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Abstract

This thesis explores the ways that outdoor learning is specifically conducive to the

support and facilitation of primary science education. Whilst developing practice  -led

principles for trainee teachers and teachers new to outdoor learning pedagogies, i t also

chall enges the perception of the use of the outdo:

(Glackin 2016, p.1) . The thesis looks at science as being  made accessible and
meani ngful through fhgettimg mate® f(Semtt.l)and Boyd
Additionally, b y contrast to much of the literature on outdoor science that focuses on

professional perceptions and confidence (Waite 2011 ; Glackin 2016 ; Harris 2017), this

research reports on learning outcomes and the impact on childrends attai nme
Across three case study schools, the frameworks from Bloom etal. (1956) and Jelly

(1985) were used to support the design and analysis of  an outdoor primary science

learning matrix. The trainee teachers  based in each of the three schools used the

matrix tochart and reflect on the ways that children

through assessing the science learning in the outdoors.

The r e s e a r cahatysistok the data generated from interviews with the trainee
teachers revealed thatwhen learning science is based in the outdoors, young children
are well -placed to demonstrate higher order thinking skills beyond those expected of

them within  end of Key Stage outcomes (GB.DfE 2013). Specifically, children were

seen to develop aset  of scientific dispositions involving thinking scientifically, behaving
scientifically and questioning scientifically. As such, the trainee teachers  used the
matrix to foster scientific attitudes such as curiosity, seeking out evidence to support
their tho ught processes and metacognitive aptitudes including reflection and taking

ownership of their learning progression.

The r e s e a r cahatysis(povides exemplificationto  support trainee teachers, teachers
and leaders to understand progression and pitch outdoor learning expectations  in ways
that enable the setting of challenging individual targets in outdoor science (Ofsted

2011) inline with the end of Key Stage outcomes (GB.DfE 2013).
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Introduction

1.1 The aim of the research

This thesis originate s from discussions that | have had  with science specialist teachers

in primary schools  during national conference proceedings with the Association for

Science Education (ASE) and Primary Science Teaching Trust (PSTT) . During these

discussions, thet eachers |spoketo generally recognised the value of outdoor learning,

but needed evidence to justify incorporat ing outdoor learning into their science

teaching . Teachers tended to report that they required validation to change teaching

methods that hadbeenrat i fi ed by the headteachers and schoo
Thus, the impetus forth is research is to provide evidence to validate outdoor science

within the science primary curriculum  in orderto support pedagogical changes.

Although science as awholeis classed as a core subject  (Ofsted 2013) andis
compulsory to the age of 16 , itis frequently given the same priority in schools as a
foundation subject  such as history, geography or art. These su bjects are lower in
priority resulting in them being taughtin less depth , with fewer teaching hours being
allocated to science per  week (Ofsted 2002 ; Caldwell etal. 2020 ). The current political
climate focuses on standards in which the government prioritis es English and maths
(GB.DfE 2019 d; Ofsted 2019 d). It is essential that science is given renewed status and
elevated to the same position as English and m aths within primary education, in order

to equip children wi t h 6cSec i Ceanp This iancldd es the STEM (Science Technology
Engineering and Maths) subject skills required to be scientists and engineers of the

future (Sokolowska etal. 2014; Archer et al. 2015).

The need to prioritise science within education is also highlighted by the science skill
shortage inthe UK . STEM jobs have surpassed non-STEM jobs since 2003 and science
is seen as vital to the British economy with science skills needed to meet employment
demand s (EMSI 2019) . In 2017 40% of employers reported a shortage of STEM

graduates and 7 in 10 businesses found it difficult to hire staff with the required

science skills ( GB.HM Government 2017 ). STEM is the second biggest employer behind
digital technol ogies, of which 60% of the jobs in the digital industry require STEM

skills, and there is anincrease  of 3.1% in STEM careers forecast to 2026 , compared

13



with 2.5% in non -STEM roles (EMSI 2019) . If these jobs are to be filled, then s cience
in schools needs to prepare those children who are passionate about science for further

study and science careers but also equip all children with scientific literacy or science
citizenship (  GB.SCST 2000 ) for future employment

To enable childrent o develop a passion for science, an interest needs to be triggered,
then extended and deepened through pathways into science. This has been found to

occur through out  -of-school activities, enquiry  -based learning and making connections
in the learning  (Crow ley etal. 2015) . Engaging with science through nature in outdoor
settings along with  dinkering 6and d@xperimenting @ were found to promote lifelong -
science learning (Crowley etal. 2015). Outdoor learning allows  children to experience
science in action, regularly and at first hand (Ofsted 2013). Outdoor learning is
particularly well placed to lend itself to learning science in several ways including
providing opportunities to develop a love of the natural world, opportuni ties for visual
observation and sensory experiences along with other basic skills , encouraging children

to adopt ethical approaches when dealing with living thin  gs as part of science literacy

and fostering imagination and creativity (Cutting and Kelly 2015).
There is a need to recognise and validate th e evidence of learning in order to inform
guality judgements  and next steps for the children (Ofsted, 2011) . An example of this

is Forest School , which involve s child -centred learning in  outdoor educational settings

It focus es on holistic development through regular opportunities for play, exploration

and risk taking;  where personal , social and emotional development  are reported upon

in many counts  (Knight 2011; O 6 Ben 2009) . However, understand i ng chi |l dr enods
engagement was rarely interrogated ( Waite 2007; Cutting and Kelly 201  5) and the

links with the ir academic progressw ere rarely explicit ( Glackin 2016 ; McCree, Cutting

and Sherwin 2018 ). Prior to this research, the assessment of learning outdoors was not

reported on by schools. In order to provide teachers with the skills to assess and report

onth e learning, itisnecessary t o 6all ow6 teachers the autonomy
opportunities by adju  sting their practice and encourage them to see the potential of

out of classroom teaching . While this thesisis  primarily about the specific advantages

of outdoor learning for primary science in ways that aim to provide practitioners with

evidence -based pedagogical research to enable change to practice, it also

acknowl edges the r est rprofessioman sutooamy t eac her s 6

14



1.2 My personal rationale

I am a teacher educator working primarily with trainee teachers studying the primary

education undergraduate degree. | lead the fourth year B achelor of Arts (BA) degree

and the trainee s leave with Q ualified Teacher Status (QTS) and 160 days placement

experience. | consider myself to be a reflective practitioner and a researching
professional by reflecting -on-action (Schon 1983). This has been possible by

connecting both theory and practice and as a result of learning from experience,

gaining new insights, examining assumptions , being self -aware and critically evaluating

processes (Finlay 2008 ). In an era of diminishing teacher autonomy ( OECD 2016;

Worth and Van den Brande 2020 ), many teachers find they are unableto  enact change

in their practice . However, m y own role anticipates innovation and research -informed
practice much more readily. | am well placed to reflect upon the uncertainty associated
with outdoor learning in order to better understand the progression of

scientific learning  (GB.DfE 2013) . By extension, trainee teachers can be encouraged to
think and work reflectively -in-action (Schon 1983) , learning through and from

experience, enabling them to consider their thoughts and choices with a view to

improving the effectiveness of their practice (Finlay 2008 ). Science specialist trainee

teacher are involved with this research , in the role of facilitators ~ , and bring with them

established relationships with the children and an insight into the learning. They also

offer fresh ideas, together with an inquisitiveness and thirst for knowledge. They are

happy to try out new approache s and take ethically considered risks . The Core Content

Framework (GB.DfE 2019 a), which defines the minimum entitlement for trainee
teachers, encourages trainees to make connections (standard 4.2) and reflect on their

practice (standard 8 .2), providing a gateway for trainees to take advantage of outdoor

learning for primary education purposes. Therefore, working alongside trainee teachers

in the area of ou tdoor primary science education offers the scope to develop practices

that may be novel.

Within my personal reflections, | recall the feeling of freedom of the outdoors from an

early age , being immersed in nature, valuing its beauty butalso being wary of its

potential dangers. Appreciating  the balance between the moments of awe and wonder

and those of fear or uncertainty . Inline with Steiner ( 1894 ) who valued opportunities

for free thinking and purpose in nature , | see nature as a learning tool that can help

children to exceed learning expectations. My passion comes from m y own inquisitive

15
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nature and, when working with children, seeing nature as a window into how things
work, whether that be through genetics and lifecycles or base principles such as

energy, inertia or aero dynamics . This led to conversations with  teachers and trainees
about their current experiences of teaching science in the outdoors and highl ighted a
variety of constraints which limited their autonomy and ability to incorporate the

outdoors into their practice . They were m issing the opportunity to put s cience into

action and encourage active engagement based on real -world experiences .

I understand Outdoor learning to be a process that consists of an active engagement

with the outdoors in order to make sense of the world. Outdoor learning is understood

by Dierking etal. (2003) as first -hand experiences of nature where the | earning is
embedded in the outdoor context and is derived from real -world experiences. Similarly,
Rickinson etal. (2004) suggests that it offers unique opportunities for children to

develop and deepen skills as well as knowledge, understanding, awareness, values,
ideas, feelings and the capacity to reflect . Within this study, | have defined outdoor
science learning a s authentic opportunities to learn science outside of the school

bui | dwhicly &nable active learning and provide substantial interaction with the

environment

Outdoor science learning fosters an assortment of essential science skills, knowledge

and attitudes, which cannot be accessed indoors (Rickinson etal. 2004; Glackin 2016;
Ayotte -Beaudet etal. 2017) . This involves children being immersed in the se
surroundings and having the freedom to take ownership of their own learning through
their engagement  with nature. It is seen to focus on providing first -hand sensory
opportunities for real  -world problem solving, for example witnessing life processes
(Linnean Learning 201 9) and promoting biodiversity ( Eco-Schools Northern Ireland
201 9). The value of these opportunities ¢ annot be underestimated in enabling children

to become curious, creative, reflective and self -confident (Waite 2011 ).

Whilst these definitions  align with the focus of this thesis, there are contentions

associated with how outdoor science learning is perceived and applied. For example,
teachers place greater emphasis on social and behavioural aspects as opposed to the
scientific cognitive and aff ective elements (Becker  etal. 2017) , they treatthe
experience as a novelty and they also feel limited by potential barriers such as time
and child to adult ratios (Glackin 2016). This thesis challenges the perception of the

use of the outdoors being less academic and explores authentic science . Itshows that

16



usingthe out doors has the potential to extend childre
application of scientific skills and approaches . This thesis uses authentic situations and

real problem solving to make the abstract more concrete. This aligns with  Scott and

Boyd 6 $2016 , p.1) view of: A Get t i ndr dMo r@e t t i ,migich @und &significant
increase in the childrenots | i asareautgfa afieldwoitkear ni ng

based intervention.

