers and
the researcher began adjusting OAs to fit within a one-hour lesson and to condense as many learning
opportunities as possible into this time frame. Though teachers were still informed of all the directions
the OAs could take, they were typically suggested as extension activities and evidently in no groups

were they carried out in allocated lesson time.

Following an approach that placed her almost as a participant within the research environment, and
subject to the same experiences as both the students and teachers, provided the best opportunity to
develop this limited knowledge and understanding of educational research, pedagogy and classroom
practice. The researcher no longer positioned herself as an outside observer who controls the variables
of the research environment, but was instead immersed within the environment of almost infinite

variables which are experienced freely.
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6.2 The Nature of Research

Having set out the experiences, beliefs and predispositions of the researcher, we are brought to the
nature of the study and the underpinning philosophical assumptions (Cohen ef al., 2011). Such
assumptions stem from the epistemological and ontological predispositions of the researcher and are

critical before beginning the research process.

Epistemology describes the process of gaining knowledge, its nature and how it is validated (Gall e?
al., 1996). One who considers knowledge to be objective and is akin to procedures of the natural and
physical sciences is considered to be positivistic in their research stance. The purpose of positivist
research is to either prove or disprove a given hypothesis, with an emphasis on the scientific method,
statistical analysis and generalizable findings (Mack, 2010). Positivists are therefore much more
regimented, and often follow purely quantitative methods (Cohen et al., 2011). Results are typically

expressed in terms of global laws and generalisations.

One who perceives knowledge to be a subjective, personal endeavour and who insists on an
involvement with their subjects is considered a constructivist or interpretivist. They argue that a
researcher can only understand an individual’s behaviour upon sharing their frame of reference and
that the social world can only be understood by an individual who is part of the ongoing environment
(Cohen et al., 2011; Burrell and Morgan, 1979). Gall et al. (1996) make the point that ‘reality’ is
constructed differently by different individuals, therefore every individual lives a slightly different
reality based on their experiences, predispositions and internal beliefs. A researcher experiences the
subject phenomena from within the environment, through direct experience rather than as an external,
detached observer (Mack, 2010) and theories are consequently built from the bottom, up. The
researcher gathers individual perspectives from participants and from these, identifies broad patterns
which eventually generate broad understandings (Creswell and Plano-Clark, 2011). This is given the
broader term of phenomenology, in which one sees behaviour as determined by the phenomena of
experience rather than by external, objective and physically described reality (English and English,
1958). In Chapter 3, the researcher set out a specific definition of constructivism which is the
instructional design followed by the OAs of this study. This same definition is carried into the
research methodology whereby the researcher’s understanding of the research phenomenon and
environment, occurs as a result of her experiences within it. Knowledge and understanding that
addresses the specific research questions of this study are yielded by an experiential and reflective

process.

Galda (2017) emphasises that where positivistic research seeks to eliminate potential biases,
constructivist research, or more generally, qualitative research, does not desire to do so. The
researcher is integral to the research process and therefore emphasis should instead be placed on their

transparency and reflexivity. The constructivist approach therefore emphasises the importance of
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disclosing all personal beliefs, values and predispositions that were set out in Chapter 6.1 and shapes

the research inquiry and interpretations drawn (Creswell and Miller, 2000).

The researcher also applies inductive reasoning to such interpretations. This is an approach whereby
the study presents a broad area of investigation and concepts and themes are derived from the
researcher’s interpretations of raw data, rather than from a pre-defined hypothesis (Thomas, 2006).
Given that this study did not seek to test an existing theory but instead develop one around students’
learning experiences, a deductive approach is not suitable (Elo and Kyngis, 2008). Inductive

approaches are much more open-ended and thus well-suited to exploratory research (Trochim, 2006).

The researcher therefore narrates and describes the research process as it happens and as a theory
emerges it is revisited and reformed as more and more data comes to light and experiences of the

researcher grows, thus influencing interpretations through reflexivity.

This “goal-free” approach (Scriven, 1991, p.56) also ensures that actual effects are measured and not
just those intended or expected. As a result, less data is likely to be ignored than it would be for goal-
directed, deductive approaches. The researcher considers this to be particularly important and believes
that new theories cannot develop without these unanticipated effects and the presence of new,
unpredicted data. This is believed to be particularly important in this study where the researcher has
limited knowledge and experience in the research field. A goal-free approach therefore permits more

thorough reflexivity.

Ontology describes one’s view of reality and being (Mack, 2010) and is therefore concerned with the
nature of the social phenomena which is under investigation (Cohen et al., 2011; Burrell and Morgan,
1979). Although separate, an individual’s ontological position ties closely with their epistemological
beliefs, here the researcher considers a subjective reality, believing in multiple realities which are
dependent on the perspectives of participants and observers (Creswell and Plano-Clark, 2011). This is

contradictory to a positivist’s belief in a single, objective reality.

Hitchcock and Hughes (1995) maintain that the human world cannot ever be a world in itself. Instead,
it is a world that is experienced and related to a conscious subject. Data is incapable of speaking for
itself and instead it comes from the researcher’s interpretation who cannot possibly observe a
phenomenon without altering it in one way or another (cf. quantum mechanics). Lincoln and Guba
(1985, p. 37) eloquently describe this, “The inquirer and the “object” of inquiry interact to influence
one another; knower and known are inseparable.” Words and numbers are simply symbolic
representations of the real-world (Hitchcock and Hughes, 1995). Knowledge is not gained through an
objective ontology and epistemology but instead through a living experience of reality. The researcher
thereby agrees with the interpretivist argument that an objective description of reality is not possible
and that the observer’s descriptions are tinted by their individual understanding of reality in historical,

cultural, ideological, gender-based and linguistic terms (Sandberg, 2005).
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Particularly in the context of an educational study, where by its very nature, presents an infinite
number of variables and perspectives that could all point to different assumptions and conclusions.
Here, educational research is considered to be bound by time and context and subsequently more
suited to constructivism as it contests the positivistic notion of generalisability. No two classrooms are
identical and a class of 30 students and one teacher represents 31 different perspectives of reality, all
of which are equally valid. These perspectives will vary according to, inter-alia, students’
backgrounds, their lives outside of school and their social class. The teachers will vary in their years
of experience, their education, their pedagogical predispositions etc. Schools also have their own

characteristics and priorities such as exam results, student satisfaction and pedagogical approaches.

Having said this, it is still important that the research can contribute to field of educational research
and offer relevance beyond the confinements of this study alone. The researcher therefore focuses on
an alternative definition, transferability. Transferability places a much greater emphasis on the
contexts and circumstances of research and is a common substitute for generalisability made by

constructivist researchers.

For such reasons discussed, it was considered that a constructivist approach that applies inductive
analysis to identify themes among raw data and build towards a new theory was the most suited to the
researcher and the context of this study. Although it could be argued that a positivist approach could
lead to more defined answers, by its nature it was considered to be too restrictive for a goal-free
research scenario with no pre-defined hypothesis and that investigates such a diverse research
scenario that is presented by the uniqueness of each individual environment and participant within this
study (Cohen et al., 2011; Burrell and Morgan, 1979). It is also considered that as the study delves
into students’ experiences, this is a highly complex, multifaceted construct that in itself is subjective.

An objective, positivistic approach therefore does not marry with the subject matter of the study.

In conjunction with this approach, instead of assuming the role of a tester or examiner who performs
research on their participants (positivist), the researcher adopts the role of learner, who immerses
themselves within the environment, learning with the participants (Ryan, 2006). Where positivism
upholds that the scientist, or researcher, observes an objective reality, x led to y, the constructivist
applies less of a focus on the results themselves, that is, not solely that x led to y but more on the
underlying processes between x and y, specifically, why did y occur? What took place along the way
and what circumstances and processes are likely to have led to y. Thus, the researcher does not solely
investigate what happens, but also zow and why it happened. Nonetheless, the research is mixed
methods that utilises objective quantitative measures, thus the researcher was still able to highlight the

overarching element of whether x led to y.

Due to the constructivist epistemology of the research, the subjective nature of the researcher’s

interpretations and the problem of generalisability in educational settings, it was important for the



&3

researcher to be immersed in the research context and environment in order to gain a first-hand
experience of events and processes that surround x leading to y. This meant that rich, detailed
descriptions could be produced in the data evidence and the reader can understand the context of
events and how they might transfer to different classroom environments. This process enhances the
transferability of the findings as it allows the teacher to better understand the context and
environmental components of implementation, thus allowing them to identify the commonalities and
differences of such scenarios with their own classroom. The data therefore possesses more of a

narrative than a concise list of findings. This is discussed in greater depth in Chapter 8.

However, given that constructivism is built around the experiences and interpretations of the
researcher, this introduces substantial levels of bias. To address the bias of the researcher’s
interpretations of data, reflexivity (Cohen et al., 2011; Gall et al., 1996; Symon and Cassell, 2012) is
applied. Given that with constructivism the researcher stands as the key lens through which data is
analysed and interpreted, such processes stem from pre-existing understandings, dispositions and
values. Interpretations then build and evolve gradually through increased experience and maturation
of the researcher (Bruner, 1986). Gall ef al. (1996) discuss how a single object can represent multiple

social realities depending on how it is interpreted by an individual.

Alvesson and Skoldberg (2009) break down reflexivity into two components: interpretation and
reflection. Interpretation acknowledges that the interpretation of the researcher is not merely an
analysis of evidence and data but is influenced by additional elements such as their internal values,
political positions and use of language. Reflection is central to the researcher and how they must also
acknowledge themselves in terms of their research community and both their intellectual and cultural
customs that will also guide the research. Reflection becomes a form of interpretation and is what

makes the research reflexive (Symon and Cassell, 2012).

Appropriately with the nature of this study, the predispositions of the researcher have been
highlighted before the data collection is described (Sandberg, 2005). This provides a background and
baseline for the interpretations that are later made in the analysis so that the reader has a clearer

understanding of the analysis and interpretation processes.

6.2.2 Summary
Given the circumstances, this study applies a constructivist epistemology that is complemented by an
inductive, reflexive approach to analysis and goal-free evaluation. As highlighted, the researcher
developed the educational OAs with a strong background in astronomy and science, but limited
experience in education. Although previous literature has been reviewed and the researcher has
previously participated in delivering astronomy-based workshops at various teacher-training events,
the majority of her experiences are as a student herself. A specific hypothesis cannot be generated

where little experience is held by the researcher in regards to the theory behind the process. This
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places the researcher as a learner within the research environment, who discovers the underlying
processes along the way and through their experiences with the participants. These experiences are
thoroughly narrated and evaluated along the way in order to build a theory around them. This ‘diary’
method allows the reader to follow the researcher’s train of thought. It is also helpful in limiting the
danger of the researcher distorting evidence and data due to unconscious biases (Verma and Mallick,
1999). Researchers will typically hold some hope that the findings will point in a particular direction.
For such an in-depth, personal approach, with data collection methods that are highly qualitative,

there is a risk that responses could get misinterpreted, due to this desire to find a particular result.

However, despite the largely open-ended constructivist approach of this study, it still held a specific

focus with particular research questions.

6.3 Research Questions

This study investigates secondary school students’ perceptions of their learning experiences in physics
at school and during the implementation of educational OAs developed around an astronomy context
and an inquiry-based pedagogy. Due to the nature of this study and the epistemological assumptions
of the researcher, research questions posed by this study do not set out to simply ask ‘do” and ‘what’

questions but instead ask the ‘how’ and ‘why’ behind the specific outcomes that come to light.
The study has four key research questions:

1. How are students’ perceptions of positive learning experiences promoted within a physics
lesson?

2. How does teachers’ planning and delivery of the Down2Earth and Hubble outreach
activities influence students’ learning experiences?

3. How does the implementation of the Down2Earth and Hubble outreach activities reveal
the opportunities and limitations they lend to students’ learning experiences?

4. What are the implications for the future development and utilisation of physics outreach

activities for developers and teachers?

This chapter will detail the methods that are considered to be most suitable for answering these four

questions in line with the nature of this study.

6.4 Research Design

The defined nature of the research is used to guide the research model that is followed throughout this

study. Research in the social sciences has developed and progressed significantly since its foundation,
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and various research models have evolved. These models create a foundation of concepts and
techniques that guide a research study (Hitchcock and Hughes, 1995). There remains an ongoing

debate in the literature around which model is the most appropriate and under what circumstances.

This research study will follow a pre- and post-test mixed method approach through a sequential
explanatory, multiple-case study design (Johnson and Onwuegbuzie, 2004; Creswell, 2009; Teddlie
and Tashakkori, 2009; Cohen et al., 2011). The following subchapters break down the three

components of this study’s design and argues the suitability of each.

6.4.1 Mixed Method Approach
In terms of the mixed method element, this is an approach that has emerged over the last 20 years
(Teddlie and Tashakkori, 2009) and combines quantitative and qualitative research paradigms into
one study (Creswell, and Clark, 2011; Johnson and Onwuegbuzie, 2004; Teddlie and Tashakkori,
2009; Cohen et al., 2011). Johnson and Onwuegbuzie (2004, p. 14) describe the approach as “the

third research paradigm in educational research”.

Muijs (2004) describes quantitative approaches as processes that explain a particular phenomenon
through numerical data collection such as tests and closed-questionnaires. Quantitative research is
seen as an objective approach to social phenomenon (Firestone, 1987; Teddlie and Tashakkori, 2009)
and is well suited to studies that test hypotheses and measure numerical change (Muijs, 2004). It is
therefore recognised as the reciprocal of positivistic research. Although the researcher considers
quantitative approaches to be valuable in identifying the ‘big picture’ and useful in informing other
inquiries, entirely quantitative approaches are not considered to be compatible with the nature of this

study or capable of fully addressing the necessary ‘how’ and ‘why” aspects.

Alternatively, qualitative methods collect non-numerical data, typically through interviews,
observations and documentation (Denzin, 1978; Punch, 2009), and take a more subjective stance to
research. Interviews provide a medium to access individuals’ perceptions, understandings and
constructions of reality (Punch, 2009). Jones (1985) explains that in order to understand something,
participants must be able to express their views in their own way, rather than through a restricted and
closed format such as that offered by a questionnaire. With particular regard to educational research,
Erickson (2012) underlines the necessity for qualitative methods when looking for detailed

information and to identify and understand changes with time.

The third mixed method paradigm first originated from Campbell and Fiske in 1959 who applied a
“multimethod matrix” to investigate the validity of psychological traits (Campbell and Fiske, 1959).
They argued that triangulation of mixed methods in validation processes strengthens validity and

yields results that are not possible from singular methodological procedures (Johnson ef al., 2007).
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Denscombe (2008, p. 272) highlights various qualities that are achieved through a mixed methods

research design. Those that are of particular relevance to this study are:
1/. To improve the accuracy of data

2/. To provide a more complete picture of the subject through combination of different

sources and methods
3/. A way of compensating for and overcoming limitations of single method approaches
4/. A way of developing analysis procedures and expanding on findings from initial phases

This third paradigm reflects a world that is neither entirely quantitative nor entirely qualitative (Cohen
et al., 2011). Instead it is a combined and complimentary approach that presents the best prospect for
addressing research questions and gathering useful answers (Johnson and Onwuegbuzie, 2004;

Ivankova et al., 2006).

It is this third mixed methods research paradigm that was considered to be most applicable to this
particular study. There are two key points in the rationale of this decision. For one it offers an avenue
to combine two separate paradigms that can surmount the limitations of single method approaches. As
a result, we are provided with a more holistic understanding of the subject phenomenon (Johnson and
Onwuegbuzie, 2004; Ivankova et al., 2006; Denscombe, 2008; Greene, 2008). Secondly, Chapter 6.1
emphasises that where the researcher was transitioning from the field of astronomy into that of social
science she considered that shifting her approach to research could enable a smoother, more informed
transition. Accordingly, where the researcher is immersed within the research environment and
obtaining mixed sources of evidence, it is considered to be advantageous in developing her
understanding of school settings and enriching her interpretations through reflexivity of her

experiences.

6.4.2 Sequential Explanatory Design
The use of a mixed method approach also allows for a sequential explanatory design. This is a term
coined by Creswell and Plano-Clark (2011) who describe a series of sequential and concurrent
strategies for carrying out mixed method research. Sequential strategies involve multiple phases of
data collection, beginning with one method (either quantitative or qualitative) and then following with

another at a later time.

Sequential methods can be either explanatory or exploratory, depending on the sequence of methods
(Creswell and Plano-Clark, 2011). Where exploratory methods implement qualitative methods first
and follow these with quantitative methods in order to seek a generalisation of their initial results, an
explanatory method implements the quantitative phase first and then applies a qualitative phase in

order to understand the patterns in the data and the reasons behind such findings. A sequential
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explanatory design is therefore much more reflective of the nature of this study that set out to
implement quantitative questionnaires in order to assess the ‘big picture’ of students’ learning
experiences. This was then complemented with qualitative classroom observations and followed up

with focus groups that were informed by the quantitative data.

Once all the data had been collected, quantitative and qualitative data was initially analysed
separately, and a between-methods triangulation of this data was carried out (Denzin, 1978) that fed
into the evaluation framework described in Chapter 5. The researcher (as with others) is of the belief
that between-methods triangulation is a stronger approach when compared to within-methods
triangulation (multiple uses of a single qualitative or quantitative method), as it is not limited by its
paradigmatic approach. Often it is found that the deficiencies of one method are the strengths of the

other (Denzin, 1978; Johnson et al., 2007).

6.4.3 Case Studies
According to the English Oxford Dictionary (2018), a case study is defined as:

A process or record of research into the development of a particular person, group or

situation over a period of time

Stake (1995, p. xi) describes a case study as a study of the “particularity and complexity” of a given
case and the search for detail and understanding of its activity in particular circumstances and
interaction within particular contexts. Case studies are therefore highly in-depth procedures and what
they lack in breadth they make up for in depth. Yin (2009) considers case studies to be well suited to a
mixed method approach as they have a unique strength that allows them to deal with a variety of
evidence and formats of data (Yin, 2009), therefore providing a strong foundation to gather data of

both quantitative and qualitative strands.

Stake (1995) posits that case studies, although guided by specific research questions, do not benefit
from a rigid structure and should be flexible in order for the researcher to make changes throughout
the process. He justifies this stance by drawing on notions from Parlett and Hamilton (1972) who
argue that the course of which a study takes cannot be known beforehand (Yazan, 2015). This idea of
a flexible design was also believed to be compatible with inductive reasoning and reflexivity that was
implemented in this study. Given the initial limited experience of the researcher in educational
research, her understandings and interpretations of school environments evolved rapidly as her
exposure to such settings dramatically increased. This in turn informed the future direction of the

study and allowed for the gradual development of a theory.

Although case studies are well established in qualitative educational research, there is no unanimous
agreement on how they should be designed and implemented (Yazan, 2015). Different dispositions

are again largely based on the epistemological beliefs of the researcher. Two esteemed case study
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methodologists are Yin and Stake, where Yin employs a predominantly positivistic view, Stake is a
constructivist. It is therefore Stake’s propositions that were deemed the most applicable and
complementary to the nature of this study. Though despite various epistemologies, advocates largely
agree on the advantages of case study research. Their ability to deal with questions that address
operational events that occur over time, qualify case studies in education a much deeper, more
personal perception of both teaching and learning, thus helping towards unravelling the opinions and

behaviours of both teachers and students (Verma and Mallick, 1999).

However, as with most approaches, case studies are not without their limitations and due to their
small, isolated samples, they are most commonly criticised for their inability to generalise. However,
as touched upon previously, this study seeks to offer transferability rather than generalisability and
thus requires the researcher to acknowledge contextual factors within the research environment. A
case study design is well-suited to such a requirement as it allows the researcher to interrogate the
scenario more deeply, thus achieving a richer understanding of underlying constructs of students’

learning experiences than could be achieved in a broader, less intensive approach.

Verma and Mallick (1999) maintain that the utmost advantage of a case study design is its venture to
understand an individual as a whole, with relation to his or her environment. In this context, the
individual OAs (Down2Earth and Hubble’s Expansion of the Universe) stand as the cases, and the
aim is to understand students’ learning experiences in terms of their everyday physics lessons and

how they respond to the educational material provided in implementation.

This study therefore addresses ‘how’ the educational materials are implemented and ‘how’ and ‘why’

they induce particular learning experiences among the students.

Cohen et al. (2011, p. 54) emphasise that educationalists are not merely interested in ‘what works’,
but also ‘why’ and ‘how’ it works, for whom and under what given circumstances. This is summarised
in the nature of the research questions this study sets out. However, a common misconception of the
case study design is that it is simply a description of an individual, event or a situation; and could also
be argued the case of Scriven’s goal-free evaluation. However, this is countered by Verma and
Mallick (1999) who emphasise that the focus of a case study is instead on the interactions between
these three factors. Hitchcock and Hughes (1995) also stress that case studies concentrate on
understanding how particular situations and events converge to create particular outcomes. This was

particularly applicable to this study’s framework dimensions many of which were closely related.

These key features position the case study as a strong design format for this educational study.
However, these arguments from Verma and Mallick (1999) and Hitchcock and Hughes (1995) are not
a given, but was the responsibility of the researcher to ensure the case studies were not mere

descriptions, but clearly laid out the relationships between the individuals, the event and the scenario.
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In terms of the two cases in this study, as investigation focused around the implementation of different
OAs, a clear separation had to be defined. The Down2Earth and Hubble OAs are very different, are
designed for different audiences and apply to different areas of the physics curriculum. They therefore

cannot be analysed or evaluated collectively and must instead be separated.

Therefore, each case (OA) is implemented across a number of groups, (typically classes from
different schools). Both quantitative and qualitative data collection methods were employed for each
case and for each group, permitting the investigation of more complex scenarios. In turn, this

expanded both the breadth and scope of the case study (Townsend, 2015).

6.5 Recruiting Schools, Teachers and Students

Overall, this study recruited 11 groups of participants. Of these groups, nine were a standard school
class and of the other two, one comprised of students from the same school across different year
groups and the second were students from different schools but were in the same year group. This
study primarily (though not exclusively) employed opportunity sampling in order to recruit
participants. This method involves recruiting people from the target population that are willing to take
part. This method of sampling is common in educational research as it is one of the more convenient
methods. As this is a small-scale initiative, teachers are the gatekeepers to the students and classroom
and therefore need to be willing to participate and dedicate their lesson time to the study and

implementation of the OAs.

It is recognised that this method presents several limitations. Participants are of a biased sample that is
not representative of the entire population. For example it could be that only teachers from high-
performing schools would be comfortable in taking part and committing their lesson time to an
alternative teaching method. It could be that such teachers are already applying measures to ensure
that they are delivering innovative lessons and actively seek new OAs and alternative teaching
approaches and mediums. Alternatively, lower-performing schools that are faced with a larger
pressure on accountability and performance are likely to be more resistant. However, the
demographics of the participating groups are described in Chapter 6.7 and it was seen that this was
not necessarily the case. What’s more, and reducing the bias of the participants in this study, is that
the Educational Achievement Service (EAS) in Wales, (an organisation intended to improve the
standards of education across South East Wales), took an interest in the study and recruited several
schools on the researcher’s behalf. These school were therefore not necessarily entirely willing but are

merely encouraged to follow the guidance of the EAS.

Elements of purposeful sampling were also used. This is an approach that is typically applied when

the researcher seeks to select scenarios that are “information-rich” (Gall et al., 1996, p. 218). It is
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therefore more typical for small-scale qualitative studies, where the purpose of data collection is to
foster a greater understanding of the subject phenomena. A broader range in participant groups
(schools or classes) also enhances the transferability of research findings and increase the likelihood
of teachers identifying scenarios within the study that are applicable to their own classroom. In this
instance, schools with varying characteristics were sought. This included a range of free-school-meal
eligibility, a combination of public and state schools and also a combination of single-sex and co-ed
schools. Unfortunately the researcher was only successful in recruiting all-male schools and no all-

female schools participated in this study.

It was discovered early on that getting into schools was extremely challenging and so a number of
methods and mediums were used in order to increase likelihood of recruiting groups, such as that of
getting the EAS on board with the study, direct emails to schools or teachers, physics teacher
conferences, TeachMeets, Cardiff University blog, word-of-mouth and other additional access routes.
Each of these is described in Appendix 3 and the invitation email sent to teachers is provided in

Appendix 4.

6.6 Ethical Procedures

However, before any recruitment could begin, it was essential to obtain ethical clearance for the
research study. Ethical procedures, particularly where human participants are involved are crucial.
The British Educational Research Association [BERA] (2018, p.4) sets out five key principles that

should be followed in all social science research:

1. Research should be inclusive of different interests, values, funders, methods and perspectives
in order to align with a democratic society

2. Respect the privacy, autonomy, diversity, values and dignity of individuals, groups and
communities

3. Research should be conducted with integrity throughout, employing the most appropriate
methods for the specific research purpose

4. All social scientists should act with regard to their social responsibilities in conducting and
disseminating their research

5. All research should aim to maximise benefit and minimise harm

Alderson (2005) emphasises that ethical considerations should not be a final hurdle in research design
but are a vital component that set the standards of the study. Ethical processes force the researcher to
consider two crucial questions, is the research worth doing? And is the research explained clearly

enough so that invited participants can make an informed decision around their consent?
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Before implementation of this study, a series of ethical procedures were therefore carried out in order
to confirm that the research was respectful of: the people involved, democratic values, the quality of

research, and academic freedom (BERA, 2018).

Although the main participants of this study were students, teachers were the primary avenue for
recruitment. Teachers were approached through a number of methods, all of which are listed in
Appendix 3. However, under all conditions where teachers were invited to take part in the study, it

was made clear that participation was not compulsory in order to use the OAs.

Under circumstances where teachers expressed an interest in participation, they were then formally
invited to partake in the study. Information sheets were provided to teacher and students, and where
students were under the age of 16, to parents. This included a formal invitation and detailed
information regarding the following aspect of the research process (wording was adjusted accordingly

for teachers, students and parents/guardians):

What are the astronomy and physics educational materials?

What is the research?

Who is being invited to participate and what will it involve?

Are there any risks or benefits to me or my students from taking part in this study?
What happens to the information me and my students provide?

What if I or my students don’t want to take part?

What if I change my mind about participation?

Confidentiality

Contact Information

Participants were informed on exactly what would be asked of them, how it would affect them and
what to do if they did, or did not, want to be involved. They were also reminded of ensured
anonymity, their right to withdraw at any time with no consequences and were provided with the
researcher’s contact information should they have any queries. Attached to each of the information

sheets was a consent form.

The consent process of the study involved an opt-in procedure for teachers on behalf of themselves
and their students, and an opt-out process for students or parents/guardians. This meant that teachers
provided consent on behalf of themselves and their students but should a student, or a parent of a
student under the age of 16, not want to participate, they would opt-out of the study by returning the
provided consent form. Should no forms be returned from students or a parent/guardian, consent was
considered to be granted by their teacher. This method was chosen based on discussions with teachers,

where it was evident that this was the most preferred approach and their typical protocol.
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All data that was collected was completely anonymous and non-identifiable. Where focus groups or
interviews were carried out, they were recorded and anonymised on transcription. This study was
granted approval by the ethics committee in the School of Physics and Astronomy at Cardiff
University. The ethical form application and approval documents are provided in Appendix 5 and 6.

Full information sheets with accompanying consent forms can be found in Appendix 7.

All data reported in this thesis is entirely anonymous and not identifiable to anyone personally. Each
school who participated in the study was assigned a colour, this colour was also assigned as a
pseudonym to the name of the teachers. For example one school was group Green and their teacher
was Mr Green. Where specific students are mentioned they are also given pseudonyms. This process
was done in order to protect the identity of schools, teachers and students. Although the schools were
not named specifically, they are described in Chapters 6.7 and 6.8 in terms of a number of
characteristics, such as their approximate location, size and free-school-meal (FSM) eligibility, this is
done in line with the constructivist nature of this research and to ‘set the scene’ for the reader so they

have an understanding on the research environment and school settings.

6.7 Case Study 1: Down2Earth

Five groups (school classes) were recruited in total for the Down2Earth case study. Their key
characteristics are summarised in Table 7 and the following subchapters provide a more detailed
context for each group. For points of reference, the national rate for FSM eligibility among students
across all compulsory school years is 17.0% in Wales (Welsh Government, 2017b) and 29.1% in
England (GOV.UK, 2017). The average pupil teacher ratio is 16.5 in Wales, a value for the England

equivalent could not be found.

6.7.1 Group Pink
Group Pink was a class from an all-boys public school in England with approximately 1,000 students.

The school was visited for implementation in July 2017.

The teacher that served as the point of contact at school Pink has been involved with the Faulkes
Telescope project, on-and-off for several years, though this was mostly before the researcher’s
involvement in the project. However he was interested to hear about more recent developments and

arranged a meeting with the researcher at the school to discuss the study.

The teacher was happy to incorporate the Down2Earth activities into a lesson with a group of year 9
students and even arranged to change their usual lesson timetable as he felt the students would benefit
from a double lesson (two hours) which was agreed with another teacher who had the class before

him. As both teachers were only available for their usual lesson, the researcher delivered the activity
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to the students and the second, female teacher was present for the first half, and this male teacher (the

point of contact) was present for the second.

This class completed both the Making a Meteorite and Recreate a Crater activities and also had some

time to do some extension activities.

6.7.2 Group Green
Group Green was organised by the teacher from group Pink who often works with this local state
school and had arranged for the researcher to visit the school immediately after case Pink (July,
2017). Group Green was a year 9 class from a co-ed school with a total of 781 students in the 2016/17
academic year. Their most recent Ofsted inspection was in 2015 where they received a ‘Good’. The

overall FSM eligibility of the school is 22.1%, below the national percentage of 29.1%.

Group Green had a female teacher who had had no contact with the researcher and all arrangements
had been made through the teacher from group Pink, therefore the researcher was asked to deliver the

activity to students.

Though implementation was scheduled for regular physics lesson period, students were in a computer
room rather than their usual classroom. The lesson was an hour long so the researcher planned for the
students to complete the Making a Meteorite activity. Some students progressed a lot quicker than

others and did move on to the Recreate a Crater activity as well.

6.7.3 Group Blue
Located around the Newport area in Wales is school Blue. The co-ed school hosts 876 students and
has one of the highest FSM eligibility at 30.9%. The pupil teacher ratio is 15.4 with 57 teachers, this
ratio has declined since 2010 when it was 18.5. At present, this ratio is below both the Wales average

and the local authority average (16.9).

The teacher at this school was put in contact with the researcher through the EAS Science Advisor for

Newport who joined the researcher in visiting the school to meet with the teacher.

The participating class in this study was a top set year 9 science class of 31 students, 15 male, 16

female. The class had a male teacher and also a male teaching assistant/support staff. The teacher had
gone to extra lengths to incorporate this activity into the school timetable as he wanted the students to
complete the activity over two lessons that were close together. He therefore arranged with the class’s

chemistry teacher to have two consecutive physics lessons, rather than physics followed by chemistry.

Unfortunately, more rearrangements had to be made with the second lesson due to examinations and

the second lesson ended up being 2 weeks later.



94

The first lesson was implemented as an introductory lesson to the subject matter. The teacher
introduced students to some topics of astronomy and the researcher demonstrated the Impact
Calculator to the students, explaining how it works and how they would be using this ‘virtual lab’ to
carry out an investigation for the Making a Meteorite activity that involves investigating what

happens to the kinetic energy and size of the impact crater when you alter various parameters.

The teacher split the class into four groups and told each group what parameter they would be
investigating (projectile diameter, projectile velocity, trajectory angle or projectile density). He then
drew a table on the board for students to copy into their books, ready to record their data into. The
activity suggests that students design their table of results themselves, but here, the teacher decided

that this group of students needed additional support and guidance.

Students then had to formulate a hypothesis of what they expected to happen when they changed their

specific parameter.

The investigation itself was then carried out in the second lesson. Here they collected their data,
recorded their results, drew conclusions and compared them to what they had originally predicted,

though not all students got this far.

6.7.4 Group Navy
Group Navy was the first school to be visited in this study and the first to use the educational OAs.
The teacher here had attended a CPD event with FTP in the past and so was familiar with the project.

The Wales-located school has a FSM eligibility of 21.9%, above the overall percentage in Wales and
more-or-less equal with the school’s local authority (21.4%). However the school is above their local

authority (17.1) and Wales (16.5) for their pupil teacher ratio at 18.8.

The male teacher and a group of 26 year 9 students participated in this study. Upon meeting with the
teacher in the school, the teacher chose to implement several of the Down2Earth activities across
multiple lessons, though the researcher only observed one. This was the Recreate a Crater activity that

was implemented in November, 2016.

The teacher had arranged to book the schools’ Chromebooks for this lesson in order to access the

online simulation which took place in students’ normal physics lesson period.

6.7.5 Group Brown
Group Brown was the final group in the Down2Earth case study. The England school hosts 1,208
students, 17.3% of whom are eligible for FSM. This statistic is below the England national

percentage.
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This school was recruited on a more personal level in that the researcher knew a teacher at this school
who had just completed his NQT year. The researcher showed the teacher the research project she was
carrying out and the educational OAs and he was keen to implement the Making a Meteorite activity
with a group of year 8 students. Also of interest given the reports around the lack of physics

specialists, is that this teacher was a chemistry specialist.

Though it could be considered that as the researcher knew the teacher outside of the workplace
environment, it could have been a biased case, it was the students who were the primary source of
data who had no previous affiliations with the researcher. The teacher was also not aware that the
OAs had been developed by the researcher herself and was merely informed they had been developed
by the Faulkes Telescope Project.

This was the second group whereby the researcher was able to observe the students in a normal day-
to-day lesson, prior to implementation which took place over a usual physics lesson period in
February 2018. Here, the teacher had booked the school laptops for students to use in order to access

the online simulator.

6.8 Case Study 2: Hubble’s Expansion of the Universe

The Hubble case study recruited six groups, four of which were standard school classes, one was a
group of students from the same school but different year groups and one was of students from

different schools but the same year group.

6.8.1 Group Yellow
School Yellow is a co-ed school located in Wales with 1,546 students and a FSM eligibility of 14.7%.
There are 89 equivalent full time teachers (53 female, 36 male), yielding a pupil teacher ratio of
approximately 17.4, a value that has remained relatively consistent since 2010 and exceeds both the

Wales average (16.5) and the local authority average (16.1).

Participating in the study was a female physics teacher and a year 13 class comprising of one female
and eight male students. Students carried out the Hubble’s Expansion of the Universe activity in one
of their usual lesson slots at the end of March, 2017. The teacher had previously worked with the
Faulkes Telescope Project in previous years, with other members of the team (not the researcher) and

so was contacted by email in order to see if she would be interested in these newly developed OAs.

The teacher was unable to get computer access for the students and so came up with a method of
carrying out a paper-based version of the activity, and put the main spreadsheet onto her computer and

onto the projector for the students to see.
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Students were given handouts of the supernova light curve data with the light curve already produced
(two supernovae each) and a copy of the table that included the radial velocity values for each
supernova target’s host galaxy. Students had to identify the peak magnitudes of their supernova
targets and identify the radial velocity from the table. The teacher would then go around the class and
students would provide their magnitude and velocity values for the teacher to input into the

spreadsheet. The teacher used the spreadsheet to automatically calculate distances.

Once all the students had contributed their data into the spreadsheet, they then used these values to

hand-draw their Hubble plot onto graph paper.

The teacher of Group Yellow repeated implementation with another class the following year. On the
second occasion, the teacher implemented the activity slightly differently and had the students apply
the distance modulus equation and call out their answers for Mrs Yellow to check on the automated

spreadsheet.

6.8.2 Group Orange
School Orange is a co-ed school with 1,518 students and is located in Wales. Of all the state schools
in this study (across both cases), Orange had the lowest FSM eligibility at just 6.1%, and with 81
teachers, it has a teacher ratio of 18.7. This has increased since 2010 and is way above the average for

both Wales and the local authority.

A male teacher from this school responded to the researcher’s post on the Cardiff University outreach
blog and asked her to come in to discuss the material. The teacher was very keen to implement some
of the material and said that another teacher was due to teach content from the Hubble activity the

following week and that he would speak to the teacher about implementing the activity.

This female teacher agreed and implemented the activity in a year 13 physics lesson with six students.
Participation took place in May 2017, when the students were covering the final areas in their syllabus

before preparing for their exams.

For groups where the activity was ran by the teacher, the researcher met with them prior to
implementation in order to go through the activity, or had conversations via telephone or email.
However, in this instance, the teacher who met with the researcher was not the one who implemented
the activity. There was therefore slightly less coherence and the teacher was evidently less prepared

than in other circumstances. Despite this, she was only too happy to deliver the activity.

The students had a double period in the morning giving them two hours to do the activity and the

teacher had booked laptops for them to use.
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6.8.3 Group Red
Group Red came from an all-boys public school in Wales. The teacher from school Red also
responded to the Cardiff University blog post about the material. Although the researcher did not meet
with the teacher prior to implementation, there were several lengthy email discussions and the teacher

ran through the activity himself before implementation to ensure coherence.

The teacher had two year 13 classes and wanted to implement the Hubble activity with both groups
and was implemented during normal lesson periods. The activity was therefore implemented with

both groups, consecutively in April 2017.

The teacher highlighted to the researcher that this was going to be implemented as more of a “revision
class” as the topic had already been covered but he felt that the students would benefit from this
reinforcement. The teacher therefore did not use the introductory PowerPoint with either classes and

just briefly explained what they would be doing before diving straight into the activity.

6.8.4 Group Black
Group Black came from the largest school that participated in this study with a total 2,202 students.
Of these, 11.8% qualify for free school meals.

This school also has the largest pupil teacher ratio out of participating schools. With a ratio of 19 they
have 116 teachers (70 female, 45 male). This ratio has increased since 2010 and is now well above the
Wales and local authority averages. In their most recent Estyn inspection in 2016 they received a

‘Good’.

The teacher at group Black has worked with the researcher on one occasion before and with other
members of the Faulkes Telescope team on several occasions. The teacher was interested in the

Hubble activity and arranged for the researcher to visit the school at the beginning of May 2017.