13Howcara OA Sy O $e defiddd MISrAmArd ehodls

Before exploring science lear  ning, itis perhaps useful to first define learning. Learning
is generally understood as  far more complex than acquiring new information and
demonstrating recall ~ (Roediger and Butler 2011; Karpicke etal. 2014).Inline with the

constructivist approach taken within th is thesis , learning has been defined as a process

of change that occurs as a result of experience (Argyris and Schon 1996). Itincludes
cognitive change in thinking and knowledge (Krathwohl etal. 1964; Shayer and Adey
2002); conative acquisition of skills and habits ; and affective change in emotions

(Kolbe 1990; Sno w, Corno and Jackson 1996 ). It also involves the synthesis of old and
new experiences to create new patterns  within thinking which have the potential to
improve future learning and be long lasting. Within this  thesis , significant learning

moments have been identified as:

1 when a child first does something unaided or when they are able to do
something with help which they were unable to do without (Vygotsky 1978);

1 when they take risks , recognise errors and acknowledge misconceptions
(Walters and Begley 2007; Little 2020 );

1 when they are immersed in the learning (Csikszentmihalyi , Abuhamdeh and
Nakamura 2014; Coburn and Wallace 2017 );

9 or when there is a shift in their constructed understanding of th e world (Piaget
1978).

Critical incidents  are occurrences that typify or illuminate a particular feature of

learning andreveal something unusual or non  -routine within the learning (Flanagan
1949) , such as an event which initiates a turning point or change (Tripp 2012). They
are also significant because they provide insights about the chil drconcefusl

understanding as part of the process of learning .
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There is no single agreed definition of what science learning encompasses (Sharp et al.
2017) and some authors debate the ambiguity about the nature of science (Holbrook

and Rannikmae 2009).  The lack of alignment and inconsistency in the defined

characteristics can lead to some teachers developing misconceptions about enquiry and
misundersta ndings about the role of both teacher and child in enquiry -based

instruction (Reif 2008) . This is exacerbated by Ofsted (2021) wh ich question s the value
of child -led enquiry and note s caution in relation to guided enquiry; with value being

placed on contro lled scaffolded enquiry, direct instruction and explicit pre -teaching.

Primary school science was defined by UNESCO (1982, p 27) as: NAthe devel
an enquiring mind; promoting children's intellectual development, including thinking in

a logical way a nd problem solving; improving the quality of children's lives; assisting in

other subject areas,  especially language and mathematics; equipping children for living

in an increasingly scientific and technological
understood and focuses on the wider, overarching benefits of science learning, whilst

putting the child at  the centre of the learning (Harlen and Elstgeest 1993; Wadhwa et

al. 2018). This understanding of science learning in particular holds resonance with

Dewey ( 1910) who focused on equilibrium, connection and engagement through

experimentation within his five steps of effective learning. He believed that emotional

and intellectual respons  es enable children to solve problems through active

participation. He saw children as being characterised by curiosity, similar to scientists.

Holman (2017, p.6) suggests that fexperi mentation gives science

fiscience uses e xigceverithereatitiessundertyingdhe world, and this

practical approach seems to be as intrinsic to young learners as it is to professional

op|

W |

researcherso. Whilst experimentation-basedoften ass

activities, it also plays an importan tpart inprimary science, with value being placed on

the practical application of O6working scientifi
Curriculum ( GB.DfE 2013). However, experimentation does not highlight the breadth of

possibilities and opportunitie s which are encompassed in science. Hands on practical

experiences include more than experimentation , for example illustrative experiences,
investigations, surveys, basic skills and observations (Ward and Roden 2008). There is

a consensus in the teaching community t hat atfhe megrtwof scigntific s

act i v(Loklgyoetal. 2018 p.56 ) and forms the basis of scientific learning

(Goldsworthy and Feasey 1997; Johnson 2005; Harlen 2015; ASE 2018 b).
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Wi t hi n t hi dentfich enguirs 6refess¢o a situation where curiosity provides the

desire to find something out. This definition was informed by: Turner etal. (2011) who

state that science enquiry is fAwhat children do i
about the world around them 0 ( p Aalg;®fsted (2011 ) who suggestthat it involves
Afexploring questions and finding answeryitdemecegh
(p10); and the  Association for Science Education ( ASE) (2018 b) who describe enquiry

a s @ prdeesses and skills pupils should be taught and use, to find out more about

theworldand how it wor kVghin thé griddgry. National Curriculum (GB.DfE

2013), o6working sc¢ihentihfi il da letaigry arsd &kndwlering qudstions

is fundamental in the statuary guidance, therefore it is seen as central to scientific

learning . The curriculum goals ai m t o dev el o mdegehdericedinm amswériag i

their own questions  as aresult of children being Aipassi onat el(koxleyuetal. o us 0

2018 p.56); seeking information to answer their questions ( Harlen and Qualter 2018  );

and generatin g new questions that can help them to link wh at they already know to

new experiences (Chin and Osborne 2008) . Itis therefore essential that children learn

about the nature, processes and methods of science ,and iby working | ike sci
they will develop the skills to answer the questi:
Strachan 2017, p.3).

Bei nsgec i 6e n drawk upondan experiential approach to learning (Dewey 1938 ) and
includes developing skills, attitudes and ways of working. It is a distinct way of
knowing, doing and thinking (Wenham and Ovens 2010). It involves thinking about

ideas, test ing them against their experience s in scientific ways and comparing them
with existing ideas and evidence (Johnson 2005; Harlen 2018). O utdoor and science
learning connect well together to enable children to be scientific, for example, learning
through observing decomposition , Surveying gr owth, measuring the weather and
testing forces in their natural environment is more beneficial and less abstract when it

is in context. The importance of ideas and evidence within science can be understood

as especially transferable to outdoor learning . Linking with the principles from Millar
and Osborne (1998), science learning involves: developing a sense of awe and wonder;
enthusiasm and interest; developing confidence and competence in engaging with

scientific concepts; and developing ideas, explanation s and procedures of scientific
enquiry. These principles reveal the natural synergy between science and outdoor

learning as well as highlighting the value of science in sustaining and developing

childrenbés natur al curiosity abemut the natural wo
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Those who are science specialist teachers in primary schools see science as an

important core subject (Davey 2021 ; Ofsted 2021 ). Two in three primary school
teachers have not studie d science beyond GCS E (Wellcome Trust 2017 a) and even
these non -specialist teachers are passionate about science underpinning everything

that they teach . They believe that it is important to weave scientific concepts and

enquiries throughout the topics that are covered . The more that children feela  ble to
relate to science in their everyday lives, the better their engagement and progress

(Godec, King and Archer 2017). In the same way, trainee teachers who choose to
specialise in primary science commented on their positive experiences of teaching

expe riential science and how  engaged and motivated the children were (Blackmore ,
Howard and Knighton ~ 2018).

The Ofsted (2021) review is an important addition to this debate because it defines
science as learning a body of knowledge relating to the products an d practices of
science. It statesthatb vy learning about the practices of science, children learn how
scientific knowledge becomes established through scientific enquiry. However, Ofsted

(2021) puts emphasis on the use of practical science to c onsolidate learning and aid
vocabulary recall, rather than providing the possibility of applying vocabulary with a

purpose which is one of the ten issues in primary science identified by Bianchi,
Whittaker and Poole (2021)

Ofsted (2 021) is concerned with the need to learn a wide range of vocabulary over

time and that  dun dactivities do not enable deep understanding of science concepts or
retenti on i dongetermimdnmory.n dlrscontrast, 0 utdoor science learning
highlights the p lace of thinking scientifically within practical science , as its focus is on

curiosity, scientific interest s and questions . It isvaluable for enabling motivation,
drawing on prior learning and providing repeated and regular science experiences

(Waite 2017 ). Both teachers and trainees understand the need to ensure uncertainty is
welcomed in science and can be used positively to challenge ideas and thinking as well

as inspire children to see science as more than knowledge and facts (Hoath 2020).

Hoath (2020) also suggests that uncertainty yields new discoveries, some answers and

more questions.
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1.4 What are the issues primaryscience ducationin Englan@

One of the most fundamental reasons that w e teach science to children in English

primary schools is to enable children to develop as individuals and to contribute to the

needs of society. According to Serret and Earle (2018) it is important to provide
opportunities for children to make sense of th e world around them, equip themselves
with vital life skills and make informed decisions. These opportunities  form the

foundation for their ~ @&cience Capital 6which constitutes science related knowledge,
skills, attitudes and experience and demonstrates how people engage with science. It

is benefit ted by having an enquiring mind and enthusiasm (Archer atal. 2013).

There are several key issues in pri mary science education  which limit the development

of ¢ hi l6dSereen Gapital & Bianchi, Whittaker and Poole (2021) highlight a number

of these issues relating to the learning including the lack of : curiosity, interest and

guestions ( Holman 2017 ; Wellcome Trust 2017 a); purpose (Holman 2017 ; Abrahams

and Reiss 20 10); and child -led autonomy and independence (McCrory 2017) . Each of

these represent the reality of current childrenobs
schools through the examples  from primary science specialists and emphasises the

decline in chi l|-bgedundesstaringa c Effective outdoor science learning

has the potential to negate these issues through the child -led opportunities that are

fundamental to  this approach.

Intermsof c¢ hi | d atetudés $o science education, there are negative perceptions

about science being hard and , as aresult, some children are less likely to recognise the

broader value of science or continue to study it beyond GCSE statutory requirements

according to a survey of 209 primary schools in England (Wellcome Trust 2014) . This

interest in science appears to differ with age , with the Wellcome Trust survey

(Wellcome Trust 2019b ) suggest ing that younger pupils in year 3 (age 7 -8) appear to

like science more than older pupils in year 6 (age 10 -11) (53% as opposed to 34% like

science O0a |l otd).

Children need to be invested in the learning in order to make progress , develop their

scientific thinking and givethemapurpose .Chi |l drends naturciance affinity

learning will have been influenced by their school experiences and, a ccording to Harlen
etal. (2010), children are widely reported as finding their school science not relevant

or interesting tothem . They are lacking awareness of links between their science

21



activities and the world around them , SO do not see the point of studying things that

appear to them as a series of disconnected facts (Ofsted 2011) . Science learningis a
discipline whichis compatible with ¢ h i | d cugios @ysbutif itis packaged inways that
are unrelated to the realworld , it can appear abstract and unconnected to children.