At this stage, year 13 students had covered this area of the curriculum and so instead the teacher
wanted to use this as an opportunity for almost an advanced activity for some of the more able
students. He gathered a mixed group of students from year 10, 12 and 13 to partake in the activity

which was delivered by the researcher.

These students were pulled out of their usual timetabled lesson to attend this and were also in the

library in order to access computers, rather than in their usual physics classroom.

6.8.5 Group Purple
Group Purple was one of two groups whereby students did not all come from the same school. This
was a twilight event for ‘gifted and talented” year 12 students as part of the SEREN Network. The
network is funded by the Welsh Government and aims to support able students in pursuing their full

potential. The SEREN network is spread out across several ‘hubs’ throughout Wales, and the
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Education Achievement Service Science Advisor put the researcher in contact with the individual who
runs the South East Wales Consortia which encompasses Monmouthshire, Torfaen, Blaenau Gwent,
Caerphilly and Newport. This contact wanted to implement the Hubble activity in an after school
workshop. A school from one of these locations hosts the twilight event and students from other

schools are able to attend.

This group therefore had a mix of students from different schools but all of high ability. All students
had chosen to take at least one science at A-level but not necessarily physics. This was the largest

implementation group across both case studies with approximately 60 students.

The only teacher that was present for this event was the head of sixth form at the host school, the
activity was therefore ran by the researcher and given the large group, was assisted by two lecturers

from Cardiff University.

This was also the first group where no computers were accessible. Given that this activity is entirely
based on computer access, it to be amended in order for the activity to be carried out with just pens,
paper and calculators. This proved to be a challenge to the researcher but provided an interesting and

valuable comparison.

This group participated in the study in January 2018 as a two hour twilight event from 6-8pm.

6.8.6 Group Grey
Group Grey was another SEREN event but this time was in the Cardiff hub and encompassed a
different network of schools. This was the smallest participating group with just five year 12 students
from three different schools. The event took place at a college which none of the participants

attended.

This implementation took place the day after case Purple (January 2018) and although this group had
access to computers, based on the success at case Purple it was decided that this group could also do
the paper version of the activity. Again the initiative activity was delivered by the researcher with an
accompanying lecturer from Cardiff University. The twilight took place over two hours from 4-6pm.

An observation was not carried out for this case and therefore only questionnaire data was obtained.

6.8.7 Summary
The previous sub-chapters have provided an outline for each of the groups and host schools who
participated in this research study. In total, the researcher collected data from 237 students across 11

groups.

Table 7 summarises some of the key points for each group, including the location of the school, the
number of students, their year group, what activity they completed and who the activity was delivered

by.



Table 7 — Summary of Participating Groups

No. FSM Latest A

Group Students Year Group Eligibility Gender Mix Public/State Ofsted{Estyn D
Rating
Down2Earth
Pink 16 9 - All Male Public Outstanding Re
Green 32 9 22.1% Co-ed State Good Re
Blue 31 9 30.9% Co-ed State Adequate T
Navy 26 9 21.9% All Male State Adequate T
Brown 25 8 17.3% Co-ed State Good T
Hubble’s Expansion of the Universe

Yellow 9 13 14.7% Co-ed State Adequate T
Orange 5 13 6.1% Co-ed State Adequate T
Red 16 13 - All Male Public Excellent T
Black 8 10,12, 13 11.8% Co-ed State Adequate Re:
Purple 60 12 - Co-ed State N/A Re:
Grey 5 12 - Co-ed State N/A Re:
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6.9 Summary

This chapter has provided much detail into the methodological design of this research study. Due to
the constructivist nature of the research, the experiences and viewpoints of the researcher herself have
been discussed in order to provide the reader with an awareness of her predispositions and the

reflexivity in the interpretations of qualitative data.

The case for using a mixed method approach has also been argued and justified in terms of how both
qualitative and quantitative methods best suit the demands of the research questions of this study,
enable the researcher to gain a deeper understanding of the complex scenarios in classroom

environments and promote the most effective transition into a new research field.

An inductive approach is applied to data collection and analysis in order to allow theories to emerge
accordingly. Methods for school and teacher recruitment have been highlighted along with an
overview of each of the groups that participated in each case study. These groups have been explained
as much as possible in order to provide a context for the reader without exposing the identity of these
schools, their staff and students. This context is essential in order for the reader, particularly if they
are a teacher, to understand the environment in which implementation took place and to relate such

scenarios to their own classroom and students.

This chapter should have served towards ‘setting the scene’ for the reader by providing them with an
in depth insight to researcher, the procedures and the environment of each group. This provides a
background understanding of the nature of the researcher study before progressing to findings and

results of implementation.

The following chapter details the individual instruments used in the study for data collection and

justifications for such tools.
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Chapter 7

Instrumentation for Data Collection

This study set out to investigate secondary school students’ perceptions of their learning experiences
in physics lessons and how this compares to their perceptions and experiences during the
implementation of the astronomy-based educational OAs. However, it must be emphasised that this
study did not set out to measure attitude change. Instead it compared students’ perceptions and
opinions towards their day-to-day physics lessons and the outreach activities they experienced. The
process uncovers what features promoted positive responses and student engagement and what
experiences were associated with negative experiences. This enabled the development of a deep

understanding of how students want to, and perhaps should, learn physics in school.

The previous chapter set out the nature of this research study and the decision to follow a case study
design with a mixed method paradigm. This chapter will now review some of the common methods of
perception measurement before setting out the specific instruments that were employed in this study

to gather the necessary data for answering the specific research questions.

7.1 Measuring Perception

According to the English Oxford Dictionary (2018), the term ‘perception’ describes “the ability to
see, hear, or become aware of something through the senses” and “the way in which something is
regarded, understood or interpreted”. The researcher acknowledges that peoples’ perceptions are
closely linked with their attitude, a term which is described by the English Oxford Dictionary as “a
settled way of thinking or feeling about something”. Much of the literature reviewed in Chapter 2
focused on students’ attitudes towards science and physics. However, due to the nature of the
research, the constructivist epistemology, and accountability pressures faced by teachers, here the
researcher has chosen to focus on students’ perceptions rather than attitudes. Though related, a clear
distinction is considered to lie between them. An individual’s attitude is generally consistent over time
(Reid, 2006) and therefore can be difficult to change (Bartlett et al., 2018), this is also implied by the
“settled” component in its definition. The researcher considers one’s perception on the other hand to
be much more context-based and shaped by the circumstances and environment at a specific point in

time.
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For example, even where a student may display a negative attitude towards physics at school, their
perceptions will likely vary from lesson to lesson, depending on a variety of factors such as the lesson
content, their mood or that of the teacher, and the format of the lesson. Though in general terms they
may have a dislike towards physics, they are likely to have slightly different experiences, each time
they attend a physics lesson. This also goes the other way, in that where a student may have a positive
attitude towards physics, this is not to say that for the same reasons, they will never have a poor
perception of a lesson. It is important to make such clarifications of these terms and what specific
construct is being measured, otherwise it can lead to problems in validity and reliability of the

research (Gardner, 1975; Barmby et al., 2008).

Given the pressure and time restraints on schools, a longitudinal initiative is not feasible and the
researcher anticipated that such a commitment it would attract less teachers. The OAs were therefore
designed to span just one lesson. The researcher did not seek any attitudinal change, but instead set
out to identify components of a lesson that can successfully promote positive learning experiences
among students so that their perception of that given physic lesson is positive, regardless of their
overarching attitude. At the most, the researcher anticipated that perhaps such experiences could
encourage students to reconsider their preconceptions. If perceptions are positive, and the elements of
the OAs that are seen to promote a positive learning experience are reinforced and sustained, it is

possible that this could lead to a gradual change in students’ attitudes in the long-term.

The researcher also considers that perceptions and experiences are arguably a more influential focus
than attitudes in terms of educational practice and broader impact. In measuring students’ perceptions
of their learning experiences, that are context driven, there is a greater focus on such specific
experiences, what specific cues led to what responses. In turn this provides smaller, more manageable

techniques that teachers can adopt in their classroom.

It has been discussed that a mixed method approach to data collection that is both sequential and
explanatory within a case study design is employed. One method is used to guide and enhance another
method and is triangulated in order to build an evidence base and to identify confirmations and
divergences in the data. This technique is particularly advantageous when addressing a latent
construct, as with that of peoples’ perceptions. A latent construct is not a variable that can be
measured directly or addressed by just a single question. Instead it can only be inferred from other
evidence from multiple indicators (Reid, 2006). This is therefore another reason for why a

constructivist approach is well suited to this study.

Having emphasised the distinction between attitude and perception, it is still considered; particularly
from a quantitative side that the two are measured through similar techniques. The researcher believes
that the key difference lies in the post-test that is implemented subsequent to implementation. Were

the researcher measuring attitudes towards physics, the post-test would be identical to the pre-test. For
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example if a pre-test item was ‘physics lessons are interesting’, this same statement would be included
in the post-test. Where the researcher is measuring perceptions of learning experiences, the focus of
the post-test shifts to specific circumstances during implementation. Therefore this item becomes ‘the
physics activity was interesting’. The pre-test therefore measures students’ perceptions of their
learning experiences in day-to-day physics lessons, and the post-test measures their perceptions of the
implemented OA. Though only examples, these statements are reflective of a surface level
understanding of students’ perceptions and is why this study employs a mixed method approach with

both quantitative and qualitative methods.

Qualitative data is primarily collected through classroom observations and focus groups, although
some open-ended questions are included in the student questionnaires. Observational data was
collected both before (where possible) and during implementation in order to delve beyond the
surface-level understanding and into the processes and experiences behind students’ questionnaire
responses. Qualitative methods offered a better way of understanding what specific components of
their lessons or the OAs promoted or discouraged positive learning experiences and why. Post-
implementation focus groups were then performed in order to follow-up any elements that came to
light in questionnaires and classroom observations that were not fully understood or triggered further
questions from the researcher. The qualitative side focused more on a means of interpreting the

results, probing into why particular responses were or were not seen (Firestone, 1987).

The quantitative and qualitative instruments and their phase of implementation are summarised in

Table 8.

Table 8 — Data Collection Instruments and Implementation Phase

Pre-Initiative During Initiative Post-Initiative

Post-Questionnaires
Classroom Observations Focus Groups
Teacher Interviews

Pre-Questionnaires
Classroom Observations

Any tool that seeks to measure something must be able to produce results that are both accurate and
valid (Reid, 2000), this is particularly difficult when it comes to measuring a latent variable. Kind et
al. (2007, p. 874-875) and Osborne et al. (2003, p. 1055-1059) outline five main methods of

measuring attitude, opinion or perceptions and their various advantages and disadvantages:

e  Preference ranking: This is a straightforward process that merely asks participants to rank
their school subjects or topics of an individual subject in order of favouritism.
o Attitude scales: There are several attitude scales, differential, semantic differential and

summated scales.
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o [nterest inventories: Participants are provided with a list of items and they must select the
ones they find interesting.
o Subject enrolment: Gathering data on the number of enrolments for individual subjects

e Qualitative methods: Gathering attitudes and opinions through interviews and focus groups.

Attitude scales are seen to be the most widely implemented method of measurement, particularly in
educational research (Kind et al., 2007; Reid, 2006; Osborne et al., 2003). These have the ability to
ask multiple questions that address the same construct, therefore increasing the reliability of results
(Kind et al., 2007). This method was identified as suitable for this study and is therefore discussed in

more detail later on in the chapter.

Qualitative methods have been discussed in preceding sections and play a vital role in this study.
Where quantitative attitude scales are used in this study to probe students’ overall perceptions,
qualitative methods are used to investigate the experiences behind such perceptions and how their
experiences of day-to-day physics lessons compare with the OAs. They are also used to triangulate
data. Given that this research follows a constructivist epistemology, it is highly interpretive. If
multiple methods can demonstrate similar evidence, the reliability and validity of the data is stronger.

This is addressed more sufficiently in Chapter 8.

When assembling data collection instruments the researcher began by reviewing existing, pre-
validated instruments as no sense was seen in reinventing the wheel should appropriate tools already
exist. However, given the niche focus of this study, no existing instruments were identified as

effective in addressing the specific objectives and collecting the data that was sought in its entirety.

The following sections therefore provide detail regarding the process of constructing this study’s data
collection instruments. The specific design for the questionnaire, in terms of its design and piloting,
the design of the observation protocol and the design of the focus groups and interviews are described.

Issues with validity and reliability is touched upon but is discussed in full in Chapter 8.

7.2 Perceptions of Physics Questionnaire

For most educational research, the main objective of a questionnaire is to discover something specific

about the sample population at a given time (Verma and Mallick, 1999).

The Perceptions of Physics Questionnaire (PPQ) was the guiding tool in investigating students’
experiences of their physics lessons and of the educational OAs. The PPQ was implemented pre- and
post-OA implementation to allow for comparison between the two contexts. The pre-PPQ summarised
students’ general perceptions towards physics in school. The post-PPQ then applied the same method

to assess students’ perceptions and learning experiences of the OAs.
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The foundations of one’s perception encompasses a wide range of constructs and characteristics that
are influenced by an infinite number of environmental cues. Therefore no single questionnaire can
accurately measure every single aspect. It also would not necessarily be advantageous if one could. It
is considered that keeping the number of items in a questionnaire to a minimum is beneficial both in
terms of time constraints and quality of responses. Therefore, researchers tend to focus on a number

of aspects relating to latent construct that they are interested in.

In the case of this study, the pre- and post-questionnaires were designed to focus on six key
constructs, largely based on the review of literature in Chapter 2 and the nature of the OAs developed

in this study:

e General interest towards physics lessons
e Confidence in physics lessons

e Agpirations in physics

e Interest in astronomy

e The pedagogical experiences of students

e Perceived relevance of their physics curriculum

These were deemed important attributes to students’ perceptions towards physics and whether or not

astronomy offers a suitable context.

However, due to the focus on perception rather than attitude, and a comparison rather than change, the
aspiration in physics construct was only included in the pre-PPQ in order to gain an insight into
students predispositions. Such aspirations were not anticipated to change over just one lesson and are

not a focus of the OAs and were consequently not relevant in the post-PPQ.

The full pre- and post-PPQ can be found in Appendices 8 and 9.

7.2.1 Types of Questions
During the design process of the PPQ, consideration was given to how the response data was to be

analysed and applied once collected.

There are two broad categories of questions; closed and open. When answering a closed question,
participants must select an answer from a set of defined responses. Open questions however grant
respondents the opportunity to write a free account of their opinions in their own terms (Cohen et al.,
2011). Both of these question formats are used in the PPQ. However, there are many sub-categories

under these umbrella terms, all with differing advantages and limitations.

Although primarily composed of Likert-scales, the PPQ also included dichotomous, semantic
differential and open questions. A 42-item Likert scale (35 in post-PPQ), made up part one of the PPQ

and part two was a combination of these other question formats. Before breaking down the PPQ into
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each of its component questions, each of the question formats that are used are now outlined and

reviewed in terms of their advantages and limitations.

Dichotomous questions are used when you want participants to choose one of two options. The most
common form of this question is the simple yes or no question. The main advantage of dichotomous
questions is that respondents are obligated to make a clear cut decision, forcing their hand one way or
another. However, not surprisingly, they do not provide particularly rich data. Only one dichotomous
question is used in the post-PPQ and the question that follows asks respondent to expand on their

answer (see question 5 in Appendix 9).

Semantic differential and Likert items are both forms of rating scales (Cohen et al., 2011). Semantic
differential scales involve asking participants a question which they must respond to on a scale with
one adjective at one end of the scale and its direct antonym at the opposite end. Respondents then
decide where their opinion lies between the two extremes. For example, ‘I find my physics

lessons...”, with Easy at one end of the scale and Difficult on the other end.

Summated Likert scales were developed in 1932 by Rensis Likert as a technique to measure peoples’
attitudes. Since then they have developed dramatically and Likert scales are now also used to measure
aspects such as emotional states, personal desires, personalities and experiences (Spector, 1992). All
items within a Likert scale are provided as statements, the participant must then choose one of several
response choices that best reflects their disposition to the item; i.e. a level of agreement or frequency
of occurrence. There are typically between four and seven response choices, but it is essential that
altogether, the choices exhaust the range of possible answers the participant may want to give (Cohen

et al., 2011). Some researchers will also include “I don’t know” or “no opinion” options.

Likert scales are widespread throughout educational literature. One of their strongest advantages is
that they offer the ability for the researcher to combine a quantitative measurement with qualitative
data (Cohen ef al., 2011). Many forms of data which may not appear to be quantitative can be
collected with Likert-scales (and other instruments) that allow responses to be later quantified. This is
a common technique in educational research and is often referred to as a conversion design (Johnson
and Onwuegbuzie, 2004). If developed and validated properly, Likert-scales are able to measure
various psychological traits of individuals just through analysis of their responses to particular items

and therefore can also hold strong psychometric properties (Spector, 1992).

However it is acknowledged that they are not without their limitations. Qualitative response options
are notoriously less reliable than quantitative options as answers are based upon participant
interpretation. For example, they are subjective, so one participant’s perception of ‘strongly agree’
might be another participant’s perception of ‘agree’. However, summated scales are more reliable

than yes-no questions which are restricted to just two levels of measurement (Spector, 1992). It is fair
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to assume that people who respond with a 4 on a 5-point Likert scale will be more comparable in their

opinions than those who respond ‘yes’ on a yes-no question.

Open questions are incorporated in order to expand on the participants’ responses to the closed
questions. Although termed ‘open’, some of the questions could still be considered closed to a certain
extent as they are limited in the responses that can be provided. One example is, “what is your
favourite subject as school?”. Students can only respond within the limits of the subjects they are
taught. Open questions are generally still relatively specific in the question they ask, therefore the
respondent can only really express their opinion in that particular area. Having a final question that
asks “do you have any other comments?” can ensure that participants have the opportunity to report

on any other thoughts they have not been able to share in the rest of the questionnaire.

7.2.2 Designing the PPQ
Unsurprisingly, due to the uniqueness of this study no single questionnaire was found that addressed
all six of the targeted constructs, and so an existing questionnaire could not be employed in full.
However, instead of generating an entirely new questionnaire, items were adopted from several
existing questionnaires that had been previously validated and demonstrated to work with this

audience.

Relevant items were adopted from four educational research studies aimed to measure various
attributes of students’ attitude to science. These were: Kind et al. (2007), Bartlett et al. (2018),
Aldridge et al. (2012) and the National Centre for Education Statistics (NCES, 2012). Adopted items
were then combined with some original items, to create a set of questions that collectively, covered all
aspects of the research and the objectives (Verma and Mallick, 1999). Of the 42 items overall, 17
were original and 25 were adopted from existing studies, 12 from Kind ef al. (2007), six from Bartlett

et al. (2018), six from Aldridge et al. (2012) and one from NCES (2012).

The questionnaire of Kind et al. (2007) sought to address six constructs: practical work in science,
science outside of school, importance of science, self-concept in science, future participation in
science and attitude to school in general. Kind et al. also adopted items from existing questionnaires
including the Relevance of Science Education (ROSE) questionnaire, the 2003 PISA questionnaire

and the attitude to science questionnaire developed by Pell and Jarvis (2001).

The items adopted from Bartlett ef al. (2018) came from their newly validated interest in astronomy
scale aimed to be embedded into general attitudes to science scales in order to assess the impact of
astronomy-based initiative projects in education. This instrument was validated through responses

from 429 students aged 14-17 in Australia.
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Aldridge ef al. (2012) developed and validated a new instrument they designed with a purpose to
provide teachers with feedback regarding students’ perceptions of the classroom climate. They

validated their questionnaire using data from 2,043 16 to 18 year old students in Australia.

The US National Assessment of Educational Progress (NAEP) implements questionnaires to students
via the National Centre for Education Statistics (NCES), teachers and school administrators on a
voluntary basis. The data collected is used by practitioners, policymakers and researchers in order
improve education throughout the United States (NAEP, 2018). The wordings of some items adopted

from here were adjusted slightly in order to coincide with the objectives of this study.

Part 1 of the PPQ was therefore a 42-item Likert scale aimed to measure students’ perceptions around
their everyday physics lessons and towards the implemented OAs. Students were asked to respond to
each statement using a five-point scale with the options of 1 = Strongly Disagree, 2 = Disagree, 3 =
Neither and 4 = Agree and 5 = Strongly Agree for 36 of the items and 1 = Never, 2 = Rarely, 3 =

Sometimes, 4 = Often and 5 = Always, for six items.

Kind et al. (2007, p. 6) propose four guidelines that should be followed in order to construct an
effective attitude measure. These points are detailed below and discussed in terms of how they are

each addressed in this study.
1. Clear descriptions of the constructs intended to be measured

The scale focussed on six key constructs that, based on the literature reviewed in Chapter 2 were
deemed important and suitable attributes to students’ perceptions of their learning experiences, and

additional sixth construct based around the context of the implemented OAs. The scales were:

e General Interest

e Confidence

e Future Aspirations in Physics
e Interest in Astronomy

e Pedagogical Experiences

e Perceived Relevance

It is acknowledged that these constructs are not exhaustive and additional factors that are influential to
students’ learning experiences in physics exist. There are existing questionnaires that have been
developed to measure students’ attitudes, some of which address these additional constructs but will
not address others. However, these six constructs were chosen to be of highest value and relevance to

this study and so formed the focus of the PPQ.
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General Interest is a frequent construct in the research around attitudes to science (Osborne ef al.,
2003). It is well understood that if someone holds an interest towards something, they will generally

report positive experiences and hold a positive attitude towards it.

Extensive literature indicates that students with high confidence in a subject, report greater interest
and enjoyment in that subject than students with low confidence. Literature is also indicative of

students perceiving physics as difficult and is therefore considered to be a valuable measure.

Although this study did not anticipate that such short-term interventions will completely alter
students’ career path, the researcher deemed it important to know students’ aspirations at the baseline.
Particularly as random sampling was not used, this helped to identify how the perceptions of student

participants in this study compared with those reported in the wider literature.

The construct Interest in Astronomy focused solely at the context of this study. It was used to
investigate whether or not the context of astronomy was an effective point of engagement for
triggering student interest and positive learning experiences. This construct was heavily based upon
the work of Bartlett er al. (2018) who developed and validated an ‘Interest in Astronomy’ scale.
Given the researcher’s role, had this validation phase been carried out sooner it is more likely the
researcher would have adopted the entire construct. However, as this study was already underway and
validation data for the other scale had only been collected from Australian students, a separate scale

was produced.

Chapter 3 discussed the support for inquiry-based learning in science education and its positive effects
on students’ learning experiences. The construct regarding pedagogical experiences was therefore
aimed to measure students’ perceptions in this study. The items in this scale investigated whether
students felt they experienced IBL both in their day-to-day learning (pre-PPQ) and in the OA (post-

PPQ). But most importantly, it investigated whether it encouraged positive learning experiences.

The terminology used throughout the adopted items to describe these learning experiences was
‘practical work’. This was replaced with ‘investigation work’ in the PPQ in order to reduce confusion
around the definition of practical work. As the activities involved either using an online simulator or
remote, robotic telescopes, it was anticipated that there was a risk that this would not be regarded
strictly as ‘practical’ as it didn’t require any physical equipment in the classroom other than

computers.

Feedback from a focus group carried out in the questionnaire validation phase (see Chapter 7.2.3) also
indicated that practical work is perceived as a more ‘hands-on’ activity which would not necessarily
be considered to include the use of robotic telescope data or computer simulations. Furthermore, it is
considered by the researcher that ‘investigation’ is more reflective of inquiry-based learning than

‘practical’.
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Problems with student perceptions towards the relevance and usefulness of their physics curriculum
was also highlighted in Chapter 2 and is considered as another contributing factor to students’
learning experiences. In consideration of this and given that the Department for Education in England
prescribed that science education should be delivered to students with a clear relevance to their

everyday lives, it was included as a construct in this study.

This construct was slightly different to the other five in that, although responses remained on a 5-point
scale, here students responded with a level of frequency rather than agreement. Each item in the scale

began with the phrase “in my physics lessons I am able to...”.

2. Care must be taken and justification must be given when combining separate constructs

within one scale

Care also had to be taken in deciding on how many items to include in the questionnaire. Generally,
the more items included to measure a construct, the higher the reliability (Spector, 1992). This is
because by using a higher number of items that each addresses a construct; you are more likely to
have covered every influential and underpinning aspect relating to that given construct. This is
particularly important when seeking to measure a latent construct, such as perception and experience.
However, it is also emphasised by Kind et al. (2007) that a balance between an array of meaningful
and relevant statements and limiting the number of items on a questionnaire is crucial. It is generally
understood that people do not appreciate long questionnaires, therefore if they get fed up, they are
more likely to provide more negative responses, regardless of their relevant perception. Bartlett ef al.
(2018) describe this as a parsimonious solution. The more representative and encompassing the
questions are of the entire construct, the less error is seen in measurements. Maintaining that measures
are relatively short however, is effective in reducing boredom or fatigue in participants that will

typically lead to response bias (Hinkin et al., 1997).

Although various recommendations are made, it is apparent that there is no single, universally
accepted rule regarding the optimum number of items. Hinkin et al. (1997) argue that adequate quality
can be achieved with just four to six items for one construct. Clark and Watson (1995) however,
prescribe that the items should be broader than the researcher’s view of the target construct and if
anything, should overcompensate. Their argument is that psychometric analyses can identify non-
essential or irrelevant items to be later removed, but cannot commend items to add to the scale that

were not already included. This latter approach was also employed by Bartlett et al. (2018).

In response, it was decided that each construct should have between six and eight items. This was to
ensure that each construct was sufficiently addressed and resulted in no less than 30 items in total, but
also did not exceed 50 items, therefore not demanding too much time from participants and risking

response bias.
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3. Reliability must be demonstrated through confirmation of internal consistency and
unidimensionality

4. Validity must be demonstrated through multiple methods including psychometric techniques.

To demonstrate points 3 and 4, psychometric analyses are carried out in the data analysis phase, in
order to confirm the unidimensionality and internal consistency of items and constructs. Here, the
former describes the existence of a single latent construct that underlies a set of measures (Gardner,
1975), in this case students’ attitudes towards physics. The latter implies that this set of measures (or

items), correlate with one another and measure the same aspect.

As in this instance there are six constructs that are used to address students’ perceptions, it is essential
the items that make up each of these six constructs is unidimensional, but given that such perceptions
are being inferred by multiple constructs, by definition the questionnaire in full, is multidimensional.
Unidimensionality and internal consistency of items within each construct were not assessed until all

data collection was complete.

A summary of the constructs and the number of the component items is provided in Table 9.

Table 9 — Number of Items Contributing to each Construct in the PPQ

Construct Number of Items
General Interest 7
Confidence 7
Future Aspirations in Physics (pre-PPQ only) 7
Interest in Astronomy and Space Science 8
Pedagogical Experiences 7
Perceived Relevance 6
Total 42

7.2.3 Trialling and Refining the PPQ
The second part of the PPQ was designed in order to gather information from students that could not
be retrieved from the Likert-scale items in part 1. The construction of this second part of the PPQ
stemmed from the feedback from the pilot test of the Likert-scale (part 1) of the PPQ where it became
clear that certain areas needed greater focus and there were also occasions where participants in the

trial reflected on important perceptions of their physics lessons that were not explored by the PPQ.

The PPQ was piloted with a group of individuals from within the target population in the form of a
focus group. Participants included six year 10 students, three male and three female. As the post-PPQ

asked participants to reflect on experiences of the OAs, these students just completed the pre-PPQ that
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focuses on their experiences of school physics. The primary purpose of this pilot was to identify the
suitability of the questionnaire to the target population, any missing features and any problems or
misinterpretations. Hunt ez al. (1982, p. 270) plainly state that the ultimate aim of piloting is to

recognise:

“Will the instrument provide data of sufficient quality and quantity to satisfy the objectives of

the research project?”

Piloting is the only way to assess whether respondents have any problems completing the

questionnaire, prior to official implementation (Presser et al., 2004).

The remainder of this section details outcomes of the PPQ trial and items that were added to part 2 of
the PPQ as a result. The purpose of each question in part 2 is described and justification from pilot

feedback is provided.

Participants in the trial were given an initial briefing where they were explained what was expected of
them. As recommended by Gall et al. (1996), participants were instructed not only to complete the
questionnaire, but also to annotate it along the way if they had any criticisms about the questionnaire
or any recommendations for improvement. Completion of the questionnaire was then followed by a
focus group to allow the researcher to probe students’ responses and identify how each question or
item was interpreted and what students reflected on when forming their response. Students were
strongly encouraged to express any criticisms or recommendations that they held with regard to the

structure of the PPQ.

Much insight into the appropriateness and effectiveness of the questionnaire was revealed from
students’ responses alone. Nonetheless, after completing the questionnaire, students were first asked,
what do you think is the general purpose of this questionnaire? This prompted the following

reSponses:

“whether we like physics lessons”

“what helps us to learn in physics”

“how we learn physics”

“what parts of physics we like and don’t like”

“whether the syllabus is useful, how you best learn from the syllabus, best method of learning”

These responses were considered to be very promising and reflected that the questionnaire
successfully portrayed its intention and what students needed to consider in their answers, thus

demonstrating construct validity.

To follow this, participants were then asked, ‘what were you thinking of when answering the

questions?’ Students reflected that they had been thinking about the classroom environment, the
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teacher, difficulties and challenges they face, individual topics in physics and also the subject of
physics as a whole. Again, the researcher was happy with these responses and felt that the
questionnaire had successfully demonstrated its purpose to the target audience, and prompted them to

reflect on relevant experiences.

Participants were asked about aspects of the questionnaire as a whole, such as the length, format, and
sequencing of questions (Hunt ef al., 1982). This yielded positive responses and students indicated

that the flow of the questionnaire seemed appropriate.

Finally, students were asked if there were any experiences of physics lessons that they felt they

weren’t able to express in the questionnaire.

One student mentioned that they were not able to discuss the teacher’s influence on their experiences
in physics. Another student expressed, and other students nodded in agreement, that there wasn’t
much discussion of the overall classroom environment. Both of these points were considered to be

valuable and important elements within a classroom.

On reflection of these comments, the researcher felt that it was important to use the questionnaire to
gather information from students that could not be gathered from classroom observations or focus
groups. In order to obtain a solution that maintains both a parsimonious questionnaire that is also rich
in data, certain elements had to be prioritised above others. Classroom environment was considered
by the researcher to be more readily measured from student and teacher behaviours within the
classroom and communications that take place, thus available through classroom observation records.
Where questions regarding the classroom environment would provide a broad understanding of
students’ perceptions, classroom observations can directly witness students’ engagement in the lesson,
engagement with their peers and the teacher and also at what specific point such behaviours were
seen, i.e. what part of the activity and does not summarise the classroom environment as a whole as

would be reflected from questionnaire responses.

One student expressed that for some items, a scale of agreement was not well suited to the items and
that an answer of “sometimes” would have been more appropriate. The researcher asked if a scale of
frequency would be more suitable in these cases, to which this student confirmed and other students
nodded in agreement. It was these items that were subsequently allocated a frequency scale ranging
from 1 = Never to 5 = Always, instead of an agreement scale (all items were initially presented on a

level of agreement scale).

A number of additional items were also added to the existing Likert-scale constructs in order to more

fully address relevant aspects of students’ perceptions that were reported in feedback during the pilot.

A question that asked students if they could recommend any improvements to the activity was also

added to part 2 of the post-PPQ. Though there was already a question that asks students what they
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liked least, it was felt that this would force students to limit their response to just one aspect.
However, when asked about what improvements they would recommend, though they might reflect
on what they claimed to like least, they could also add additional ideas if they so wished. This
question could not only reflect on the OAs themselves and guide future developments, but could also
reflect implementation. These comments could therefore be provided to teachers who use the OAs in

the future when deciding how they want to implement the OAs in their classroom.

On reflection of the pilot study, the researcher considered that it would be impossible to ensure that
the questionnaire successfully covered every aspect of physics education and the initiative activity
that students may wish to voice. As a compromise a final question was incorporated that asked
participants to detail any other comments they have about their physics lessons (pre) or the OA (post).
This gave participants the opportunity to portray any opinions they held but were not addressed in any
of the previous questions. This final item is used to combat the issue of ‘not knowing what you’re not

asking’ that is accompanied with questionnaire data.

This trial phase of the PPQ demonstrated to be very useful in finalising the questionnaire and gaining
a clearer understanding of the target audience. The final version of the PPQ was considered to address

all areas of interest to the researcher and also gave students the opportunity to express their opinions

fully.

The final version of the PPQ that was implemented to students in this study can be found in Appendix
8 (pre) and 9 (post). The process of the validation following data collection was parallel to that of
Bartlett ef al. (2018) and so is not reported here.

7.3 Classroom Observations

Observations are a form of naturally occurring qualitative data (Ritchie, 2003) and can take a variety
of formats such as facts, events and behaviours (Cohen ef al., 2011). Observations provide genuine,
live and direct information of social behaviour in a natural environment rather than recounted
information that is provided in follow-up questionnaires and interviews (Cohen ef al., 2011; Ritchie,
2003). As case studies typically take place in a natural environment they provide an ideal opportunity
for direct, unprompted observations of participants (Yin, 2009). Support for this is provided by
Robson (1993, p. 205) who highlights that in smaller scale projects, participant observation is
particularly useful when a key motivation is to “find out what is going on”. This ties back to the
nature of this study and the point by Cohen et al. (2011) highlighted earlier where interest lies in how
things work, for whom and under what given circumstances. Participant observation also permits the
researcher to immerse herself in the research environment and experience scenarios with participants.

It is considered that observational data is highly valuable in this case study design in terms of
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exploring how students engage and interact with both their day-to-day physics lessons and the
implemented OAs and react to the context and process as a whole. Guba and Lincoln (1981) express
that laboratory-style experiments are not appropriate for the study of social groups as they are
insufficient in accounting for complex human behaviour. In scenarios where human behaviour is
governed by attitudes and beliefs, the most valuable instrument to a researcher is a careful observer,

who has the ability to analyse and assess the scenarios from direct experience.

Due to the naturally occurring transfer of data, observations not only reinforce other data collection
methods which can be triangulated in order to verify the authenticity (Cohen ef al., 2011; Robson,
1993), but they also provide an insight into areas that may have been unconsciously missed or

overlooked in the quantitative phase (Cohen et al., 2011) or simply were not possible to measure.

Classroom observations provide a direct awareness and perspective of any issues with either the OAs
themselves or their implementation. Equally, aspects that work particularly well and prompt high
levels of engagement, or those that do not and prompt low levels of engagement from the students can
be naturally recognised (Yin, 2009). Observation measures can also help to identify and account for
courtesy bias in the questionnaire results. This is seen when inconsistencies are displayed between
questionnaire responses and observation data due to participants’ behaving differently to how they

claim to (Robson, 1993).

However, observation techniques are not without their limitations. Osborne et al. (2003) point out that
often behaviour is influenced by other attitudes that may be held more greatly by an individual. For
example, a student may not have a particularly negative attitude towards physics but may display one
in their behaviour in order to conform to their peers or to fit into a stereotype. To the individual, an
apparent mutual attitude and similarity with peers may be more imperative than portraying their true
attitude towards a subject. Influence of peers is particularly evident among high school students
(Chen, 1997; Temitope and Christy, 2015). This is considered to be most problematic among younger
participants in this study, year 8 and 9 students. At the point of year 10 and above, the researcher is of
the belief that students have already established friendships and are considered to be under less

pressure to conform to social stereotypes that are not analogous to their own internal beliefs.

The unintentional influence of the observer can also be problematic. Just the presence of an outside
observer could often lead to both the teacher and students changing their normal behaviour and
consequently changing the observed environment (Gall et al., 1996). As this aspect is directly relevant

to matters of validity, it is addressed fully in Chapter 8.

According to Gold (1958) and Cohen et al. (2011), the role of the researcher in this study was an
observer-as-participant. Although not a complete member of the group, she contributed low levels of
participation in the group’s activities. More specifically, the researcher was clearly not a student in the

class, nor the teacher, but occasionally interacted and communicate with students during the study.
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The observational variables are both descriptive and inferential (Gall ef al., 1996) where the former
requires minimal inference from the observer and the latter requires the researcher to translate
observations of actions and behaviours into interpretations and conclusions. This approach is more
formal than the participant-as-observer, where the researcher is much more involved with the group
and risk becoming too immersed in the group activity causing the researcher to stray from the
observation objectives and could also influence the behaviour of participants. Robson (1993) argues
that the correct variables are observed in slightly more formal observations, consequently promoting

higher validity and reliability than the more informal, unstructured methods.

However, Gold (1958) highlights that a mere, brief contact with participants stands as a limitation of
this role, as it becomes more likely that this unfamiliarity will lead to misinterpretations and
misunderstanding. This is another advantage of following a mixed method approach, data collected
from the PPQ, classroom observations and focus groups can all be triangulated to yield more sound
interpretations. It is also complimentary to a constructivist approach as it can help to understand why
certain events occur and under what circumstances (Verma and Mallick, 1999). The researcher is thus
able to apply her own experiences within the environment in order to ‘read’ and interpret the
information that is provided by the participants (Verma and Mallick, 1999, p. 29). This permits an

ability to explore the larger picture of the given environment and its context.

Despite the drawbacks, Gall et al. (1996) maintain that the advantages of classroom observations, far
exceed the limitations and provide a valuable evidence base. So long as a descriptive narrative,
explanation and justification is provided for all inferences made by the researcher, the reader can
follow and understand such interpretations. The researcher’s application of reflexivity also aids this

process.

7.3.1 Developing the Observation Protocol
Though the research is constructivist in nature and classroom observations are intended to be more
open in terms of data collection, a semi-structured protocol was considered to be helpful in
maintaining a focus (Cohen et al., 2011). This method is employed where the researcher has a general
agenda of behaviours, interactions and communications to look for and there is a general structure and

direction for observation (Robson, 1993).

Existing protocols and instruments for classroom observations were initially searched. This revealed
many standard observation protocols that had been previously developed and validated, but as was
seen with existing questionnaires, they all varied in which aspects of a classroom they apply to and
also whom they apply to. Each tool will have been developed with a particular focus and research

objective which varies to some extent from those of this study.
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What became immediately apparent was the proportion of protocols that appeared to focus primarily
on the teacher and their instruction rather than the students. These are generally used for performance
management purposes of teachers and their abundance is likely due to accountability pressures that
leads schools to be more concerned with performance than experience. Those that had a larger focus
on students were very much quantitative-based, typically following a very prescriptive, checklist
format. That is, a single student or group of students are observed and the observer has a list of events
which they either tick to confirm that such events happened, or they indicate the frequency of each

event.

Palpably missing from these existing tools were specific measures to explain the evidence for such
engagement and how it was identified. The researcher considers that a simple checklist offers little

more depth than a questionnaire and is more typical of a positivistic stance.

The protocols typically addressed are described by Gall et al. (1996, p. 332) as descriptive
observational variables, with little attention to inferential or evaluative variables. Although the latter
two are often developed sequential to the descriptive variables, many protocols lacked the detail to

reflect sufficiently on why such aspects and behaviours were recorded.

This approach was considered to be far too restrictive for the nature of this study and the specific
purpose of classroom observations. The objective of this research was to identify specifically how
particular learning experiences are triggered, not in a broad sense of the activity as a whole but by
breaking down the activity into separate parts. This also reflects a reason as to why duration and
frequency-count techniques were considered inappropriate for the research as the intention was not to
count occurrences of positive experiences among students but to identify what led to them and how

they were fostered.

In response, all existing protocols that were found were rejected for use in this study. This meant a

new protocol had to be developed, the construction of which is now discussed.

Wragg (2012, p. 105) sets out “twenty questions about the classroom” that encompass a variety of

areas and therefore not all of them are applicable to this study. Those that do are as follows:

e  What do pupils learn; what tasks do they engage in, and with what degree of involvement and
success?

e s there coherence in the curriculum [OA content], or does it appear disjointed and incoherent
from the child’s point of view?

e  What happens when children work in small groups; what kind of assignments are undertaken;

who decides what; are the groups collaborative?

Gall et al., (1996, p. 333) classify observation recordings into four key techniques; duration, the

duration over which a specific behaviour takes place; frequency-count, the number of times a
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particular behaviour occurs; interval, observing an individual’s behaviour at given intervals; and
continuous, recording all behaviours of one or a group of individuals over a specified observation
interval. Where frequency-count and to an extent, continuous were most commonly seen among the

literature, a combination of continuous and interval techniques were employed in this study.

The researcher developed two tools to use in classroom observations, a summary of demographics and

delivery and the protocol itself.

Demographics covered aspects such as the time and date of measurement, number of students in
attendance and gender breakdown, gender of teacher and seating plan. Delivery provided a summary
of how the initiative activities were implemented. It included details regarding pre-planning and
preparation, what students were provided with and a broad description of delivery. The demographics
and delivery aspect was used to provide a context to each of the case environments, it also set the

scene for the more detailed observations provided by the protocol.

The protocol itself was made up of ten main areas for observation as well as a running observation
record and an area for the researcher’s interpretations. These were not as constrained as those found in
the literature but encompassed broader areas that could extend down a number of directions without
straying too much from the focus of the observations. This lack of constraint was based on the

inductive approach of the study and the intention for goal-free data collection.
The ten points of observation are provided below. Explanations of each can be found in Appendix 10.

1/. Unplanned Activities

2/. Individual, Paired or Group-Work
3/. Capability of Set Tasks

4/. Communications

5/. Time Optimisation

6/. Body Language

7/. Behaviour of Teacher

8/. Behaviour of Students

9/. Comments from Teacher

10/. Comments from Students

DeWalt and DeWalt (2002) also recommend maintaining a running observation record, in order to
ensure as many aspects of an environment are captured, even if not appearing to apply to any of the
other protocol areas. This final section was therefore intended to record all observed events and
permitted the application of goal-free data collection (Scriven, 1991). It is considered that while in the

moment, where such events should be placed in terms of the protocol main areas may not be entirely
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clear. Some observations may also seem irrelevant at the time but should still be noted. Observations
listed in this area were therefore to be reflected on in post-observation in order to better understand

them and where they were relevant.

Given that school classes can be large, with up to 30 students, classrooms were divided into several of
groups, typically based around the seating plan. Each group was observed over intervals for a
particular period of time. Though, it was decided that anytime where something external to the current
group of focus drew the attention of the researcher, this should not be ignored and attention could

shift in response if it was felt necessary.

Wolcott (2002) suggests when one is unsure on what to focus on, the researcher should turn to what
they happen to be attending to at that time, specifically what drew their attention and why. They
should also continuously review what it is they are looking for, what is necessary and whether it is

presented in the particular scenario they are observing at that point in time.

This final section of the protocol, researcher’s interpretations, had a slightly different purpose to the
other 11. This section was not used to record direct observations, but was used to reflect on observed
events or behaviours and record how they were interpreted by the researcher and what they were
considered to imply. For example, if a student was seen to ask additional questions about the activity
they were completing, this could be interpreted to reveal interest and curiosity in the topic. Similarly,
should a student be seen to be leaning back in their chair, gazing out of the window, this would likely

be interpreted as disengagement and disinterest in the task.

Unfortunately, it was not possible to trial the protocol before the data collection began and so the first
observation in the study also had to act as a test for the protocol which did reveal some difficulties in

implementation of the protocol.

What was immediately evident was the difficulty in section 12, the Researcher’s Interpretations. The
process of recording interpretations meant less time was available for both recording and observing
live observations. This meant that important events or behaviours were at risk of not being seen.
Given that the first implementation involved a class of 26 students, observation time had to be split

across groups of students, reducing the average time spent observing each individual student.

On reflection of this it was decided that this section would be better completed, subsequent to
completing the classroom observation. In future implementations, this section was only completed
after observations had been completed. The focus of actual observation was to record only what was
seen, not what was interpreted. Instead, interpretations would be made immediately after returning

from the venue of implementation.

This reflection immediately after implementation was considered to be one of the most valuable

points for observational data. At this point, observations were still fresh and recall was most efficient.
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As many observations were taken in short hand, all observation notes were expanded to attribute
additional context and elaboration. This was done for almost every observation note made, and

following this, the researcher then made her interpretations.

However, observation records were not left after the day of implementation and were returned to both
a week and a month later. This proved to be extremely valuable as additional occurrences were
recalled and various interpretations were considered, based on time away from the data. This also
incorporated processes of reflexivity whereby the researcher’s experiences increased over time in
accordance with additional implementation events (Cohen et al., 2011). This therefore influenced the

researcher’s interpretations and developed her understanding of classroom environments.

This process of reviewing the classroom observation data is illustrated in Figure 6.

Figure 6 — Flow Chart of the Review Process of Classroom Observations for each Group.

Classroom Observation

Reflection, Elaboration and
Interpretation

Further Reflection and Interpretation

Further Reflection and Interpretation

Further Reflection and Interpretation

Templates for the classroom observations demographics and delivery and protocol can be found in

Appendix 10.
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7.4 Student Focus Groups

Turning now to the qualitative sequential method of data collection, semi-structured focus groups
were only carried out subsequent to implementation lessons and were informed by PPQ and
observation data. Semi-structured focus groups are commonly seen in mixed method research and are
used to accompany other data collection instruments in order to triangulate data (Morgan and Spanish

1984; Vaughn et al., 1999) and also expand on data from quantitative phases (Creswell, 2009).

Focus groups involve directing a series of questions to a group of participants who have been gathered
specifically (Gall ef al., 1996; Punch 2009) to discuss a particular topic with each other and with the
researcher (Morgan and Spanish, 1984). Focus groups are recognised as a method of data collection
that allows participants to express their internal views more freely and with less limitations and
restrictions of a questionnaire. They provide additional, more in-depth information that cannot be
obtained through single-participant interviews and questionnaires alone (Bailey and Slater, 2005;
Finch and Lewis, 2003). This is because interaction is not only with the researcher but also with each
other, participants are able to reflect on one another’s responses and develop and build on their own
views, thus widening the group discussion (Gall ef al., 1996; Kitzinger, 1995; Finch and Lewis,
2003). This is described by Hess (1968, p. 195) as snowballing and is not possible to achieve through
questionnaire data as each participant has their own individual questionnaire which they typically

complete by themselves with no interaction with other participants.

The focus groups were considered to be semi-structured in the sense that the researcher asked a series
of key questions in order to gather particular information that relates to the research questions (Arthur
and Nazroo, 2003), but conversation was not restricted to such questions and was able to naturally

progress in other directions, within reason.

Similar to the observation protocol, a semi-structured approach to focus groups was chosen over a
more open-ended format to provide security in ensuring that the key aspects set out to be explored
through the focus groups were followed and there was less risk of conversations digressing towards
topics less relevant to the study. Although focus groups are considered to be a more open method of
data collection that have the ability to take a number of different directions from participants’
responses, they should still be structured in a way that ensures all participants across groups have
similar experiences (Arthur and Nazroo, 2003). That is, where multiple focus groups are carried out,
the researcher should gather similar information across all of them rather than ask entirely different
questions. Although students may reflect different experiences, these should be with regard to parallel

circumstances.

Focus group data was supplementary to the PPQ and classroom observations and were implemented
in order to allow participants to expand on the views that were brought to light in their questionnaire

responses, thus providing assurance that the right questions are being asked and the right
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interpretations were being made. The key questions that guided the focus groups were therefore not
designed until preliminary results were gathered from the PPQ and classroom observations. This
meant that anything interesting that came to light in these former data collection procedures could be
followed up and interrogated further through the focus groups. This process provided the sequential

explanatory nature of the study.

Although predefined questions were prepared ahead of conducting the focus groups, they followed a
relatively conversational format where sub-questions were often guided by responses to these initial
key questions. This ensured that participant responses were more genuine and emerged more

naturally, allowing the researcher to further probe the perceptions of the participants and allow them

to elaborate on their own views (Gall ef al., 1996; Vaughn et al., 1996).

Some argue that in group interviews, participants may tend to express the same views regardless of
their true opinions in wanting to reach a group consensus (Cannell ef al., 1989). In an attempt to
overcome this, during the initial brief, the research clearly stated that “there are no right or wrong
answers” and that “different and conflicting ideas between you are welcomed”. Students were also
reminded that these interviews were anonymous and any comments they made would not be echoed
back to their teacher. This was to encourage honest opinions and deter students from answering in a

biased manner.

Though the focus groups were designed to follow up on evidence from PPQ and observational data
and triangulate results in order to increase validity, it was also vital to ensure that a greater level of
depth was provided in the focus group data and that it did not simply replicate the data yielded from
the questionnaires and observations (Verma and Mallick, 1999). The intention was to be able to
understand and explain the findings from other data sources (Vaughn et al., 1996). Greene et al.
(1989, p. 266) describe this method of using data from one source to elaborate and develop data from
other sources as ‘complementarity’. Complementarity differs from triangulation in that one source of

data influences another, rather than remaining entirely independent of one another.

Here the researcher sought to achieve both triangulation and complementarity. Triangulation in the
sense that evidence from one source of data collection should reflect similar interpretations from the
other two sources but complementarity in the sense that these three sources should not just be limited
to confirmations of one another but should guide one another to explore results from one source in
greater depth. This allowed the researcher to gain greater understanding of students’ experiences and

what guides their perceptions.

Ideally, focus groups would have been carried out with each participating group in the study.
However, focus groups, unsurprisingly, proved to be the most difficult to organise. Focus groups

required students to either be removed from lesson time, break periods or to stay on after school, and
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students and teachers didn’t stand to gain much else from the process since they had already

completed the implementation activity.

Two focus groups were successfully arranged for group Navy and Brown in the D2E case study,
sadly, despite several conversations and prompts, no focus groups were successfully arranged with
any groups from the Hubble case study. It is likely because implementation of the Hubble OA always
occurred towards the end of the academic year where the relevant content was taught, and at which

point, schools became very exam focussed.

Group Navy and Brown were the first and last groups where implementation occurred in D2E.
Students from group Navy therefore offered the opportunity to investigate whether students had
carried any longitudinal experiences from the OAs as the interview was carried out 17 months
subsequent to implementation. This provided an opportunity for the researcher to reflect on students’
recall of the activity. Where their PPQ responses immediately after implementation were positive, the
researcher could investigate if this was still the case over a year on and after progressing further

through their education.

Students from group Brown had a much shorter period between implementation and the focus group
with a gap of just two months. This shorter timeframe meant students could more readily reflect on

their experiences and expand on the perceptions they portrayed in the PPQ.

When the difficulty of arranging focus groups became apparent, the researcher saw it beneficial to
attempt to conduct interviews with participating teachers. This was successful with one teacher in
each case study, Mr Brown from the D2E case and Mrs Yellow from the Hubble case. Teacher
interviews had not initially been set out as a priority as focus was attributed to students’ perceptions of
their learning experiences. However, in light of the difficulties in arranging student focus groups,
teachers’ insights were able to offer additional data that could be triangulated with other sources and

methods.

The demographics of the focus groups with Group Navy and Group Brown and questions the students
were asked are provided in in Appendix 11. Though it should be recognised that such questions were
used as the general structure of the focus groups, in reality, more questions were asked in response to

students’ answers and interactions.

7.5 Teacher Interviews

As stated, teacher interviews had not initially been part of the data collection plan and were only
designed once implementation had begun when the difficulty of organising focus groups became

apparent. However, data from teacher interview was not just used to enrich the data collection and
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explore elements of implementation practicalities, but was also used for participant triangulation, in

that students’ responses and teachers’ responses could be cross-checked (see Chapter 8).

There was concern whereby research into the reliability of teacher reports on classroom environment
and activity are concerning in that often teachers will reflect more positively on such factors
compared to both their students (den Brok et al., 2006; Fisher and Fraser, 1983; Hook and
Rosenshine, 1979) and outside observers (Hook and Rosenshine, 1979).

However, an interesting finding from Centra (1973) was seen where although teachers reported more
positively on different classroom aspects than their students, what was seen to be parallel was the
ordered ranking of the same aspects. That is, where teachers reported more positive scores than their
students to aspects a, b and ¢ in the classroom, when placing aspects in order of scores, highest to
lowest, the data demonstrated a Spearman rank correlation of 0.77, demonstrating a relatively high
similarity. Remarkably, Fraser (1982) performed a similar study measuring student and teachers

scores across five dimensions. He also demonstrated a rank correlation of 0.77.

Despite the divergences between student and teacher reports of classroom environment and teachers
not guaranteeing a reliable source of evaluation (Hook and Rosenshine, 1979), given that similarities
are seen across the ranking of activities, and positive and negative experiences more largely, in
conjunction with the notion that this study does not rely solely on teacher reports, it is considered that

teachers can provide further valuable evidence.

Ultimately, they are also the gatekeepers to the classroom and it is they who decide on what events
take place and are implemented within lessons. Their views of the OAs should therefore not be

ignored.

Teacher interviews were also semi-structured based on the same arguments as those for the student
focus groups. The questions were largely directed around their perceptions of the educational OAs,
the success of implementation, how they believed students responded and the advantages and
limitations of the OAs. Questions specific to some of their students were also included depending on

the teacher who was interviewed.

Interviews were carried out with Mr Brown from the Down2Earth case study and Mrs Yellow from
the Hubble case study. A description of when and where these interviews took place as well as a full

listing of the questions that were asked to both teachers are provided in Appendix 12.

7.6 Summary

Chapter 7 has argued the case for each of the sources of data collection employed in this study and

how they were selected and designed to most effectively address the aim of this study and its research
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questions. Table 10 summarises these instruments, their main objectives and the phase of

implementation in which they were utilised.

The PPQ acts as the initial fact finding technique (Verma and Mallick, 1999), where the classroom
observations and follow-up focus groups and interviews stood as the explanations, reasons and

processes behind this surface level data.

The questionnaires, observation protocol, focus group and interview templates can be found in

Appendices 8 to 12.

Table 10 — Summary of Data Collection Instruments

Instrument Objective Implementation
Phase
(a) Questionnaires Assess students’ attitudes and perceptions. Pre and Post
Recognise aspects perhaps missed by (a) and assess
(b) Classroom ) ) )
) whether claims from (a), (c) and (d) are reflected in During
Observations )
actions.
Deeper investigation of reasons behind students’
(c) Student Focus ) ] ) )
perceptions reported in (a) and behaviours witnessed Post
Groups )
in (b).
Investigation of teachers’ opinions around students’
(d) Teacher ) ) o ) ]
learning experiences and for participant triangulation Post

Interviews .
of data collected in (a) and (c)
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Chapter 8

Addressing Validity and Reliability

Justification for the employment of a sequential explanatory, mixed method, multiple-case study
design has been described in the preceding chapters along with details of instrumentation and how
each is best suited to address the research questions of this study. However it is recognised that no

research design is without its limitations and threats to validity.

Merriam (1988) highlight that in order for an initiative project to influence theory or practice in
educational fields, such studies must be trusted by stakeholders. Whether or not a research study can

be trusted is described by its validity and reliability and is therefore essential in all fields of research.

Validity describes the truth value of research findings (Guba and Lincoln, 1981) and the extent to
which the reader can trust the process of the study and that resulting conclusions are sound. Reliability
refers to the consistency of such findings and whether these would be observed again if repeated.
Reliability is arguably irrelevant if a study is not valid as there would be no need to justify the

reliability of empty and meaningless findings.

As with their philosophical assumptions and approaches, social science researchers, educational or
otherwise, are not unanimous in their views of demonstrating research validity and reliability. Two
broad approaches are seen to be employed, the use of which depends on the nature of the research.
Traditional philosophies of validity and reliability are those of positivistic researchers who view
reality objectively and assess research in terms of internal, external and construct validity as well as
reliability (Yin, 2009). However, constructivists argue that these definitions were generated in a
positivistic tradition and are therefore not applicable to case study or qualitative designs (Yazan,
2015). Merriam (1988) makes the point that where understanding is the focus of an investigation, the
criteria for trusting such a study will be different to one that focuses on testing a hypothesis.
Therefore, different paradigms and epistemological stances should naturally hold different
conceptualisations of validity and reliability. Given the nature of this study and the integral role of the

researcher, this also presents additional threats that would not be considered by positivists.

However, even among constructivist researchers there are various terminologies. For example Gall et
al. (1996) contend that research should be assessed in terms of plausibility, authenticity, credibility

and relevance, whereas Guba and Lincoln (1981) provide definitions of credibility, applicability,
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consistency and confirmability. The following sections explore these different definitions and identify

their appropriateness to this study.

8.1 Credibility

Credibility is the accepted alternative for the positivistic definition of internal validity which describes
the extent to which we can say that the experimental stimulus itself made a significant difference
within a given scenario (Campbell, 1957, p. 297). The credibility of constructivist research however
describes how much confidence can be attributed to the reported findings or a particular study for the

given subjects and context. Put simply, do the findings accurately describe reality?

This is a tough feat for constructivists who must contend with multiple realities, all of which are
unique to the participants. Stake (1995, p. 108) emphasises that given the multiple perspectives, there
is no way of establishing which perspective and interpretation is the ‘best’. Where people are the
source of study, i.e. students within a classroom, each of these participants holds their own internal
reality and all are true. The researcher must therefore judge the credibility of their interpretations with
the corresponding sources. This credibility reflects the extent to which the explanations are logical in
light of the evidence presented, or whether alternative explanations could hold merit (Hitchcock and
Hughes, 1995). The issue of credibility was a primary reason for the application of reflexivity and the
importance of reviewing data and interpretations as the researcher’s experience and understanding
developed. This was also in line with Stake’s recommendation (1995) of asking whether both a
comprehensive and accurate description of the case has been provided in the data and whether

interpretations are developed in the way they should be (Yazan, 2015).

Guba and Lincoln (1981) acknowledge that distortions can arise from biases not only from the
researcher but also the participants. Chapter 6.1 set out the initial biases and predispositions of the
researcher in a first step to address this issue and highlighted how reflexivity is applied throughout the
research process. However the researcher could also go into a classroom environment with
expectations of the participants or of the OAs or biases could present themselves in the analysis stage.
With an awareness of this, the researcher approached the classroom observations with an aim to
simply ‘write what is seen’. Chapter 7 explained that no interpretations would be made during the
classroom observations and would only be made subsequent to implementation, once the researcher
had left the site. It also described how repeated reflection was made on data which is also
recommended by Guba and Lincoln who suggest continual scrutiny of data. Denzin (1971, p. 177)
expresses the importance of an “intimate familiarity” with all sources of data so that the researcher is

able to sufficiently judge what is necessary to build a representative case.
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An element of participant bias is also a potential threat to credibility. This occurs when a participant is
aware they are part of a study and therefore attempts to “help” the researcher and behaves in such a
way that is not natural but that they think is appropriate. Often, the students were not aware that the
OAs had been designed by the researcher herself and she was merely an external observer. Given the
performance management procedures that schools induce and training PGCE students in schools, it
was believed that students are generally used to having additional persons present in their lessons,
often some they are not familiar with. Initially it was also hoped that the researcher would be able to
carry out multiple visits to classrooms prior to implementation to develop familiarity. Unfortunately

however, this was only possible with two of the eleven groups.

A frequent and widely used technique among the literature for enhancing validity of research is
triangulation. Stake (1995) emphasises the value of triangulation in improving credibility and
highlights four different sources of triangulation, parallel to those proposed by Denzin (1984). Such
sources are: data source, investigator, theory and methodological. This study makes use of the first,

second and fourth.

Data source triangulation involves looking for consistencies in data across different contexts (Tellis,
1997) and can be done through collecting data from two sets of participants (Stake, 1995). In this
study this was achieved through collecting data from both students and teachers. Although data
collected from teachers was aimed to address additional areas, such as the practicality of OA
implementation, much of it was also parallel to that collected from students. Responses from teachers

and students could therefore be compared in order to identify commonalities and differences.

Many researchers also recommend carrying out ‘member checks’ (Guba and Lincoln, 1981;
Hitchcock and Hughes, 1995; Merriam, 1988; Stake, 2010). This is when the researcher explains their
observations and interpretations to the participants of the study to see if they approve and agree. This
was partly achieved through the student focus groups and teacher interviews, subsequent to
implementation. The structures of these were formulated based upon the researcher’s interpretations
of the data collected in the questionnaires and from classroom observations. Lincoln and Guba (1985)
describe this technique as a means of assessing intentionality — that is, was it the intention of the
participant to lead the researcher towards these particular interpretations and conclusions? This
process of the study simply allowed participants to express whether or not, the researcher’s

interpretations were acceptable depictions of their views and perceptions.

This process also ties closely with the second method, investigator triangulation. This method
involves having more than one investigator or researcher examining the same phenomenon (Tellis,
1997). This was utilised whereby inferences made by the researcher and ‘member checks’ from

participants were also presented to the supervisor of this study. He had not been present for any of the



129

data collection so could only make judgements based on the data that was presented. As he was not

directly related to the study, he was also considered to be an unbiased source.

The final method, methodological triangulation, is perhaps the most widely used, or at least widely
recognised (Stake, 1995). Mixed methods research therefore, by its very nature, utilises triangulation.
Quantitative and qualitative paradigms and the specific techniques within both, have their unique
advantages and limitations. Often the errors and limitations yielded by one paradigm, is countered by
the strengths of another. Where methodological triangulation is utilised, the research is not basing
their inferences on a single source of evidence. Instead, they can triangulate multiple sources and

build a more rigorous, robust case.

This particular study uses both quantitative (questionnaires) and qualitative (classroom observations,
focus groups and interviews) techniques for data collection. Where something comes to light in one
source of evidence, its validity is promoted where it is also evident in another source. If multiple

methods produce the same evidence, we can be more confident that such evidence is valid.

8.2  Confirmability

Here the positivistic notion of construct validity, referring to whether or not the applied measures in a
study are effective in addressing the concepts under investigation (Yin, 2014), is replaced with
confirmability. This is particularly testing where research seeks to investigate a latent construct. As
latent constructs cannot be measured directly, the measures put in place to infer such a construct must
be relevant and accurate. This is a particular threat to constructivist research due to the subjective
nature, where results are formed largely from interpretations by the researcher. A key feature of
confirmability, as highlighted by Guba and Lincoln (1981) is that it is the researcher’s responsibility
to report the data and interpretations in such a way that if necessary, it can be confirmed by additional

sources.

Part 1 of the PPQ was trialled and thoroughly validated through exploratory factor analysis and
reliability analyses and therefore is not of concern (the process of which can be found in Bartlett ef al.
2018). It is therefore the classroom observations, focus groups and interviews that were of greater
concern and could be largely influenced by the researcher. Confirmability is largely combatted

through the same techniques used to address credibility.

Triangulation of data is invaluable, and the three instruments for data collection in this study provided
a spectrum of perspective into the particular scenarios within each case and could also be triangulated
to confirm or refute arisen points. Yin (2014, p. 47) also recommend establishing a “chain of
evidence”. This ties in with the importance of providing detailed and descriptive accounts of

processes and interpretations. A chain of evidence makes it clear to the reader how each phase of the
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study follows on from the previous and how the initial research question led to resulting conclusions
and is compatible with the sequential explanatory design. Given the design of this study, evidence was
triangulated across instruments and a greater depth was reached. This allowed the researcher to
establish a chain of evidence that was used to supplement and develop results from the earlier data
collection phases. The more the findings across the individual sources and instruments were reflective
and supportive of one another, the more confident we can be in that the data represents the constructs

it set out to measure.

8.3 Transferability

External validity describes the extent to which a study can be generalised to people, settings and times
beyond those of the given study (Campbell, 1957; Trochim, 2006; Yin, 2014). The constructivist
alternative employed here is transferability (Reige, 2003). External validity and generalisability is,
unsurprisingly, often argued to be one of the biggest limitations of case study (Zainal, 2007) and
constructivist research. Generalisability is achieved when the researcher can rightly say that x will
lead to y in z circumstances. However, the z is a major problem for educational research (and other
social science research) as there is a myriad of uncontrollable variables in play (Bassey, 1981).
Merriam (1988) also highlight that researchers who chose to follow a case study design do so not with
the intention of investigating what is true for the many, but instead with the intention to gain a deep

understanding of a particular scenario and what this might imply for other scenarios.

Generalisability has already been touched upon several times in terms of how it was not an
appropriate target for this study and instead the alternative definition of transferability is employed.
Where the traditional scientist is able to set up a controlled environment and manipulate variables at
will, it is impossible to manipulate and control all influential variables in studies involving human
behaviour. So many factors shape a classroom, such as gender ratio, free school meal eligibility,
performance. Each student and teacher also has their life outside of the classroom that will
subconsciously be brought into the classroom and influence that individual’s reality. These numerous
factors and characteristics are unique to each individual, each classroom and each school, it was
therefore expected that noticeable variations would be evident across groups, as each event is

distinctive, it cannot and should not be generalised to the wider population (Mack, 2010).

Therefore, as with many constructivist studies, generalisability in the traditional sense is not an
objective. That said, the research does need to hold some relevance and applicability to the
educational research field in order to merit its worth. Many researchers have proposed a number of

alternative measures and substitutes depending on the research design that is employed.
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Here, the researcher sought to provide findings that were transferable (Guba and Lincoln, 1981;
Reige, 2003) to other settings. Instead of prescribing generalisations around what will work and what
will not work across all classroom settings, the researcher describes what did and did not work and
under what contexts and circumstances. The researcher identifies best practice in each individual
environment and actively seeks differences among groups as well as commonalities. The findings of
this study therefore provide a narrative of the entire process, explaining what happens and under what
particular contexts. This allows teachers or practitioners to follow the classroom events and student
experiences and identify for themselves how these may be complementary and transferable to their
own classroom environment. It was the task of the researcher to provide data that was rich and
detailed enough for the reader to determine whether the findings from the specific context are

transferable to their own classroom (Yilmaz, 2013; Lincoln and Guba, 1985).

This approach is considered comparable to naturalistic generalisations proposed by Stake (1978, p.6).
These generalisations are formed when similarities of objects or scenarios are easily recognised both
in and out of the context. This requires comprehensive understanding of the particular scenario that
enables the individual to recognise similarities in foreign contexts, (i.e. another classroom). This
experience leads to a comprehensive awareness of why such things are as they are, where they are
likely to arise and how people regard them. Bassey (1981, p.85) argues a similar standpoint and
argues that an educational case study should not be judged on generalisability but upon the extent to
which the details can be related both adequately and appropriately to a teacher in a similar situation,

he terms this relatability.

Here, the researcher considers that in order to gain new insights and make new discoveries, deviations
from universal laws are not only necessary but crucial. If educational research has a purpose in
contributing to improving educational practice, it is not appropriate to combine case studies into one
edifice (Bassey, 1981). Bassey’s reasoning is interpreted to mean that improvements cannot be made
without change and therefore anomalies and deviations from previous findings are necessary in order
to facilitate such changes. This approach is considered comparable to miraculous medical case studies
that lead to developments and understandings within the field. Here, it is not their generalisability or
applicability to the broader population but their unique and unexpected characteristics that led to such

advances.

This gains substantial support, for example, Kind et al. (2007) argue that although qualitative methods
are limited by their ability to generalise, they make up for it in the depth and detail that they provide.
When a case study design is chosen, it is under circumstances where the researcher seeks to gain an

in-depth understanding of a particular scenario or environment, rather than to discover a general rule.

The researcher therefore aimed to enhance the transferability of the study by describing the process of

the study and relevant data in as much depth and detail as possible. That way, the reader can
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understand the context of where these results transpired and identify whether they are applicable and

transferable to their own classroom.

8.4 Consistency

The positivistic reliability measurement is replaced here by consistency. Many issues facing reliability
have already been discussed in the preceding sections that address validity. In particular, many
researchers believe that internal validity is not possible without reliability (Merriam, 1988; Lincoln

and Guba, 1985).

Reliability aims to minimise both the error and bias within a study (Yin, 2014). As a result, if the
study was to be repeated, it would return the same results (Merriam, 1988). The difficulties in
universal generalisation in educational research have been discussed where each classroom is distinct
and possesses characteristics that deviate from the next. Though the investigation can be repeated in
another environment, it is not possible to replicate the scenario or environment. Instead of producing
results that can be reliably transferred to other contexts, the aim of the researcher is to demonstrate to
the reader that, given the data, the results and the conclusions make sense and how such conclusions
were reached is clear and intuitive. Lincoln and Guba (1985, p. 288) describe this consistency or

dependability of research as more applicable here.

Again we are brought back to the importance of establishing a chain of evidence and following a
process of external verification. The data collection tells a story that the reader can follow and
understand. It was anticipated that the findings of this study would likely reveal a range in results not
only from case-to-case but from group-to-group. Although implementation of the educational OAs
turned out to be highly successful in one classroom were less successful in others. However, this is
not considered to be a flaw in the reliability, instead, the approach of an in-depth case study allowed
the researcher to identify the various characteristics across these environments that could account for
such differences. For example, x worked in classroom y under z circumstances but not under a

circumstances. This brings us back again to transferability.

Merriam (1988) also draws attention to the fact that repeating a qualitative case study will also not
yield the same results due to the subjectivity and interpretation of the researcher. This ties back to the
theory of reflexivity and the importance of acknowledging the predispositions of the researcher. It
should be emphasised that this does not discredit the original study, nor the following replication
study, but simply highlights that alternative interpretations can be made on the same data. So long as
any biases are acknowledged and the researcher is descriptive in their reasoning and justification for

such interpretations, the reader can judge whether they agree.
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However, the process of peer debriefing is put in place in order to ensure such interpretations are
rational and justified. Although interpretations will vary from person-to-person, each of these persons
should be able to appreciate those of others and understand their thinking behind such inferences.
Where inferences are made that cannot be understood by external individuals and appear to be an

entirely biased output of the researcher, the study cannot be considered as consistent.

8.5 Summary

This chapter has argued the constructivist alternatives for validity and reliability and why such
positivist approaches cannot be applied to processes where subjective, qualitative methods are

dominant.

The measures that were taken in order to enhance the validity of this study and reduce such threats

have been discussed at length, however there were three overarching techniques that were considered:

e Triangulation of data collection instruments
e Predispositions and biases of the researcher are set out initially prior to data collection

e The research process and the justifications of inferences is highly descriptive and narrated

Table 11 summarises the techniques put in place to combat validity and reliability issues in this study.

Table 11 — Summary of Techniques to Improve Validity and Reliability

Validity Aspect Description Technique for Enhancement

e Descriptions of everything that is witnessed during data

. . collection
The intervention caused

o e  Continual scrutiny of data
Credibility the effects that are seen Y
. e  Member checks
and described . ... .
e Predispositions and biases of the researcher clearly set out
e Triangulation
Data collection tools e Triangulation
Confirmability measure what they e  Established chain of evidence
intend to measure e  Member checks
Findings can be
Transferability transferred into other e Descriptions of scenarios, participants and contexts
settings
Conclusions are sound e Established a chain of evidence

Consistenc . . .. .
Y based on the evidence e Predispositions and biases of the researcher clearly set out
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Chapter 9

Preliminary Data Analysis

As this study applied a mixed method approach, the researcher deemed it appropriate to first perform
a surface level analysis of the quantitative and qualitative data separately before full, synthesised

analysis was carried out. This was for two reasons:

1/. As this study was a sequential explanatory design whereby one method of data collection
guides another, it was important to identify what the PPQ and classroom observation data
revealed so that the follow-up focus groups could be designed in order to gather deeper and

relevant information.

2/. It was considered important to recognise any patterns and themes among the quantitative
and qualitative data in order to identify their applicability to the research questions and to

identify a suitable evaluation framework for full analysis.

This chapter therefore provides a surface level breakdown of the results from the Perceptions of

Physics Questionnaire and the Classroom Observations from both case studies.

9.1 Quantitative Data Analysis

Quantitative analysis was carried out on all responses gathered in Part 1 of the PPQ, the Likert-scale.
An independent sample t-test was computed using SPSS version 23 in order to explore whether
students showed any differences in their perceptions of their day-to-day physics lessons (pre-PPQ)
and of the implementation activity (post-PPQ).

Before data analysis on the PPQ could be carried out, successful validation of the instrument had to be
confirmed, the process of this is detailed in Bartlett ef al. (2018). Factor analysis revealed six reliable
and valid scales with the pre-PPQ. These were Future Aspirations in Physics, Interest in Astronomy

and Space Science, Confidence, Perceived Relevance, General Interest and Investigation Work.

Students responded to a number of items within each of these scales on a 5-point Likert Scale where 1
= Strongly Disagree, 2 = Disagree, 3 = Neither, 4 = Agree and 5 = Strongly Agree. Items were
generally positively phrased (e.g. I enjoy my physics lessons) and those that were negatively phrased
(e.g. physics lessons are boring) were reverse coded for analysis. This meant that high scores

indicated a positive opinion and low scores indicated a negative opinion across all items.
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Before data is separated into cases, Down2Earth and Hubble, study-wide implementation of the OAs

was analysed in terms of this study’s overall influence on students’ learning experiences.

Independent sample t-tests were computed in order to compare students’ PPQ scores across the
perception constructs on occasions of pre and post implementation of the OAs. Table 12 summarises
such scores across the total number of student responses (N) in the pre- and post-test in terms of their
mean and standard deviation (SD) and the significance value (p) and effect size (d) of the t-test. Effect
sizes are provided both as values and size (small, medium or large) according to Cohen (1988). Scales
highlighted in green are indicative of significant differences between occasions. Where the p value
(significance) is equal to 0.05 or less, we can be 95% confident that such results are not due to chance.

Alternatively, the effect size describes the magnitude of this result: small, medium or large.

It is observed that the scale regarding students’ Future Aspirations to Physics is not including in the
following reports. This is because this scale was only measured in the pre-PPQ. It was not measured
in the post-PPQ as the researcher did not anticipate that a change toward this construct was possible in
a one-lesson initiative. Students’ initial perceptions towards future involvement in physics were

collected in order to identify whether results were reflective of other existing and previous studies.

Table 12 - Pre- and Post-PPQ Scale Scores for all Students across both Cases

N Pre Post

Factor pre/post Mean (SD)  Mean (SD) P Cohen’s d
Interest in Astronomy 230/223 3.35(0.92) 3.43 (0.86) 0.334 -
Investigation Work 208/194 3.57 (0.77) 3.80 (0.68) 0.002 0.3 (small)
Confidence 205/193 3.33 (0.83) 3.80 (0.71) <0.001 0.6 (medium)
Perceived Relevance 230/209 3.16 (0.68) 3.26 (0.74) 0.176 -
L — 233226 3.63(0.77)  3.89(0.72) <0.001 0.3 (small)

Quantitative results from the study are broken down into the relevant cases in the following sections.
Here a summary of the results from statistical analysis are provided that is later fed into the evaluation

framework and triangulated with qualitative data for full analysis and interpretation.

9.1.1 Case Study 1: Down2Earth
Results from the independent sample t-tests of students participating in the Down2Earth case study
are summarised in Table 13. Overall, students provided more positive responses to each factor on the
post-PPQ than on the pre-PPQ. However it is seen in Table 13 that students only reported
significantly more positive responses on three of the five factors on the post-PPQ, relating to the
initiative activity. Students reported significantly more positive perceptions of their Confidence (t

(191) =-5.250, p <0.001), their Perceived Relevance (t (237) = -2.853, p = 0.005) and their General
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Interest (t (249) = -3.298, p = 0.001) towards the activity than towards their day-to-day physics

lessons.

Students’ interest in Astronomy and Space Science although was seen to be slightly more positive on
the post-PPQ, showed no significant difference, and the same for students’ perceptions of

Investigation Work.

It is considered that a one-off initiative lesson is not sufficient to influence students overall opinion
regarding Astronomy and Space Science substantially. In terms of investigation work, Ofsted (2013)
report high levels of investigation and inquiry in key stage 3 science which is likely why this saw no

significant increase.