This is the problem that my research is addressing . Using the outdoors can make the
learning even more relevantand help children to be Gooted in dand more @&onnectedto 6

the concrete experiences from which the learning should be built.

Successful science s also about how the science is taught  which , if itis taught in an

abstract way, can leadto the disconnection of pupils from learning (Wellcome Trust

2005) . Whenitisdonewell , f or example through o6working sciert
there is an impact on childrenédés i nExendegst and eng.
investigations and greater learner autonomy provide increased challenge and

stimulation (NESTA 2006, Osborne and Collins 2000) and the best teaching sets out to
fisustain pupil 6s nat uthegare ec ageritodearn theysubjes conténtaa t

wel | as develop the necessary i nveWhenigiadorelesski | | s 0

well ther e is disconnection , the learning is superficial and lacks depth. According to

Bianchi, Whittaker and Poole (2021), teachers align success in science with vocabulary

recall and there is an overload of science with age -inappropriate terminology. This

di sconnect also occurs when being 6éhands ond domi |
teachers are working harder than the children thro ugh abstract 6r eci pebdé style ta
(Abrahams and Reiss 2010). The challenge for teachers is to make the learning

interesting , relevant and of use for the rest of their lives within the enormous range of

Science Technology Engineering and Maths ( STEM) based possibilities. This can be
problematic when teachersd professional aut onomy

government policy.

1.5 What is the impact of governmental policy on learning in the context of primary science?

The influence of government led priorities on practice has impacted upon the learning

of science in primary schools. Sincethe g o v e r n meemoval sof the end of Key  Stage

two testing (for 11 year olds), a survey fromthe  Wellcome Trust (2011, p. 1) found

that teachers in England reported: il ess teaching time devoted to s
the status of science; science assessments not done; reduced curriculum or coverage

of t he c ur The testsharraon@d the learning by focusing on outcomes, yet the
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removal of the tests lowered its status and time given to science (Earle and Turner

2020). The 6éstate of the nationé report i roungedyeat al s o
groups in primary education received fewer hours of weekly science lessons and only
30% of respondents said that their senior leaders saw science as very important

compared with English (8  3%) and maths (8 4%) ( Wellcome Trust 2017b; Wellcome
Trust 2019 a). In the maintaining curiosity report (Ofsted 2013), half of schools no

longer see science as a priority and decision making about improving the teaching of

primary science is ad -hoc and not strategic. =~ The impact of this  perceived lowering of

the status of science can be seen in the evidence from the Key Stage two science
sampling results. The data from 2016 (STA 2017 b) showed that 23 percentof 11  -year -
olds were performing sufficiently well in science. This was down from 28 per cent in

2014 (Robertson 2017) and significantly lower than 53% of children who reached the
expected standard in  English and maths in 2016 . This literat ure suggests that| ess
science is being taught due to the profile being lowered , differences in assessment and
schools not being accountable in the same way, which can i

to science and their attitudes towards science.

Another rea son that science can lack priority in schools stems from the way that Ofsted

tends to validate government expectations for schools and areas of priority are focused

upon within their reports. Through Of stedds inspect i p0OhGsand?0l7,sc hool s
48% of Ofsted reports mentioned science and only 15% of reports mentioned the

terms investigation or experiment , Whereas 99% of reports mentioned maths

(Wellcome Trust 2018). However, the schools with the highest or most rapidly

improving standards ensured sci entific enquiry was at the core of their work in science

(Ofsted 2011). Through the introduction of the 2019 Education Inspection Framework

(Ofsted 2019 e€), teachers are now  expected to focus more on the substance of

education and a broad curriculum including the prioritisation of Physical Education and

Maths Mastery (EEF 2015; Newell 2019). The practical aspect that underpins Physical

Education and Maths Mastery, which includesmat hemati cal thinking and
practiced (NCETM chitdrervtd develspudpep and sustainable knowledge.

Both practical approaches lead learning away from a knowledge -based curriculum  and

promote greater teacher autonomy . Thisisimpo rtant in the context of this research

because it may enable teachers to see the importance of practical learning and may

promote the idea of  thinking scientifically. It could have a positive impact on the
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quality of science learning through the shift in em phasis on the wider scientific

attributes within the 6quality of educationd judg:
Despite this change in governmental approach, t here still remains a disconnect

between the requirements o f teachers and the needs of children in practice , which is

that what teachers are expected to teach is not meeting the needs of the children. As

suggested by Galton and MacBeath (2008 ), t he government  continue s to put ever
increasing pressure on  teachers to prove themselves against best practice ideals and
criteria effectiveness  (NEU 2018) . Whilst the government have acknowledged the
unnecessary workload issues for teachers ( GB.DfE 201 9b), they continue to inspect

schools with a focus  on gradingt he quality of educational intent, implementation and

impact , including achievements in tests (Ofsted 20 19e€). This intensification of workload
is as a result of pressure to raise standards , resulting in a lack of professional
autonomy, creativity and sense of ownership. The post pandemic  decovery cur ri cul umd

(GB.DfE 2021c ), which predominantly focused on English and maths , had a negative

impact on science, with 21% of schools prioritising other subjects over science , even

though 67%report edgaps in childrenbds s c skilsn@ellcokma oTwuste dge a
2021).

In terms of learners, it has been acknowledged by Shernoff and Csikszentmihalyi

(2009 ) that the learning needs to be relevant and connected, whilst rooted in concrete

experiences with greater autonomy and opportunities for learning to be led through

curiosity. However , according to Earle  (2018), teachers can become reliant on

statutory struc tures and pre -defined progression within the learning which do not value

the i mportance of el i cThishasgeerc hintehsified e by @fsted 6dse a s .
changing positi on on | earning in science. I n 2008 Of st
over -emphasis on facts at the expense of investigations; involving the narrowing of the

curriculum and a reliance on worksheets. It found that children 0s interest and
enthusiasm i n science was low, with Ofsted (2011) suggesting that t he most important

focus for schools was to ensure that pupils were engaged and challenged by their work

in science, particularly in scientific investigation. However, in 2021 substantive

knowledge became prioritised over disciplinary knowledge (Of sted 2021) whichis again
creating a reliance on facts within school through the promotion of the importance of

recall , retrieval and retention (Ofsted 2019 b; GB.DfE 2019a)
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1.6 The esearchguestions

A lack of research focusing on the learning outcomes , quality of learning  and impact of
this learning onthechildren 6 s at t a demamstnate s a gapin knowledge and
practice within  outdoor science . As previously discussed,t he outdoors is well placed to
enable science learning to occur, where science is put into action and where it
encourages active engagement based on real -world experiences.  However, the take up
to enable these changes ha s been limited by wider curriculum pr  essures and the
restricted prof essional autonomy that teachers report edly face (Worth and Van den
Brande 2020 ). This research intends to equip practitioners with examples to help them
engage with the outdoor learning for science pedagogical practices by va lidating the
quality of the learning . Working alongside trainee teachers , who are science specialists
and are uniquely positionedto  observe and engage with the learners in small groups ,

provide st he opportunity to gain novel insight into t

Much of the available literature relating to outdoor science (Glackin 2016; M archant
2019 ) focuse s on the professional perceptions and confidence of teachers in teaching
science whilst u tilising the outdoors and d oes not focus on the learning outcomes or
quality of learning. In order to validate outdoor scientific learning and to prove quality
learning is occurring, there is a need for examples to highlightthe  value of the
learning , academic gains and progress. As opposed to teaching abstract concepts, the

use of the outdoor context provides a place for contextualised and connected learning

It also promotes scientific thinking through the use of evidence and ideas, which
connect to scientific attitudes and attitudes towards science . The credibility of outdoor
learning , along with the status of science as a core subject , are often questioned in
practice and facts are frequently taught at the expense of  enquiry. This e mphasises the

need for justification of the importance ofenquiry within chi |l drenés | earning.

These issues inform the research aim and the research questions. The aim of th is

research isto6under st and what constitutes eff elordughve out
explor ing how trainee teachers can use the ethos and practice of outdoor learning to

support c lemnghgémeatand s learning in primary science. The research questions

are based upon the assumption that science learning is occurring in all primary schools

and that progression  is something thatc an be defined and identified in practice. The

subsidiary questions provide a skeleton around which to find information to answer th e

main research question.
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Main question:

T How can trainee teachers most effectively supp

science, using the outdoors?

Subsidiary questions:

In what ways can children be encouraged to think scientifically through

utilisati on of outdoor learning?

What scientific attitudes are demonstrated by the children when learning in the

outdoors?

How can trainee teachersga ug e c¢ hi | atainenenbasd progress in outdoor

science learning?

What are the challenges associated with assess ingchil drenésscipnceact i c al

outdoors?

1.7 Outline of the thesis

The aim of this thesis isto understand what constitutes effective outdoor science

learning . It explor es how trainee teachers can use the ethos and practice of outdoor

earning to support childrends engagemdmet and | ea

research questions focus on scientific thinking, attitudes, assessment and progress

within the learning . The se are addressed through the evidence of learning collected by

three trainee teachers , who were science specialists, across three case study schools.

The thesis explore s the literature associated with pedagogical issuesin  primary

science, assessment of scie  nce and outdoor science learning . It examines the current

position of primary science within the ever -changing academic and political landscape

of education. It also provides an epistemological framework for the research focusing

on experiential learning and considers and associated approaches to pedagogy

The research paradigm, methodology , methods and ethical stance , including both

ethical issues and ethical consider ations , are viewed from an interpretivist lens and

consider the nature of knowledge from a constructivist  perspective . Theoretical and

philosophical underpinnings are considered and the appropriateness of a multiple -case

study approach for this research is examined and critiqued , with elements of
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subjectivity, power and validity discussed. Along with the suitability of documentary
analysis, observations and interviews as the data collection mechanisms for evidencing

and reflecting on  outdoor science learning in -the -moment .