Table 13 - Pre- and Post-PPQ Scale Scores for Students in the Down2Earth Case Study

N Pre Post

Factor pre/post Mean (SD) Mean (SD) p Cohen’s d
Interest in Astronomy 125/120 3.18 (0.94) 3.30 (0.87) 0.346 -
Investigation Work 102/91 3.75 (0.68) 3.83 (0.65) 0.406 -
Confidence 103/90 3.30 (0.87) 3.92 (0.77) <0.001 0.8 (large)
Perceived Relevance 125/114 3.09 (0.71) 3.37 (0.75) 0.005 0.4 (small)
General Interest 129/122 3.53 (0.80) 3.85(0.74) 0.001 0.4 (small)

Figure 7a and 7b illustrate the distributions of student scores on each of the five scales on the pre-PPQ

and on the post-PPQ within the D2E case study.
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Figure 7a — Distributions of D2E Case Study Student Scores on Individual PPQ Scales on Pre-test
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Figure 7b — Distributions of D2E Case Study Student Scores on Individual PPQ Scales on Post-test
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Figures 7a and 7b are illustrative of the skewness of the data on both occasions. Skewness describes
the symmetry of a statistical distribution by assigning a value to the extent at which a distribution
differs from normal. A negative skewness value is demonstrative of the mode of the data being of
greater value than the mode. A positive skew is demonstrative of the mode being of smaller value
than the mean. Table 14 details the specific skewness values for each of the scales in the pre- and

post-PPQ.

All of the scales on the pre-PPQ possess a skewness value within the range of -1 and 1 which was
used in this study as the normal distribution range. Investigation Work shows the greatest skewness

which is negative, thus demonstrating students had a slightly more positive perception of these items.

However, Figure 7b suggests much greater skewness in the scales on the post-PPQ and this is
reflected in the corresponding values. On the post-PPQ students in the Down2Earth case study yielded
scores outside of the normal distribution range for factors Investigation Work, Confidence and
General Interest. All of these factors were negatively skewed and thus demonstrate that on the post-
PPQ, students’ perceptions were more positive in these areas. Nonetheless, such values still remain
within the range of -2 and 2 which is considered a normal distribution by many researchers (e.g.

George and Mallery, 2010).

Table 14 — Skewness Values of D2E Student Scores on Pre- and Post-PPQ

Skewness
Factor
Pre-PPQ Post-PPQ

Interest in Astronomy -0.289 -0.359
Investigation Work -0.937 -1.137
Confidence -0.824 -1.272
Perceived Relevance -0.087 -0.467
General Interest -0.777 -1.511
Future Aspirations -0.086

9.1.2 Case Study 2: Hubble’s Expansion of the Universe
Analysis of responses from students in the Hubble case study revealed slightly different results. Here,
generally students reported higher scores on the post-PPQ for all factors apart from Perceived
Relevance (see Table 15). Students therefore indicated that they found their day-to-day physics

lessons more relevant than the initiative activity, though this was not significant.

In this case just two factors showed significant differences in the pre- and post-PPQ, namely
Investigation Work (t (207) = -3.557, p <0.001) and Confidence (t (203) = -3.321, p = 0.001). In key
stage 5 the curriculum places less of a focus on skills compared to lower key stages (Ofsted, 2011;

2013), and subsequently fewer practical lessons are seen to take place. Therefore it is not entirely
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surprising that in the Hubble case study, a significantly higher score was obtained on the post-PPQ in

relation to this scale.

Table 15 - Pre- and Post-PPQ Scale Scores for Students in the Hubble Case Study

N Pre Post

Factor pre/post Mean (SD)  Mean (SD) P Cohen’s d
Interest in Astronomy 105/103 3.54 (0.86) 3.59(0.82) 0.710 -
Investigation Work 106/103 3.39(0.82) 3.77 (0.71) < 0.001 0.5 (medium)
Confidence 102/103 3.37 (0.79) 3.70 (0.63) 0.001 0.6 (medium)
Perceived Relevance 105/95 3.24 (0.63) 3.12 (0.70) 0.199 -
General Interest 104/104 3.74 (0.71) 3.92 (0.69) 0.063 -

It is disheartening to see that even students in the Hubble case who have chosen to pursue physics
beyond the compulsory level; and report a generally positive general interest (3.74), still have

relatively negative perceptions of their ability in the subject and the relevance of physics.

Figure 8a and 8b illustrate the distributions of student scores on each of the five scales on the pre-PPQ

and on the post-PPQ within the Hubble case study.

As with the D2E case results, all scales in the PPQ demonstrated values within the normal distribution
range of -1 and 1 on the pre-occasion (Figure 8a). However, a normal distribution was also seen on
the post-PPQ scores as illustrated in Figure 8b and in Table 16. This implies that students in the
Hubble case study reported less ‘extreme’ perceptions towards their learning experiences than those in

the D2E case study.



141

Figure 8a — Distributions of Hubble Case Study Student Scores on Individual PPQ Scales on Pre-test
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Figure 8b - Distributions of Hubble Case Study Student Scores on Individual PPQ Scales on Post-test
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Table 16 — Skewness Values of Hubble Student Scores on Pre- and Post-PPQ

Skewness
Factor
Pre-PPQ Post-PPQ

Interest in Astronomy -0.564 -0.585
Investigation Work -0.432 -0.424
Confidence -0.579 -0.129
Perceived Relevance -0.214 -0.003
General Interest -0.472 -0.995
Future Aspirations -0.131

9.2 Qualitative Data Analysis

Preliminary qualitative analysis was only carried out by means of thematic analysis (TA) on
classroom observation data and the open, qualitative questions included in the PPQ. Thematic analysis
is a process used to identify, analyse and find patterns within a data that are relevant to the subject
phenomenon (Joffe, 2012; Braun and Clarke, 2006). However, there is no unanimous agreement
among researchers on specifically how the analysis should be applied (Nowell et al., 2017; Braun and
Clarke, 2006). Results from TA combined with the quantitative analysis is what was used to inform

the semi-structured student focus groups and teacher interviews.

Given the inductive nature of this study, themes were generated from the raw data rather than
deductively based on an existing theory (Nowell et al., 2017) and was therefore data-driven rather

than theory-driven (Braun and Clarke, 2006).

Nowell et al. (2017) highlight how inductive approaches can yield themes that appear irrelevant to the
particular research questions of a study. However, this is another purpose of the evaluation framework
that discussed in Chapter 5 and applied later in order to synthesise all quantitative and qualitative data

and prioritise that of importance and relevance.

Given that this process focussed on broad learning experiences that occur in the classroom to guide
the overarching evaluation framework, data was not separated according to case or group and was

instead combined for this stage of analysis.

Figure 9 illustrates the full process of analysis. This is comparable to Figure 6 in sub-chapter 7.3.1
that illustrates how observation notes were revisited and reviewed on multiple occasions subsequent
to the actual observation in a reflexive process (Cohen et al., 2011). Once the final reflection had been

made for each observation across both case studies, TA was carried out.
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Figure 9 — Process of Data Analysis

Statistical Analysis of Quantitative Data

Thematic Analysis of Qualitative Data from
Classroom Observations and PPQ Open Questions

Construction of Theoretical Framework and Base for
Semi-structured Focus Groups and Interviews

Triangulation of PPQ and Classroom Observations
with Focus Group and Interview Data

Application of Relevant Data to Theoretical
Framework

9.2.1 Thematic Analysis of Observational Data
All observation data was colour coordinated according to group, and each observation and each
sentence was isolated and printed out. The researcher then laid out each of these observations and
began to review them, coding them into numerous categories and then combining these into broader
themes and patterns among the data. This manual thematic analysis was perceived to be preferable
over the use of software, as it allowed her to view all the data at once making it easier to connect data

and identify relationships.

Where observation data was revisited, it was isolated by group. However, the thematic analysis
involved combining data across groups and cases. Consequently, this allowed for further reflexivity
and interpretation of scenarios, and the identification of behaviours, communication and
implementation styles and interactions not only across students within groups but also between

groups.

Similar to observational records, the thematic analysis was revisited several times. Upon identifying
all apparent themes in the observations, the researcher recorded these themes and the relevant
observations and would then start the thematic process again a few days or a week later. This was

done so that the researcher could review all the data again and explore any themes that were not
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identified previously. Following this, the researcher turned to the literature to explore qualitative
research around classroom behaviour, communication and engagement in order to identify other

circumstances and scenarios where similar observations had been made and the interpretations drawn.

Table 17 summarises the six final themes considered to be present among the observation data. All
observations considered to be applicable to each of these themes was so classified and also
categorised to whether this was a positive or negative observation. Specific examples of observations

considered to be applicable to each of these themes is provided in Appendix 13.

Table 17 — Thematic Analysis of Observational Data

Theme Explanation

Evidence of student demonstrating confidence (or lack of) in their
Confidence ability

Engagement Evidence to suggest students were (or were not) engaged with activity

Evidence of students carrying out additional elements of inquiry,

Processes of Inquiry beyond scope of activity

Evidence of the types of relationship between the teacher and students,

Student-Teacher Interaction both academically and socially

Evidence to suggest students were (or were not) interested in the

Situational Interest ..
activity or context

Student Relationships Evidence of the types of relationships between students.

9.2.2 Content Analysis of PPQ Open Questions
Content analysis on the PPQ was carried out on two open questions in the pre-PPQ and three in the
post. Content analysis is different from thematic analysis in that it primarily categorises data rather

than interprets the themes among it.

The two pre-PPQ questions asked students what they liked most and least about their day-to-day
physics lessons, and two of the post-PPQ questions were parallel to these but in relation to the
implemented activity. The third question in the post-PPQ asked students what they thought could be
improved in the activity. Answers on the post-PPQ were also separated by case as it was evident that

many responses were specific to the OA.

Here, the content analysis was much more straight-forward than the thematic analysis of classroom
observations as there was much less data to work with. Table 18 summarises the themes identified

among students’ responses, examples of each theme can be found in Appendix 14.



Table 18 — Content Analysis of Open PPQ Responses

Question

Themes

What do you like most about physics lessons?

Practical lessons
Learning
Astronomy

The teacher
Mathematics
Particle physics
Diversity
Interesting

What do you like /east about physics lessons?

Writing

Boring

Difficulty

Specific topics
Practical lessons
Reading

Working with graphs
Mathematics

The teacher

What did you like most about the activity?
(Down2Earth)

The simulator
Investigation

e Asteroids and craters
e Independence

e IT element

e Blowing things up
Learning

What did you like /east about the activity?
(Down2Earth)

Writing
Restrictions
Repetitive
Investigation
Difficulty
Distractions

How do you think the activity could be improved?
(Down2Earth)

Time
Additional tasks
Investigation
Group work
The simulator
Writing
Guidance
Freedom

Other

What did you like most about the activity?
(Hubble)

The age of the Universe
Graph plotting
Working with real data

Group work
Mathematical aspects
Independence

Finding Hubble’s constant

What did you like /east about the activity?
(Hubble)

Graph plotting
Repetitive

IT elements
Mathematical aspects
Calculators

Other

How do you think the activity could be improved?
(Hubble)

IT elements

146
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Time

Interactivity
Instructions/guidance
Other

9.3 Summary

This chapter has detailed the initial, separate procedures of data analysis that was carried out for
quantitative data and qualitative data. Though this is a mixed method study that makes use of a robust
evaluation framework for analysis, the researcher deemed it important to initially review collected
data according to their separate paradigms. Analysis of the quantitative data provides an overall
picture of what took place in the study and students’ perceptions of their learning experiences in day-
to-day physics lessons and in the initiative lesson. Classroom observation data demonstrates some of
the underlying themes and patterns among the classrooms that were not necessarily addressed in the
closed questions in the PPQ. Preliminary thematic analysis, particularly of observational data
demonstrated the substantial amount of data that was yielded in the researcher’s inductive approach,
as anticipated. However, in order to enhance the transferability of such data, the reader must
understand the contextual elements of each implementation group. The evaluation framework
therefore not only synthesises all the data that has been collected but also ties such evidence with its
relevant context in order to better understand variations across students’ learning experiences. All data
is therefore fed into the evaluation framework in order to refine evidences and address the research

questions in detail. This is carried out in Chapters 10 and 11.
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Chapter 10

Case Study 1: Down2Earth

10.1 Goal Orientation

The OAs that formed the case studies were written approximately one year prior to implementation in
this study. At this point, the researcher had very little pedagogical knowledge, resulting merely from

interactions with mostly European teachers at teacher training events.

As the OAs follow processes of inquiry, the researcher considered that the research question or
scenario that was presented to students for investigation stood as their lesson objective. If students
were able to complete an investigation that would lead them to answer this question by the end of the
lesson, then it was considered that they had achieved the objective. There was therefore no strict mark
or grading scheme. However, through implementation and development of the researcher’s
pedagogical and educational understanding, it unfolded that this was not specific enough for the day-
to-day classroom. Quinn (1996) argues that objectives should be unambiguous and students should

not have to assume the lesson objectives or guess what it is that is expected of them.
Passing feedback was received from the teacher at group Brown during implementation:

From a pedagogical point of view, they [the students] would benefit from WALTs and WILFs,

so clear learning objectives set at the start and ways to measure them at the end.

WALT is an acronym for We Are Learning To... thus outlining the learning objectives of the lesson
set out at the beginning and WILF is an acronym for What I’'m Looking For... that is reflected on at
the end of the lesson and describes what the students are looking for in terms of success criteria to

demonstrate that they have achieved the objectives.

The researcher also reflected through increased experience and exposure to classrooms that there
should not be a single, overarching objective and instead had there been a more constructive
breakdown of smaller objectives, this could have also aided the teacher in their implementation and
differentiation. That is, the teacher may have been more readily able to adjust implementation style in
order to meet the needs of the different students in their class if multiple, progressive objectives had

been laid out.

Despite these arguments, results from the PPQ suggested that this was not largely detrimental to

students’ learning experiences. One particular item on the PPQ was ‘I learn physics quickly’ (pre) and
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‘I learnt how to do the activity quickly’ (post). It was assumed that had students struggled with
understanding what they needed to do in the OA lesson, they would have scored low on these items.

However, this was not necessarily the case.

Students in this case study responded significantly more positively on the post-PPQ (mean = 3.83 +
0.93) than on the pre-PPQ (mean = 3.16 & 1.06), t (196) = -4.664, p < 0.001. This result indicates that
students felt they learnt what they had to do in the OA, more readily than in their day-to-day physics

lessons.

This item was also one of the items that made up the Confidence scale, which as highlighted in
Chapter 9, showed extremely promising results with regards to the D2E activity. Students revealed
significantly higher confidence on the post-PPQ (mean = 3.92 + 0.77) than on the pre PPQ (mean =
3.30£0.87),t(191) =-5.250, p < 0.001, therefore demonstrating students held higher confidence
towards the activity than their day-to-day physics lessons.

Figure 10 illustrates the responses to these items on the post-PPQ of all students in the D2E case
study. Here it can be seen that the most common response for all of these statements was Agree. The
next most popular response was Strongly Agree for five out of the seven statements, while [ think I
will get good marks in the activity and the activity was useful to my learning revealed Neither as the

second most common response.

Figure 10 — Student Responses to Confidence Scale on Post-PPQ in the D2E Case Study
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Though the researcher does not dispute that the objectives of the activity should be set out more
clearly and more differentiated, it is still heartening that this did not appear to impede on the majority

of students’ experiences.

Nonetheless, although most participants indicated a level of agreement, it is also clear from Figure 10
that there were some that did not. Table 19 summarises the percentage of students in the D2E case
study that either disagreed or strongly disagreed with the items in the Confidence scale. It is possible
that these students would have held higher perceptions of confidence had the objectives been clearer
and they had a better idea of what was expected of them and what they should have been aiming to

achieve.

Table 19 — Respondents who Disagreed or Strongly Disagreed
with Confidence Scale Items

Percentage of

Ttem Responses
I was good at doing the activity 7.4
I think I will get good marks in the activity 12.9
I learnt how to do the activity quickly 10.6
I understood what we learnt in the activity 6.4
The activity was useful to my learning 6.4
I found the activity difficult (recoded) 9.9
I struggled with the activity (recoded) 8.7

In terms of students’ internal orientations; whether they were performance or learning oriented, this
appeared to be influenced by the way students approached the activity. Group Pink stood out in
observations as a group who were working primarily individually. Although students interacted with
one another and were keen to show each other their work, their behaviour was characteristically more
competitive than cooperative or collaborative. For example, during the Recreate a Crater activity,
students were seen to go over to another peer’s desk to see how close they’d got to recreating an
existing crater, to then return to their seats and attempt to beat it. Alternatively, in other groups within
this case, there were much more recordings of students asking one another questions such as how they
had gotten a particular result and what parameters they had changed. This behaviour was therefore

considered to be more cooperative.

Such findings led the researcher to consider that students’ approach to lesson tasks, whether
cooperative or competitive is a strong indicator for their goal orientations. Students who are
competitive will typically possess a performance orientation, they don’t seek to learn from their peers,
they simply seek to beat or outperform them. Students who are cooperative or collaborative however,

appear to be more supportive and learn from their peers and use them for guidance to reach a common
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goal. Elements of cooperative and collaborative learning observed in the D2E case are discussed in

greater depth in Chapter 10.4.

One final observation that cannot be ignored was suggestive that one particular student’s goal
orientation actually altered after completing the D2E activity. This student was Lucy in case Blue. In
the first standard physics lesson observation, Lucy and her classmate Jess were noticeably disengaged,
were talking throughout the lesson about unrelated topics and did not complete the lesson work.
However, in the main implementation lesson, the two students were the first to complete the
investigation and follow-up questions. Upon realising this, Lucy turned to Jess and said “so I can do
science”. This single, entirely unprompted comment demonstrated the effect just one successful
lesson can have on a student’s morale and confidence. It is also suggestive that before
implementation, Lucy was of the belief that she could not do science which was likely based on a
performance-orientated disposition and had resulted in disengagement and a disregard for science.
However, where she applied an increased amount of effort in the implementation lesson and focused
on the set task, she openly expressed her realisation of not being limited by her abilities, thus

suggesting a shift to a learning orientation.

10.2 Differentiation

Justification for the methodology and approach of this research study has been largely based around
the intricate and complex environment that is classroom learning. It has been heavily argued in this
study and by other authors that generalisation in education is not feasible. Each student, teacher,
classroom and school is unique and something that can be confidently said about one, cannot
necessarily be said about another. Classrooms are therefore considered to be circumstantial and

situational.

An educational study can therefore not be completed without due regard to differentiation. Classroom
differentiation provides a diverse range of learning options that accommodate for alternative levels of
ability, interest, engagement and learning styles (Tomlinson, 1995). Everything therefore, that is
unique to each classroom environment creates difficulties when transferring outcomes to other

classrooms.

Here it is considered that the dimension of differentiation ties closely with the previous dimension
explaining the importance of goal orientation. Clear objectives help the student to understand exactly
what is expected from them and what they should aim to achieve. Where such objectives develop

from one another and follow a progressive process, they also aid in differentiation of the OA.

Differentiation is considered by the researcher to be particularly difficult to account for by an

individual who is external to the classroom. Where teachers are familiar with their class and know
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their students’ individual strengths and weaknesses, these are entirely unknown to the external OA
developer, in this case, the researcher. This was echoed by a physics PGCE student who was

reviewing the D2E activities. She explained:

1 could run this activity with the class at the last school I was in and it would fit into a single
lesson nicely, but if I tried to do it with the class [ have at the school I'm in now, there’s no

way they’d be able to complete it in one lesson.

All of the groups participating in the D2E case study were set classes, i.e. they were groups of
students considered to be of similar ability. However there still remains a spectrum of ability and
learning needs within such classes and Ofsted (2013) emphasise that class setting alone cannot be

relied on for complete differentiation.

Despite this, when the researcher met with teachers ahead of implementation to go through the
activities and discuss various approaches to implementation, in no classroom were any of the D2E
activities adjusted or implemented differently for different students, including those implemented by

the researcher.

Though teachers across groups had varied implementation styles and provided different levels of
structure and guidance, this was their method of differentiation for the entire class. All students in the

same group experienced the same implementation and there were no differences between students.

For example, Mr Navy had removed some of the investigation follow-up questions from the Recreate
a Crater activity, as he felt that his students would not be able to get that far in a single lesson. Mr
Blue also implemented the Making a Meteorite over two lessons, again basing this on the work pace
of his students. However, no methods of differentiation within the activity were embedded for

individual students and so the influence of this on students’ learning experiences is explored.

Differentiation is first addressed through results from students’ confidence in their day-to-day physics
lessons and in the D2E activity as measured in PPQ responses and recorded in classroom
observations. Though it is hard to determine an optimum level of confidence, that is where the lowest
score is 1.00 and the highest score is 5.00, a score of 5.00 would indicate the highest possible
confidence but may also imply that the student is not being challenged enough in their learning.
However, a score of 1.00 would imply that the student was severely struggling with the lesson content
and therefore risks students’ sense of competence which according to SDT is essential for engagement

and motivation. It is therefore at the discretion of the researcher that a score of 4.00 was optimal.

Chapter 9 has already demonstrated the significantly more positive scores reported by students on the
Confidence scale on the post-PPQ. Figure 11 illustrates the distribution of scores on the Confidence
scale on the pre-PPQ (left) and post-PPQ (right) for students in the D2E case study. In the pre-PPQ,

when students were referring to their day-to-day physics lessons, results yielded a mean score of 3.30
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common

average score to items on this scale was 3.40, therefore not reaching the firm positive score of 4.00.

Figure 11 — Histograms of the Distributions of Student Scores on Confidence Scale on Pre (left) and Post

(right) D2E Implementation
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For the post-PPQ, when students were referring to the activity, the same scale yielded a mean score of

3.92 (£ 0.77) indicating a more positive score and a skewness in the distribution of —1.272, therefore

outside the normal range of -1 to 1. Although a mean score of 3.92 could be considered as not a very

promising result as it would in any of the other PPQ scales, as discussed, the optimum score in this

instance was considered to be 4.00. A score of 4.00 was also the most common score obtained by

students in the case-study and 64% of students yielded a score of 4.00 or higher, therefore

demonstrating that the majority of students in this case study felt confident in completing the activity.

This is compared with the 27% of students who reported a score of 4.00 or higher in the pre-PPQ.

It is equally important for differentiation to aid lower ability students and prevent them from struggle

or failure as it is to ensure that higher ability students are challenged and do not become bored of

classroom tasks. Consequently, it could be argued that students who reported a score of 5.00 (strongly

agree) to the Confidence scale were not challenged enough in the activity and therefore run a risk of

disengagement (Ofsted, 2013), however this was only reported by eight students (8.9%).

Alternatively, 13 students (10%) reported a score of less than 3.00, indicating that these students

struggled with the activity and would have benefited from additional guidance and support.

Mean = 392
St Dev. = 774
M=80
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The post-PPQ also asked students to report what they liked most and least about the activity. Here, the
variations in students’ experiences of the activity as indicated by responses to the Confidence scale, is
further evidenced in such responses. The following statements demonstrate that some students

experienced difficulties in the activity and others found it simple.
What did you like least about the activity?:

“The kinetic energy, I don’t understand it” (Female, group Green)
“It was a bit complicated at times” (Male, group Navy)

“The middle part where I couldn’t figure out the
(Female, group Brown)

number”’

“It was hard” (Male, group Brown)
“How hard it was” (Female, group Brown)
“We didn’t have to think too much” (2x responses, Male, group Blue)

The parallel responses from students in group Blue imply that they found the activity too straight
forward and it didn’t challenge them. However the remaining students’ responses indicate that they
had difficulties with the activity. Interestingly there were no conflicting responses regarding level of

difficulty reported by students in the same group.

Reports of difficulty from students in group Brown were more expected due to the younger age of
participants. As discussed, the D2E OAs were designed for year 9 students whereas group Brown was

a top set year 8 group.

In an interview with the teacher of group Brown, the researcher asked about the applicability of the

OA to students in the corresponding group.

Researcher: Can you describe the type of students that you think would not benefit from this

activity?

Mr Brown: Yeah it would be those that can’t follow a set of written instructions, of which there
are, there are a few in that class. At least I can definitely think of a couple of those
that have... um... autism within the class, where the lack of structure would have

been a bit of a barrier for them.

With regard to this comment, it is possible that the four students who responded with the struggles
detailed previously in their post-PPQ responses have additional learning needs and therefore the
activity did not accommodate for this smaller group of students within the class. This emphasises the
importance of differentiating activities not only on ability but also on additional learning needs or

preferences.
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Responses from students in group Brown who participated in the focus group however, did not imply
any problems with difficulties in the activity and if anything, implied the activity process was clearer

than some of their day-to-day lessons.

Researcher: Can you name three good things and three bad things about your normal physics
lessons?

Jack: The teacher makes it obvious what we need to do
[pause]

Researcher: 1t doesn’t have to be three, just any good things or bad things you can think of.

Jack: Sometimes the work that we do can be stretched a bit further than we need to go so it

becomes quite confusing sometimes

Jack: Sometimes it’s not a problem because 1 like learning new stuff but sometimes it can

be confusing

Isabel: Yeah sometimes the majority of people don’t get the subject and then it goes on
further

Later on in the focus group, when students were asked the same question in relation to the
Down2Earth activity, the only bad things that were voiced by students were computer-related
problems. One female student, Isabel, also reported a positive of the activity being that “/¢ was good

because the instructions were really clear to follow, like they were clearly laid out”.

Group Brown was the only group where the researcher was able to collect the student worksheets
back. As students recorded all of their work during the activity on these worksheets, they could be
used to review how the students got on. This revealed that 14 students completed the entire worksheet
(8 M, 6 F), and 11 did not complete it (6 M, 5 F). Generally those who did not complete the activity
got as far as recording their observations but did not answer the questions that asked students to
reflect on their findings and the investigation process. Though it cannot be assumed that these 11
students did not complete the activity, purely because it was too difficult, it could be that they were
distracted or spent too much time on the Impact Calculator. However this again reinforces that
differentiation does not solely target ability and this is evidence that some students would have
benefited from more embedded differentiation that focused on their learning style, for example,

through additional structure and guidance for time management.

The next step was therefore to ask Mr Brown how this aspect could be improved in the future and

from his point of view, how an OA might be best structured.
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Researcher: Before implementation, all teachers are told how the activity can be differentiated.
Would you rather be provided with the most involved version, the hardest so that you

could add in scaffolds, or the simplest version?
Mr Brown: So would I rather start at the top or bottom?

Researcher: Yes, so would you rather I gave you a OA with the minimum guidance and you could

add in various...

Mr Brown: Yeah I know what you’re saying, um... [long pause] I would say, probably... Ooh this
is one I need to think about. [very long pause]. Something that requires students to
work so independently is probably geared towards your like, set one, set two
pupils...would be my feeling. So yeah, probably the higher end and differentiate
down. But that’s not to say... that’s not to say that it would be too difficult to make
the higher end and turn it into... if you’d gone to the trouble to make the higher end,
it wouldn’t be too difficult to take some information out and make middle and lower

OAs. So you had high, middle and lower, I think that would probably be easier.

Prior to any implementation, the researcher had assumed that it would be best to provide teachers with
everything and they could then remove scaffolds and guidance where necessary in order to assign
more of the work process to the students. However, Mr Brown’s feedback implies that this is not
necessarily the best way to equip teachers. Although the researcher had initially anticipated that this
would leave less work to the teacher, it transpired that in fact, even the process of editing the OAs
slightly is not preferable. Instead, Mr Brown implied that teachers would want to be able to deliver the
OA right off the shelf.

Generally, the researcher considers the results of students’ confidence and the majority of classroom
behaviour observed among groups in the D2E groups as a success. Given that a point commonly
raised in the literature describes student perception of their ability as a highly influential factor in their
liking of the subject (Barmby and Defty, 2006; Barmby et al., 2008; Williams ef al., 2003) and that
common reasons for not pursuing physics (or science in general) post-compulsory level is because it
is too hard (Gill and Bell, 2013; Tripney et al., 2010) even more concerning is that this has also been
reported from students who would make strong maths and physics candidates (Rodd et al., 2014). It is
therefore essential to encourage and nurture students’ confidence in physics if we are to inspire post-

compulsory physics education and physics-based careers.

However, the importance of challenging students in lessons is also recognised and that if activities are
not differentiated in order to benefit the higher ability students within the class, then this also runs the

risk of disengagement (Ofsted 2013).
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On reflection, although the researcher remains of the opinion that although there is much potential and
flexibility in the activity to include differentiation, for clarity and for ease of the teacher it would be

advantageous to present these different versions as hard copies rather than hypotheticals.

Moving forward, OAs should and will be provided to teachers in three versions, a top, middle and
bottom, rather than the researcher simply describing how the activity can be differentiated. Tomlinson
(1995) emphasises that there is no single learning template for classrooms. With differentiated
versions of the same activity, the teacher can more readily identify which is the most suitable for their
individual students and can better accommodate for different learning styles and preferences. As all
versions of the activity will still follow the same core process, and have a common goal between

them, it will not prevent students completing different versions from working collaboratively.

10.3 Student Autonomy

One of Ofsted’s (2011) key findings in their Successful Science report, was that schools that are seen
to display the highest standard of science teaching held scientific inquiry at the core. Students were
given opportunities to ask questions, design and carry out investigations for themselves, therefore
providing them with a greater degree of control over their learning. Autonomous learning is arguably
one of the most imperative characteristics of constructivism and IBL as they focus on a student-
centred approach to learning. Consequently, if students’ did not feel a sense of control over their

learning during the activity, this threatens the inquiry-based nature of the OAs.

Given the investigative style of the Down2Earth activities and the use of an online simulator as the
“lab” or “experiment”, it was anticipated that they would provide an opportunity for students to work
more autonomously than they would in a traditional lesson. Where even in practical lessons, students
typically have to share equipment with their peers, provided that schools had access to enough
computers for each student (which was the case in all groups), students could manipulate the
simulator entirely of their own initiative. This is not to say students could not still work
collaboratively, but that they were also able to take control of their learning and work through the

activity at their own pace.

Evidence for the D2E activities enabling students to work autonomously was provided in focus group
feedback from students in group Brown. Early on in the focus group students were asked to reflect on

who they felt was in control of their learning in their physics lessons.
Researcher: Who would you say is in control of your learning in physics lessons?
Jack: Definitely the teacher

Multiple Students: Yeah [in agreement]
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Researcher: Yep, and what makes you say that?
Claire: Because he knows what to do
Isabel: Yeah and he has the knowledge

However, later on in the focus group (seven questions later), students were asked a parallel question

but in relation to the activity.

Researcher: Who was in control of your learning during the activity?

Isabel: Oh, us! Because we chose the options to what like, rocks we wanted to use
Claire and Jack: Us

Jack: [following on from Isabel] yeah and what size meteor

These two contrasting responses are palpable evidence of the shift in students’ perceptions of who
was in control of their learning in day-to-day lessons compared to the OA. Pre-implementation
observations of group Brown took place in two lessons that both involved practical activities.
However, on both occasions the format of the practicals involved students gathering around the
teacher who demonstrated the process, students would then break off into groups to replicate the
experiment and record their measurements. In the implementation activity however, the only
demonstration that the teacher provided was a brief introduction to the Impact Calculator and how to
adjust the parameters, the rest was down to the students. The investigation in the activity therefore had
less of a, “do what I do” sense about it and required the students to think more for themselves about

the process of manipulating variables.

However, evidence for autonomous learning experiences was not solely relied on in students’ reports,
but was also triangulated with observational data. One of the most clear cut observations of student
autonomy was among a group of students in group Navy who completed the Recreate a Crater
activity. Several students realised they didn’t really know how the different options for composition of
the impactor differed from one another in terms of their density (they are just labelled by name on the
Impact Calculator by ice, porous rock, dense rock and iron). Instead of relying on the teacher to
provide them with an answer, given that they had all the tools they needed to discover the answer for
themselves, they decided to carry out an additional investigation alongside the activity to explore what
happened when the only thing they changed was the composition of the impactor. Not only did the
students record their data, they also drew up a graph to plot their results. These students displayed

self-directed learning in that they worked independently of the main class and did not require any help
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to do this (Birch and Ladd, 1997), their behaviour also coincides with what Lee and Anderson (1993,
p. 594) describe as intrinsically motivated to learn science, they claim this is demonstrated by being
naturally inquisitive about natural phenomena and actively attempt to make connections in their
learning. These students not only did additional work to what was asked of them, they conducted an
investigation that they came up with themselves, in order to further their understanding of the subject
matter, therefore demonstrating a prime example of self-directed autonomous learning and

successfully constructed their own understanding as explicated by constructivism.

Another group of students also in group Navy also did a similar thing. They had noticed that when
changing the various parameters of the impactor, it always produced a circular crater. They reported
to their teacher that they expected if the impactor was heading towards Earth’s surface at a shallower
angle, as opposed to directly vertical, it would produce a more elongated crater, bearing more
resemblance to a tear drop as it grazed across the surface. With their hypothesis already formed, they
continued to carry out an investigation. The boys discovered that their results were correct and
explained that they had learnt that craters are always circular because the shape of a crater is caused

by the explosive energy that is released in all directions when the object strikes the Earth’s surface.

These two observations demonstrated younger secondary students (aged 13-14) not only carry out
self-constructed, open inquiry investigations, but did not even need prompting from the teacher to do
so. They had simply been carrying out the classroom activity, noticed something that triggered their
curiosity and since they already had the tools they needed (the simulator) and the support from their
teacher (i.e. he did not object to them straying from the lesson task), were able to expand their

investigation and expand their knowledge through their own experiences of discovery.

However, despite these promising indications of autonomous experiences, there were some conflictive
reports from students in the post-PPQ. One question asked students ‘what did you like most about the
activity?’ and one common theme that emerged was named accordingly in response as ‘Freedom and
Student Control’. Ten students who participated in the D2E case study gave responses that correlated

with this theme:

“Freedom” (Male, group Pink)
“Making our own crater” (Male, group Green)
“We got to create [an impactor] ourselves” (Female, group Blue)
“We got to change/use asteroids by ourself and not be shown” (Male, group Blue)
“I liked that we were all doing different things” (Female, group Blue)
“That we could create our asteroid” (Female, group Brown)
“The freedom” (Male, group Brown)

“We didn’t have too much help — only when we needed it” (Male, group Brown)
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“We got to find things out independently” (Male, group Brown)

“We got to choose what place we blew up” (Female, group Brown)

Each of these comments reflects on a perception of working independently, making their own choices

and having freedom in their learning. All of these are therefore considered to reflect autonomy.

However, an interesting contradiction is seen in the results to the question that followed, “what did
you like least about the activity? A theme that emerged from students’ responses here was titled

“Limitations or Restrictions”, seemingly the antonym of the previous theme.

This theme received nine relevant responses with regard to the Down2Earth activities, these were as

follows:

“We could have done more investigative work” (Female, group Green)
“We could investigate more” (Female, group Green)
“We have restrictions” (Male, group Green)
“Only being able to change certain things” (Male, group Blue)
“Not needing to change anything else” (Female, group Blue)

’

“Being restricted on what we can and can’t change’ (Male, group Blue)

“I wish there was more choices” (Male, group Brown)
“We only did one group” (Female, group Brown)
“That we had to use certain variables” (Male, group Brown)

Although this theme appeared to be the antonym of the previous “Freedom and Student Control”
theme, when explored further, it became clear that these responses were in fact referring to separate
aspects of the activity and did not necessarily present conflictive opinions among students, and instead

reflected one another.

For example, three students gave responses that appeared across both themes. That is, their response
for what they liked most about the activity applied to “Freedom and Student Control” and their

response for what they liked least, corresponded to “Restrictions and Limitations”.

A student from case Brown responded with “we got to find things out independently” to what they
liked most and with “that we had to use certain variables” to what they liked least. Another student
from case Brown gave these responses, “that we could create our own asteroid” and “we only did one
group”. Finally, a student from case Blue gave the responses “we got to change/use the asteroids by
ourself and not be shown” and “only being able to change certain things”. All of these students

completed the Making a Meteorite activity.
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When reviewing these responses together, it is clear that they do not correspond to the same aspect of
the activity and in fact, given their responses to what they liked most, it is not surprising that a
limitation in another area was what they liked least. Upon reflection it is considered that these
students demonstrate the importance of autonomy and influence it can have over students’ learning
experiences. Where they have control over their learning, it stands out as the most positive aspect of a

lesson, however where they are restricted in what they can do, it is notably the most negative element.

These responses are slightly problematic in that an experiment must be restrictive in some way. In
order to investigate a parameter, you must control all other potential influences. The researcher
considered that the best way to address the problem of restrictions in the activity would be to allow
students to construct a research question for themselves and design the investigation process, i.e. carry

out full or open inquiry.

This idea was echoed in the feedback from Mr Brown in his interview.

Researcher: If you were to run the activity again with those students, how would you run it
differently?
Mr Brown: ... Iwould probably ... separate them into... groups but I would also, in the

questioning lead them up to what things are going to affect the size of a crater. Um...
because with questioning you can lead them to the four things they were investigating
and then if you give them a bit more ownership for it, then they’d be more likely to

follow the instructions, as opposed to just giving them the instructions.

This response indicated that although the instructions were useful, it would be better to have them as a
guide or supplement rather than a fixed prescription; students would consequently experience more
autonomy in their learning if they were given this ownership. Mr Brown’s students, Isabel and Jack

also appeared to be of the same opinion:

Jack: 1 think it helps us learn better when we have more control over, like over the practical

or over the work we re doing.

Isabel: 1 think instead of just like following instructions you ve got... you have to make your

own decisions and you don’t want to make bad ones.

It is revealed in multiple sources of data that although students were provided with an opportunity to

work autonomously during the D2E activity, there is still room for improvements. On reflection on
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students’ feedback regarding the restrictions they perceived, it is considered that improvements to
autonomous learning ties closely with improvements for differentiation. As well as redeveloping the
Down2Earth OAs so there are three levels of differentiation, the lesson plan will also be altered to add
in an initial discussion at the beginning of the lesson. This is in response to the comments from Mr
Brown and is also considered to align with IBL. This initial discussion can also help the teacher to get
a sense of students’ current understanding of the subject area and will help them to better identify

which level of the differentiated activity to implement.