The approach to data analysis is set out in four stages from immersion through to

higher level synthesis . Within the analysis and discussion of the findings, three main
themes are identified  across the three case studies . These focus on thinking

scientifically, behaving scientifically and questioning scientifically , and then the findings
are summaris ed and reflect ed upon . The findings are contextualis  ed and considered in
relation to the literature, policy and practice , then evaluated in light of the research
guestions. Methodological and e thical limitations are considered and i mplications for
trainee teachers, professionals and my own professional practice are explored. Itis
acknowledged that trainee teachers can use the outdoors to facilitate science

attainment , capture progress and identify higher order learning. The research tools are
valuable in captur ing evidence of outdoor scienc e learning and provide a response to

the ten key issues  in primary science learning identified by Bianchi, Whittaker and

Poole (2021). The issues that were particularly relevant within the context of my

research focused on the purpose and progression in le arning, chil drendés atti

guestions, child -led autonomy and independence.
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Literaturereview

This literature review can be broken down into three elements:

1 pedagogical issues in  primary science,
1 the assessment of science learning and

1 the science associated with outdoor learning .

They relate to the gaps in knowledge , the gaps in practice, and the subsidiary research
guestions assoWhiaatt ecdo nwsittiht ut es ef fecti ve .dhig door s
research linksto atheoretical framework thatis underpinned by the cognitive form of

constructivism, associated with the internal workings of the mind (Hayes 200 5). The

literature review draws upon the work of a number of  seminal theorists such as

experiential learning from Dewey (193 8) and Kolb ( 1984 ) as well as cognitive

development from Piaget (1978) and Bloom et al. (1956) a long with Zimmerman

(1989) and Quigley , Muija and Stringer (2018 ) who explore self -regulationan d

metacognition.

The literature review s influenced by leaders in the field of outdoor learning such as
Dillon etal. (2005 ), Waite (2011) , Glackin (2013) and Hoath (2015) .It is also
informed by primary science research findings from Harlen ( 1985 ), Osborne,

Wadsworth and Black (1992) and Bianchi, Whittaker and Poole (2021)

Pedagogicatonsiderations foprimary gience

2.1 The progression otg&nce in the curriculum

I f science begins with a childds very first acts
Christie and Wardle 2005; Watts, Salehjee and Essex 2016), this suggests that  the
activities which  lead children to be spontaneously curious are likely to be intrinsical ly

scientific . The current Early Years Foundation Stage (EYFS) (GB.DfE 2021b) curriculum

includes 6Understanding the Worldé as a specific
to five years of age. The statutory expectations on practitioners to assess t he chil dr ent
attainment of Early Learning Goals indGBwDiEe criter:

2022 a). The content includes exploration, knowledge of similarities and differences , as
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well as understanding processes and changes. It drawson t h e c h is lexperienced
and encourages children to talk and describe their observations and understanding.

This is expanded upon in the non - statutory guidance of development matters ( GB.DfE
2021 a) but birth to 5 matters (Early Education 2021), which is non - statutory guidance
created by the sector, goes further and recognises investigations, scientific enquiry and

exploration as essential components of learning.

The key features of primary scienti fic enquiry, for children from five to eleven, are

included in the National Curriculum ( GB.DFE2013) t hr ough Oworking scient
whichisdefined as fAunderstanding the nature, processes a
each year gr o.umpocontrdsp tolthe EYFS (GB.DfE 2021 b) curriculum, enquiry

is embedded inthe subject knowledge content of biology, chemistry and physics. In

association with this definition, the characteristics of enquiry have been suggested to

include : fiobserving over time ; pattern seeking ; identifying , classifying and grouping ;

comparative and fair testing ; and researching using secondary sources 0 (plib)

involves children collecting, analysing and presenting data. It also support s future

learning in KS3 (11 -14 year olds ) and KS4 (14 -16 year olds) in more meaningful and

sophisticated discussion of experimental design and control.

I n the O6pur pose ofstsattuudtyodr ya ngdu i 6ddatiomaleChrricoldm t h e
(GB.DFE 2013) , e mphasis has been put on experiential learning  and simulating real -

world environments so that learners can progress through  apply ing their skills and

practise the problem  solving techniques needed for future employment. This learning

may be -Rnoa@ar , i nformal andec,p.4d cbuttpiovidesashst ed 2019
opportunity for children to apply their science knowledge and enquiry skills in different
context s. Using an outdoor learning  context that focuses on situated scientific learning,

emphasis es the relevance of experiential learning (Lucas and ClI axton 2010).

2.2 An experiential approach to scientific learning

First - hand experiences are underpinned by experiential learning theory. Dewey (1922)

found that children |l earn by &édoingd alfed educati o
situations. He highlighted the importance of social interaction focusing on the ability of

the individual to question through experience and interest. Dewey (1922 ) focused on

understanding the depth of the experiences. He saw learning as a dynamic process and
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a transaction between the children and their environment. Later, Kolb (1984)
suggested that children construct new knowledge through a cycle of experiential

learning involving doing something to gain concrete experience, reflection,

interpretation and practice. Kolb (2015) went on to explore this theory in practice
considering transformational experiences and learning -centred educational innovation

in light of his review of experiential learning  theory (Kolb and Kolb 20  22).

Whilst Kol b6 s (nadel8has) been criticised for being too simplistic and not
considering the contextual aspects of the learning process (Morris 2020 a), when the
learning was taken outdoo rs, the setting provided the concrete experiences that were

contextually -rich and contextually  -specific , which are both  relevant to this  thesis.

Focusing on concrete experiences in nature, Leyshon (2020) places value on child -led
learning, higher order skills and self - efficacy within experiential outdoor learning.

Although her research focuses on children who were more able and talented, the

outcomes of creativity, purpose and independence align with this thesis. There has also

been a resurgence in experiential learning research focusing on creativity (Gabriel

2021) and self -directed learning (Morris 2020b). They recognise creative solutions are

generated through the process of experiential | earning and learners are also proactive

in seeking information, demonstrating independence and retaining responsibility. In

addition, this process has been associated with digital technology where the research

critically considers the affordances of connec tivity, accessing knowledge for greater

child - centred learning and supporting reflection (Hills and Thomas 2020). Whilst
recognising the value of digital technology to su
useful to bear in mind the challenges assoc iated with managing the distraction that

devices provide and ensuring discovery learning is protected (Hills and Thomas 2020 ).

Dewey (1922) suggested that children create understanding through making sense of

the world around them. This underpins the curre nt experiential approach to learning in
science within the EYFS (GB.DfE 2021 b). Itis also reflected in the t eaching of science
in the primary National Curriculum ( GB.DFE 2013 ) which involves ensuring that

children from 5 to 11 years of age are at the heart of the learning , with the emphasis
being on theirideas ( CASE 1967; Bell and Darlington 2018 ). As the children get older,
the nature of science  becomes more reliant on a combination of both the knowledge

about sci entific activity and the knowledge of scientific thinking. There is still an
element of ambiguity based on how to teach these effectively (Sharp etal . 2017).

Without knowing how ideas were developed, learning science would require blind
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acceptance of many ideas about the natural world. They appear to run counter to
common sense and conflict with everyday knowledge (Ofsted 2021); such as accepting
that the Earth is round, when intuition suggests that it is flat ( Allen 2019 ), orin terms
of inertia and  accepting that objects in motion will carry on eternally if unperturbed,

when intuition suggests that every object in motion seems destined to slow down

(Harlen etal .2010). Ofsted (2021) acknowledge that children need to know why their
scientific idea is incorrect and why their misconception from prior knowledge is

scientifically wrong , highlighting the value of of metacognition . Repeated opportunities
in a range of contexts to practice activating the scientific concepts while suppressing

the misconception. Exposing children to specific conflicts to apply conceptual

knowledge.

Ideas about the world are used to understand or explain what has been experienced.

The phrase 6l deas and evi previaus abicuwma s (GBOEEL1999N , t h e

suggesting t hat o6t hinking scientificallyd was adw t he he
an expectation that Oowor king sci eaedsiof becal | yo6 ( GB.
demonstrated in the current curriculum, with some upper Key Stage two (9 -11 year

olds) learning outcomes being more closely aligned to a0t hinking scientifica

approach , for example exploring and justifying ideas, identifying patterns and making
decisions ( CIEC 20 21).

In line with the approach within this thesis, the following research studies demonstrate
how experiential learning is central to science learning. They highlight examples of

learner generated knowledge and understanding, reflect on learning and explore ideas
that children hold about the world around them . However , examples from the outdoors

are limited and progression is under -discussed.

The science processes and concepts exploration project , between 1990 -1998 , was a

study of the ideas of primary school children with the aim of being able to identify,

jus tify and validate the quality of the experiential learning that was occurring

(Osborne, Wadsworth and Black 1992). I't provided examples of child
common misconceptions in relation to abstract concepts, such as evolution, energy and

forces,th r ough representations in the form of childrer
(Figure 1). It focused on knowledge as opposed to enquiry skills and supported

teachers to understand childrends cognitive thinki

support chil dren might need. Whilst experiential learning was central to the project, it
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did not include a focus on outdoor specific examples, although some could be seen as
relevant to the outdoors (Figure 1), including the concept areas of processes of life,

growth and weather . The project was not progressive, nor did it focus on age

appropriateness, emphasising teacher understanding rather than promoting
metacognition and giving children the ownership of th eir learning.
Fig. 3.3 Fig. 3.4
P
A\ I

S\
Thet\rw peeds \ and
taater ko \ne\g .‘::‘f\f‘-‘LN kal\

Lu’.-éowi\\\
"The sun helps the plant grow "The plant needs soil and water
by making the shoots grow" to help it grow tall"”
Figure 1: SPACE Nuffield resources , p20 .1
More recent examples of experiential learning in primary schools include the Teacher
Assessment in Primary Science (TAPS) project (PSTT 2015; Earle 2018 ; PSTT 2021),

t he gover nmen tagsasssnierd exentpldication (STA 2018 a) and Planning for
Assessment (PLAN) (ASE 2018a). They provide lesson plan examples and annotated

evidence of lea rning by year group, acting as a benchmark for teachers to judge the

pitch and expectations. However, whilst experiential learning is central to the

assessment examples, the relianceon wr i tten recording doesnbdt
extent of the learning (Figure 2 ). There is also a lack of outdoor learning and, where

they are included, the examples do not capture learning in -the -moment. Assessment of
scientific thinking is incorporated in the occasional examples of talk in the PLAN

resources (ASE 2018a) w  hich have the potential to be developed further (green text in
Figure 2 ). In summary , although outdoor learning was not prominent in these studies,

the children were at the heart of the research with the aim of understanding the

experiential learning to im prove practice.

1 Permission to reproduce this figure has been grantedibyuisan@nuffieldfoundadtion.org
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Classifying tulips and daffodils

» describe how living things are classified into broad groups according to common observable characteristics and based
on similarities and differences

* give reasons for classifying plants and animals based on specific characteristics.

These are all daffodils
As a class they looked at a selection of iuesesane ull Satiudi]

tulips and discussed what they all had in
common. Why are they all tulips even
though there are observable
differences? The children were then
given images of daffodils and asked to
create their own branching databases.

as they all have

coronas and are all
shades of white,
yellow and orange.
They all have the
same shaped leaves.

She is able to ask
appropriate closed
questions to split the

Kiruthiga has used observable features.
She is aware that daffodils have

common observable features and that sizk Y nore A w3 e
: 03,3_,5‘05 petals oo 55 e conn ¥ daffodils into groups
although these vary, they are still all %3 NO 165 10 e Secgl i
; S i \ s and present this in a
Qatfonils Vore 2 R Aoy branching database
. i et o .
She is secure at classifying based on “"‘:,:.’5_ rm Cnite! " qe.

R —_
observable features. \”5\ ", E ﬁ“J

Figure 2: PLAN resources (Kiruthiga example , ASE 2018a ). 2

Despite these benefits of experiential learning, there have also been criticisms of the

approach . Firstly, the emphasis on child -led learning, rather than a didactic approach
involving the transition of knowledge, has been criticised because of a perceived lack of
structure, rigour and challenge ( Ofsted 2021 ). Yet , greater benefit has been found to
come from decision making, evaluation and accepting uncertainty as a result of
experimental learning ( Kolb 2015; Scogin  etal . 2017; Coker etal. 2017 ).Ithas also
been stated that the actual hands -on components of expe riential learning are not
always the most important parts (Wenning 2011). It could be suggested that all

enquiry activities are experiential, yet not all experiential activities constitute enquiry.

However, ensuring the science enquiry skills are embedded in the learning is a key
component of the teacheré6és role and therefore a f.

research.

Secondly, much of the enquiry process occur sonésawellh bef o
as after through O6eval uat dathéideasIdh@cessand s val ue pl a:

arguments which underpin science learning. However, using experiential components

2 Permission to reproduce this figure has been grantethdayet@primarystem.co.uk
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does not always provide opportunities to initiate and develop these aspects ( Erduran
and D agher 2014; Osborne 2015; Bianchi, Whittaker and Poole 2 021). Ensuring these
pre - and post -learning processes occur are important in maximising the learning

opportunities and enabling metacognition within this research.

Finally, the experiential learning approach is not valued by the government because

the Nat ional Curriculum (GB.DFE 2013) provides a limited range of enquiry

characteristics within the programme of study statutory requirements that relate to

outdoor learning and experiential learning. This has the potential to restrict the

scientific learning po  ssibilities because there have been many more characteristics of
enquiry identified through research ( Isaacs 1962; Cross and Bowden 2014; Dunn and
Peacock 2015 ). Within this research, the trainee teachers need to use professional

autonomy to go  beyond the non -statutory notes and guidance to maximise the learning

potential of the outdoor context. Enabling outdoor science learning through these
experiences provides valuable opportunities to connect with science -in-action and
appreciate scientiick nowl edge in concrete contexts. Thi

view on valuing the  context of the learning and promoting the use of outdoor settings

to build up worthwhile experiences.

2.2.1 The role of the adult in experiential learning

In an experiential  approach, the role of the adult is one that guides children through

the process of learning and personal reflection, resulting in positive learning outcomes
associated with  the cognitive content of the minds of individual learners ( Jenks and
Murphy 1979 ). Dewey (1922) believed in the legitimacy and value of experiential
approaches to learning, as a result of continuity and interaction. Experiential learning

was an important part of Kol H1® 84) learning cycle model , which had an emphasis
on the adult facil itating and observing in order to support the progression of an

individual. Rather than the transition of knowledge, the role of the adult was to guide
the children to make connections and develop critical thinking skills, to challenge
misconceptions and i  deologies in order to prevent reinforcement of misunderstandings.
Within the experiential approach of this thesis, there was an expectation that the adult

would manage knowledge and skills, questions and have an awareness of attitudes.

When teaching science through an experiential approach, the teacher plays a pivotal

role, which involves teaching the enquiry skills as well as the scientific concepts. An
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issue affecting current practice is that experiential learning can be perceived by t he

teacher, in the role of a facilitator , as more 6chaoticd especially wl
believes they have less control of the decision making (Rogers 1994) . However, it
needs to be acknowledged that this is an a ctive process that requires an organised

app roach (Smith 2016) . This organised approach is something that this thesis aims to

support.

The role of the adult within experiential learning is to personalise the learning to enable

the learner to have control of their own learning. Giving children the ownership of their

learning to enable them to demonstrate their understanding (Goswami and Br own
1989; de B 60 1999; Cross and Bowden 2014; Peacock etal . 2017) can be seen as
integral to children developing their scientific literacy. Established scientific thinking is
said by Kuhn (2011 a) to involve metacognitive and meta - strategic knowledge which is
where children reflect upon both the process of knowledge acquisition and the changes

that result from engaging in scientific activities.

In order to affect metacognitive change, teachers need to encourage children to
regulate their cognition and lear  ning. Self -regulation refers to the degree to which
children are metacognitively, motivationally and behaviourally active participants in

their own learning process (Zimmerman 1989). Metacognition has been proven to have
positive i mpacts o micatcamdseselt s déficaaycanddngrinsic motivation
(Kitsantas 2002; Zimmerman 2000). It enables deep learning rather than superficial

learning, which was commented upon as an dssue 6in English education by Bianchi,
Whittaker and Poole (2021), a nd evidenced as effective practice in relation to outdoor

learning (Schraw 2012).

When the learning is taken outdoors, it moves away from the more typical classroom
demonstrations to progressively greater freedom, resulting in improved outcomes

because of gre ater independence, self -awareness, choice, uncertainty and the
development of metacognition (Zimmerman and S chunk 2001). Child -led learning is a
key aspect of outdoor learning and so securing a balance between control and

intellectual sophistication is imp ortant. Wenning (2004) suggested that when the child

has more control of the learning, the intellectual sophistication will increase. When the

adult enables metacognition, the children understand how they learn, whilst taking

control of their  own learning (Quigley, Muija and Stringer 2018).
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Although there are a range of models, three are most relevant to this thesis because
they examine the experiential approach to science enquiry and understand the need for
a child -centred approach , alongside the need for  a degree of teacher intervention.

These include;:

T Vygotskyds (1978) scaffolding theory,
1 Bybee and Landes (1990) 5Es model,
T Wenningés (2006) inquiry spectrum.

Vygot s ky 6 s&cdffaldng &theory involves a well -balanced combination of

structure for o pen enquiry learning and sufficient space for independence within

experiential learning. The teacher supports the child to solve a problem, carry out a

task or achieve a goal which would be beyond their unassisted efforts. It requires

specialistknowledge and a personalised approach to know eac

proxi mal devel opment d.

Bybee and Landes (1990) 5Es model of instruction consists of five phases of instruction

within the learning cycle including: engagement, exploration, explanation, elaboration

and evaluation. There is an increasing level of sophistication within this model, which

aligns with the emphasis on progression within this thesis, but it has been criticised for

a lack of critical thinking and is seen as time consuming (Bybee etal. 2006 ).

Wenning (2006) proposed a scientific enquiry model which concentrated on  inquiry
(enquiry) as a spectrum . The levels of enquiry demonstrate the hierarchy of enquiry -
oriented science with developing intellectual sophistication and locus of control

between the teacher and the learner. Whilst it acknowledges the importance of the

teacher, this model emphasises the hierarchy of enquiry teaching towards the higher
levels of intellectual sophistication when there is greater control for the learner. This
was supported by the f  indings from Serret  etal. (2017) , who foundthat when more
open -ended enquiries were introduced , through greater a daptation and contextualised
approaches, the teachers were better able to meet the needs of the class . There are

also criticisms of the spectrum, such as when the level of control that is given to the

learner results in a discovery -based approach to enquir y. For example, when the
|l earning is expected to 6emergeb6 from observati on.
Without the scaffolding from the teacher within experiential learning, the children are
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not supported to make connections and see the phenomena in a scientific way
(Abrahams and Millar 2008).

All of these models use an experiential approach centring around direct experiences,

knowledge discovery that has meaning, and is where children are committed to and

have control of their own learning ( Moon 2004 ). For this to be effective in this research

and in the outdoors, the t e a c h scaffelding and assessment  of experiential learning

need ed to be personalised according to the learners needs. However, they are deemed

to be t ime consuming and require flexibil i ty to be applied in the con

placement schools.

2.2.2 Balancing the acquisition aiéwledgewith the development of enquirgkillswithin

experiential learning

The nature of science  can be understood to involve the separation of &nowledge of
scientific ideas 6from d&nowledge about scientific enquiry 6(Harlen 2018; Lederman and
Lederman 2020 ).Termed by Of sted (2021t)i vass kKmraubisddhged sci pl i

knowl etbgndebbot h conceptual 6know thatdéd and procedul
they were put in place to address ambiguity and strengthen clarity of learn ing goals
across all curriculum  subjects . These definitions demonstrate an ambiguity around how

toteach bot h 6 i d eeansgbu ieffegtibelyp in science (Ronnebeck, Bernholt and
Ropohl 2016 ; Sharp etal. 2017).

Science can also be separated into its component  parts , taking an atomistic approach,
where the acquisition of knowledge is prioritised (Earle 2018 ). The ASKIS project
demonstrated an atomistic approach in the way they broke down enquiry into smaller

skills (Goldsworthy, Watson and Wood  -Robinson 2000; Coates and Wilson 2003 ; CIEC

2021). Value was placed upon more directand explicit teaching of the skill s, although,

according to Millar (2010), skills are seen as O6str ahnhgréfore, cont ent
rather than teaching the skills in isolation, there is a value inteachingthem insitu for

them to be applied and be seen as purposeful (Young 2013) . Experiential learning

enables the application and purpose with choice , uncertainty and problem solving

underpinning the approach as opposed to memorising and  recalling instructions.  This

approach resultsin children improving their ability to remember knowledge over time,
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apply knowledge in different contexts and develop the kind of knowledge that

facilitates further learning (Wheelahan 2012).