10.4 Collaborative/Cooperative Learning

Group Blue was a particularly interesting group in terms of this dimension. If the initial observation of
a day-to-day lesson with group Blue was anything to go by, it indicated a lack of group work in
physics lessons. The lesson was very much didactic-based, with the teacher writing things on the
board for students to copy into their books, and work was carried out independently. Students
appeared to be highly disengaged, with high noise levels, little of which appeared to be lesson-related,

and work output was extremely low.

However, during implementation of the Making a Meteorite activity, students were put into groups
according to the variable they would be investigating and were essentially left to complete the
activity, with the teacher removed from the focus of the lesson. On this occasion, conversations were
significantly more task focused, the teacher did not have to prompt students as much (thus was able to
take a more facilitative approach and students were able to work more autonomously) and they
displayed a much higher level of engagement. Johnson and Johnson (1999) emphasise that
cooperative learning has led students to learn more lesson material, report higher levels of confidence
and motivation to learn and present more positive attitudes towards the subject. These effects were

heavily evident in group Blue from the almost bipolar behaviour between occasions.

One group of male students in group Blue were in deep discussions relating to the task and about what
they predicted might happen when they changed various parameters of the impactor. Similarly,
another group of all male students were seen to be discussing what parameters they had already
applied on the simulator and what had occurred in the outcome, others would then pitch in and
explained how their outcome had differed when they had applied a different value for that particular
parameter. This behaviour is reflective of idea discussion, debating and reviewing one another’s work,
all which have been shown to enhance cognitive engagement (Guthrie and Wigfield, 2000). Such
discussions are also characteristic of IBL and are reflective of Dewey and Vygotsky’s

conceptualisations of learning as a social process.
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Another noticeable characteristic of these students was that on most occasions, students would ask
their peer what they had done or #ow they had done it, rather than plainly asking, what answer did you
get? This behaviour was suggestive of cognitive engagement (Fredricks ef al., 2004) and prompted
cooperative learning between peers. The students did not seek to merely complete the lesson task, but
sought to understand the process and grasp the subject matter and again held relationships with their
peers that were strong and positive enough for them to feel comfortable seeking help and guidance.
This is considered to be reflective of a sense of relatedness among students which is considered to be
integral to student engagement (Gagne and Deci, 2005). What was also encouraging from the
observation of group Blue was that these occurrences of cooperative learning appeared to develop

naturally among students, without any prompts from the teacher or researcher.

Nonetheless, despite the abundant literature praising the merits of collaborative and cooperative
learning in the classroom, there are several requirements that must be met (see Johnson and Johnson,
1999). If not conducted effectively, attempts at group work can produce negative effects. In this study,
it was noticed that there were occasions where group work provided an opportunity for students to
slip into a more ‘task avoidance’ mind-set (Lee and Anderson, 1993), relying on their peers to do the
work. For example some of the female students in group Blue, were seen to be directly copying the

work from their peers instead of following the investigation process themselves.

The researcher therefore used a focus group with students from group Brown to ask them about their

perceptions of group work in lessons.

Researcher: How do you feel you work best in science? Maybe individually, or in pairs, or
in groups?

Several Students: Pairs or groups

Olivia: 1t depends

Researcher: What does it depend on?

Olivia: 1t depends on what we 're doing because sometimes people don’t get it [the

lesson task], then they want to work with other people but then if they do get

it, they’ll want to work solely.

Researcher: Okay, that’s great. And those of you who want to work in pairs or groups, is
that because it’s more fun to work in groups or do you find it actually helps

you get the work done?
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Alfie: 1t’s easier to work off each other, like some people might have stronger

points in that subject so they can teach other people stuff
Isabel: Yeah, they can kind of guide you

Mike: 1t’s easier to interact with others

Here the researcher not only wanted to understand students’ perceptions of group work but whether
these perceptions were rooted in a purely social perspective or whether they felt it benefited them
academically. It was reassuring that the students commented on how they can work cooperatively to
help each other out and Olivia even said that group work is not always preferable. She also drew on
students’ ability and if people are struggling, then they would want to receive help from their peers.
This is reflective of the comments made by Johnson and Johnson (1999) whereby cooperative
learning is seen to improve productivity and morale among students compared to working alone.
Panitz (2002) also emphasise a different perception cooperative learning can offer when it comes to
making mistakes. Where students work entirely independently, if one student makes a mistake it can
feel like a limitation to that student’s ability, thus dampening their confidence and self-esteem.
However, when a mistake is made as a group, it acts instead as a learning tool, encouraging group
members to work together to identify the solution to their problem or error. The researcher also
recognises this final point to tie back to goal orientations. Where cooperative learning encourages
mistakes to be taken positively and promotes effort from students this is demonstrative of a learning
orientation, where students perceive failure as a learning tool and in response they promote their
effort. This is alternative to performance learning where failure is assumed to be due to a lack of

ability, and consequently expected to be more common in individual learning.

10.5 Context Novelty

The Down2Earth case study implemented a set of OAs that followed areas of the compulsory physics
curriculum in key stage 3, but applied a context of extra-terrestrial impacts with Earth. It was clear
from classroom observations that many student in the study had never experienced an activity like this
in their classroom and it was therefore hoped that this novelty would successfully trigger students’
situational awareness as suggested by Hidi (1990). The novelty element was also considered to be
capable of bringing a ‘wow factor’ to the lesson, whereby students’ emotional engagement
dramatically peaked. Though this is something that can be easily demonstrated in chemistry, with
trademark explosions and the mixing of chemicals, this is perhaps much less common in physics

lessons.
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The first line of evidence for students’ interest in the D2E context was provided among their
responses to the post-PPQ question that asked them what they liked most about the activity. Of the
109 students that answered this question, 48 of them (44%) gave a response that related to the context.
This included responses regarding the Impact Calculator itself (16 responses), craters (15 responses),
asteroids (6 responses), space/astronomy (3 responses) and blowing things up (8 responses). All 47

responses are provided in Appendix 15.

These promising results were successfully triangulated with feedback from a focus group with

students from group Navy.

Researcher: What did you think of the topic of space and impacts?

Tyler: Interesting

Charlie: That was cool

Matt: You get to shoot rocks and stuff

Luke: Yeah, it’s a lot more interesting than like...power

Researcher: How would you describe the activity that used the online simulator?

Matt: Fun because I blew up my house

Tyler: It was interesting to see like, how much it [an impact] can actually affect places

Though it is heartening to see that the topic of the OAs was well received, Tyler was also encouraging
in his response that also reflected that he was interested in learning about the consequences of meteors

and impacts, rather than reflecting purely on the element of being able to blow things up.

However the most authentic responses to the context which were also entirely unprompted were
provided in classroom observations. Observations of group Brown revealed that although the lesson
observed pre implementation was a practical, students’ affective processing was noticeably different
in the initiative lesson and the OAs appeared to present students with more of a ‘wow’ factor than in
the day-to-day lesson. It was evident that students’ favourable responses were largely directed
towards the Impact Calculator simulation. While students were starting up their laptops, the teacher
demonstrated the simulator to the students, which yielded an “oh my god!” and “woah, that’s cool”
from various students. A female student was also particularly animated in her response and when

exploring the simulator and the Google Maps interface exclaimed, “oh my god, it even has cars! You
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can see the cars!” once she had superimposed her crater on the surface she then exclaimed “that
crater is huge! I can’t believe how big it is!”. Another female student also said out loud, though
seemingly to no one in particular, “this is amazing, actually”. It was promising to see that this

excitement and amazement was shared between both male and female students.

It was also considered that where students identify a point of interest with something, their intrinsic
motivation is increased (Lee and Anderson, 1993). Lucy in group Blue who has been discussed prior,
was one of the first students to complete the D2E task, for comparison, in the previously observed
day-to-day lesson, Lucy did not complete the set task. Lucy herself responded to this notable change
in performance, turning to her peer to say said “I never do any work in this class, look at my book
there’s pretty much nothing in it”. The researcher noticed as she flicked through the pages of her
workbook, that there were only a few sentences on each page and in some instances just a date and
title. Another girl nearby heard her make this comment and also followed up with, “ok my god I know,
me too. I've actually completed the work, I never do anything! Look at my last lesson, I wrote one
sentence”, again also flicking through her workbook and revealing a similar amount of work. Then
she followed this by turning away from Lucy and turning to the researcher and said, “I actually did
the work today” and held up her book to show two full A4 pages of notes she’d produced in the D2E
activity lesson. The behaviour of these girls” demonstrated increased attention to the lesson work,
greater concentration, enjoyable feelings and increased effort; all of which are indicative of a

situational interest (Krapp et al., 1992).

Though this observation does not demonstrate that the lesson context was solely responsible for this
dramatic change in the students’ engagement, the format of the previously observed lesson suggested
that the D2E activity was a novel experience and did not conform to their usual physics lesson
experiences. Given that these students had performed inadequately in the previously observed lesson
and faced no consequences, it is subsequently considered that they did not hold any extrinsic
motivation to complete the lesson work, therefore it is assumed that these girls had taken a genuine
interest in the initiative lesson and were again reflective of Lee and Anderson’s case of “intrinsically

motivated to learn science” (1993).

However, there was evidence indicative that some students did not buy into the activity. One group of
students in group Navy appeared to be largely disengaged and unfocused on the task. Though it was
disheartening to see that the activity had failed to capture the interest of these students, it was evident
from the teacher’s response that this disengagement was not an unfamiliar occurrence. One indication
of this was provided when the teacher announced that if they did not finish their worksheet in the
lesson, they would have to finish it for homework. This prompted the following dialogue between the

teacher and one of said students:

Sebastian: Oh but we’ve already have loads of homework
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Mr Navy: Well if you have a lot of homework what does that suggest?

The teacher thus implying that this student often failed to complete lesson work and subsequently was
left with a large amount of homework. The initial trigger point for this student and several of his
peers' disengagement is consequently unclear. One possibility is suggested by Stipek (2002) who
emphasises that where teachers show confidence in their students’ abilities then students in turn
respond positively in order to prove themselves worthy of this opinion. In relation to the students in
group Navy, it could be that due to their typical behaviour, teachers portray low expectations of these
disruptive students and implement minimal consequence, therefore leaving the students with no

immediate motivation to prove them otherwise.

This final point is indicative of the importance of the teacher’s role, regardless of the classroom
activity. Even during lessons that are intended to be primarily student-centred, like the D2E activity,
the teacher still had a vital role and should maintain and reinforce their informal relationship with

students. This leads on to the final dimension of the evaluation framework, Teacher Role.

10.6 Teacher Role

Much of students’ learning experiences were considered to be largely influenced by the teacher. Even
where lessons are primarily student-centred, it still remains the teacher who must allow for this and
ultimately governs the delivery of curriculum content of day-to-day lessons. Therefore much of the
points discussed, student autonomy, collaborative learning and differentiation, cannot occur without
input and encouragement, or at the very least, permission from the teacher. Therefore, even in
classrooms that are largely student-centred and involve high levels of student autonomy, the teacher
still plays a vital role. Due to their influence over multiple dimensions and classroom aspects, the role

of the teacher is the final dimension of the evaluation framework.

Teachers are integral to a classroom lesson, they are responsible for every student in their class and
are the expert in the room. Teachers can have a large influence on students’ attitudes, values,
motivation and aspirations, both positively (Aschbacher and Roth, 2009; Ametller and Ryder 2014;
Hamlyn et al., 2017; Mujtaba and Reiss, 2013) and negatively (Bevins et al., 2005; Gill and Bell,
2013; Hamlyn et al., 2017).

Though the OAs were provided to teachers in the same format, it was evident that each teacher
implemented them in their own way which was always slightly different to others. That is, no two

teachers implemented the activity in identical styles or formats.

Five groups participated in the Down2Earth case study. Implementation in groups Navy, Blue and

Brown was carried out by their teacher, and for groups Green and Pink, implementation was carried
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out by the researcher. The implementation structure and the role of the teacher in implementation are

described for groups Navy, Blue and Brown.

According to Grasha (1994), the teacher in group Navy appeared to employ a facilitative role. He
possessed a very calm and relaxed attitude and his demeanour suggested that he was confident in his
students’ behaviour and ability. Mr Navy gave a brief introduction to and demonstration of the Impact
Calculator and while students were logging on to the computers he initiated a classroom discussion
around ideas of how to prevent an impact on Earth. However, as soon as students had been set the task
and provided with their worksheets, Mr Navy took a step back. Although he was seen to be wandering
around the classroom and interacting with students, he generally left the students to work
autonomously. He was not imposing or checking over their shoulders, but instead was seen to be
merely partaking in informal conversations with students and only assisting when they asked him.
Grasha (1994) describes a facilitative teacher as one who emphasises a personal nature within their

interactions with students and focuses on their needs.

The only other group in the D2E case study where the teacher showed a similar style was in group
Brown who completed the Making a Meteorite activity. After introducing students to the activity, Mr
Brown had no central role in the lesson again until the final 10 minutes where he organised a follow-
up classroom discussion. He asked students from each group (depending on what parameter they had
investigated) to report their findings and then asked students to think about what properties contribute

to kinetic energy.

In group Brown, the researcher was able to observe two regular lessons of the co-ed group of students,
prior to the initiative lesson, one physics and one biology lesson both taught by the same teacher who
was in fact a Chemistry specialist. It was clear from these lessons that the teacher had a good
relationship with the students and encouraged all students to have a voice. The lessons would
typically begin with a class discussion about the topic they would be covering that day, this was
perceived by the researcher as a way for the teacher to gauge an idea of what the students already
knew and also to get them thinking about the scientific concepts they would be covering in the lesson
ahead. The teacher would ask the class a question which would see a lot of hands go up, though often
students would not provide the answer the teacher was looking for. However, on such circumstances,
the teacher would remain encouraging with his response, instead of saying directly “no that is not
right”, he would reassure students with “you re on the right lines” or “that’s a good idea but not quite
what I was looking for”. These same students would be seen to again raise their hands to answer
questions, demonstrating that they had not been disheartened by not answering a question correctly
and their confidence was not knocked. This process of guiding students through questions and
encouraging them to explore various options is again indicative of a facilitative role (Grasha, 1994).

The researcher also considers that these observations are suggestive of sense of relatedness and
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competence among the students, two of the three basic needs set out by SDT which are essential in
promoting engagement in the classroom (Deci and Ryan, 2012). Furrer et al. (2014) explain that
relatedness is experienced when a teacher shows acceptance or warmth to an individual as
demonstrated by Mr Brown’s encouraging responses. Students’ feelings of competence are promoted
when there is clear structure to the lesson and when the teacher provides guidance and confidence in

their achievements.

It is therefore perhaps not surprising that for the General Interest scale in the pre-PPQ, students from
groups Navy and Brown reported the most positive scores among all the groups in the D2E case
study. Though none of the items asked directly about the teacher, it is of interest that these students

who experienced similar teaching styles had the highest general interest in physics.

These results align with those of Hamlyn et al. (2017, p.29) who emphasise “having a good teacher”

as one of the most encouraging factors of learning science. These scores are summarised in Table 20.

Table 20 — D2E Case Study Group Scores on Pre-
PPQ General Interest Scale

Group Mean Score (SD)
Navy 3.90 (0.59)
Brown 3.67 (0.77)
Pink 3.58 (0.83)
Blue 3.45 (0.70)
Green 3.14 (0.89)

It is also important to reiterate that Mr Brown was not a physics specialist, yet his implementation of
the initiative activity still demonstrated positive results. This argues against the points highlighted in
Chapter 3.3 by Ward (2018) and the National Audit Office (2016) as teacher specialism as a barrier to
reform. This particular group demonstrated that where the teacher had a set of OAs readily available,

implementation of an inquiry-based physics lesson was successful.

Some students from group Navy also participated in a focus group with the researcher, here they

commented on the teaching style of Mr Navy and its positive influence on their lessons.

Researcher: Are you able to name three good things and three bad things about your

normal physics lessons?
Tom: Our teacher is boring
[all laugh]

Tom: No, for a good thing, the teacher
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Several Participants:  Yeah [in agreement]

Alex: Like, he teachers differently to other teachers

Ben: Yeah

Fred: 1t’s not like, textbook. We learn in different ways so you do actually
remember

Tom: He’s more interactive

Fred: He is interesting. Opposed to like, English or geography

Mr Brown and Mr Navy were seen to be prime examples of the positive effect that a teacher’s role
can have on student experiences as reflected in other literature. However, the D2E case study also
presented an example of the negative impact the role of a teacher can have on students’ experiences.

This was observed in group Blue, year 9, co-ed group of students.

Two particular students in group Blue, Lucy and Jess, were seen to be amongst the most uninterested
and disengaged students in the day-to-day lesson (see Chapter 10.1; 10.5). However, in the
implementation lesson, they were the first to complete the set task. This was a huge achievement for
them not only in terms of their performance but also in their classroom behaviour. However, instead
of encouragement and praise from the teacher, Mr Blue responded with the comment, “there is a state
of shock and disbelief, you 've actually done the work” and “are you feeling okay?”. Despite the light-
hearted, joke-like tone of the comment, this could be perceived to undermine the students, suggesting
that he had never expected them to complete the activity. This behaviour counteracts the points made
by Furrer et al. (2014) who assert that student-teacher relationships and feelings of relatedness and
competence are strengthened when the teacher expresses to students that they believe they have the

ability to do well.

However, the teacher partly recovered from this initial comment when he followed it up with, “do you
know what, I am hugely impressed with you guys, I've got to say” and “does this mean you might
change your mind and take triple science next year?”. Unlike the previous, these comments were
much more encouraging to the students, here the teacher is expressing more of an indication that he
does believe they are capable of the work and should consider taking triple science in GCSE, but it is
the students who are unsure in the matter. Though, this uncertainty in the students is not surprising if

they are often subjected to comments like the former.

However, where groups Blue and Brown were observed before implementation, this revealed a

distinct change in teaching style of both teachers. In the day-to-day lesson, Mr Blue was seen to
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display behaviour typical of traditional teaching methods, for example, writing content on the board
for students to copy into their workbooks. In both lessons observed pre-implementation, Mr Brown
ran practical activities. Characteristically, Mr Brown would gather students around one table where he
would demonstrate the experiment and explain what they would be looking for and measuring. The

students would then break off into groups to repeat the experiment.

Turning to the implementation lesson, Mr Blue although still provided students with a table template
to record their results in, he almost entirely left the students to their own devices after the first ten
minutes of the lesson. This meant that students had to work through the activity themselves and could

not rely on Mr Blue to provide any information or knowledge.

Mr Brown, though having conducted practical activities in both lessons previous, appeared to take a
greater step back during implementation of the OA. Here his demonstration merely consisted of
showing students the Impact Calculator and how to alter the parameters. He did not at any point

explain how to carry out their investigation or what to record.

Although observations of all groups within this case study demonstrated that teachers will employ an
OA and deliver it in their own personal style with slight tweaks, such observations of Mr Brown and
Mr Blue were implicative that despite such variations, what was seen consistently across groups was
the lack of didactic approaches. That is, in all instances, implementation displayed fewer traits of
traditional teaching styles and more traits in line with constructivism and inquiry. Although the role of
the teacher is highly influential to implementation, the OAs were structured enough to prevent a

didactic approach to delivery.

10.7 Overall Effectiveness

Having reviewed implementation of the D2E activity through the lens of the evaluation framework, an
illustration to summarise the OA’s overall effectiveness across individual groups is summarised in
Figure 12. This continuum technique is adopted from Reeves (1994). When defining the individual
dimensions of the evaluation framework in Chapter 5, each dimension was described as a continuum
with two opposing conditions at each end. The points on each continuum therefore represent the
position that is considered to be the most reflective of the evidential data from implementation for
each group. This is to provide a visual summary of the mixed method data synthesised through the

evaluation framework dimensions.

Each D2E participant group is illustrated on the continuum by the relevant colour and where there is
overlap of positioning, points are vertically lined. These positions are by no means an upper or lower
limit of the OA’s potential and merely illustrates how implementation was observed under each group

environment.
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Figure 12 — Illustration of the Overall Effectiveness of the Down2Earth OAs
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Chapter 11

Case Study 2: Hubble’s Expansion of

the Universe

The Hubble’s Expansion of the Universe OAs were designed for key stage 5 students. The two OAs
are not therefore not particularly comparable of one another and varied in terms of their curriculum
applicability, target age group, content and theme. Though the Hubble activity was again
differentiated and the variety of implementation methods were described to teachers, as with the D2E

activities, it was at the discretion of the teachers how or if they use the material provided.

11.1 Goal Orientation

Students’ orientations in this case whether learning or performance focused were less observably
pronounced than in the D2E case study. Unlike the Down2Earth OAs, the Hubble activity had an
accompanying introductory PowerPoint presentation and lesson plan for the teachers. The
presentation was intended as a tool to ‘set the scene’ for the students, introducing them to the subject
content and how the data they will be working with is collected and interpreted. This takes students

back in time to Hubble’s discoveries and his first plot of supernova targets.
The introductory PowerPoint also set out the main objectives for the Hubble activity:

“You are going to be looking at some real supernova data in order to produce your own Hubble

plots”

“From your plot, you will be able to calculate the rate at which the Universe is expanding and how

old itis”

However, as the use of the material provided in the Hubble activity was at the discretion of the teacher
it was possible that they would not make use of the PowerPoint. This was the case for group Red and
as a result, although the teacher briefly introduced students to the lesson activity, no clear objectives

were set out at the start of the lesson.

In response, the Hubble activity will be adjusted so that learning objectives are also set out at the

beginning of the Student Worksheet and in the teacher’s Lesson Plan. The latter is particularly
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important as even if the teacher doesn’t provide any handouts to their students, the teacher will
immediately see the activity objectives and can convey this to their students. It is acknowledged that
the learning objectives also should have been broken down further and reinforced throughout the
activity. This is in alignment with Quinn’s recommendation that content should be presented clearly

and frequently (1996).

Focusing on objectives at the beginning of a lesson presents an opportunity to induce discussion and
prompt students to think about the processes behind the given concepts and equations they encounter
in their physics syllabus. Where typically these students will follow a specific syllabus they must
learn in order to pass exams, experiences of the researcher were indicative that often there is little
consideration to how such understanding originally came to be and how science evolved into the
knowledge held today. The introductory PowerPoint in the Hubble activity goes through this history

and introduces students to the evolution of astronomers understanding of our Universe.

By starting the lesson with asking students to come up with some ideas around how they might
attempt to calculate how quickly the Universe is expanding or how they could determine its age, it
forces students to think about the background science around the subject matter and how such

phenomena might be investigated.

The researcher therefore considers that not only do learning objectives help students to focus their
attention (Quinn, 1996), but they can also prompt classroom discussions and trigger students to ask
questions and inquire about how our understanding of particular scientific concepts came to be. The
influence of this novelty that extends beyond the prescriptive syllabus, on students’ learning

experiences is discussed in Chapter 11.5.

However, although the researcher identified several ways the lesson objectives could have been
clearer and also used to induce discussion, there is evidence to suggest that most students felt
confident in their work and what was expected of them. Chapter 9 highlighted how students’ reported
significantly higher confidence in relation to the activity than towards their day-to-day physics
lessons. Mrs Yellow reported in her interview that she believed this could be due to the clear goals of

the Hubble activity.

Researcher: So you may remember I gave out questionnaires last year before they did the activity
and after, and I have actually found that their confidence they report towards the
activity is higher than what they report for their day-to-day physics lessons. Do you

have any idea what might be the reason for this?

Mrs Yellow:  Um, probably because in the activity it’s very clear what they 're trying to achieve
and in their physics lesson you re not only trying to achieve the objectives in the

lesson you ’re trying to meet the syllabus at the end and there’s nothing more



175

depressing doing a lesson on something and then doing an exam question and not

being able to relate the exams to the lessons, because quite often you can’t.

The researcher also wanted to clarify that the reason for students heightened confidence wasn’t simply

because the activity was too simple and not challenging to the students.

Researcher: Okay perfect, so it wasn’t that perhaps the activity was too easy for them and instead

it was just very clear?

Mrs Yellow:  No I don’t think it is too easy for the kids, this is one that gives them perspective on it.
1t’s not complicated, you know, I know you gave me the offer of doing something with
light curves and photometry and I actually wish now I'd probably taken you up on
that because I probably would have extended it a bit, but it really does depend on the

amount of time [ 've got.

This final comment from Mrs Yellow is referring to an extension of the Hubble activity where
students go a step further and obtain the supernova photometric data for their light curves. Mrs
Yellow clearly values the importance of these extra activities that demonstrate to students where the

science comes from and how this can give them a “perspective” of the science they learn in school.

The element of whether the task could have been too easy for students also leads us on to the

following framework dimension, Differentiation.

11.2 Differentiation

When designing the Hubble activity, the researcher made a conscious attempt to provide several
suggestions for implementation based on varied levels of guidance provided to students. This was
done in order to account for individual differences among students and also the time available for the

activity.

Teachers were seen to implement different levels of the activity to their students, but again, no teacher
(or the researcher) provided within class differentiation. However, there were two particular groups
within the Hubble case that perhaps would have benefited from differentiation. This is groups Black
and Purple. Group Black could have perhaps benefited from within group differentiation as
participants included year 10, 12 and 13 students, therefore at very different levels in their education
and with presumably varying physics knowledge. Group Purple on the other hand, although all
students were year 12 and had chosen science A-levels, they had not all chosen to take physics, so

again, some students’ participation in physics had ceased at the end of GCSE.
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Feedback from students in the PPQ is also demonstrative that some students faced difficulties in the

activity. PPQ responses to what students liked most and least about the activity revealed that some

students did experience some difficulties. The relevant responses are summarised in Table 21.

Table 21 — Hubble Case Study Students’ Post-PPQ Responses indicative of Experiences of Difficulty

What did you like most about the

What did you like least about the

activity? Group  ctivity? Group
It was challenging Purple The graph because the scale was difficult Purple
How simple it was to understand Purple Igrf;);lﬁl d it difficult to plot the data on the Purple
Challenging — old school calculations  Purple Difficult to create the graph on paper Purple
Difficult to plot the graph Purple
Initially it was hard to understand what to Red
do, however this was quickly rectified
Complicated numbers Yellow
Using large varieties of numbers which Purple

proved difficult to plot

Here it is evident that most responses came from students in group Purple. This is perhaps not

surprising given that not all students were studying physics, however several other additional reasons

are also identified:

1/. Implementation for group Purple was carried out by the researcher who was entirely

unfamiliar with these students and was unaware of their learning preferences and abilities

2/. This was the largest group in the case study with 60 students, double the normal class size

and therefore had the lowest teacher/instructor to student ratio across groups.

3/. This was not a standard class of students and was a group of gifted and talented students

invited from various schools across South East Wales.

4/. There was no computer access and so consequently more restrictions on implementation

methods

However, among those who did experience difficulties, the general consensus appeared to apply to the

graph construction component of the activity. Given that the values for radial velocity ranged from

2,091 km s to 94,720 km s but with many points positioned towards the lower end (see Figure 13),

it presented difficulties in scaling the graph when working on paper. The teacher in group Yellow

however, identified that this would be problematic for her students and so provided them with a scale

to use.
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Figure 13 — Example of the Resulting Hubble Plot Produced in the Hubble Activity
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Furthermore, there are no comments about difficulty from students in group Black. It is expected that
this is because they were a particularly small group, the lesson was delivered by the researcher and
each student had access to a computer. Both the researcher and the teacher were also on hand to

support if needed.

However, what is also evident from students’ responses is the contradiction in experiences of the
difficulty of the task. The level of the activity appears to have been most suited to the students who
reported that what they liked most was that the activity challenged them. Although another student
reported the simplicity of the activity as what they liked most, there is a risk that tasks too simple will
disengage students (Ofsted, 2013). Also, students who reported that they didn’t like how difficult
parts of the task were, were also at risk of disengagement (Fitzgerald et al. 2015a) and knocks to their
confidence. Rittmayer and Beier (2009) highlight that where students fear failure, they are more likely
to doubt their abilities. These responses are reflective of the importance of the recommendation made
by Rittmayer and Beier (2009) who profess that lesson activities should be challenging but not

impossible.

It is also interesting to note that although initially it was expected that differentiation would be
problematic for group Black, no students in this group reported any difficulties. On reflection it is
considered that this could be due to the small size of the group. With just eight students and both the
teacher and the researcher present, support was readily available to students whenever they needed it.

This was much more difficult with the 60 students in group Purple.
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In order to probe this dimension further, we turn to students’ responses regarding their confidence
during the activity as these are indicative of how difficult or simple students found the task. As with

the D2E case study, we assume an optimum score to be 4.00 (within the range of 1.00 to 5.00).

Students who participated in the Hubble case yielded a mean Confidence score on the post-PPQ of
3.70 £ 0.63 which was revealed in an independent sample t-test to be significantly higher than what
was reported on the pre-PPQ in relation to their day-to-day physics lessons (3.37 + 0.79), t (203) = -
3.321, p =0.001. Students therefore felt higher levels of confidence when completing the Hubble

activity and were closer to the optimum score of 4.00.

Figure 14 illustrates the distribution of students’ Confidence scores on the pre- (left) and post-PPQ
(right). Here it can be seen that no student scored less than 2.20 (where 2.00 indicates strong
disagreement) on the combined scale on the post-PPQ. The same however cannot be said for students’
confidence towards day-to-day physics lessons where highly negative perceptions were more

frequent.

Figure 14 — Distribution of Hubble Case Study Student Scores on Confidence scale Pre- (left) and Post-
(right) Implementation
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Though only speculative, the smaller range in student scores on the post-PPQ and the greater
percentage of students scoring 3.00 or above (90% in the post-PPQ compared with 73% in the pre-
PPQ), could be indicative that the activity was more suited to individual differences and learning
preferences than many day-to-day physics lessons. Had all students’ yielded scores between 4.00 and

5.00 then it would suggest that the activity was much too simple for all students, however given that
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there is a range in scores that are skewed more towards the positive end in the post-PPQ, it is

suggestive that many students felt more capable in completing the task.

Qualitative evidence of the positive impact that challenging students at the right level can have were
revealed in observations of particular students. One example includes two female students in group
Purple. These students were not studying physics A-level and therefore would not be expected to
learn the content of the activity or be as familiar with the relevant physical concepts. It was apparent
from their behaviour that the students saw this as a disadvantage and often sought reassurance from
the researcher they were doing things correctly. However, this assurance was not necessary as they
gained a good grasp on the activity. The two were seemingly unhappy with their values for distance as
they felt that there shouldn’t have been such great differences across the supernova targets. At the end
of the implementation, the researcher retrieved her answer sheet and went over to the students to
prove to the students that they had done their calculations correctly. One of the two students, Lauren,
responded with “ah, I knew we must have”, indicating a confidence regardless of the difficulties they
faced and perhaps her fellow peer not being quite as optimistic. As she continued to scan the answer
sheet and realise they had done it correctly, she looked at the researcher and said, “/ should have done
physics”. This response was equally as heartening to the researcher as it was frustrating. Lauren was a
prime example of a student who had the ability to perform well and pursue physics, but had chosen
not to and whose behaviour indicated she had perhaps underestimated her abilities. If her compulsory
physics lessons in earlier stages of education had been differentiated effectively to account for
individual differences among students, or had she been encouraged by teachers to pursue physics, it

could be that she would have chosen her A-level options differently.

Disbelief from students about what they had achieved was also observed in group Black. Several year
10 students participated in this group, again outside of the target audience of the Hubble activity.
Though requiring more assurance and guidance than their older peers in the group, they were still able
to complete the activity in the lesson time. Upon completing his calculations, one year 10 student,
Harry, turned to the researcher and said, “what, so that’s the age of the Universe?” signalling towards
his final calculated value. The researcher confirmed this, to which he smiled and said, “/ feel like

Einstein”.

These two experiences of students in group Purple and group Black are demonstrative of the impact
just one lesson can have on a students’ learning experiences. Both Harry and Lauren’s comments are
demonstrative of the confidence and competence (Gagne and Deci, 2005) they felt in response to
completing the activity which has shown to be positively related to interest and engagement
(Linnenbrink and Pintrich, 2003). The same authors also argue that confidence is much more
malleable (given that it is task-specific) and subject to influence than individual interest which is more

stable and withstanding. Given that the difficulty of physics is commonly reported by students as a
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deterrent (Williams et al., 2003; Tripney et al., 2010; Gill and Bell, 2013), it is considered that
targeting students’ confidence and confidence by effectively differentiating activities could therefore

offer a strong starting point in promoting student interest and engagement in physics.

The researcher considers differentiation among students to be equally important at A-level as it is in
other years, as students are not put into sets. Although many sixth forms and colleges require students
to achieve a minimum grade in order to pursue a subject into A-level, students still present differences
in their abilities and preferred learning styles. Though group Purple was not a standard class of
students, they were all considered to be ‘gifted and talented” with similar predicted grades across the
sciences. However, the variety in the responses from these students is demonstrative of the
importance and necessity of differentiation and how this was not accounted for efficiently by the

researcher in this implementation.

Perhaps a better example of where differentiation is necessary within sixth form classes is group
Orange. This was an A-level physics group of six students who displayed clear discrepancies in

ability and confidence.

Almost immediately apparent in the observation of the implementation lesson was students James and
Holly as the frontrunners of the class. They sat at the front, were the most vocal and were seen to
confer with the teacher substantially more than the other students. Disheartening was the behaviour of
the other students in group Orange who appeared to be exceedingly introvert in comparison to Holly
and James. Very few observations of dialogue were recorded for these students throughout the whole
two hour lesson and when they did speak, they were much more quiet and reserved. It was clear on
several occasions that all three remaining students were confused by or struggling with the set task
(participant 5 left the lesson before the main activity started). However, where Holly and James had
been seen to check things with the teacher, as did most students across other groups in the Hubble
case study, these three students appeared to remain quiet. At no point were these students seen to ask
for help, but instead would wait until the teacher came over to them to check how they were getting
on. After some 20 minutes into the activity, no students were seen to have provided Holly with any
results and did not seem to be making much progress. In the case of one student, Tony, was seen to
walk over to Holly and James’ desks and merely look over their shoulders to see what they were
doing — without saying anything. It was also noticed than neither Holly nor James reacted to this,
suggesting that this could be a common thing that they are used to happening. This lack of
acknowledgement of their peers also suggested that Holly and James themselves saw themselves as
separate from the rest of their classmates. This action from Tony also revealed that fellow students

also recognised the two students as more capable, not just the teacher and the researcher.

The necessity for differentiation in this group was overwhelmingly obvious. Where Holly and James

flew through the activity and did not once seek any help from the teacher, the other three students
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struggled tremendously and did not grasp the process of the task. What’s more, James was seen to
interrogate the astronomical database, Simbad, in order to obtain the radial velocity values even
though the teacher had provided them with the table of values, thus demonstrating an additional

ability and motivation in inquiring further.

However, teacher interview feedback in this case study was more positive regarding the
appropriateness of the activity than that received in the D2E case. For this case, Mrs Yellow was
interviewed. She had implemented the Hubble activity on consecutive years to her year 13 physics

students, and thus had repeated implementation.

Researcher: Do you think there were any students in particular that would not benefit from this

activity?
Mrs Yellow:  In upper sixth?
Researcher: Yes
Mrs Yellow: [ think if they re doing physics A-level, I think every student should do this.
Researcher: Do you think the material was accessible for all the students?

Mrs Yellow: Yes, oh yes.

Though this comment does not directly relate to differentiation, the teacher is still stating that she
believes it is a useful activity for all A-level physics students. This question offered Mrs Yellow the

opportunity to critique the activity and offer suggestions for improvements but that was not taken.

Overall, it is considered that the Hubble activity was more malleable and easier to differentiate than
the D2E activities, perhaps because the different versions were more readily available than in the D2E
OAs where differentiation was merely suggested to teachers. However, carrying forward the need for
clearer objectives highlighted in the previous dimension, it is considered that this will also aid in the

differentiation of the activity.

11.3 Student Autonomy

When designing the activity for the Hubble case study, it was immediately evident to the researcher
that this OA would have to follow a more prescribed process than the D2E activities. However,
though less autonomous than designing their own investigation, generating hypotheses and

manipulating variables, the students were still able to conduct an investigation, interrogate and
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interpret data, all elements that are in line with IBL. The researcher therefore still considers this as
more autonomous than a didactic lesson where students are just presented with a series of facts they

must learn.

PPQ responses revealed students’ level of agreement with the incorporation of IBL in the activity. In
the pre-PPQ students were asked to indicate their level of agreement with the statement ‘we often
carry out investigations in physics lessons’, in the post-PPQ, this was rephrased to ‘we carried out an
investigation in the activity’. Students reported significantly higher levels of agreement with the post-
PPQ item (3.88 = 0.86) than with the pre-PPQ item (3.10 + 1.01), t (207) = -6.003, p < 0.001. Of the
Hubble case study students, 77% either Agreed or Strongly Agreed with this statement and just 7%
Disagreed or Strongly Disagreed (the remaining 16% responded with Neither).

Additional evidence is also received from students’ responses in the post-PPQ to what they liked most
about the activity. Responses from the Hubble case study revealed seven common themes, whereby a
theme was considered present if three or more students gave a response related to the same aspect.

One of these themes was subsequently titled ‘Independence’ and received responses from six

students:

“Arriving at the age of the Universe using values I created” (Male, group Orange)
“The independence” (Male, group Purple)
“I liked finding out own results and maths” (Female, group Purple)
“The independent part — we weren 't just talked through it” (Female, group Purple)
“The freedom of finding things out on our own” (Male, group Black)

[abbreviated] “...It was fun to do the calculations ourselves. Also it
(Female, group Purple)
was a sense of achievement to correctly calculate!”