Additionally, enquiry skills can be seen as i nsepairm bpl rea cHarer W9 ,(
p.129) from the conceptual context in which they are applied. This is reflected in the
National Curriculum gui dance: fdAit is also vitally i mportant

understanding of each key block of knowledge and concepts in order to progress to the

next stage. Insecure, superficial understanding will n otallow genui ne progressi ol
(GB.DfE 2013, p .144). Therefore, for the learning to be memorable, it is important fo r
understanding to be embedded and the children to have ownership of the learning ,

ensuring that what shaped the content and made it memorable, such as the context

and experience, are  maintained. Having an element of choice and control of the

learning empowers the child and increases motivation , thereby promoting self  -efficacy ,

autonomy and genuine pr  ogression (Bandura 1997).

223/ KA f RoRiffcQuéstidns within experiential learning

I n primary schools there is often an over -reliance on investigations in science

(Goldsworthy, Watson  and Wood-Robinson 1998)and | ess emphasis on chil
independence and confidence in raising their own questions (Eick 201 2) through

experiential learning . Exploring childrenbés questions is key
processes (Cutting and Kelly 2015), where children use quest ioning to plan, prioritise,

analyse and communicate findings, in response to their own questions. Children raise

guestions when faced with a knowledge gap and want to extend their understanding,

leading to the development of new knowledge (Scardamalia 2002 , Peacock etal.

2017). In doing so, they are demonstrating metacognition by actively taking ownership

of their questioning (Burgh, Gillies etal. 2012). Questioning supports children in

finding out more and constructing scientific ideas (Allen 201 9; McCro ry 2017). Children

should be encouraged to ask questions about the world around them (Ward and Roden

2016), enabling them to integrate new knowledge with their pre -existing ideas,

thereby demonstrating their investment in an aspect of the real world and ensuring the

learning is meaningful.

Teachers can use childrenés questions to evaluate

understand the learning (Sutama et al. 2018). They can identify their misconceptions
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when children articulate their questions (Chin , Brown and B ruce 2002) and modelling
of questioning has resulted in greater success when children design their own enquiry
guestions (Cuccio - Schirripa and Steiner 2000) . Higher order questions enable children
to reason, interpret or describe their own first -hand observations of their environment
(Hapgood etal. 2004 ). Yet, h igher order questioning in science is rare (Braund and

Leigh 2012; Harlen 2001) because they are reliant on a high level of critical thinking

(Wimer, J. etal. 2001; Chen , Hand and N orton -Meir 2017). Teachers need the required
pedagogical knowledge and confidence to scaffold, model and identify the use of higher

order questioning (  Murphy and Beggs 2005 ; Hudson 2007), in order to develop critical
thinkers (Zhai , Jocz and Tan 2014) and enable critical understanding ( Wimer, J. etal.
2001).

There are a number of studies that have c lassif ied questions with the intention of
supporting trainee teachers and teachers to develop higher order questioning , three of

which are relevant to this research . Jelly (1985) focused on how teachers should

respond to different classes of questions but this was not seen to be progressive.
Childrenbés questions were classified in one of fi:
philosophical, iii) facts, iv) complex and v) investigable. Gol dsworthy and Fease

(1997) suggested ways of sorting a range of investigative questions through the best

way to find the answer. Examples include: questions that tell us what to change and

what to measure, questions that t ell us what to change but we have to decide what to
measure, questions that tell us what to measure but we have to decide what to

change, and finally, questions were we have to decide what to change and what to
measure. The latter being acknowledged as the more sophisticated and higher order
questions. Murphy, Gripton and McEwan (2021) explored progressive questioning

based on Taggart andWilson 6 s (2005) refl ect i v ahetelguestibns ng pyr an

move the childrends thinking f ructured®bpap |-endetbo compl
including questions that involve connections, reasoning or are hypothetical. These

show the range and scope in the classification of ¢ hi | d questidns within

experiential learning and the emphasis on the responsibility for the learning shifting

between the adult and the child.

Teachers should use childrenés interest in the out
science through contextualisation (Hardman an d Luke 2016) and experiential learning
(Dewey 1922) . Learning in context  supports spontaneity and exposure to scientific

phenomena (Russell and McGuigan 2016) and o utdoor learning  can help to elicit
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chil drends questions through punitesforindepepdefitr eedom an.
thinking (VanZee etal. 2001 ; Gillies 2014). Sensory experiences , while learning in the

outdoors , provide valuable opportunities for childrento rais e questions (Grimshaw et

al. 2019) , problem solve (Dillon  etal . 2005; Waite 2017 ) and take ownership of their

learning (Soh and Meerah 2013; Lieflander etal. 2013; Barnett and Feasey 2016).

Taking a more child -led approach to learning like this ~ can encourage children to ask

guestions and make predictions based on their curiosity (Brunton and Thornton 2010 ;

Harlen and Qualter 2018; Sharp etal. 2017). Attitudes such as inquisitiveness,

imagination and creativity have also been found to stimulate questions (McCrory 2017 ;

Smith 2016 ; Ofsted 2013) and are ben eficial to learning in  science .

Being outdoors is essential in stimulating chil dre
guestioning (Knight 2013 ; Putriand Arty 2019). It offers a safe place to talk

(Godemann and Michelsen 2011 ; Furtak etal. 2012 ; Cooley etal. 2020 ) and develop

guestions but is also a place where children are respected to share ideas and where

they have the time and confidence to construct their questions ( Barfod and Daugbjerg

2018 ). An in-depth understanding of the importance of ¢ hildrendés guamstioning
their categories , will enable educators to assess the learning more  accurately and, in

turn, support chi |l drends understanding and achievement wl
Chi | d rgeestibring is closely linked to the ir attitudes such as curiosity and provides

opportunities  for them to demonstrate motivation , confidence, independence and

ownership of the learning

224/ KA f RoeRtiffc@tiitudés within experiential learning

Attitudes are not explicitly referredt o inthe science curriculum , but with the new focus

from Ofsted (2019 e) includinga judgement on 6 behavi our an,dhisaould i t udeso
alter practice in favour of the recognition of scientific attitudes . Within this, inspectors

will consider the ways in which children demonstrate their attitudes and behaviours

through the key characteri st i c sbemndcomniitedtatheir ve | ear
learning, know how to study effectively, are resilient to setbacks and take pride in their

achievement)so (p. 10

Arnson, Wilson and Akert (1994) suggest that attitude s can consist of three aspects:

affective, cognitive, and behavioural. As with the subject knowledge and skills debate,
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Nundy (1999) highlighted the interconnection of, and the difficulties of disting uishing

between affective and cognitive outcomes . Within science education, it can be divided

into O6attitudes ,tfooexampldsbjestchoieen c,eabn d 6ésci enti fic att
such as mind -sets about thinking in a scientific way (Gardner 1975). Harlen et al.

(2010) provided a set of principles, as identified by an international group of scientists,

engineers and science educators. They include principles relating to attitudes including

nurturing and sustaining curiosity , as well as fostering attitudes of and towards

science.

There have been a number of studies that examined @ttitudes toward science  6in
general (Ebenezer and Zoller 1993; Osborne, Simon and Collins 2010 ; Sheldrake

Mujtaba and Reiss 2017 ) many of them focu s on beliefs and opinions  rather than
observable characteristics of 6scient i flticimpartamttopronbie sciience as
enjoyable in order to maintain a positive @ttitude towards science & Motivation plays an
important role in this (CBI 2015) especially in light of declining student engagement in
both secondary and primary science, which has been a cause of concern for scientists

and science educators for some time (Ofsted 2011). F alling e nrolments and attitudes of
secondary school pupils in England led to a research focus on attitudes towards science

(Reid 2006). Which is common internationally (Osborne and Millar 2017) andis a

concern not just for the UK

Evidence from the field of neur oscience supports the argument that the first stage in
learning is motivation (Collins 2015); brain imaging reveals how grasping new ideas is
accompanied by an emotional reaction showing that there is pleasure in developing
understanding. As suggested in | earning using a Growth Mindset (Dweck 2012),
persistence is a required state for most learning i.e. children need to practise, repeat,

try agai n and continue to practise. In addition, exploration and investigation increase
creativity and brain plasticity, which help children to become open to new ideas and be

more creative in their own ideas (Collins 2015).

In order to O0catcho6 rather than Obeabledoladiculate t i t udes
the types of  &cientific attitudes  6that children use in primary schools. Jenkins (2006)

characterised scientific attitudes into five elements. Similar to those identified by

Harlen and Qualter ( 2018 ), these focused on critical minde dness, respect for evidence,

honesty, objectivity, and open -mindedness. In addition , Kim etal. (2020) suggested

curiosity, tolerance or uncertainty, perseverance, cooperativeness and creativity are
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also developed through primary science. These scientific attitudes are transferrable,

meaningful and promote cognitive development. Scientific enquiry is Ocr
developing and sustaining ®uwhiclo s one gttiude(tttatsi t h 2016,
significant within this research . Facilitati ng and promoting curiosity in science education

is integral to the primary science curriculum (Ofsted 2013); being curious and creative

is vital to scientific effort , with children seeing it as a never -ending journey of

discovery.

Learning in the outdoors provides opportunities and resources to enable scientific
attitudes . Much of the research focused on environmental attitudes related to discovery
and exploration (Rios and Brewer 2014) but there was lesson  the more scien ce
specifi ¢ attitudes in the outdoors . One exception was Kim  etal. (2020) who analysed
scientific a ttitudes in an outdoor context and found that the cotton project enabled
children to improve their scientific attitudes as a result of using their senses,

measurement , examining flowers  and b ulbs, and recording observations. This

improvement was seen alongside their acquisition of scientific concepts through their

active participation in nature, problem solving and self -directed learning.

Witt and Kimple (2008) found that young children have a str  ong curiosity regarding the
natural environment, which they satisfy with hands -on learning. As can be seen in
early years education where children are viewed as natural scientists due to their

propensity for exploration and curiosity which  underpin learning (  Sobel and Letourneau
2018 ; de Boo 2000 ). Nature -friendly attitudes include respect and pursue coexistence

with nature (Kang etal . 2012), le ading to eco -friendly behaviours  (Bamberg and Moser
2007). Kim etal. (2020) explored nature friendly attitudes which built upon the
6scienti fic at t iinttiative @arsl &ctie engagamerit, vesgpect, love and

affection towards li  ving things, preference toward the natural environment and nature
conservation . Cheng and Mon roe (2012) found that enjoyment of nature, empathy for
creatures, sense of oneness and a sense of responsibility. These highlighted the

importance of outdoor learning and the close connection it has with science.

2.3 The influence of scientific literacy oadagogcal considerations

To enable children tobe scientifically I|Iiterate as adults al

Capit al 6 et@A20a5), &is necessary to develop enquiring minds through
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working scientifical ly, as well as thinking scientifically and behaving scientifically.
Developing these dispositions involves moving beyond the boundaries of the National
Curriculum (GB.DFE 2013) and developing attitudes that will motivate learners to have

a love of science.

Zimmerman and Klahr (2018) refer to scientific literacy as the understanding required

to investigate, evaluate and comprehend science content, processes and products.

Scientific literacy enables the development of non -routine problem  solving,

adaptability, complex communication skills, self -management and systems thinking,
which were seen by the  American based National Research Council ( USA.NRC 2010) to
be the skills that are required for the 21 st century workforce.  Scientific literacy is

neede d for technological progress, improved health and well -being, economic gains

and sustainability. It leads to social, environmental and economic benefits which are
backed by the Horizon 2020 (2014) vision of a more enlightened knowledge -based
society, withi n which there is a focus on recognising the importance of science in
securing Europeds gl obaHerrmanptehtd tii mpmretsasnce of acg
Capital 6 et@A20esh er

2.3.1 Thinking scientifically

Scientific literacy = encompasses the characteristics of thinking scientifically, which have

been defined in a variety of ways. Lehrer and Schauble (2006) describe thinking

scientifically as scientific reasoning. They expand by including logic, heuristics and

strat egi eamdindtiogrthediyamd evidence, mastering counterfactual reasoning,

distinguishing patterns of evidence in relation to a conclusion or understanding the

|l ogic of experimental designo (pl56). Zi mmer man a
thinking scientificallyt o reasoning and problem solving. However, Kuhn (2011 b) builds

on this with a focus on intentional information or knowledge seeking through the use of

guestioning, together with Williams eta. (2004) who suggest that O6Thi
Scienti st 6 estioning dlongside popliem solving, using evidence and

reflecing Wit hin this thesis, Othinkdefgi lsecd eans i &urcdad rl sy
the nature of science through the use of ideas to make decisions, solve problems,

reason from evidence and ask questions about the
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The relevance of thinking scientifically can be seen in a number of studies. The

60Thinking togetherdéd project (Mercer and Littleton

scientific interactions in classrooms which illustrated how children develop as thinkers,
problem -solvers and effective members of collective endeavours. Findings from the

0Thinking, Doing, Tal king 9)demonstratéd plradtheect ( EEF

2

approach had a positive impact on pupilsdé attitudes

particular. It highlighted strategies that aimed to encourage pupils to use higher order

thinking skills and revealed an impact of 3 mont h:

outc omes. These studies were supported by research that found that i nquiry and
authentic problem solving encourage higher -order thinking (Conley, Douglass and
Trinkley 2014; Yakman and Lee 2012) which reinforces the idea that thinking

scientifically enablespr ogress in childrends | earning outcomes

Through the development  of science literacy and thinking scientifically, children engage

in an active interchange with others who share their interest resulting in social gains

and academic advantages (  Dillon etal. 2005 ). Dawes (2011) suggested that scientific

enquiry can provide exciting contexts for children to talk about their findings. This

allows children to develop their skills in explaining and interpreting results, in addition

toreflectingand eval uating, therefore enabling them to
2013). Opportunities for contextualised learning in the outdoors provide authentic
possibilities for the development of childrenobs
Recommendations from D illon etal. (2005) focus on the freedom and quality of the

experience including real -world contextualisation; well -informed approaches to the use

of the outdoor classroom; individuals or groups doing something new or differently by

learning from experienc  e; and supporting learning and change with communities of

learners. Through the development of communication skills,  leadership, teamwork and

social actions, children demonstrate gains which relate to 0 8ence Capital 6(Archer et

al. 2015) and this hasthe potential to affect their aspirations and involvement in

science in their future.

2.3.2 Behaving scientifically

Scientific approaches to problem solving involve the use of behaviours including using
prior knowledge, clarifying, being accurate, using trial and error, comparing and

contrasting findings. Other behavioural approaches to decision making encourage
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Afguess work, inspiration, <corr eestingaeadendslandnd al | ey
backtrackingd (Venables and Tan 2006 p123), risk
(Ward and Roden 2016). These al/l contribute to th
which has been referred to by Zimmerman and Klahr (2018) as th e understanding

required to investigate, evaluate and comprehend science content, processes and

products.

6Behaving scientificallydé haas béaem acetfenamtesdwhinc h hi :
scienti fi c [ inctudes veagsyfowvorking buchsas ob serving over time,

identifying and classifying, as well as problem solving  (Harlen and Qualter 2009).

However, it goes beyond the enquisgi éontufsSBHRERLY d 0
2013) and 6di sciplinary knowlndudeapdroach€sf stddeakio2 02 1) t o
making (Venables and Tan 2006 p123); questioning and being sceptical; being able to

contradict our beliefs and personal biases; being open to change as opposed to

accepting confirmation bias; taking risks; and finally learni ng from mistakes (Ward and

Roden 2016).

Scientists deliberately and consciously behave in a way that children do naturally,

instinctively and effortlessly (Smith 1978). This is reflected in the beliefs of The Gatsby
Foundation ( Holman 2017) which statest hat HApracti cal approach to s«
be as intrinsic to young |l eaners as it is to prof

Demonstrating scientific attitudes and competencies such as curiosity, collaboration,

scepticism, imagination, questioning and toleranc e to uncertainty and so on (Smith

2016, Ofsted 2013). As children get older, they tend to lose the ability to learn through

exploration and experimentation (Ward and Roden 2|
time, can influence their open -minded approach and 0 penness to multiple possibilities.

There is value in their willingness to look for evidence that could lead to changing their

minds (Cremin etal. 2015). Through enhancing | earnersd curiosity,
guestioning, building on their natural inclinationt o seek meaning and understanding
about the world around them, we can ensure that the attributes of scientists are not

lost . This curiosity, wonder and questioning has been reported through outdoor
learning (Dillon etal. 2005) and demonstrates a clear conn ection with the possibilities

that are associated with behaving scientifically and learning outdoors.

Having the skills of  dhinking 6and dehaving scientifically éenhancesc hi | drenés abi |l

make informed choices, to be responsible for decision making and realise
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consequences, which can all contribute to the social and life -long benefits of learning

and prepare children for life (Education Act 2002) . This relatestothe  PISA 2015
definition of scientific |Iiteracy whi-cehted s t he fia
issues, and with the ideas of science, as a reflective citizen 0 (OECD 2016, p.20)
the UN (2016) sustainable development goals which aim to ensure children are able to

become skilful members of society and citizens of the world

Theassessment adciencelearning

3.1 Teacher assessmantscience learning anoutdoor learning.

Schools are accountable  for the progress that children make within science ( GB.DfE
2022 c). There is currently no  statutory testing in science for Key Stage two and
learning is largely measured through teacher assessment which includes pupil

assessment, teacher assessment, moderation of judgements and summative reporting,

all of which feed into the whole school assessment process (Nuffield Foundation 2012;

Earle 2015). This was exacerbated in 2021 as a result of the pandemic by the fact

that teachers did not even need to make or submit teacher assessment judgements

for pupi Is in science (Ofsted 2020 a; Ofsted 2020 b). Although teacher assessment
arguably increases the reliability of the judgement, it could lack validity when

identifying how well science is being learned. Teacher assessment was seen to provide
a balance between enquiry skills and recall of knowledge (Ward and Roden 2016). Rose
(2009) recommended that teacher assessment would give a better sense of how

children were doing in the subject, and would prevent the skewing of the science

curriculum towards learning fac ts. Currently there is guidance for teacher assessment

in science (STA 2018 b) which sets end of Key Stage expectations for Science and

English Writing. There is also minimal non - statuary guidance such as STA
exemplification materials which are available for KS1 and KS2 (STA 2018 a).
Whilst Assessing Pupil Progress (GB.DfE 2009) has been archived, the Association for

Science Education (ASE) PLAN resources (ASE 2018a) have been produced to support
teachers assessment judgements. Knowledge and working scientifically matrices

provided additional guidance, annotkdamendtratedo!| | ect i o
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learning that met expectations. Teachers and subject leaders use these resources as a
starting point from which to plan and assess but as they are not mandatory there are
inconsistencies in practice between schools (Ofsted 2011). In a time sensitive
environment teachers are at risk of relying on highly prescriptive and structured
planning materials for support (GB.DfE 2016b). This highlights a gap in practice which
further fuels the significance of this research. In order to help minimise t hese
inconsistencies and provide guidance for schools in relation to scientific outdoor
learning, this research will offer guidance for trainee teachers and other educators in

assessing the childrendés | earning.

The assessment of learning in science is dif ficult to quantify when focusing on practical

science learning, which Dillon (2008) highlighted as being more abstract for the

practical subjects. This is especially demanding when completed outdoors, as a result

of the challenges associated with capturing and judging the quality of the learning.

Bl ack and Wiliam (1998) believed that children ou
exploring and forming arguments, which is not best assessed through a test, but

through observation and teacher judgments. The mod eration of these judgments can

be defined as: fdApotentially the most effective st
reliability in teacher as s.09. Fhase@are inpoftantpbinissoon 201 3,
recognise in terms of endorsing both consistency of judgement and teacher
understanding of the breadth of.Cagluangthdleatnidg ends un.
through observation can further strengthen the assessment judgements through the

use of ipsative, norm and criteria referenced assessment methods (Gipps 1994, Lum

2015).

Experiential learning  cycles (Dewey, 1938; Kolb 1984) highligh t the importance of
assessment but advocate that it is not a standalone element due to the need to plan

for assessment and the need to feed forward into future planning (Black and Wiliam
2018; Earle 2019) . The GB.DfE (2021 b) suggested that formative teacher assessment
informs EYFS teaching and has a crucial role in supporting pupils to progress and

achieve their full potential . Considering the outcome, collecting the evidence of

learning may not include individual progression but evidence of the attainment within
the group over time leading to a signposting of the degree of success within the

expectations that have been set. Progression in teaching, learning and assessment can

be seen as a cyclical process incrementally building upon prior le arning. Teachers
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should give pupils tasks in increasingly difficult contexts across all areas of learning

with a progressively challenging range of information and concepts ( GB.DfE 20 22c¢).