Each of these responses in some way describes an aspect that the students felt they did themselves and
had control over and indicate that these students’ need for autonomy set out in SDT were fulfilled,
which in turn is seen to promote engagement (Gagne and Deci, 2005). Such responses were also
considered to be relatively unprompted as the question was largely open ended and did not lead
students to their answers in any way. It is promising that despite the structured process of the activity,

and necessity to follow instructions, students still felt a level of independence in their learning.

Though only an assumption, it is possible that such responses were indicative of a new experience
among students. If autonomous learning was something they often experienced in lessons it could be
that they would be less likely to report this aspect as what they liked most about the activity as it
would be a common occurrence. In particular the “we weren 't just talked through it” indicates that

this is the typical experience of physics lessons and is descriptive of a didactic approach.
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As the activity involved students taking their own measurements, performing calculations and
interpreting results with substantial room for error, generally, students within a group would not all
obtain the same value for Ho and their approximate age of the Universe. Though they did typically
yield answers between 13 and 15 billion years which was considered an acceptable answer to arrive
at. However, it is believed that such variations in results between students could have provided them
with a a sense of ownership over their work. The particular process they followed in the investigation
influenced their final results. This was evidently experienced by the student in group Orange who

reported the first comment listed above.

Upon group Black’s completion of the Hubble activity, one student said to the researcher, “can we
keep these?”, indicating to his worksheet, as soon as the researcher confirmed he could, he said “ah,
yes! I'm going to show this to my dad”. One of his peers also commented, “that’s the age of the
Universe... if I showed this work to my mum she’d be like, what the hell?”. Both of these comments
indicate that the students considered the work they had achieved in the lesson to be a big deal. They
demonstrated a sense of pride and were eager to show their parents what they had achieved. It is
believed that an individual would not feel a sense of pride without also a sense of ownership and

without feeling like they themselves had worked for this achievement.

In order to further probe the opportunity offered by the Hubble activity for autonomous learning, a
larger student voice is required for focus groups. Unfortunately, one of the greater limitations of the
Hubble case study is that no focus groups were carried out. The primary reason for this was that the
content of the Hubble activity was always the final topic taught in year 13, therefore upon finishing,
students had completed the syllabus and were into revision before their final A-level exams. It was

therefore not a convenient time to take students out of lessons at such a vital point in their education.

11.4 Collaborative/Cooperative Learning

Though the previous dimension has discussed the opportunities for autonomous learning provided by
the Hubble activity, we now address the opportunities; or lack of, for cooperative and collaborative

(C/C) working among students.

The occurrence of C/C learning in the Hubble activity was immediately evident from students’ PPQ
responses regarding what they liked most about the activity. Not only did this confirm students’

perception of its occurrence but also their enjoyment of it.

Collaborative learning; or as it was so coined, ‘Group Work’ was another of the seven themes that
emerged from students’ responses to the post-PPQ question that asked students what they liked most

about the activity. The responses were eightfold:
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“Working together as a class” (Female, group Yellow)
“The teamwork aspect of working together on an interesting topic” (Unknown, group Purple)
“Working in groups” (Male, group Purple)

“Being able to work together through the steps to work out the
(Male, group Purple)

eventual answers”

“Working as a group on a new task” (Male, group Purple)
“The maths aspect, group work” (Male, group Purple)
“Interactive and interesting, finding out things in a group” (Female, group Purple)
“Group work” (Female, group Purple)

Though this data is evidence for students’ positive perceptions of collaborative learning, and is
supportive of Johnson and Johnson’s (1990) point whereby it can enhance student satisfaction, there
was also evidence for its benefit to students’ learning. This was most apparent among students in

group Black who although were all from the same school, they were from different year groups.

Student interaction in group Black was seen to be more cooperative rather than collaborative. Though
working primarily individually (as had been decided by their teacher), where everyone was
completing each step of the Hubble activity, often students were seen to turn to their peers to seek
help or to offer it. This was most typically seen between Ellie (year 12) and Harry (year 10). Ellie was
a very able student and flew through the Hubble activity. Harry had noticed her ability and trusting
this, would turn to her if he was stuck which Ellie was happy to abide to. Though it might appear to
some that this interaction was more beneficial to Harry than it was to Ellie, researchers have pointed
out that the student of higher ability benefit from the process of explaining and demonstrating and the
student of lower ability benefits by experiencing an approach modelled by their peer (Panitz, 2002).
Kagan (1986) also highlights that where students help one another in lesson tasks, a supportive

community builds which has been seen to raise performances of all members.

Harry was also very openly and expressively impressed with Ellie’s ability, commenting on it on
several occasions. Ellie was the first in the group to complete the Hubble activity, to which the
researcher announced “we 've got our first accurate calculation of the age of the Universe”. The group
responded with a cheer and Harry responded to Ellie saying she was “the smart one”. These actions
were seemingly building positive interpersonal relationships among students who would not typically
interact with each other being in different year groups. Reflective of other research was the evidence
of productivity, high morale and commitment to peers (Johnson and Johnson, 1999). It is also these
kinds of interactions that work to build students’ self-esteem, motivate them towards the learning
process (Johnson and Johnson, 1990) and build a supportive community (Kagan, 1986). This process

of social-persuasion where positive feedback and support is received from significant others (i.e
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peers) is considered to be one of the primary foundations of building confidence (Bandura 1977;
Rittmayer and Beier, 2009). The early educationalists, John Dewey and Lev Vygotsky conceptualised
learning as a social process and that it is through collaborative efforts that learning occurs. Studies of
peer acceptance among students have consistently demonstrated a correlation with high achievement

(Roeser et al., 1996; Anderman, 2002).

Where students in group Black demonstrated the benefits of cooperative learning, students in group
Purple seemingly reaped the benefits of collaborative learning. The collaborative element in group
Purple was entirely student-directed where no suggestions were made by the researcher. However,
this was entirely unexpected given the large cohort of 60 students from various schools. Groups of
students varied both in size and gender, some had between two and seven students and some were
single-sex and some were co-ed. However, what was overwhelmingly consistent was the collaborative
style and distinct roles of individual group members. In the majority of the groups, each student had a
specific role in each stage of the activity, ensuring everyone was involved and did not take a back seat
during the activity. In other Hubble case study groups where collaborative learning took place,
typically each student would do each step of the process for a fraction of the data and then results
were combined for the final calculations. However, in group Purple, where one student would be
identifying a supernova’s peak magnitude, another student would be calculating its distance modulus,

another would be identifying its radial velocity and another would be plotting its point on the graph.

Whether these roles were assigned by one person within the group, decided democratically or just
emerged organically was unclear and most likely varied from group to group. However what was
evident was the all-encompassing involvement that this created, providing everyone with a distinct,
important role that promoted a sense of belonging, encouraging motivation and commitment to tasks

(Osterman, 2000).

Though these observations of group Purple were demonstrative of strong team work and efficient
collaborative efforts among students, from a learning point of view it is considered likely that students
would have sacrificed certain elements of the investigation process and thus, knowledge. By being in
charge of a specific, singular role in a multi-phase process, it would be harder for these students to see
the bigger picture and the overall process of the activity. They may gain mastery experience at their
specific role but at the expense of other skills. Therefore their understanding of the subject matter as a
whole would be incomplete. Where data was divided among students and combined later, this allowed
each student to perform each step of the process and though less efficient, from a learning perspective

it was considered more beneficial.

Having discussed the benefits of collaborative learning and highlighting that this technique must be

implemented in such a way in order to be most beneficial to students, we turn now to the negative
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impact of neglecting the opportunity for collaboration. A particularly profound example of this was

observed in group Orange.

Evident almost immediately was the notably more disjointed class of group Orange compared to other
groups in the case study. The teacher had sought to implement a collaborative element to the activity
by dividing the data among students to later be combined to produce a master Hubble plot. However,
this did not go as planned and for a group task, there was almost no communication between the
students. Instead students Holly and James worked collaboratively as a pair and the remaining
students mostly struggled on their own. Communication only occurred between Holly and James and

they were also the only students in the group to successfully complete the task.

This demonstrated the importance of effective communication and the efficiency of assigning each
other distinct roles. Two participants from this case surrendered next to no verbal communication, and

data collected on them in the observation phase was primarily non-verbal.

It was evident that there was a distinct range in abilities among students in this group and thus they
would have benefited tremendously from effective cooperative and collaborative learning. Had Holly
and James behaved as Ellie had done in group Black, helping her less able peers, and had the less able
students behaved like Harry, communicated with their more able peers and learnt from their
approaches, it likely would have been a more beneficial experience for everyone. What’s more, not
only were the other three students unable to complete the Hubble activity, but they also appeared to
suffer socially. There was a distinct lack of a sense of community in this small group and given the
deficiency of communication and spread out seating plan of the three students it was assumed that the
students did not feel connected to one another, thus their sense of relatedness and one of their three

basic needs in self-determination theory was not fulfilled (Gagne and Deci, 2005).

11.5 Context Novelty

The Hubble activity addressed specific astronomy content within the curriculum, therefore the context
was not considered to particularly novel as it was something students would have encountered
regardless. Instead, the activity was considered to possess a novel element in terms of the
investigation aspect of the activity. Where students may be lucky enough to conduct investigations
and practical lessons in some of their physics syllabus, for obvious reasons, the researcher considers
that it is unlikely this opportunity would present itself for the cosmology and Universe content.
Therefore, given the content of the activity, the expansion rate and age of our Universe, the researcher
considers it fair to assume that many students; and even teachers without an astrophysics background,

would assume this to be a topic that cannot be studied through practical lessons.
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Though this was an initial assumption made by the researcher, it was also reflected to an extent by
some of the teachers. Mrs Orange reported that “all the astronomy content we 've done so far has just
been maths, but they 've been struggling with past exam papers. So it was nice to get them doing
something more applied and practical and I think it will help”. Similarly the unawareness of the
opportunity of the activity was echoed by the teacher from group Black, “this is great that you're
actually able to use real data and use it to calculate the age of the Universe”. It was therefore
anticipated that the opportunity for students to explore real data which they can use to calculate the
expansion rate and age of the Universe in a classroom physics lesson, would be novel and unfamiliar
to students. It was hoped that this divergence from student expectations could stand as a trigger for

their engagement.

The first evidence for students’ reactions to the activity was again provided in their responses to what
they liked most about the Hubble activity in the post-PPQ. Another one of the seven themes among
students’ responses was so-called ‘Working with Real Data’. This theme yielded responses from 12

students which were as follows:

“Understanding real life values” (Male, group Orange)

“Arriving at the answer of the age of the universe using values |
(Male, group Orange)

created”

“Being able to calculate the age of the universe from real data” (Female, group Orange)
“Hands on approach when handling data” (Male, group Orange)
“It was something new and different” (Male, group Yellow)
“Calculations and real life investigations” (Male, group Grey)
“The real life aspect” (Male, group Red)
“It was interactive, using real data. This makes it feel more relevant” (Male, group Red)
“Something different and interesting” (Male, group Red)
“Use real data to come up with an age of the Universe” (Male, group Purple)
“Using REAL data” (Male, group Purple)
“Being able to do something practical and real-life” (Female, group Purple)

Although each of these responses indicates the value students felt towards the opportunity of using
real data, it does not necessarily indicate the novelty. Observations of student behaviour during
implementation on the other hand, were able to reveal more about students’ reactions. In group
Purple, one student’s response indicated that he had not realised that they were using real supernova
data, when informed, his response was “wow, that’s really cool. We usually just get made-up data, it’s

nice to be working with real science”. This comment also demonstrated that the activity was a
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deviation from normal physics lessons and what they “usually get’ and is also considered indicative of

a ‘wow factor’ discussed in the D2E case study (see Chapter 10.5).

The process of calculating the age of the Universe involved several unit conversions, the last of which
requires converting the age of the Universe from seconds, to years. Ellie in group Black however also
appeared to find calculating the age in seconds novel, responding “wow, that’s in seconds? ... Well
I've learnt something cool”. Similarly the comment from Ellie’s peer, Harry, cited earlier “what, so
that’s the age of the Universe? [ feel like Einstein”. Another male student in group Black also reacted
at the end of the lesson with “That’s the age of the Universe..? If I showed that to my mum she’d be
like, what the hell?” Where all of these comments started with a question, they indicated a level of
surprise and disbelief, the former of which has been seen to enhance student interest (Palmer, 2009;

Hidi, 1990).

Another aspect of the Hubble activity that is perhaps not always evident in day-to-day physics lessons
given its lack of presence in the curriculum, but despite having shown benefits of its inclusion
(Gooday et al., 2008), is that they were introduced to the background of the science. That is, rather
than learning that the Universe expansion rate is x and its approximate age is y, students were in fact
introduced to the process behind this knowledge and how science has evolved our understanding and

how these values are calculated.

Learning how the expansion and age of the Universe is calculated is only really specified in the

Edexcel curriculum which states:

Understand how astronomical distances can be determined using measurement of intensity

received from standard candles (objects of known luminosity)
V= Hod for objects at cosmological distances

It is also suspected that many physics teachers, unless they have a background in astronomy will not
make the connection between supernovae as standard candles and a Hubble plot. WJEC, OCR and
AQA also merely request students learn Hubble’s law and how to approximate the age of the

Universe.

However, some students reported the procedural and historical components as what they liked most
and also what they learnt from the activity. Below are some examples of student responses from the

post-PPQ about what they learnt from the activity:
“how people worked out the age of the universe”
“how we know how old the universe is”

“using results to find a value for something which can be used to find another”
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“I learnt more about the history of scientists trying to discover the age of the universe”
“how to do important calculations that give the age of the universe”

“I learnt about the universe and how numbers I take for granted are calculated”

“how investigations are carried out and how conclusions are formed”

“I learnt a scientific method using general mathematics to find out the age of the universe”

(In order: Male, group Orange; Female, group Purple; Female, group Purple; Female, group Purple; Male, group
Purple; Male, group Purple; Male, group Purple; Male, group Black)

A final piece of evidence comes from a particular item in the PPQ, though it is not directly related to
novelty, it asked students to reflect on the excitement they experience in their day-to-day physics
lessons and in the activity. An independent sample t-test demonstrated that students perceived the
Hubble activity to be significantly more exciting (3.73 + 0.79) than their day-to-day physics lessons
(3.30 £ 0.90), t (208) = -3.674, p < 0.001.

11.6 Teacher Role

The Down2Earth case study emphasised the integral role of the teacher that remains even when
implementing a student-centred activity, and the same also applied to the Hubble case. Many points
made in previous dimensions have touched upon or indicated the importance of the teacher’s role. We
again discuss this dimension last as the success and effectiveness of many of the previous dimensions

is largely influenced by the teacher.

Of the six groups who completed the Hubble activity, three were delivered by the teacher, groups
Red, Orange and Yellow and three were delivered by the researcher, groups Purple, Grey and Black.
Groups Purple and Grey were the twilight workshop sessions with students from different schools,
however for group Black, though the researcher delivered the activity, the teacher remained present

and interactive with the students.

In the eyes of the researcher, group Yellow by far demonstrated the most successful implementation
by the teacher. This was also the only teacher (known to the researcher) who repeated implementation
with her next year 13 students the following year. Observation of both occasions of implementation
was incredibly interesting and valuable to the researcher. Though Mrs Yellow’s role per se did not
differ between occasion, her confidence in delivering the activity was noticeably higher and this, in
effect, seemed to also benefit students’ learning experiences. The teacher herself had picked up on the
difference, at the end of the second implementation she reflected, “I will definitely be using this again

next year, because I'm getting better each year. I know this works and they are really engaged aren’t
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they”. This observation is reflective of findings from Fitzgerald et al. (2015a) who found greater
improvement in students’ content knowledge and perceptions of science at school subsequent to

initiative on occasions where teachers had previously implemented the same material.

In feeling more confident in her understanding of the activity, Mrs Yellow also implemented a more
advanced version on the second implementation, demanding more work from the students. The first
year, students used the automated spreadsheet to calculate the distances to the supernova targets,
however on the second year, the teacher had students apply the distance modulus equation themselves
to calculate the distance. The teacher was also seen to make more connections between the activity
and other areas of the curriculum they had covered. For example she asked the students the definition

of radial velocity and how it is calculated. Students were able to connect this with Doppler shift.

Mrs Yellow had the students work collaboratively by dividing the supernova targets among them.
Though this collaboration was not student-initiated as it had been in group Purple, Mrs Yellow’s
technique of collaboration enabled all students to experience each part of the investigation, allowing
students to get the most out of the activity. It is considered that Mrs Yellow took on a highly
facilitative role in her implementation, though students were responsible for working through the
investigation, the teacher ensured they understood what they were doing at each stage and organised
them to collaborate efficiently and also built in guidance and support where they needed it. Quite

opposite in their role was that of Mrs Orange.

Group Orange has already been discussed for the clear disparity among students and lack of a sense of
a community within the group. Mrs Orange began the activity with the introductory PowerPoint
which seemed to set the lesson off to a promising start. Mrs Orange asked students questions about
the subject matter which students were able to answer and the PowerPoint content also prompted
questions from the students. However, the divide between Holly, James and the rest of the class
emerged when students started the main activity. It was very apparent that Mrs Orange had not
worked through the activity herself and was reliant on the ability of Holly and James. Though Mrs
Orange told students to divide the supernova targets among them to combine into a master
spreadsheet, she did not specifically assign targets to individual students. As there was no
communication between the students, they did not arrange this themselves and Holly and James ended

up working through all of the targets between the two of them.

The teacher was seen to come and go throughout the lesson, often leaving for up to ten minutes at a
time. Though this was okay for Holly and James as they were more than capable of working through
the activity, it was clear to the researcher and so should have been clear to the teacher that this was not
the case for the other three students. Instead, they would have benefited from a greater input from Mrs
Orange. Even when Mrs Orange did approach these students and noticed they were struggling, instead

of offering help herself, she looked at what Holly and James were doing. This indicated that the
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teacher had not been through the activity herself. It was judged that Mrs Orange presented behaviours
of an absent facilitator. Though she introduced students to the subject matter and set them on the
activity, she was absent for the majority of the lesson and rarely provided support to students when
they needed it. Pianta ez al. (2012) posit that negative student-teacher interactions inhibit development
and engagement which seems to be what was seen in group Orange. Here the teacher appeared to be
nonresponsive to the needs of the students, demotivating them and deterring their interest in the lesson

task.

Where Mrs Yellow’s advanced preparation of the activity and familiarity with her students was
integral to her successful implementation, Mrs Orange’s absence of preparation and interaction with
her students was detrimental. These essentially bipolar implementations are prime examples of the
influence of the teacher and their integral role, regardless of the classroom activity. When the
researcher mentioned to Mrs Yellow that she had observed an implementation of the Hubble activity
where the teacher had not been through it themselves first, she responded, “yeah, see there’s just no

way that is going to work. You have to be prepared and know what you're doing”.

Pianta et al. (2012) emphasise that teacher sensitivity towards their students is crucial. Teachers
should be aware of the needs of their students and react accordingly. Mrs Yellow for example
recognised that the students would likely struggle with the scale of their graph given the large range in
velocity values. In response she provided additional guidance for this part and students consequently

did not lose engagement or report struggles with this aspect of the activity.

The teacher-student relationship in group Black was also of particular interest. Though the Hubble
activity was implemented by the researcher, the teacher’s role remained integral. Implementation in
group Black was very much an informal process. The students were a small group and although of
different ages, they were all described by the teacher to be of high ability. The students were very
accepting of the researcher and it was very apparent that they held positive relationships with their

teacher.

Throughout the duration of implementation, though the researcher delivered the activity and assisted
with any problems or questions students had, the teacher would still wander among the students,
seeing how they were getting on and asking them questions about their work. Though there were
occasions where Mr Black took a step back to work, it was observed that as students became more

animated in the lesson, so did he and this would consequently prompt him to interact with them.

It was heartening to see such positive relationships between the teacher and his students and the
researcher often noted the exchange of stories and light-hearted jokes. Mr Black was also
demonstrative of his sensitivity to the students and understanding of their needs, on several occasions
he made suggestions on an extension of the activity that they could do based on what they had been

covering in previous lessons. Mr Black suggested that Harry thought about what significant figures he
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should use, and had the year 13 students add error bars to their measurements. These additional tasks,
though small, effectively implemented differentiation across the group, even though the activity was
delivered by the researcher. Pianta et al. (2012) emphasise how this kind of teacher behaviour
encourages student interest and motivation and it is therefore no wonder these students demonstrated
such high behavioural engagement (Fredricks ef al., 2004). It was also acknowledged that as the
researcher was delivering the activity, it presented an opportunity for Mr Black to take a step back and
remove himself from the lesson. However this was not the case and his presence and behaviour
ensured that feelings of competence and relatedness were experienced by his students. As a result,
positive teacher-student relationships were reinforced and their engagement was promoted as Mr
Black fulfilled some of the students basic needs set out in self-determination theory (Gagne and Deci,

2005).

Group Yellow, Orange and Black were highly demonstrative of the integral role of the teacher,
regardless of the OA. All students in these groups experienced the same activity but with varied
implementation styles and varied relationships with their teacher, such variations in learning

experiences have been highlighted in the preceding sub-chapters.

11.7 Overall Effectiveness

Having reviewed the effectiveness of the Hubble activity across each of the relevant groups through
the lens of the evaluation framework, we again illustrate the overall effectiveness of the OAs via

Reeves’ (1994) technique in Figure 15, again each colour represents the relevant participant group.
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Figure 15 — Illustration of the Overall Effectiveness of the Hubble’s Expansion of the Universe OAs
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Chapter 12

Discussion

This study began by identifying some of the key problems faced in England and Wales in terms of
students’ perceptions of their learning experiences in physics at secondary school. In response, the
researcher sought to evaluate a series of educational OAs in order to identify specifically where

positive learning experiences occurred, what constitutes an ‘effective OA’ and the implications for

OA developers and implementing teachers.

The study followed a constructivist approach in methodology which also reflected the learning
approach employed by the OAs. The research followed a multiple case study design and used mixed
methods, specifically questionnaires, classroom observations, focus groups and interviews to gather
and triangulate data. Quantitative data was statistically analysed using SPSS and thematic analysis
was performed on qualitative data. All data was then combined and analysed through the lens of a
specific evaluation framework comprised of seven dimensions in order to answer the four key

research questions.

Having completed the data collection and analysis, this chapter now addresses each of the four

research questions set out at the inception of this study.

12.1 Research Question 1

How are students’ perceptions of positive learning experiences promoted within a physics lesson?

The first and foremost indicator of students’ perceptions of their learning experiences, internal to the
study rather than from pre-existing literature, was retrieved from the pre and post PPQ. Overall, where
results were not accounted for by case, significant differences between students’ perceptions of their
learning experiences in their day-to-day physics lessons and in the implementation lesson were seen
in three of the five scales, all of which went in favour for the post-PPQ. That is, for the scales
Investigation Work, Confidence and General Interest, students reported significantly more positive
scores in relation to the OA than to their day-to-day physics lessons. When broken down by case,
significant differences were seen among three of the five scales for Down2Earth and two scales for

Hubble’s Expansion of the Universe.
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For D2E, students reported significantly more positive perceptions towards the scales relating to
Confidence, Perceived Relevance and General Interest with regards to the D2E activity than towards
their day-to-day physics lessons. For the Hubble case, students reported significantly more positive
perceptions towards Investigation Work and Confidence in the activity than in their day-to-day

physics lessons.

However, the main argument for employing a mixed method approach to this study was to not only
identify the what but also the why. Data collected through questionnaires, classroom observations,
focus groups and interviews enabled the ability to do this. Chapter 2 reviewed the existing literature
around students’ perceptions and attitudes towards physics at school and a series of key influencing
factors related to physics and science were identified, namely interest and enjoyment (Inter-alia,
Hamlyn et al. 2017; Wellcome Trust, 2011; Sjeberg and Schreiner, 2010; Williams et al., 2003),
confidence (inter-alia, Gill and Bell, 2013; Tripney et al., 2010; Barmby and Defty, 2006; Spall et al.,
2004), perceived relevance (inter-alia, Bevins et al., 2005; Cleave, 2005; Osborne et al., 2003),
usefulness and career aspirations (inter-alia, Amettler and Ryder 2014; Archer et al. 2013), and
classroom experiences (inter-alia, Rocard et al., 2007; Lyons, 2006; Trumper, 2006a; Osborne and
Collins, 2001). This study has gone a step further and identified what particular events and
experiences must take place in a lesson in order to prompt positive perceptions from students in these

arcas.

This study has not only demonstrated a series of key factors that enhance students’ learning
experiences, but also that each one can be incorporated into a single lesson. Each of these factors are

discussed in the following subsections.

12.1.1 Investigation and Exploration
Students’ enjoyment of investigations and exploration activities was by no means a new contribution

to the field as many studies have reported this reflection from students (e.g. Estyn, 2017; Ofsted,
2013; Tuan, 2005).

However, Chapter 3 emphasised that despite the recognised advantage of investigation and inquiry in
the sciences, physics is largely still taught didactically (Siorenta and Jimoyiannis, 2008). Two of the
key barriers to reform highlighted in Chapter 3 were related to issues of time constraints and cost or
resource limitations meaning that teachers often resort to the safer, more straightforward didactic
approach (InterAcademies Panel, 2010) and that some schools simply don’t have the resources to

implement practical, inquiry-based lessons (Songer et al., 2003).

However, this study demonstrated that traditional, laboratory-based practical lessons are not the only
means of implementing investigation and exploration within a physics lesson. The Down2Earth and

Hubble activities revealed that students generally still felt they had completed an investigation in the
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activity, with mean scores of 3.95 out of 5.00 overall, 4.01 for D2E and 3.88 for Hubble despite just
using a computer, or in the case of groups Purple and Yellow in the Hubble case study, with just paper
and calculators. Such activities were therefore implemented without the purchase of any equipment as
the majority of schools now have access to computers, laptops or tablets (Coughlan, 2014). The OAs
also did not demand that a significant proportion of lesson time was taken up by setting up and taking

down equipment.

12.1.2 Experiences of Autonomy
One of the highly praised features of constructivism and its advantage over more traditional
approaches is that it shifts the focus from a teacher-centred classroom (teaching) to a student-focused
one (learning) (Ertmer and Newby, 2013). Student control, or more specifically, autonomy is
considered by Gagne and Deci (2005) in their self-determination theory as one of three basic needs
that must be fulfilled in order for students to feel intrinsically motivated. In terms relating specifically
to physics education it has been reported by students as something that is often not fulfilled in their

physics lessons (Angell ef al., 2004).

However, evidence from multiple methods indicated that in both cases, students were provided with
opportunities to work autonomously and take control of their learning. Isabel from group Brown
commented that she felt the teacher was in control of their learning in day-to-day lessons but felt the
students were in control during the implementation lesson, thus highlighting a contrast in student
autonomy. Multiple students across both cases also reflected in the post-PPQ that the freedom and
independence they experienced was the element they enjoyed most about the activities. For example,

“we got to find things out independently”, “we didn’t have too much help — only when we needed it”

and “the freedom of finding things out on our own”.

However, despite these promising results, other feedback also demonstrated how restrictions and
limitations in the OAs, particularly in the case of D2E, could impact negatively on students’ learning
experiences. Table 4 in Appendix 14 highlights a theme among what students liked least about the

D2E activity was the restrictions of what parameters they could change on the simulator.

Evidence of both freedom and limitations from students demonstrated the importance of data source
triangulation and the sequential explanatory design of the research that meant such discrepancies
could be followed up and explored further. The researcher was able to discuss this with Mr Brown
from the D2E case study in an interview who believed it was because in the Making a Meteorite
activity, students were allocated groups and told which parameter they would be investigating. In
response to the combined evidence, a suitable response was concluded in that the OAs in question will
be redeveloped to include a discussion activity at the beginning that involves students thinking more

about different approaches that could be used to investigate their research questions and relevant
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scientific concepts. This, as reflected by Mr Brown would “give them [the students] a bit more

ownership” over their learning.

12.1.3 Cooperation and Collaboration
This study demonstrated cooperative and collaborative learning to have a positive influence on
students both academically and socially. Academically C/C opportunities allowed students to offer
their skills in support of their peers and in turn receive support in other areas. This meant that students
were able to support each other throughout the lesson and work was completed more efficiently. As
described by Alfie in group Brown “It’s easier to work off each other, like some people might have
stronger points in that subject so they can teach other people stuff”’. Socially, such opportunities help
to build a sense of community and relatedness among students, another of the three basic needs
individuals require to feel intrinsically motivated (Gagne and Deci, 2005). This was particularly
evident in group Purple where students came from a number of different schools. Students naturally
gravitated into groups from their own school where they felt a sense of belonging and would also
experience a greater feeling of confidence in their abilities than with a group of students they did not
know or have any relationships with (Osterman, 2000). Such findings complement the argument

posed by Dewey (1958) who claimed that it is through collaboration that learning occurs.

12.1.4 Novel, Unexpected Experiences
Having an element of novelty to the OA as suggested by Hidi (1990) did indeed prove to be
advantageous in that it was seen to trigger students’ situational interest. Generally, students would not
expect to be able to simulate a meteor impact with Earth’s surface, or to be able to analyse real data in
order to calculate the age of the entire Universe, right from their classroom. Data from the two
separate cases also demonstrated that novelty can be sourced from different areas, not just the context
itself. For example evidence of the novelty of the context and the simulator itself in the Down2Earth
case was demonstrated in students’ unprompted comments in classroom observations, such as ones of
disbelief, “that crater is huge! I can’t believe how big it is!” and amazement, “this is amazing,
actually”. Students in the Hubble case also yielded comments of disbelief but more related to not
knowing certain tasks were possible, for example, “this is great that you re actually able to use real
data and use it to calculate the age of the Universe”. The novelty of working with real data was

reported by 12 students in the Hubble case study as what they liked most about the activity.

12.1.5 Effective Differentiation for Building Confidence
Ofsted (2013) emphasise the vital feature of differentiation within both lesson plans and classroom
conduct, and place it as the most effective method of raising achievement in science at school.
However, Ofsted also highlight how not all teachers are embedding enough differentiation in their

lessons.
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Positive learning experiences are promoted when tasks are successfully differentiated so that they
enhance students’ confidence. Poor confidence is a commonly reported problem in physics education
(e.g. Tripney et al. 2010; Spall ef al., 2004) and has been shown to be a reason for students’ dislike of
physics (Gill and Bell, 2013; Tripney et al., 2010; Aschbacher and Roth, 2009).

Quantitatively and statistically speaking, confidence could be considered the greatest success of this
initiative study. Both case studies demonstrated significantly higher levels of confidence among
students towards the initiatives than towards their day-to-day physics lessons. Responses such as ‘so /
can do science’, ‘I feel like Einstein’ and ‘I should have done physics’ were not only indicative of the
huge influence appropriately targeted activities can have but also how powerful just one lesson can
be. As emphasised early on in this thesis, the aim of this study was not to induce a change in students’
attitudes, instead it sought to offer different, more positive learning experiences to students. However,
the data that came to light was indicative of instances where students in fact reconsidered their
perceptions. Such results are extremely promising given Chapter 2.5.2 highlighted that student
confidence is much more problematic than actual ability (HOPE, 2016; Rodd et al., 2014) and that
there are large correlations with students’ confidence and their liking of a subject (Barmby and Defty,
2006; Williams ef al., 2003). Also drawing back again to Gagne and Deci’s (2005) self-determination
theory, feelings of competence, which is considered to tie closely with confidence, is another one of
the three basic needs required for students’ intrinsic motivation. High confidence has therefore
demonstrated various positive influences on students’ learning experiences and this significant
difference measured between students’ day-to-day physics lessons and the initiative lesson should not

be underestimated.

12.2 Research Question 2

How does teachers’ planning and delivery of the Down2Earth and Hubble outreach activities

influence students’ learning experiences?

It is widely recognised that teachers are integral to students’ learning experiences (Hamlyn ef al.,
2017; Tripney et al., 2010; Osborne and Collins, 2001) and the classroom climate, with traditional
teaching approaches that primarily involve transmission of information from the teacher onto students
triggering particularly unfavourable perceptions among students (Lyons, 2006). However, where the
focus of the instructional design of the OAs here was shifted from teacher-centred learning to student-
centred learning, it was initially unclear on the role that the teacher would play and how much

influence they would have on the initiative lesson.

However, this study revealed that despite students displaying high levels of autonomy in the OAs, the

teacher’s role remained integral during implementation of the activities. Mr Black demonstrated the
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huge influence a teacher could have over a lesson, even where the activity was delivered by the
researcher. Mr Black’s strong relationships with his students, demonstrated by knowing them
individually and on a personal level, meant he still offered support throughout and even tailored small
elements of the activity that incorporated effective differentiation into the activity. Mr Black’s
understanding of his students’ individual needs demonstrated his positive relationship with them, a
factor that is associated with student engagement (Roorda et al., 2011; Pianta ef al. 2012). Perhaps the
most interesting point to be made here is that Mr Black was the only teacher who implemented this
level of within-group differentiation, yet did not deliver the activity. Such within-group differentiation
was also considered to promote students’ sense of relatedness as set out by Gagne and Deci (2005) in

their self-determination theory.

The most overwhelming evidence for the negative effects of poor preparation from the teacher and
also the lack of student-teacher relationships was provided in group Orange in the Hubble case study.
Not only was the teacher ill-equipped to support her students, having not gone through the activity
herself prior to implementation, she also only demonstrated positive relationships with two students in
the group. As a result, there was no sense of relatedness (Gagne and Deci, 2005) or community in the
class and students, apart from the same two students, were neither cooperative nor collaborative in
their learning. This was highly contrasting to observations of Mrs Yellow, who repeated her
implementation over two years and whose increased confidence relayed onto implementation and her
students’ experiences, promoting more elements of collaborative learning and building the sense of

community in the classroom.

12.3 Research Question 3

How does the implementation of the Down2Earth and Hubble outreach activities influence students’

learning experiences?

This research question was from a development point of view and fed directly into Research Question
4 around the recommendations for future development and implementation of OAs. Opportunities are
considered here to be events that promote positive learning experiences among students and in
particular, some that may not be common in day-to-day physics lessons. Limitations of the OAs are
recognised when students’ learning experiences were impeded in some way, this could be either

academically or socially.

The following sub sections highlight three opportunities and two threats that were identified
throughout the study, from the implementation of the D2E and Hubble OAs and their comparison
with day-to-day physics lessons.
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12.3.1 Opportunity: Overcomes Barriers to Reform
Chapter 3.3 discussed various issues relating to why, despite the longstanding problems in science and
physics education, many teachers are still resistant to the implementation of IBL. A lack of teacher
specialists (Ward, 2018; National Audit Office, 2016), a lack of resources (Songer ef al., 2003) and
time constraints (Wellcome Trust, 2016b), much of which is a result of the pressures of exam
performances (Marsh, 2016), are commonly reported as reasons why inquiry-based or practical
lessons are not implemented in more science lessons. Traditional, didactic lessons are seen to be
easier to implement and of lower risk (Songer et al., 2003) and therefore dominate physics education

(Siorenta and Jimoyiannis, 2008).

However, this study has demonstrated two cases implemented across multiple groups whereby
students have carried out investigations from start to finish within one lesson, covering compulsory
content of the physics curriculum, at no cost with just the use of a computer or even pen and paper.
Both the D2E and Hubble OAs are provided as ‘Teacher Packages’ so even where teachers are not
physics specialists, all the material and information they need for implementation is readily available
to them. This was demonstrated by Mr Brown (a chemistry specialist) in the results of his

implementation.

The OAs provided in this study are freely available to all teachers and only require a computer with
internet access, or in the case of Hubble, the activity can be done on paper. This therefore implies that
the OAs developed here are a step towards overcoming this barrier. This also ties closely with the
next point of time constraints. Time constraints are considered to be less of a limitation for the OAs of
this study than typical practical, lab-based lessons. Where the latter require sufficient time to set up

equipment and take it down, this is not a requirement for the D2E and Hubble activities.

In terms specifically relating to exam pressures, it is considered that the D2E and Hubble OAs are a
good use of time as they not only cover compulsory curriculum content, they also address a number of
scientific skills. The value of the Hubble OA in particular was emphasised by a comment from Mrs
Yellow in her interview who said “I think if they 're doing physics A-level, I think every student should
do this”.

12.3.2 Opportunity: An Unexpected, Novel Point of Engagement
This study has successfully demonstrated that a novel experience, such as simulating the
consequences should a body from outer space impact with the Earth, or an unexpected experience,
such as being able to work with real data to calculate the expansion rate and age of the Universe from
the classroom, can successfully trigger students’ situational interest. Given that situational interest is
deemed to be particularly valuable with students who hold no individual interest in a subject (Hidi,
1990; Hidi and Harackiewicz, 2000), these OAs offer a prized opportunity to teachers who are faced

with students who are consistently disengaged and uninterested in their physics lessons.
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12.3.3 Opportunity: Outreach Activities Preventive of Entirely Didactic

Teaching
This study has emphasised that even for OAs that focus on student-centred learning, the teacher’s role
remains integral and highly influential to implementation. However, one aspect that is ensured by the
OAs is that although they accommodate for teachers’ adjustments and personalisation of delivery,
they are preventive of didactic delivery styles. Enough structure is embedded within the OAs so that
teachers ‘have’ to implement them in such a way that is student-centred and allows for autonomous
learning. The OAs would have to be dramatically transformed by a teacher, and would thus require a

large amount of work and time in order to make them didactic in style.

12.3.4 Limitation: Differentiation Requires Improvement
Differentiation has been highlighted by Ofsted (2013) and Estyn (2017) as an area for improvement
for many schools in England and Wales. In light of the findings, this also goes to be said for the OAs

produced here.

Though in both cases students’ reports of confidence was significantly higher on the post-PPQ, there
were also reports that some students liked that the activity was challenging, others liked that it was
simple, and some students reported that they disliked the difficulty of the activity. Such data is
evidence for an inconsistency in the suitability of the activities for individual students. Feedback from

Mr Brown also emphasised that further differentiation would be advantageous.

Though differentiation is recognised as a limitation of the OAs, this study successfully identified how

it can be improved and developed in the future.

Firstly, the OAs will be provided in three versions, a top, middle and bottom. The top version is the
most demanding and challenging to students and the bottom provides the most structure and guidance.
Evidence suggests that differentiation was less problematic for the Hubble OAs than the D2E, it is
considered that this is likely in part because all versions of the Hubble activity were provided to
teachers, thus they were able to see the different levels. Exactly how the D2E activities could be

differentiated was merely explained or suggested to teachers.

Secondly, the OAs will incorporate clear and progressive learning objectives. Clear so that students
have an informed understanding of what they are aiming to achieve and progressive as this will

facilitate differentiation.

12.3.5 Limitation: The Role of the Teacher
Discussion of the second research question of this study has dealt with this aspect in depth and so is
not divulged into detail again here. However, it is considered that this integral role of the teacher does
pose a limitation to the OAs and to those developed elsewhere. It is the belief of the researcher that

regardless of how strong an OA may be, this only carries so far, and the success of implementation
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relies largely on how it is employed, interpreted and delivered by the teacher. This point is arguably
the biggest limitation as it is largely out of the control of the OA designer. Even where detailed
instructions or recommendations for implementation are provided, ultimately, all teachers will place
their own spin on their delivery. Also, even more problematic is the teacher’s social role in the
classroom. This element is even more out of control of the OA designer, and teacher-student
relationships are not something that can evolve overnight. Where the other limitations have been
described and approaches to tackle them have been hypothesised, the same cannot be done for this

point.

The researcher therefore emphasises this limitation to teachers. Though implementation of existing
student-centred classroom OAs may suggest an opportunity to take a step back from the lesson, it
should be emphasised that this is not the case. The teacher’s role is still vital to the classroom
environment and remains influential to students’ senses of competence and belongingness (Gagne and

Deci, 2005), teachers should stand as a facilitator to the students’ learning throughout the lesson.

12.4 Research Question 4

What are the implications for the future development and utilisation of physics outreach activities for

developers and teachers?

Some of the implications are clear from the descriptions of the OA advantages and limitations but are
also summarised here. These implications will be taken forward by the researcher in future
development of OAs and are recommended to other science OA developers and teachers in order to

share experiences of best practice.

Ultimately, the researcher recommends that OA developers embed each of the five points described in
Chapter 12.1, namely investigation and exploration; autonomous learning; cooperative and
collaborative learning; novel, unexpected experiences; and effective differentiation. This study
yielded substantial evidence that was demonstrative of their positive influence on students’ learning

experiences.

As described in the last point relating to research question 4 in terms of the teacher’s role, regardless
of the opportunities an educational OA might offer, this can still be overshadowed by a poorly
prepared or disconnected teacher. Though practitioners should focus on how to best address students’
learning experiences, they should also keep in mind the teacher, how they are going to implement and
how to best support such implementation. Though not much can be done in terms of teacher-student
relationships, the OA developer can, and should provide recommendations on points of discussion
between the teacher and their students, and what teachers should be looking for and checking with

their students. Teachers are also recommended that they should, at the very least, go through the OA
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themselves ahead of implementation. Though these could impede on the barrier of time constraints
emphasised by the Wellcome Trust (2016b), it is still considered to demand less time than designing a

new lesson plan.

Practitioners should design OAs to have progressive objectives that are clearly and frequently
presented to students and teachers (Quinn, 1996). Where they are progressive they also more readily
encourage differentiation within the activity and break it down into smaller targets for students. More
specifically related to differentiation, OA developers, where possible, should provide three versions of
their activity, a top, middle and bottom, in order for the teacher to make an informed decision on
which version best addresses the needs of his or her students. This recommendation is based largely

on feedback from Mrs Yellow and Mr Brown in their interviews.

It is recommended that OAs should offer students opportunities for cooperative or collaborative
learning. Such experiences have shown to enhance both students’ academic and social experiences
and can promote other classroom factors such as relatedness and competence, both in this study and
existing literature (Gagne and Deci, 2005; Stipek, 2002; McMillan and Chavis, 1986). However, it is
also emphasised that such opportunities should not be implemented at the expense of any vital
learning experiences. That is, cooperation and collaboration should aid students’ learning not limit it.
All students should still experience each step of an activity as seen in group Yellow, rather than
dividing steps among students as seen in group Purple which meant students did not grasp the entire

process of the activity.

It is also recommended that OAs are provided as ‘OA Packages’ or ‘Teacher Packages’ that includes
everything the teacher or students may need during implementation. That way all bases are covered
and no additional work should be required from teachers to source anything they do not have. Such

packages should include the following:

e A lesson plan with a breakdown of the activity, the lesson objectives, materials needed and
time required

e An introductory PowerPoint presentation that sets the scene and introduces the subject matter

e Teacher Guides — with guidelines for implementation, suggested areas of discussion, aspects
students should consider and results they should be obtaining

e Student Worksheets — for the students to work through and where they can record their
results, and any notes they may wish to take

e Three differentiated version of the same activity in order for the teacher to best decide on an
implementation strategy

e Hints and tips sheet — this can be used to aid the students if they struggle at any point in the

activity
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e Background information — for the teacher in case the context of the OA is new and unfamiliar

to them. This should also provide guidelines to any additional questions students may have

Having discussed how this study has addressed its defined research questions, the following final

chapter concludes this study and sets out the specific contributions to knowledge.
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Chapter 13

Conclusion

England, Wales and many other countries across the world are faced with a large population of
students who are disengaged with physics at school. Due to its growing value and importance on the
economy, a myriad of research has centred on students’ attitudes and perceptions, and developing new

initiatives and reforms.

Given that generally speaking, physics often appears to attract the most negative perceptions from
students, and attracts the lowest level of applicants in post-16 education of the three sciences, physics
was placed as the focus of this study. Existing literature around previous initiatives in science
education lack thorough evaluation and transferable evidence that provides valuable insight to

practitioners or teachers.

Evidence for students’ disengagement with physics triggering in secondary education formed the
audience for the outreach activities. Specific experiences of physics for secondary school students’

that led to negative learning experiences provided areas to target.

Thorough literature reviews and preliminary thematic analysis of PPQ and observational data guided
the construction of an evaluation framework used not only for the OAs in this study but that can be
applied in other research into effectiveness of outreach activities or lessons. The framework
comprised of dimensions that explored investigation and exploration, student autonomy, cooperation
and collaboration among peers, novel or unexpected experiences and effective differentiation. Though
there was evidence for areas in need of improvement, the OAs implemented in this study were
demonstrative of the ability of incorporating each of these components into a single, curriculum-
relevant lesson. The OAs are freely available, do not require any equipment other than possibly
computers or tablets which are available in the majority of schools in the UK. The OAs themselves
are provided as teacher packages so that all material is readily available and even non-physics

specialist teachers can feel comfortable in implementing.
The specific contributions to knowledge of this study are therefore fourfold:
1. A robust evaluation framework

The evaluation framework that provided a lens through which the combined quantitative and
qualitative data of this study was analysed, comprised of an amalgamation of original dimensions and

ones from existing frameworks. Dimensions focused specifically on students’ experiences with
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qualitatively described dimensions and addresses the contextual elements of each implementation
group in order to promote the transferability of findings. Though the framework offers sufficient
detail into the research data and the inferences made, it also provides an overarching dimension
(Overall Effectiveness) that refines and summarises such data, visually illustrating the strengths and

weaknesses of the educational OAs.

As the framework focuses specifically on students’ learning experiences and can account for
contextual differences across classrooms, it can be applied to the evaluation of other educational OAs,
whether developed externally or internally, computer or paper based. The framework is not confined
to the components of a specific OA as the OA components, e.g. layout or structure, are not the focus.
Instead the focus is placed on students’ interaction with the OA and their experiences of its

implementation.

The evaluation framework therefore provides a structure which can be transferred into other initiative

evaluation studies in order to promote and understand interaction and learning experiences.
2. Astronomy as a context for physics in practice

Subchapter 4.1 emphasised the popularity of astronomy among students and how it has been
described as “the gateway science” (Salimpour et al. 2018, p. 35; National Research Council, 2001, p.
4) and a “point of engagement” (Osborne and Collins, 2001, p. 457). This is due to the apparent

interest in astronomy that is evident among wide student audiences.

However, though there is evidence for students’ interest in astronomy and space more generally and
the potential it offers as a point of engagement, there is an absence of research that specifically
evaluates the application of astronomy as a context to the physics curriculum in terms of its influence
on secondary school students’ learning experiences. Although outreach projects with astronomy
elements or enrichment activities exist, none were found to provide robust evaluation or focus

specifically on contextualising the curriculum.

This study therefore went beyond simply asking students about what topics they find interesting.
Instead it put this opportunity into practice and evaluated the implementation of astronomy-based
OAss that tied directly to the English and Welsh physics curriculum and their influence on students’
learning experiences. Findings from this study not only support the potential of astronomy as a point
of engagement, but with the use of specific OA examples explicitly demonstrated how this context
can be applied in practice to promote positive learning experiences in physics without straying from

the curriculum.

3. Widely applicable recommendations for practitioners designing and evaluating school

outreach activities
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Subchapter 2.4 highlighted some of the initiatives in physics, science and STEM education that have
been implemented in the UK in attempts to address students’ disengagement. However, two of the key
problems with such initiatives were the lack of in-depth evaluation of their impact or the narrow
process of evaluation that was so specific to the particular initiative, it offered little insight and
transferable recommendations for best practice to other practitioners seeking to develop educational

OA:s.

This study however, although implemented two specific OAs, the evaluation focused on students’
interaction with the components of the OAs rather than the OAs themselves. As a result, an
abundance of more general recommendations and implications resulted from findings that can be
transferred to other initiatives. The specific OAs merely provided an example of such experiences and

interactions that were observed.

The impact of this evaluation study therefore does not cease at the Down2Earth and Hubble OAs,
instead it provides a basis and structure which practitioners can feed into their future OA
developments. This ties back to the first point around the robust evaluation framework. Such a
framework is therefore not limited to its use in evaluation of existing OAs but can also guide the
design and development of new ones. Given that the framework specifies key components that can
trigger positive learning experiences among students, practitioners should use this as a guide for

structuring new OAs.
4. Initiatives over a single lesson can have an impact

A final contribution to knowledge is seen in the findings of this study that demonstrate how initiatives
do not necessarily require large amounts of time or funding in order to have an impact. Though some
researchers argue that only longitudinal initiatives can be effective in changing students’ attitudes and
perceptions, the researcher argues that this study has demonstrated that even enforcing alternative
learning experiences in just a single lesson, can act as a stepping stone in the right direction, can
encourage students’ to reconsider their assumptions and cause significant differences in students’
perceptions of their learning experiences. Examples of evidence of such claims includes student

comments such as “so I can do science”, “I feel like Einstein” and “I should have done physics”.

The four key contributions to knowledge are considered to have implications at a micro, meso and

macro level.

At the micro level, although the researcher is not expectant of a long term impact of this initiative, she
is confident in the stepping stone it presents whereby if such OAs are fed into schemes and work, and
the positive components of the OAs and recommendations are reinforced and sustained, then longer

term changes could result. Furthermore if teachers outside of this study adopt such components and
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translate them to their own classroom environment, they could also see evidence of students’

alternative perceptions of learning experiences and take the first step towards such improvements.

At the meso level, findings are not considered to be exclusive to secondary physics education nor just
to students in England and Wales. The findings and recommendations yielded in this study are
deemed to be transferable to the development of OAs in other science subjects and across other
countries. Lyons (2006) highlighted that students’ in different countries appear to have similar

experiences and perception of science education.

For OA developers, recommendations are provided in terms of how to construct classroom activities
in such a way that makes them most readily available for implementation and how to consider the

teacher’s role in delivery.

At the macro level, this study is considered to be complementary to the accountability measures set
out in England and Wales. Pressures faced by teachers and schools have been discussed in terms of
exam performance, funding and time constraints and many outreach initiatives involve expenses and
time for additional activities that are not necessarily directly related to the curriculum. However, this
study has demonstrated how students’ learning experiences in physics can be addressed and

encouraged, without conflicting with such pressures, primarily stemming from government levels.

Given that reflexivity was embedded throughout this study and the researcher started the study as very
much a novice in educational research, it is considered important to reflect on the researcher’s own
learning journey. Although students’ learning experiences were very much the focus of the study, one
of the researcher’s most valuable insights was realising the importance of having an awareness of the
needs of teachers. It became evident that in order to best support teachers, they need to be provided
with off-the-shelf activities. If an activity can be implemented in multiple ways, teachers need to see
each of these versions rather than be merely provided with suggestions. Teachers are the gatekeepers
to the classroom and it is them who directly face accountability pressures. Therefore, in order to most
benefit the students, practitioners must please the teachers. Teachers must buy in to the outreach

activity, recognise its benefit to their students and feel confident that they can implement it.

Though this study is considered to have contributed to the wider field of physics education research, it
is not without its limitations. On reflection, given the comprehensive, detailed nature of the research it
would have been advantageous to have been able to track students throughout the implementation
process. This was not done in this study as it is not straight forward and creates problems in ensuring

anonymity of participants.

Observation data was the only data source that could be matched by occasion for individual
participants, and this could not be matched with their questionnaire data, nor could their pre-PPQ be

matched with their post-PPQ. Had this been possible, it would have permitted more powerful, paired
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sample t-tests in the statistics rather than independent samples, and would also have enabled more

thorough triangulation of data sources.

For example, where comparisons of observations of the behaviour of Lucy in group Blue in a normal
lesson and in the implementation lesson revealed huge differences, such evidence would have been

even more powerful had the researcher been able to identify Lucy’s pre- and post-PPQ responses.

Additionally, the researcher also gathered demographic data in terms of gender and free-school-meal
eligibility. These variables have only really been discussed in this study in terms of the representation
of the sample, however much more could be investigated in terms of the outcome of implementation
in relation to these specific variables. As the data collection was so vast, an exploration of differences
across demographics extended beyond the scope of this study. However, as the researcher has this

data readily available, such avenues shall be pursued for follow-up publications.

In terms of the next steps and future avenues beyond this study, there are two key opportunities. First
and foremost is the implementation of the evaluation framework in other studies for other outreach
activities. Though this study suggests the potential of the framework, it needs to be put into practice to
further establish its validity, transferability and usefulness. Secondly, this study has demonstrated how
a one-off implementation can successfully prompt students to reconsider their perceptions of physics
and trigger situational interest. However the researcher recognises that this does not mean a long term
change in attitudes and that in order for a more stable individual interest to develop, such experiences
need to be fostered and sustained. A future study around how to sustain the responses from this study

would therefore be beneficial.
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Appendices

Appendix 1 — Down2Earth ‘Recreate a Crater’ Resource

Recreate a Crater: Student Worksheet

Research Scenario

In this activity, you will use the Down2Earth Impact Calculator to recreate particular impact craters
found in the Solar System. You will explore how changes in the properties of an impactor affects
the size of the crater that is produced upon impact and whether it is possible to create impact
craters on Earth that resemble some of those found on other Solar System bodies.

Activity
Equipment

e Computer with internet access
e Calculator
e Pen

Instructions

Planning your Investigation

Step 1: Launch the Down2Earth Impact Calculator.

Step 2: In this activity, you will be provided with the projectile density and diameter and the target
density of Earth. Look at the input parameters of the Down2Earth Impact Calculator and consider
what other parameters must be considered in your investigation. Use the space below to make a
note of what parameters you expect will need to be recorded throughout your investigation.

Step 3: Now that you have considered the parameters involved in this activity, construct a
hypothesis, below, about what you expect to find in your investigation, i.e. how changing certain
parameters affects the resulting impact crater.

Recreating the Impact Craters
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We can now begin the investigation and attempt to recreate the five impact craters you have been
introduced to.

Step 4: Begin by attempting to construct two impactors that produce craters close to the sizes of the
Aorounga and Barringer impact craters on Earth.

We will assume the original body was a comet, composed of ice and a target material of
sedimentary rock. Apply this information, and what is already provided in Table 1, to complete the
rest of the table.

Table 1 — Impact Craters on Earth

Actual Crater Simulated Crater Projectile Trajectory Velocity
Width (m) Diameter (m) | Angle (degrees) (km/s)
Aorounga
2000
(12,000 m)
Barringer
200
(1,186 m)

When you are happy with the parameters of your impactor, use the drop down menu on the Crater
Size tab of the Impact Calculator to locate the Aorounga and Barringer craters on Google Maps.

Step 5: Place the craters of your impactors next to their corresponding craters and print-screen the
image of the two, side-by-side, in order to see the similarity.

You will notice that the Barringer Meteor crater appears to be square shaped. This is due to the
geology of the target material and the relatively small impactor that caused it. If the impactor had
been larger, it would have obliterated these shape controls.

Now you have successfully recreated two of Earth’s famous impact craters, let’s try and bring some
of the craters found elsewhere in the Solar System, to Earth.

Step 6: This time we will again assume a target material of sedimentary rock but change the
projectile density to iron.

Using this information and again what you are provided with in Table 2, construct your own
impactors that will result in craters of widths corresponding to the three craters found on the Moon,
Mars and Venus. Record your results in Table 2 below.

Table 2 — Impact Craters on the Moon, Mars and Venus

Simulated Crater
Width (m)

Projectile
Diameter (m)

Trajectory
Angle (degrees)

Velocity

Actual Crater (km/s)

Rabe

7
(108,000 m) 000

Danilova 3000




(50,000 m)

Pythagoras
(120,000 m)

9000
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Step 7: Now experiment with creating these craters using a projectile density of ice. Make a note of

what you find in the space below.

Now that you have explored the parameters involved in producing impact craters, you can answer

the questions, below, that apply some of the scientific concepts and mathematical formulae from

your curriculum to this particular scenario.

Questions

Now that you have experimented with the parameters of impacts and obtained all the essential facts

and figures, you can apply them to the research scenario.

The following questions consider how we can calculate some of the energies involved in impact
events and uncover further information about the properties of impactors.

Data Interpretation

1/. a). When impactors strike the surface of a planetary body, they will exert a certain amount of

force. What does Newton’s third law tell you about how the surface of the planetary body will react

to this impact?

b). What kind of force describes the one that is exerted by the planetary body?

2/. a). Assume an impactor to have a velocity of 30.0 km s and a mass of 9.05 x 10! kg. What is the

momentum of this object?

b). What is the kinetic energy of this object?

c). The impact energy of this object was equal to 3.98 x 10%° J. How much energy has been lost?

d). What form do you think this energy was lost in?

e). This same impactor also has a diameter of 1,200 m. Assuming the object to be spherical, calculate

its density.

f). What material does this value of density correspond to?
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3/. From your findings in Step 7 of the activity, what can you conclude about how the density of an
impactor influences the size of the crater it produces?

4/. What properties possessed by a planet or moon do you think will affect the size of the crater that
is produced in an impact event?

Now that you have completed your investigation and interpreted your findings, you can refer back
to the initial research question and your hypothesis.

The following questions reflect on the process of your investigation and what you can conclude from
it.

5/. Based on your findings, are you able to conclude how the width of the crater is affected by
changing the following (assume all other parameters remain unchanged):

a). Increasing the trajectory angle

b). Reducing the projectile velocity

c). Increasing the projectile diameter

d). Increasing the projectile density

6/. Do your conclusions match your original hypothesis at the beginning of the investigation?



Appendix 2 — Hubble’s Expansion of the Universe Resource Extract

The Expansion and Age of the Universe ZN

Qe
Using type la supernovae to calculate the expansion and age of our /7/‘“

Universe

We can use type la supernovae to help us determine how quickly our Universe is expanding and also,
how old it is! This activity involves combining you own data with other scientific data to calculate
these values.

If you have completed the Spotting a Supernova activity, you can use your results to contribute to
the data in this activity.

If you haven’t, you can still complete this activity with the data provided.

Measuring Peak Magnitudes of Type la Supernovae

Now that you are familiar with carrying out photometry, let’s take a look at some data from some
other type la supernova targets.

Step 1: First of all, you will need to open the Excel Spreadsheet with a table prepared for you to
record your results. Here you will find the following columns:

e Name of Supernova
e Apparent Magnitude
e Absolute Magnitude
e Distance (2 columns)
e Host Galaxy

e Radial Velocity

Step 2: Go to the Excel spreadsheet ‘Type la Supernovae’, in here you should find 15 sheets of data.
Each of these sheets contain data for a particular supernova target and are named accordingly.

Step 3: On the first sheet (1994S), you will see a list of data and a light curve that displays Magnitude
on the y-axis and MJD on the x-axis.

Note: This magnitude value corresponds to apparent magnitude.

MID is an acronym for Modified Julian Date and is a common dating system that is used by
astronomers. For an explanation of MJD, see Appendix 2.
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Step 4: Remember, magnitude scales are reversed, so brighter objects have lower magnitude values

Figure 1 — Identifying peak magnitude of a supernova light curve
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Step 5: Now you will need to identify the peak magnitude. This is the point where the supernova is
at its brightest. You can do this either by looking at your graph or by reading from the listed data.
When you have done this, add the value to the corresponding column in your table of results along
with the name of this supernova. An example is illustrated in Figure 1.

Note: Remember, the peak magnitude will be the lowest value.

Step 6: Repeat steps 3 to 5 for each of the supernova targets on each sheet in the spreadsheet and
complete the Magnitude column in your table.

Calculating Distance with Supernovae

You should have now completed the columns under Supernova Name and Magnitude. Next you will
need to obtain the values for Radial Velocity and Distance.

All type la supernovae peak at the same brightness or absolute magnitude. This is because the
progenitor stars of these events explode upon reaching the limiting mass of 1.44 solar masses. This
is known as the Chandrasekhar limit and is consistent across all type la supernovae (see the ‘An
Introduction to Supernovae’ worksheet for further information).

However, on Earth, we see different supernova targets vary in brightness, this is because they all lie
at different distances away from us. We call this brightness their apparent magnitude (See the
‘Calculating Magnitudes’ worksheet for further explanation of these terms).

If we have values for both the apparent magnitude and absolute magnitude, we can calculate how
far away the supernova is by using Equation 1 below.

Equation 1 — Distance

Where:
M = absolute magnitude
m = apparent magnitude
D = distance (pc)

*that’s 10 to the power of the equation in brackets
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This equation will give a value for distance in parsecs (pc), this is a unit often used in astronomy
when using vast distances. One parsec is equal to 3.26 light years or 3.09 x 10*® km. This is equivalent
to travelling to the Sun and back 103,000 times!

Even using this unit of distance, it is likely that you will still get very big values, therefore a more
suitable unit to use is megaparsecs (Mpc). This is equal to 1,000,000 (one million) parsecs and can
therefore be calculated by dividing the number of parsecs by one million.

All of the values of apparent magnitude (m) for the supernovae targets are taken using a V-band
filter on a telescope. The absolute magnitude (M) that all type la supernovae peak at in the V-band
is equal to -19.48.

Open the ‘Hubble Expansion Spreadsheet’ document and input the names of the supernovae and
their corresponding peak magnitudes you have identified.

Figure 2 — The Hubble Expansion Spreadsheet

H26 -0 P
A B 8 D E F G H

i Supernova Name | Apparent Magnitude | Absolute Magnitude Distance (pc) Distance (Mpc) |Host Galaxy| Radial Velocity (km sA-1)
3 |Your Supernova -19.48 78704.57837 0.078704579

4 & SN2005Fh 19.74 -19.48 6982324041 698.2324041 42395
5 -19.48 78704.57857 0.078704579

6 3 -19.48 78704.57897 0.078704579

7 4 -13.48 78704.57857 0.078704579

8 5 -19.48 78704.57837 0.078704579

9 6 -19.48 78704.57897 0.078704579

10 7 -19.48 78704.57837 0.078704579

11 8 -19.48 78704.57857 0.078704579

12 9 -19.48 78704.57897 0.078704579

13 10 -19.48 78704.57857 0.078704579

14 11 -19.48 78704.57837 0.078704579

15 12 -19.48 78704.57897 0.078704579

16 13 -19.48 78704.57837 0.078704579

17 14 -19.48 78704.57857 0.078704579

18 15 -19.48 78704.57897 0.078704579

13 16 -19.48 78704.57857 0.078704579

20 17 -19.48 78704.57837 0.078704579

21 18 -19.48 78704.57897 0.078704579

22 19 -19.48 78704.57837 0.078704579

Obtaining the Radial Velocity of the Host Galaxies

Now we need to look up the radial velocity of the host galaxies of the supernovae. This value
describes the speed at which a galaxy is moving towards or away from Earth. We want to know this
value so that we can plot it against the distance of the supernovae and their galaxies to calculate
how quickly the Universe is expanding.

Step 7: Refer to the ‘Supernova Host Information’ worksheet which lists all the supernovae and the
radial velocities of their associated host galaxies. Identify the radial velocity values for each of your
targets and input these values into your table

Measuring the Expansion Rate of our Universe
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Your table should now be complete. This means we can create a Hubble plot to find the rate that
the Universe is expanding.

Step 8: To do this, plot your values onto the graph paper with ‘Radial Velocity (km s)’ on the y-axis
and ‘Distance (Mpc)’ on the x-axis.

Note: Make sure you use the distance column in values of Mpc and not pc.

Step 9: Next we want to add a linear trendline or a line of best fit. Estimate where this would go on
your data.

Step 10: We refer to the rate at which the Universe is expanding as the Hubble Constant. This is
equal to the gradient of your linear trendline and is in units of km s Mpc™. Use Equation 2 to
calculate this gradient and the Universe expansion rate.

Equation 2 — Gradient of a Linear Line

Where:
y = point on y-axis
m = gradient
X = point on x-axis
¢ = y-intercept

Hopefully you should have a value between 60 and 70 km s* Mpc™. This means that for every Mpc
of space, the Universe is expanding at 60-70 km s*. That’s around 30 times faster than a bullet!

Calculating the Age of the Universe
Now that we know how quickly the Universe is expanding we can calculate how old it is.

Step 11: Use the equation below to calculate the approximate age of the Universe:

Where:
t = approximate age of Universe (s)
Ho = your value of the Hubble Constant (km s Mpc?)

You will have got a very small number as your answer. This is because we need to convert the units
of megaparsecs (Mpc) to kilometres (km) and the unit of seconds (s) to years (yrs).
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Step 12: First convert your answer to km and record your answer below. This gives you the age of
the Universe in seconds.

1 Mpc = 3.09 x 10*° km

Age in seconds =

Step 13: Now convert this answer to years and record your answer below.

1yr=(60x60x24x365)s

Age in years =

You should have got an answer of around 14 billion years old!
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Appendix 2 — Modified Julian Date

Julian Days refer to a continuous count of days since the beginning of the Julian period. Julian Day 0
therefore corresponds to noon on the 1t January, 4713 BC. Unlike the standard dating system, Julian
Date is denoted by numbers and decimal fractions.

For any given moment since this beginning date, the Julian Date (JD) is denoted by the Julian Day
number (beginning at Greenwich Mean Time noon), plus the fraction of the day at that particular
moment.

The Modified Julian Date simplifies this notation. From the beginning of the Julian period up until
now, Julian days have corresponded to between 2400000 and 2500000, MJD therefore eliminates
this value from the number. MJD also begins at midnight rather than noon, therefore subtracting
half a day from JD.

MIJD is therefore derived from JD according to:

This modification means that MJD provides a 5-digit number for each day, followed by a decimal
value corresponding to what time of day it is.

Astronomers commonly use this dating system as it provides a more straight forward method of
performing chronological calculations.
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Appendix 3 — Methods of Recruiting Schools and Teachers

Email

The first method used in an attempt to recruit teachers was sourcing their school email addresses. The
My Local School website was used for schools in Wales and the government’s Compare School
Performance Service was used for schools in England. Both of these services allow you to search

schools by region.

Given the researcher is based in Cardiff, Wales, a list of secondary schools in Central South Wales
and South East Wales was searched. This returned 84 schools, (48 in CSW and 36 in SEW). These
two regions were chosen as they were considered to be reasonable distances from Cardiff University.
As participating schools required one or more visits, they needed to be within a reasonable commute

for the researcher.

Each of these schools’ website were then searched in order to source contact emails for the heads of
science or science teachers where possible, otherwise for schools’ administration office. Not all
school websites provided contact information but those that did were all emailed with an invitation to

the study and to use the educational resources. This invitation email can be found in Appendix 3.

As the researcher is originally from Oxfordshire and still has family living there, English schools
within this area were also searched on the equivalent website. This returned 30 schools, and the same

process was repeated.

All schools returned by these methods only included state schools and did not return any information

for public schools.

Some email addresses were also already held of teachers who had previously attended CPD events ran
by the Faulkes Telescope Project or had worked with them previously (mostly before the researcher’s
involvement). These teachers were also contacted via email and informed of these newly developed

resources.
Physics Teacher Conferences

Every year the Institute of Physics (IOP) hosts a Welsh Physics Teachers’ Conference in Wales. This
invites teachers in Wales to a full day of continued professional development where they attend
various workshops and speak to a number of exhibitors in the aim to take away materials and ideas

they can use in their classroom.

The researcher attended the 2016 and 2017 events as an exhibitor where she was able to showcase the
available resources and give teachers leaflets and postcards with more information and contact details.

Teachers who showed interest were also able to ‘sign-up’ by providing their school and contact email.
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After the event, these teachers were then contacted with an email similar to that mentioned previously,

inviting them to participate in the study.
TeachMeets

TeachMeets are usually subject specific events held at schools. They provide teachers and

practitioners an opportunity to discuss experiences and new teaching ideas in an informal setting.

The researcher attended several science-specific TeachMeets in South Wales where she was able to
exhibit the resources and speak to teachers about applying them to their classroom. As in the IOP
teachers’ conference, teacher contact details were collected in order to follow up on any interest that

was received.
Education Achievement Service Science Advisor

The researcher was fortunate enough to be put in contact with the Science Advisor for the Education
Achievement Service (EAS) for South East Wales. The service is designed to promote education
standards within Blaenau Gwent, Caerphilly, Monmouthshire, Newport and Torfaen (Education

Achievement Service, no date).

The Science Advisor (SA) is responsible for going into schools within these five authorities in order
to support their science departments. Through meeting the SA and demonstrating the resources on
offer and the nature of this research, he was keen to get schools on board and involved in the study.
This opened many doors as the SA was able to organise meetings with science teachers across many

schools and led to many successful implementations.
Cardiff University Physics and Astronomy Outreach Blog

The Physics and Astronomy department at Cardiff University has its own online outreach blog. Here,
posts are regularly published regarding things such as summarising articles of research within the

department, news regarding various outreach events, and general physics and astronomy news.

This webpages draws attention from many local secondary schools, who are gearing students up to
possibly go on to further their education at Cardiff University. This therefore presented another

medium to reach out to local science teachers, promoting the study.

A blog was posted, that followed a similar format to the invitation email sent out to teachers with

known email addresses and can be accessed online (Bartlett, 2017).

This prompted several responses from teachers who were interested in using the resources and taking

part in the study.
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Word-of-Mouth

As the study progressed, positive feedback was received from teachers. Many asked if they could use
the material again and some even suggested other teachers that they thought would be interested. This
word-of-mouth approach from teacher-to-teacher was effective. Presumably because the teachers feel
more confident if they know something has been tested and trialled in a classroom and recommended

by another teacher.
Other Access Routes

Several other means of reaching teachers were used on a smaller scale. The researcher and other
members of the Faulkes Telescope project have worked closely with the PGCE (postgraduate
certificate in education) science course at Cardiff Metropolitan University. They were able to provide
contacts for previous students that are now in schools local to Cardiff. However, none of these

teachers responded to emails.
Summary of Methods

Table 22 summarises the individual methods that successfully recruited each of the 11 participant

groups in this study.

Table 22 — Successful Recruitment Methods for Individual Participant Groups

Participant Group Recruitment Method

Pink Email

Green Word of Mouth

Blue Education Achievement Service Science Advisor

Navy CPD

Brown Email

Yellow TeachMeet

Orange Cardiff University Physics and Astronomy Outreach Blog
Red Cardiff University Physics and Astronomy Outreach Blog
Black Email

Purple Education Achievement Service Science Advisor

Grey Education Achievement Service Science Advisor
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Appendix 4 — Invitation Email to Teachers

Dear [Teacher Name],

I hope this finds you well and you don't mind me contacting you. My name is Sophie Bartlett and I
am a postgraduate research student Cardiff University, looking into ways of engaging 14-18 year olds
with their physics curriculum. I hope that with a context of astronomy and space, students can actively
engage with some of their physics syllabus and enjoying their learning experiences.

I would like to offer you some free educational resources that have been newly developed by the
Faulkes Telescope and Down2Earth projects at Cardiff University. All of our resources are designed
to follow areas of the physics curriculum but apply astronomy and space science as a context. The
materials are suitable for 14-18 year olds and the activities are designed to follow processes of inquiry
that allow students to develop their scientific skills.

We have two main "Teacher Packages". The first is our Hubble's Expansion of the Universe project,
found here: http://resources.faulkes-telescope.com/course/view.php?id=143. This material involves
using observations of supernovae (taken with the Faulkes Telescopes) to calculate how quickly the
Universe is expanding and how old it is using Hubble's Law. Students are able to analyse pre-
packaged data sets or can even open their own telescope account with us to perform their own
observations.

The second is our Down2Earth material that can be freely downloaded

here: https://drive.google.com/drive/folders/0B73hLNgTXoTuOENpQzI4dENhc2M

These activities use an online simulator that allows students to investigate various comet and asteroid
impact events and their effects on Earth. Students are able to explore topics such as speed, distance
and time, kinematics, and energy.

As I am a research student, I am looking to investigate whether or not these materials can successfully
engage students with areas of their physics syllabus. I am looking to do this through short
questionnaires and focus groups and also by observing students whilst they use the material.

If you are interested in using the material, you will also be invited to take part in this study. Although
participation is not compulsory in using the materials, it would be a great help to my studies. If you
did choose to participate, please be aware that you are free to withdraw at any time without any
consequence and may continue to use the materials as you wish.

If this is something you would be interested in, please get in touch and I will be happy to explain
things in more detail.

I look forward to hearing from you.
Warm regards,
Sophie


https://drive.google.com/drive/folders/0B73hLNgTXoTuOENpQzI4dENhc2M
http://resources.faulkes-telescope.com/course/view.php?id=143
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Appendix 5 — Ethical Approval Form

Please tick one box only: [ staff B PhD / MPhil

Title of Project: The Impact of Astronomy-based Educational Resources on Students’ Engagement
in their Physics Syllabus

Name of Student: Sophie Bartlett

Name of Supervisor: Paul Roche / James Snook

Contact email address: bartletts2@cardiff.ac.uk Date: 23/03/2017

Participants yes | no | n/a

Does the research Children (under 16 years of age) X

involve participants People with learning difficulties X

from any of the

following groups? Patients or relatives or carers of patients (NHS approval is X
required)
People in custody X
People engaged in illegal activities X
Vulnerable elderly people X
Any other vulnerable group X

When working with children: | have read the interim guidance for researchers working X

with children and young people

Consent Procedure yes | no n/a
Will you describe the research process to participants in advance, so that they are informed X

about what to expect?

Will you tell participants that their participation is voluntary? X

Will you tell participants that they may withdraw from the research at any time and for any X

reason?

Will you obtain valid consent from participants (specify how consent will be obtained in box A)? | X

Will you give participants the option of omitting questions they do not want to answer? X
If the research is observational, will you ask participants for their consent to being observed? X
If the research involves photography or other audio-visual recording, will you ask the X

participants for their consent to being photographed / recorded and for its use / publication?

Possible Harm to Participants yes | no | n/a

Is there any realistic risk of any participants experiencing either physical or psychological distress X
or discomfort?

2 if any non-anonymous and/or personalised data will be generated or stored, written consent is required.
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Is there any realistic risk of any participants experiencing a detriment to their interests as a X
result of participation?

Data Protection yes |[no |n/a
Will any non-anonymous and/or personalised data be generated or stored X
If the research involves non- | Gain written consent from participants? X

anonymous and/or

Allow participants the option of anonymity for all or part X

personalised data, will you: " . .
of the information they provide?

Research Governance yes | no | n/a
Does your study involve the use of a drug? X

You need to contact Research Governance before submission (resgov@cf.ac.uk)

Does your study involve the collection or use of human tissue? X

You need to contact the Human Tissue Act team before submission (hta@cf.ac.uk) Advice can be

sought from the College representative: Prof Adrian Porch (PorchA@cardiff.ac.uk)

If any of the shaded boxes have been ticked you must explain in Box A how the ethical issues are
addressed. The list of ethical issues on this form is not exhaustive; if you are aware of any other
ethical issues you need to make the SREC aware of them.

Box A The Project (provide all the information listed in a separate attachment)

The study focuses on evaluating new educational resources that apply an astronomy
context in order to teach parts of the UK’s national curriculum for physics in key stages
3,4 andb.

These resources will apply an inquiry-based pedagogy and comprise of investigative
activities using real scientific data obtained from telescopes and satellites and also
computer simulations.

The resources will be evaluated in terms of their impact on students’ engagement and
enjoyment in physics. Pre- and post-questionnaires have been developed for students to
complete in order for comparisons to be made before and after students have used the
resources. Feedback questionnaires will also be given to teachers in order to assess if
their opinions reflect those expressed by their students.

Classroom observations and (where possible) focus groups will also be carried out in
order to expand on the quantitative findings and to develop a deeper understanding of
students’ engagement with physics in their classroom, the educational resources and
also their learning experiences as a whole.

No sensitive data will be collected from participants and all data is anonymous and non-
identifiable.

Prior to any data collection, all participants (students and teachers) will be given an
overview of what the study entails, its aims and objectives and methods of data
collection. In instances where the students are under the age of 16, this will be provided
to the parents. All participants will be notified that all data that is collected is anonymous
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and securely stored.

They will also be provided with an opt-out form should they wish to not take part. In
instances where the participants are under the age of 16, parents will be able to opt-out
on behalf of their child should they wish to do so. Consent must also be provided by the
teacher in order for the study to pursue.

All participants will be made aware of their right to withdraw from the study at any time
without consequence, and any data collected on them will be destroyed. They will be
clearly informed on how they can withdraw from the study if they wish to do so.

Any participants who opt-out of the research will not have any information stored and will
not be included in the research and data analysis, however they will still be present
within the research environment (their classroom). Questionnaire and focus group data
will not be collected from these participants and although present, they will be excluded
from the data collection in the classroom observations.

Researcher’s declaration (tick as appropriate)

| consider this research project to have negligible ethical implications (can only be used if none of the
shaded areas of the checklist are ticked)

| consider this project to have some ethical implications. Box A clearly describes the ethical issues and X
how they are addressed.

| consider the project to have significant ethical implications. Box A clearly describes the ethical issues
and how they are addressed.

Researcher
Signature: Name: Sophie Bartlett Date: 23/03/2017

Sl

Principal Investigator or Supervisor
Signature: Name: Dr. Paul Roche Date: 23/03/2017

Pl
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Appendix 6 — Ethical Approval

School of Physics and Astronomy
Cardiff University

Queen’s Building

The Parade

Cardiff

CF24 384

24 April 2017

Dear Ms Bartlett;

| am writing to you in my capacity as the Ethics Officer for the School of Physics and Astronomy with
respect to your application for ethics approval of your student project entitled "The Impact of
Astronomy-based Educational Resources on Students’ Engagement in their Physics Syllabus”.

I am pleased to inform you that following due consideration by the School Research Ethics
Committee your application for ethics approval has been accepted.

Please note that projects that require ethical approval will be monitored on an annual basis by the
School Ethics Officer to ensure that agreed standards are being met. Researchers will be required to
report on projects and provide evidence of the research methods adopted as appropriate.

Please do not hesitate to contact me if you require any further information. | can be contacted
either by email at LewisR54 @cardiff.ac.uk or alternatively on extension 75433.

Yours sincerely,

v A

Dr Richard Lewis CPhys MinstP FHEA
School Ethics Officer
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Appendix 7 — Information Sheets and Consent Forms

Information Sheet for Teachers

Research Project into Astronomy and Physics Educational Materials
Invitation

You are invited to participate in a research study ran by the Faulkes Telescope Projects. The project provides a set of
educational materials based around themes of astronomy and space science whilst following some of the topics in the
physics curriculum.

We want to investigate the impact these materials have on students’ engagement and enjoyment in physics. To do this we
would like to ask you and your students some questions before and after you implement the materials in your classroom and
watch how your students interact with them. We would also like to invite some students to participate in a short focus group.

The study is being conducted by Sophie Bartlett, a student at Cardiff University who is researching physics education in
Wales and England. Before you decide on whether or not you would like both yourself and your class to participate in the
study, it is important that you understand what the research involves and why it is being carried out.

Please take the time to read through the information provided below. If you have any further queries please do not hesitate to
contact Sophie via the contact details provided in this document.

If you wish to participate in the study, please complete and sign the attached consent form. If we do not receive the
form, we will assume you and your students do not wish to participate and the study will not pursue.

What are the astronomy and physics educational materials?

There are a variety of educational materials involving themes of asteroids, comets and impacts, the life cycle of stars and the
expansion of the Universe. Some of them involve an online computer simulation that allows you to create your own
impactors and investigate the consequences that would result from their impact with Earth. Some involve collecting and
analysing real astronomical data and using it to measure our Universe. They are designed to follow the contents of the
physics curriculum that you follow in your usual physics or science lessons.

What is the research?

In this study, we are looking to explore how your students interact with the educational materials that we provide to your
school. We want to find out whether or not they find the materials enjoyable and useful to their learning of the physics
syllabus and what improvements can be made to them. We also want to explore how you think your students respond to the
material, how useful you perceive them to be to their learning and what improvements you think could be made.

Who is being invited to participate and what will it involve?

We are looking for physics teachers in Wales and England and their students to participate in the study. If you consent to
participation then we will then invite your individual students to participate. If your students are under the age of 16 then we
will also provide an opt-out consent procedure to their parents. If you do chose to participate, it will involve you
implementing one or some of the educational materials in your class and completing before and after questionnaires relating
to your students’ education in physics and the materials themselves. The researcher would also like to be present when you
implement the materials in your classroom. This is in order to make some observations about how your students interact with
the materials. It is possible you may also be invited to take part in a short interview where you will be asked a few more
questions about your experiences of using the materials and upon your consent, will be voice recorded in order to help with
the analysis.

Are there any risks or benefits to me or my students from taking part in this study?

There are no foreseeable risks associated with this study other than the time element, however all the materials are designed
to coincide with the physics syllabus that would be covered in usual physics lessons.

What happens to the information me and my students provide?
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All the information that you provide will only be seen by the researcher and will not be seen by anyone else, this includes
students and their parents. All information will be de-identified and will not be recognisable to you personally. This also
goes for all the information that your students provide.

The information that you and your students provide will be used in a PhD thesis and future publications about physics
education. The thesis and publications will be accessible to the public but all information will be anonymised and not
identifiable.

What if I or my students don’t want to take part?

Participation in this study is optional and you do not have to partake. If you do not wish to participate, simply do not return
the attached consent form. You do not have to give a reason for your decisions and it will not disadvantage you or your
students in anyway. Students are also free to decline their participation even if you consent and they are also free to
withdraw at any point during the study even if you wish to continue.

Even if you do not wish to take part in the study you will still be able to use the educational materials with your class without
evaluation should you wish to do so.

What if I change my mind about participation?

If you consent to participation and change your mind during the study you are free to withdraw at any point. Any
information gathered before this point will be removed from the research data. You do not need to provide a reason for
withdrawal and you and your students will not be disadvantaged as a result in any way.

Confidentiality

All information that is gathered by the researcher will be securely stored and will only be accessible to the researcher, except
as required by law. No data that is identifiable to you will be made public. This is the same for the information provided by
your students.

Data files will be stored for up to 5 years to coincide with the protocols of Cardiff University. These will be kept secure on a
password protected computer system or in a locked filing cabinet.

Contact Information
If you would like more information about the research or have any queries, please do not hesitate to contact the researcher:

Sophie Bartlett Phone: 07794 564 249 Email: BartlettS2@cardiff.ac.uk

Thank you for considering this invitation. This information sheet is for you to keep. Please refer to the next page for
the consent form


mailto:BartlettS2@cardiff.ac.uk
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Consent Form for Teachers

Research Project into Astronomy and Physics Educational Materials

Name of Researcher: Sophie Bartlett

I confirm that I have read and understood the enclosed information sheets and have had any queries answered to my
satisfaction.

I give consent freely for my participation in the above study and I understand that both my students and myself are free to
withdraw from the study at any time, without it disadvantaging me or them, or preventing us from using the educational
materials. [ understand that both my students and myself are free to withdraw from the study at any time and it is not
necessary to provide any reason for this.

I understand that mine and my students’ personal information will be de-identified and remain anonymous.

I understand that this research will be published in a PhD thesis and may be later published in peer-reviewed educational
journals but all information will be anonymous and unidentifiable.

I consent to my students and myself (please tick if you agree):

I:I Completing a questionnaire on two occasions
I:I Taking part in an interview

|:| Taking part in a classroom observation

Print Name:

Signature:

Date:
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STUDENT PRE-QUESTIONNAIRE
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We are interested to hear about your thoughts towards physics in school. This is not a test. There are Strongl . . Strongl
ey Disagree Neither Agree ey
no correct or incorrect answers, we merely want to hear your own personal opinions. Disagree Agree
These questions ask about your physics lessons. You should base your answers on your physics I'am good at physics 1 2 3 4 5
lessons for this year and not ones you have had in the past (e.g. in previous school years). ] ]
| get good marks in physics 1 2 3 4 5
Please also make sure you have provided your date of birth and gender below.
I learn physics quickly 1 2 3 4 5
| und.erstand what we learn in 1 2 3 4 5
Date of Birth: .....ccoeeveiveveirereirerciesene [CT=T T =T N physics lessons
Physics lessons are useful to my 1 2 3 4 5
1/. What is your FAVOURITE subject at school? learning
| find physics difficult 1 2 3 4 5
2/. What subject do you think you are BEST at? I struggle in my physics lessons 1 2 3 4 5
. . - . 5 . Strongly X . Strongly
3/. Using the scale provided, please indicate the extent to which you agree with the following Disagree Disagree Neither Agree Agree
statements. - —
| would like to study more physics in
1 2 3 4 5
| o | the future
S'Frong v Disagree Neither rongly 1 would like to study physics in A-
Disagree Agree level 1 2 3 4 5
We learn interesting things in 1 ) 3 5 1 would like to study physics at 1 2 3 4 5
physics lessons university
I look forward to my physics 1 5 3 s | v.vould I|k.e to have a job working 1 2 3 4 5
lessons with phySlCS
1 would like to become a scientist or 1 ) 3 4 5
Physics lessons are exciting 1 2 3 5 physicist
Physics is useful for my future 1 2 3 4 5
| enjoy my physics lessons 1 2 3 5
- N | would like to do research in physics 1 2 3 4 5
Physics lessons increase my
. . . - 1 2 3 5
interest in physics topics
| wish we had more physics
1 2 3 5
lessons SFroneg Disagree Neither Agree strongly
Disagree Agree
Physics lessons are boring 1 2 3 5 | have a strong interest in learning 1 ) 3 4 5

about the Universe
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| find astronomy and space science

Relate what I learn in physics

interesting 1 2 3 4 > to my life outside of school >
| am interested in what is currently See how what | learn in physics
happening in the field of astronomy 1 2 3 4 5 is relevant to my day-to-day 5
and space science life
Being involved in astronomy and 1 2 3 4 5 Apply my everyday
space science research is exciting experiences to my physics 5
Astronomy and space science is an 1 ) 3 4 5 lessons
exciting hobby Apply what | already know to 5
I would like to study more astronomy my work in physics lessons
: ; 1 2 3 4 5 - -

and space science in the future Relate what | learn in physics 5
I would like to study astronomy and 1 5 3 4 s to the world around me
space science at university
I would like to have a job working 1 2 3 4 5 . .
with astronomy and space science 4/. What do you like MOST about physics lessons?

strongly Disagree Neither Agree Strongly 5/. What do you like LEAST about physics lessons?

Disagree Agree — )
Investlg.atl'on worl'< in my physics 1 2 3 4 5
lessons is interesting
I learn physics better when we do 1 5 3 4 5 6/. Where 1 = not at all confident and 10 = extremely confident, how confident do you feel in your
investigation work understanding of the following topics?
I would rather do a physics
) S ) 1 2 3 4 5 .
investigation than read about physics Astronomy and space science 10
I would rather do a physics
investigation than be told about 1 2 3 4 5
physics General physics 10
We often carry out investigations in 1 5 3 4 5
physics lessons .

— — General mathematics 10
We often design investigations 1 5 3 4 5
ourselves in physics lessons
I dislike investigation work in physics 1 2 3 4 5 The scientific method 10
In physics lessons | am able to...
7/. Do you have any other comments about your physics lessons?
Never Rarely Sometimes Often Always

Discuss events in the news that i . X X X
are related to what | am 2 3 a 5 Thank you for taking the time to complete this questionnaire.

learning in physics lessons
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| Ie.arnt how to do the activity 1 2 3 4 5
quickly
STUDENT POST-QUESTIONNAIRE | understood what we learnt in the 1 2 3 4 5
activit:
We are interested to hear about your thoughts towards the activity(s) you have completed. This is y. N
! o The activity was useful to my
not a test. There are no correct or incorrect answers, we merely want to hear your personal opinions. learning 1 2 3 4 5
Please also make sure you have provided your date of birth and gender below. | found the activity difficult 1 2 3 4 5
| struggled with the activity 1 2 3 4 5
Date of Birth: ..c.coceeerercce e GeNder: ..o
1/. Using the scale provided, please indicate the extent to which you agree with the following After doing the activity...
statements.
. .. Stcrongly Disagree Neither Agree strongly
When we carried out the activity... Disagree Agree
| have a strong interest in learning
) 1 2 3 4 5
Strongly . ) Strongly about the Universe
. Disagree Neither Agree - -
Disagree Agree | find astronomy and space science 1 2 3 4 5
We learnt interesting things in the 1 2 3 4 5 interesting
physics lesson | am interested in what is currently
I would look forward to doing 1 ) 3 4 5 happening in the field of astronomy 1 2 3 4 5
more physics lessons like this and space science
. . | think being involved in astronomy
The physics lesson was exciting ! 2 3 4 > and space science research is 1 2 3 4 5
‘oved the physics | 1 ) exciting
I enjoyed the physics lesson 3 4 > | think astronomy and space 1 ) 3 4 5
The physics lesson increased my 1 5 3 4 5 science is an exciting hobby
interest in physics topics I would like to study more
| wish we did more physics lessons 1 5 3 4 s astronomy and space science in the 1 2 3 4 5
like this future
. . I would like to study astronomy and
The physics lesson was boring 1 2 3 4 5 space science at university 1 2 3 4 5
| would like to have a job working
. . 1 2 3 4 5
with astronomy and space science
Strongly . . Strongly
Disagree Disagree Neither Agree Agree
. » Strongly . . Strongly
| was good at doing the activity 1 2 3 4 5 Disagree Disagree  Neither Agree Agree
I think I will get good marks in the 1 ) 3 4 s Th? i.nvestigétion wc?rk in the 1 2 3 4 5
activity activity was interesting
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| learnt physics better when we did 1 5 3 2 5 4/. Where 1 = not at all confident and 10 = extremely confident, how confident do you feel in your
the activity understanding of the following topics after completing the activity?
| would rather do an actlv!ty like 1 5 3 4 5
this than read about physics
| would rather do an activity like Astronomy and space science 1 2 3 4 5 6 7 8 9 10

. . 1 2 3 4 5
this than be told about physics
We got to carry out an 1 2 3 4 5 General physics 1 2 3 4 5 6 7 8 9 10
investigation in the activity
We got to design an investigation 1 2 3 4 5 General mathematics 1 2 3 4 5 6 7 8 9 10
for ourselves in the activity
| disliked the investigation in the 1 2 3 4 5 The scientific method 1 2 3 4 5 6 7 8 9 10
activity

5/. Did you learn anything new in the following topics?
In the activity, | was able to...
Strongly Disagree  Neither Agree Strongly Astronomy and space science Yes / No
Disagree Agree
Discuss events in the news that are
1 2 4 i

related to the topic of the activity 3 > General physics Yes / No
Relate what | learnt in the activity to
my life outside of school 1 2 3 4 5 General mathematics Yes / No
See how what | learnt in the activity 1 5 3 4 5
is relevant to my day-to-day life The scientific method Yes / No
Apply my everyday experiences to 1 ) 3 4 5
the activity
Apply.what ! allre.aldy know to the 1 2 3 4 5 6/. If you answered yes to any of Question 5, please provide some details on what you learnt.
work in the activity
Relate what | learnt in the activity to 1 5 3 4 5
the world around me

7/. How do you think the activity could be improved?
2/. What did you like MOST about the activity?

8/. Do you have any other comments about the activity?
3/. What did you like LEAST about the activity?

Thank you for taking the time to complete this questionnaire.
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Date:

School: Period/Time:
Activity:

Participants: Male: Female:

Gender of Teacher: Support Staff:
Class: Year Group:
Seating Plan (drawn) Implemented By:

Working Arrangements: Individual / Pair /
Group

Computer Use:

Noise Levels: High / Moderate / Low

Delivery and Structure of Lesson

Event

Duration

Pre-Planning and Preparation
[ ]

Students provided with:
[ ]

Delivery of Activity
[ ]

Structure of Lesson
[
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Unplanned Activities

This was to detail any actions that students
performed that was not asked of them by the
teacher or was not in the scope of the activity.
This could have been a positive or negative
behaviour.

Individual, Paired or Group Work

This covers how students were working. If they
are in pairs or groups, are there specific roles?
Is there a clear leader? How are roles
determined? Etc.

Capability of Set Tasks

How students coped with the initiative activity.
Did they encounter any problems? If so, how
were they overcome? Did they seek help from
the teacher or peers or did this cause
disengagement? It also looked at students’
approaches to tasks as well to explore how they
investigated a problem or question.

Communications

What is communication like among students
and their peers and the students and the
teacher? Do students work individually in
silence? Do they call out or must they raise
their hands? Is communication between
students and the teacher formal or informal?
Are all communications task focused or does
conversation stray to other, irrelevant or
relevant topics.

Time Optimisation

How is lesson time spent? What is time
attributed to? What everything achieved that
was set out at the beginning of the lesson? Are
all students working at the same pace? Are
there extension tasks for those students
finishing ahead of others?

Body Language

Body language and kinesics can reveal a lot
about the attitude of an individual to a task or
topic. This area therefore focused on non-
verbal behaviour of students.

Behaviour of Teacher

What was the teacher’s role in the lesson?
Were they seen to facilitate learning or do they
employ a didactic approach, prescribing
students with specific instructions? Do they
walk around the classroom and interact with
students or do they remain at the front?

Behaviour of Students

This is perhaps the broadest area of the
protocol and is intended to encompass
students’ behaviour in terms of specific
physical actions. This would focus on aspects
such as noise levels, focus to the task and how
long it takes students to focus and work on the
task at hand. How do they react to the OA? Are
students independent or are there levels of
conformity in the classroom?

Comments from Students

These are comments made by the students throughout their lesson. These comments could be to
each other, the teacher or to the researcher. Comments of interest are ones related to what they
are doing in the lesson, the teacher or anything relevant to that particular lesson.

Comments made that are entirely irrelevant to the lesson are also of interest as they could be

indications of disengagement with the task.

(also say if comments were prompted in any way)

Comments from Teacher
This section focuses on particular quotes from teachers with relevance to the students, the lesson
or the activity. These comments could be directed at the researcher or at the students and could be

positive or negative.

(also say if comments were prompted in any way)
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Running Protocol

Researcher’s Interpretation (for after completion of observation only)
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Appendix 11 — Student Focus Groups

Group Navy:

The focus group carried out in Group Navy involved nine participants out of the 26 that
participated in the activity. The focus group was carried out in the students’ usual physics
classroom during a lunchtime, 17 months after implementation of the OA. The question schedule
was as follows:

1.

P NN e

9.

How would you describe your day-to-day physics lessons?

Are you able to name three good things and three bad things about your normal physics
lessons?

Do you remember using the Impact Calculator?

Prompt: show them the simulator

How would you describe the activity that used the Impact Calculator?
Can you name three good things and three bad things about the activity?
Do you feel like you learnt anything new in the activity?

Do you feel you applied any skills?

What did you think of the topic of space and impacts?

Was there anything you didn’t like about the Impact Calculator?

10. Would you be interested in doing more activities like this?
11. Is anyone interested in pursuing physics at university?

Questions for Group Brown:

The focus group with Group Brown took place two months after implementation of the OA with
six of the 25 students who completed the activity. The focus group was performed in a break out
room during lesson time. The question schedule was as follows:

1.

>

=00

How would you describe your normal physics lessons?
Prompts: Do you enjoy them? What sort of activities do you do in lessons? How do the lessons
run?

Why would you say is in control of your learning in physics lessons?

Why do you think that?

How confident do you feel in your ability in physics?

Can you name three good things and three bad things about your normal physics lessons?
Do you remember when I was here before, you used the Impact Calculator to do an
activity?

Prompts: show them Impact calculator and activity handouts

Do you feel like you understood what you had to do in the activity?

Can you name three good things and three bad things about the activity?

Were you able to take anything away from the activity?

Who was in control of your learning during the activity?

. How did your confidence when doing the activity compare to your confidence in physics

lessons? Was it the same or different?

11. Would you like to do activities like this in all your lessons?
12. How do you feel you work best in science? Individually or in groups?
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Appendix 12 — Teacher Interview Questions

Interview with Mr Brown

The interview with Mr Brown was carried out one month after implementation of the OA and
took place in his classroom at the end of a school day. The school had invited the researcher to
give a talk to a group of year 11s so the researcher stayed at the school afterwards in order to
conduct the interview. The questions asked were as follows:

1.
2.

10.
11.
12.

13.
14.
15.
16.
17.

18.
19.

20.
21.

22.

23.

24.

How do you think the students performed in the activity?

Do you think the majority of students were able to complete the task? What gave you that
impression?

Do you think that even though the simulator was engaging it wasn’t necessarily
appropriate as it may have detracted too much from the lesson content?

Student [M1], you spoke very highly of this student during my first observation lesson,
what do you think of that student?

Are there any lessons where he doesn’t necessarily work as hard or perform? Are there
any circumstances in particular that you find he doesn’t connect with?

Student [Isabel], you also spoke highly of this student, what is your thoughts on this
student?

And is she hard working?

Can you describe the types of students that you think would benefit from this activity?
Like is there a particular group would find the lesson particularly beneficial?

Okay so my next question was what students do you think wouldn’t benefit from the
activity?

Okay so if you were to run the activity again with those students, how would you run it
differently?

Do you think the level of the content was suitable for the students you ran it with?
Students had to report their confidence in their questionnaires. Many students’
confidence was higher for the activity than in usual physics? What do you think could be
the reason for this?

Do you think it was too easy for them?

Okay so it was more of like a revision activity?

Would you use this sort of activity in every lesson?

Why?

Okay, maybe not using simulations in every lesson but would you do every lesson as a
process of investigation and using inquiry?

Okay so what would be the realistic amount of lessons you could incorporate it into?
So if one existed, so ideally you would implement them in every lesson, so how many
would you implement if they were readily available?

Do you think that the resource was accessible for all the students in your class?

Before implementation all teachers are told how the activity can be differentiated —
would you rather be provided with the most involved version (hardest) — so that you
could add in scaffolds, or the simplest version?

Yes, so would you rather I gave you a resource that was the bare structure and you could
add in various scaffolds...

So the hardest version of this activity would be for example, you need to investigate how
changing the projectile diameter influences the kinetic energy and the size of the crater.
And then they’d have to come up with a hypothesis, how they’re going to investigate it
and a table to record it. But for your students, we gave them the process and a table to
record.

What made you decide to not have them working in groups?
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26.
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So because you gave everyone a number according to what parameter they were
investigating, that meant everyone on each table was investigating something different so
they couldn’t work together to investigate the same thing

So do your class benefit more from individual work than group work?

Interview with Mrs Yellow

The interview with Mrs Yellow took place immediately after her second implementation of the
OA, thus approximately one year after her first implementation. As the implementation took
place in a final lesson period which the researcher observed, the interview was carried out
immediately after, at the end of the school day, in Mrs Yellow’s classroom. The questions asked
were as follows:

WX A W=

10.

11.
12.

First of all — what did you think of the activity overall?

How do you think the students performed in the activity?

Do you think the majority of students were able to complete the task?

And what gave you that impression?

Do you think the activity covered a suitable amount of curriculum content?

Do you think the objective/goals were clear from the activity?

Can you describe the types of students that you think would benefit from this activity?
Are there any students that you feel wouldn’t benefit?

Students had to report their confidence in their questionnaires. Many students’
confidence was higher for the activity than in usual physics? What do you think could be
the reason for this?

Would you want to use this sort of activity in every lesson? That involves students
looking at real data?

Do you think that the resource was accessible for all the students in your class?

There are several ways of how this activity can be implemented and also differentiated —
would you rather be provided with the highest level (hardest) so that you can add in
guidance or would you rather have an activity that provided all guidance (simple) and
you could take out bits?
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Appendix 13 — Examples of Thematic Analysis of Observational Data

Note: Extracts are colour-coordinated according to group.

Table 23 — Examples of Thematic Analysis of Observational Data

Student Confidence

POSITIVE

NEGATIVE

Girl 1 in group B said to girl next to her “so I can do
science”

F2 very intelligent and knowingly so — often
answered without raising hand — other females
around her actually left her to answer questions,
even if [ was looking at them and directing a
question at them, they would look to her to answer.

2 — Although not the most able in the group (but
expected as was a yr 10 among year 12s and year
13s) — was very confident in giving it a go and
asking questions to researcher — not afraid to give
everything ago. Promising example of where a
student could be potentially intimidated by their
peers and activity but embraced the task and shone.

Female participant had been unsure throughout
activity. Researcher showed her answer sheet at end
to prove she had done it correctly. Responded with
“I should have done physics”

Students other than 1 and 2 often wouldn’t ask
many questions — even if they didn’t understand
something — they would typically wait for the
teacher to notice they were struggling or just be told
what to do.

When teacher told them I had said they’d performed
better than private school students — they cheered.
At the end 2 jokily said “were we really better or
were you just saying that to make us feel better?” —
Almost still seeking approval or confirmation.
Perhaps suggesting a lack of confidence?

Student Engagement

More focused behaviour than in observation of
standard, day-to-day physics lesson. Even
conversations among each other were more task-
based this time whereas first lesson was more just
chatting (particularly girls)

Students didn’t pack up immediately at the end of
the lesson — wanted to finish what they were doing
— interpretation was unclear, could indicate
engagement but could also have been because they
didn’t want to finish work for homework.

Multiple occasions where students asked questions
related to but beyond scope of activity — indicative
of genuine interest?

Distractions — talking about unrelated topics at
times

(standard observation) Girls didn’t show such quick
turnaround as boys did— once they were chatting
among friends it was harder for teacher to rein them
in and focus on the task at hand.

Inquiry-Bas

ed Learning

Group E — 5 had a teaching assistant— very, very
engaged, though this could have been influenced by
the presence of a TA helping him. But was noticed
to be thinking out loud a lot — beyond scope of
activity and coming up with interesting theories and
questions for further exploration.

Group A — this group realised they didn’t really
know how the different materials of the impactor
differed from one another in terms of density. So
they decided to do an additional investigation to
explore what happened when this is the only
variable that they changed and even produced a
graph to plot their results. This was interpreted that

Some students were playing around with random
parameters — although not directly doing the set
task, they were still using the application and
investigation what happened when they changed
things.

Some of the girls couldn’t find the data they needed
to ask the researcher or teacher. Boys however
seemed to explore the impact calculator interface
until they found the source of this data
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their curiosity was triggered and they had an interest
in the subject matter. They took it upon themselves
to do extra work that wasn’t necessary in order to
explore things further. Not only was this additional
work — it was something they had come up with
themselves, not suggested by teacher.

Group D - All playing around with the impact
calculator — seeing how they could wipe out a
whole country — talking to each other about the
activity and what results they were getting right
from the offset

Student-Teach

er Interactions

Girls showed noticeably more communication with
the researcher and teacher both in comparison to the
day-to-day lesson and compared to boys — asking
questions. Boys less so, although there was a
teaching assistant that tended to stick with the boys
they weren’t very communicative with him.

Appeared teacher would consciously avoid telling
students they were wrong — responses such as
“you’re nearly there”, “good suggestion but not
quite the answer I’m looking for”

Relaxed classroom climate. Teacher had informal
conversations with students, made jokes.

Group Orange teacher seemed to focus most of her
attention on Hollie and James — the most able and
most focused students. This was almost opposite in
group Blue — teacher paid his most attention to the
girls that were typically disengaged and didn’t do
the work.

Joking with the girls on group B — saying he was
shocked that they’d done all the work — to one girl
“are you feeling okay?”” — obviously this was not
typical behaviour for them to get all the work done
in class

“there is a state of shock and disbelief, they’ve
actually done the work”

“do you know what, I am hugely impressed with
you guys, I’ve got to say”

Situational Interest

Male in group 6 — “sir, this is the most entertaining
thing we’ve ever done”

Comments from girl 1 in Group B (who were first
in class to complete the activity) said — “I never do
any work in this class, look at my book, there’s
pretty much nothing in it”.

Girl on the end in Group C also reacted to this and
said “omg I’ve actually completed the work, I never
do anything, look at my last less, I wrote one
sentence”, then “T actually did the work today” —
showed research books and this was true — all
lesson work is supposed to be recorded in their
books.

Ellie — “wow that’s in seconds? [referring to age of
the universe] Well I’ve learnt something cool”

One group noticeably not engaging with activity
and having conversations that were not relevant to
activity.

Female student near beginning of activity “what are
we doing?” and “what’s the point in this?”

Student Relationships

During recreate a crater they wanted to show each
other and see each other’s results and how close
they’d got. Got out of chairs. Competitive element.

When 1 had completed entire activity — I said to rest
of the class — we’ve got our first accurate
calculation of the age of the universe — almost
cheered at this — supportive of each other — no
reactions of frustration that they were behind or
jealousy.

Didn’t seem as if the students were particularly
“friends” apart from maybe 1 and 2. Though even
here it seemed that 1 was friendlier and chattier to 2
than vice versa — though this may have just been
because he was more vocal and animated in general.
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High levels of group work and collaboration. Many
groups arranged so individuals had a specific task
assigned to them.
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Appendix 14 — Examples of Content Analysis of Open PPQ Responses

Table 24 - What do you like most about physics lessons?

Theme Response

“experiments and learning by doing it instead of being told about it”

Practical Lessons 1 enjoy doing practicals as I get more involved in the lessons and I find 1
learn more

“doing experiments”
“learning things that I did not know about before”

Learnin “learning new and interesting topics, such as space, gravity and momentum
& which give me insight into the world”

“giving my opinion and learning”
“Universe, interesting to talk about”

Astronomy “learning about astronomy and why it’s important and relevant”

“I enjoy learning about the Universe and potential changes to the Universe”
“the teacher”

The Teacher “my teacher”

“our teacher’s fun and good at explaining things”
“learning new formulas”

Mathematics “working out calculations”

“working out equations”
“particle physics and quantum physics”

Particle Physics “particle physics”

“learning about new, abstract concepts e.g. quantum physics”
“variety in the subject”

Diversity “physics is a free subject! There are lots of different aspects to it”

“variety of topics — from mechanics to the standard model”

“vou almost always learn something new that’s really interesting”

. “topics that I find interesting and important”
Interesting P Ji & P

“learning new interesting topics that give me an insight into how the world
works”
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Table 25 - What do you like least about physics lessons?

Theme Response

“writing lots”
Writing “written questions”

“all the writing”

“boring presentations”
Boring “boring facts and having to write them down in our books”

“when it isn’t interesting, it’s extremely boring”

“the need for technical language”

“I don’t find it easy to learn and I struggle very much because we hop from
Difficulty one subject to another”

“the fact that we constantly used advanced vocabulary, it makes me feel
nervous”

“electricity”
Specific Topics “circuits”

“space »”»

“required praticals”

. “that we don’t do many practicals or investigations”
Practical Lessons Y P g

“testing practicals which I view as a little pointless because you could easily
find the answer on line or in a book”

“reading and using textbooks”
Reading “lots of reading”

“reading tasks”

“plotting graphs”
Working with Graphs “graphs”

“graphs and tables”

“equations”
Mathematics “having to learn lots of equations”

“the equations and maths”

“teachers show no interest or enthusiasm in presenting the work”
The Teacher “long talks by the teachers”

“Just sitting in class and listen to what the teachers say for around an hour”
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Table 26 - What did you like most about the activity? (Down2Earth)

Theme

Responses

The Simulator / Impact Calculator

“using the simulator”
“the impact calculator”

“using the app on the iPad to relate to the topic”

Investigation

“the investigations part”
“how ‘hands on’ it was”

“seeing how it changed by changing something”

Asteroids and Craters

“I enjoyed looking at how asteroids impact Earth”
“experimenting with different types of impacts”

“I loved finding and comparing craters”

Independence

>

“we got to change/use the asteroids by ourself and not be shown’
“independent learning”

“we didn’t have too much help — only when we needed it”

IT Element

“we were able to experiment on the computer”
“working on the iPads”

“using iPads and a website that get us involved and learn at the same
time”

Blowing things up

“blowing stuff up”
“blowing up out school”

“blowing up everything”

Learning

“I learnt new things”
“learning about asteroids”’

“finding out what the Universe is like”
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Table 27 - What did you like /east about the activity? (Down2Earth)

Theme

Responses

Writing

“writing”
“writing stuff down”

“writing up the results”

Restrictions

“I wish there was more choices”

“being restricted on what we can and can’t change”

“only being able to change certain things”

Repetitive

“quite repetitive”

“having to repeat 9.82 x 10°! every time”

“it was very repetitive”’

Investigation

“we could have done more investigative work”

“we could investigate more”

“we didn’t have to think too much”

Difficulty

“how hard it was”
“it was a bit complicated at times”

“I didn’t understand the data collecting’

1]

Distractions

“people messing around”
“people distracting me”

“distractions”
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Table 28 - How do you think the activity could be improved? (Down2Earth)

Theme

Responses

Time

“spend a bit more time on the activity”
“let us have more time”

“more personal investigation and time”

Additional Tasks

“more fun and interactive activities”
“maybe a bit more of a variety of practical work”

“more simulation activities”

Investigation

“more investigation”

“by experimenting with all aspects, not just projectile velocity”

“it could be improved by doing more experiments”

Group Work

“more team work”
“being able to work with a partner”

“more group work”

Impact Calculator

“more materials on the impact calculator”
“instead of having two planets, have them all”

th)

“we could have more options with regards to the projectile

Writing

“less written work”
“less writing”

“less writing”

Guidance

“help us more”
“explain the significance more”

“be guided about what to do more”

Freedom

“more freedom”
“ be able to change everything and not restrict us”

“give them more freedom on how to plan the investigation”

Other

“formulas to get the biggest crater”
“learn more about astronomical objects”

“maybe a bit more variety of practical work”
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Table 29 - What did you like most about the activity? (Hubble)

Theme

Response

The Age of the Universe

“arriving at the answer of the age of the Universe using values I
created”

“Being able to calculate the age of the Universe from real data”

“learning how to calculate the age of the Universe”

Graph Plotting

“plotting the graph”
“the way the graph formed the results”

“constructing the graph”

Working with Real Data

“understanding real life values”
“calculations and real life investigations”

“it was interactive, using real data. This makes it feel more relevant”

Finding Hubble’s Constant

“Finding Hubble’s constant”
“calculating Hubble’s constant”

“Learning about the Hubble constant and the Universe”

Group Work

“the teamwork aspect of working together on an interesting topic”
“working as a group on a new task”

“working in groups”

Mathematical Aspects

“doing the calculations”
“I enjoyed the mathematical section”

“the maths aspect”

Independence

“the independence”
“the independent part — we weren 't just talked through it”

“the freedom of finding things out on our own”
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Table 30 - What did you like /east about the activity? (Hubble)

Theme Response

“plotting the graph”
Graph Plotting “using large varieties of numbers which proved difficult to plot”

“finding gradient”

“having to repeat the same task many times”
Repetitive “repetitive calculations”

“slightly repetitive”

“Excel not working”

IT Elements “windows of laptops &”
“Microsoft Excel”
“the math at the end”

Mathematical Aspects “I would’ve enjoyed more mathematical aspects to the session”
“the maths”

“the lack of calculators available”
Calculators “not having a calculator”

“not using a calculator”

“the time — I wish we had longer”
Other “boring task”

“we focused on one thing, and only touched upon others”
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Table 31 - How do you think the activity could be improved? (Hubble)

Theme Response

“use computers”

“less computer work”
IT Elements P

“rather than using an automatic excel formula, could’ve created one
ourselves”

more time

Time “needed more time”

“more time”

“more interactive or rather more exploration rather than copy and
paste”

Interactivit “ . "
Y more practical work

more interactive

“have less sheets, explain step by step”
Instructions / Guidance “more explanation into the equations used”

clearer instructions

“discuss more topics and add additional information”

Other “find out own information about our supernova”

“it should be more expansive and include other aspects of astronomy and
astrophysics”
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Appendix 15 — Students Responses to what they Liked Most about the

D2E Activity relating to Context

The simulation software

The website

Using the simulator

1 enjoyed looking at how asteroids impact earth and the simulator
Experimenting different types of impacts

The bit with asteroids

Comparing craters to the size of buildings

The simulator

Learning the properties of craters

(Male, Group Pink)
(Male, Group Pink)
(Male, Group Pink)
(Male, Group Pink)
(Male, Group Pink)
(Male, Group Pink)
(Female, Group Green)
(Male, Group Green)
(Male, Group Green)

Finding out that different substances create different size craters even if the size, density and

speed and trajectory are different (Female, Group Green)

Blowing stuff up (Female, Group Green)
Blowing up my friends (unknown, Group Green)
Craters (Male, Group Green)

Blowing up our school (finding out size of craters)
Asteroids can be made of different materials

Blowing up countries

Seeing the crater sizes

Blowing up OPR

Creating the meteorites/asteroids and making the craters
Making our own crater

The simulations

Blowing up everything

Blowing up our school

1 loved finding and comparing craters

Learning about asteroids

The experiments we did and I enjoyed using the impact calculator
Finding out what the universe is like

Seeing how big the craters are

It was based on my favourite subject

Investigating and using the impact calculator

(Male, Group Green)
(Female, Group Green)
(Female, Group Green)
(Male, Group Green)
(Male, Group Green)
(Male, Group Green)
(Male, Group Green)
(Male, Group Green)
(Male, Group Green)
(Male, Group Green)
(Female, Group Green)
(Male, Group Navy)
(Male, Group Navy)
(Male, Group Navy)
(Male, Group Navy)
(Male, Group Navy)
(Male, Group Navy)



Using the impact calculator

It was based on space

Finding out how craters hit the earth at fast speeds
The impact calculator

Using impact calculator

Using the impact calculator

Finding the size of craters

The simulator

Seeing how the size of the crater is effecting by the projectile velocity
The simulator

Seeing the size of the craters

Seeing the effects of the crater

Using the simulator

That we could create our asteroid

Just every bit as it involved astronomy

Using the website

We got to choose what place we blow up

Seeing how much projectiles can destroy
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(Male, Group Navy)
(Male, Group Navy)
(Male, Group Navy)
(Male, Group Navy)
(Male, Group Navy)
(Male, Group Navy)
(Male, Group Blue)
(Male, Group Blue)
(Female, Group Blue)
(Male, Group Blue)
(Male, Group Blue)
(Female, Group Brown)
(Male, Group Brown)
(Female, Group Brown)
(Male, Group Brown)
(Male, Group Brown)
(Female, Group Brown)

(Male, Group Brown)