3.2 Progression in  science learning and outdoor learning.

To make real progress, primary school pupils need: clear development in all aspects of

science learning; the interest and motivation to learn; the confidence to try, struggle

and even fail; and the ability to learn from experience (Harlen etal. 2003). Careful
planning is essential for teaching and learning across the curriculum and assessment

should be complementary and aid the progression of the children (GB.DfE 2022 c¢). In
line with the constructivist approach to this study, children should have owners hip of
their learning  and conceptual choices . Within an outdoor environment, they should also
take an informed part in decision -making and take appropriate actions , Which not only
affect their own wellbeing but also that of othersandthe irenvi r o n mé&mahand Ob
Lomas 2016).

A view of progression in ideas and skills is needed in order to keep in mind the long -

term aims of worKking towarHaden ethae (2010 ) anddecelong 6 f r om
enquiry skills, when planning learning activities. The nature of progression within

outdoor learning demonstrates a gap in current research. Rickinson et al . (2004) raised

the point that, despite claims of wide -reaching benefits of outdoor | earning, the

emphasis when using the grounds | ies el sewhere #fr .
to learn in the environment , the lack of appropriate aims may well lead to missed
opportunities for s.63).dTherdis alneedto map oujthe rqd p ute from

small to big ideas and from simple to complex  skills that can be usedin the outdoors

with a view to them being widely applied inarange of contexts (Harlen 2018).

In primary schools, in  dicators of progression (Harlen and Qualter 2014) are detai led in

terms of enquiry skills and are highlighted in the CIEC (20  21) document.
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| use results to make
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more tests (including fair

tests)
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language and
illustrations
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present findings using
speaking and writing
including displays and
presentations

labels, classification,

| decide how to record data and
results. | can use scientific diagrams,

scatter, bar and line graphs

| ask different
kinds of

questions

| plan different
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enquiries to answer
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| can set up
fair tests when
necessary

| decide what
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make

| use different
scientific equipment to
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take repeat readings when
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keys, tables,

Figure 3:  This shows the indicators of progression for Upper Key Stage two

(CIEC20 21,pll ). 3

The indicators of progression (Figure

as valuable tool s

Significancybd

lack relevance in the context of

for

component in

3) are used for teacher assessment and are seen

the purpose of <criterion

t he GBMDOEe2018 ¢ ThH eriteriao n a |

outdoor learning because it focuses more on procedural

skills such as use of apparatus and enquiry techniques as opposed to thinking

scientifically. Project Calibrate (Erduran

closely aligned explanatory framework (

etal. 202 0) acknowledges the need for a

Bransford , Brown and Cocking  1999) in science

education which relates to thinking scientifically. It moves beyond the empirical

evidence and procedures of data collection and interpretation to the reasoning relating

to the validity and justification of evi

dence collection. The project  aims to explore how

practical science is related to higher order thinking skills such as argumentation
(Osborne etal. 2016) and communication such as evaluating evidence

claims and minds on approaches including critical analysis and evaluation

, Justification of

(Russell and

3 Permission to reproduce this figure has been grantedibgla.waller@yorkac.ukandjoy.parvin@york.ac.uk
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McGuigan 2018) . It also highlights the importance of an holistic interpretation of
aspects of science education , wher e all available evidence is compared and learner
proficiency is evaluate d against set criteria (Jonsson, Balan and Hartell 2021), whilst

acknowledging the complexities and varieties within the learning.

Black et al . (2011) explored the value in teachers using more holistic judgments in

their assessment for learning. It was fou nd that teachers could learn to use more

holistic judgements rather than rely on a prescriptive tick list. Where more prescriptive

tick lists were -onait¢tabti er edaal(20@)ywdag |often created. In

agreement with this is the concer n related to O6criteria complianceé
(2005) noted that the goal becomes surface level ticking or highlighting of a large

number of criteria rather than in -depth I earning, |l eading to dasse:c
with overly detailed objectives. Ward and Roden (2016 ) acknowledged there is a

narrow focus on learning outcomes and standards rather than discovering the depth

and breadth of childrends under bytDawsdloa8)gJames hiets was
al. (2007) and Swaffield (2011) who commented on the fine balance in the collection of

the evidence and the importance of focusing on the learning process rather than

performance outcomes. Working with children outside of the classroom may require a

cultural shift for  teachers interms of  expectations and assessments which are likely to

be holistic, non -linear, informal and tacit (Ofsted 2019 C).

Teacher assessment , which relies upon teachers' professional judgement of pupil
attainment and progress based on evidence gathered through everyda y learning
(Wiliam and Black 1996) , is important because it provides a more holistic judgement
about chil dr e sdahlberg (205r np.183cites four main reasons why Finnish
education relies on teacher assessment rather than external testing. This e mbedded
approach is important when assessing in the outdoors due to the similarities in

approach including the focus on the individual, improvement in learning over time,

holistic diversity as well as valuing academic and social elements in internal report ing.

3.3 The use of Bl oombs tetalkx 4956) togupporBdssessment

The useof BI oomés t a Bloomoetaf.1956 ) can be usedto make holistic
judgements to support teacher assessment. Within this theory, the coding of general

processes within the cognitive domain move from simple to complex, including
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knowledge, comprehension, application, analysis, synthesis and evaluation. Cogni tive
performance is analysed through the categorisation of thinking skills ranging from
recalling information to evaluation, thus highlig

thinking skills and providing appropriate challenge within the learning.

Their framework has  influenced marking schemes and assessment objectives and is

still referred to in teaching today. It has been used in schools to support planning and
pedagogical choices (Gershon 2018) and to support questioning (Lord and Baviskar

2007 ; A skew 2015 ). It provide s a common language to support learning objectives  and
curriculum design  (Adams 2015) . It has beenusedto  support the provision of

inclusivity (Sobel and Alston 2021) and create challenge in lessons that are

differentiated appropriat  ely. It has led to the development of mastery ( Krathwonhl

2002; EEF 201 5; EEF 2019a ) which underpins much of the current curriculum and work

of the regional primary hubs ( NCETM 2022).

Later revisions (Anderson et al . 2001) have questioned the hierarchical nature of the

criteria and suggested that the processes are interlinked rather than being separate
independent elements. Deleuze and Guattari 6 $1988 ) ideas challenge the structure of

Bl oomds t aBloomoetgl. 1056 ) through their acknowledgment of the

complexity and dynamic nature of learning ; recognis ing that higher order thinking

skills , such as synthesis and evaluation , require interconnectedness and sophistication.
However, a pplying a constructivist lens, ¢ hildren are seento make connections with

and build on prior learning to make progressand Bl oo més t a Bloomoetaf. (
1956 ) helps learners to see what they can improve to be successful. It enable s them to

better understand their future learning.

Within this thesis, Bl oomés t a Bloomoetal.1956 ) is used as a building block for

understanding the learning. The principles provide a foundation for the science learning

which focus on cognitive development in line with constructivism theory ( Hayes 2005 ).

It can also be linked to cognitive acceleration (Adey and Serret 2010) which has been

defined as fthe process of accelerating studentsd
dif ferent stages of thinking ability, towardsé abst
(Adey 1999 p7). It can be used flexibly rather than relying on set stages of

development such as Piaget (1978) and can be used to provide a framework for

successful | earning in the outdoors , which has not previously been available due to its

intangible nature
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The science associated withtdoor learning

4.1 The connection between science learning and outdoor learning.

The connection between science learning and outdoor learning provides the opportunity

for children to develop enthusiasm for science learning, increase ownership and

responsibility, as well as patience and self -esteem. It has also been found that British

children are becoming disconnect ed from nature and as a result are struggling to

identify common wildlife and plants for example of the 1000 children surveyed 83% of

the children couldndét identify a bumble bee and 5
(McCarthy 2019). This emphasised the lack o f experience in the outdoors (Patrick and

Tunnicliffe 2011)

An outdoor approach to science provides the opportunity for children to experience

adventure and a sense of wonder (Knight 2011) through o6fl owd and o6fl ow
&1 o w@sikqzentmihalyi 1990) s defined as total immersion where the learner has

control over actions in order to organise consci o
nature. &l ow | e a ICorielhl®8D) (isa process that empowers the learners through

direct experiences with n ature. Outdoor learning involves awaken ing enthusiasm,

focus ing attention, offer ing direct experience and sharing inspiration. In developing a

sense of place, outdoor learning can provide children with the time and space to slow

down and prioritise experiential and mindful experiences (Leather and Thorsteinsson

2021). These immersive opportunities , combined with the development o f questioning

and observation skills , engender deeper engagement with the natural world through

sensory experiences. The connection also provides opportunities to link with

communities of learners such as the Wildlife Trust, the Woodland Trust and wider

conservation groups. Despite the argument that too much stimulus and distractions

can be detrimental to learning ( Cutting and Kelly 201 5; Nel, Joubert and Hartell 2017),

research has valued approaches that inspire a love of the natural world (Chawla and

Cushing 2007; Capaldi, Dopko and Zalenski 2014 ; Pritchard etal. 2020 ) and biophilia

(Wilson 1984) which creates opportunities for immersive and deep engagement. Ofsted

(2008 a) also found overwhelming evidence that outdoor learning not only contributes

signifi cantly to raising standards but also enhances the quality and depth of learning.
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4.2 earning using the outdoors

Outdoor science learning  has typically been found to promote interconnected and
contextualised learning (Lock and Glackin 2009; Dillon etal . 2005). Through
exploration and investigation children make sense of themselves via sensory, first -
hand experiences. In doing so they are ma king connections and setting out memory
pathways and understanding. Strong memories tend to be linked with a sensual

experience and this can be explored through the richness of experiences available

outside and applied within the context of science. It is the totality of the experience,

the purpose and immersion that enables them to make their own sense of the world

and lead their own learning ( Millar and Osborne 1998 ). Immersive and memorable
experiences have positive cognitive and affective impacts on the learning (Nundy 1999;
Rickinson etal. 2004). Research carried out by Dillon etal. (2005), with a focus on
particular cognitive developments, went on to acknowledge that other domains,
particularly learning about oneself and learning about working with o thers, also
emerged, highlighting the value of freedom and quality of the experience when

learning in the outdoors. This aligns with the focus oNet 6l ear ni
ontology model (Lee  etal. 2022) which makes connections between activities that are

performed outdoors along with the purposes and outcomes that can be achieved.

When the learning is taken outdoors, it provides the concrete experiences in real -life
situations that are relevant to this thesis, thus showing how experiential learning is

relevant to outdoor learning. Within experiential learning, Dewey (1922) suggested

that children create understanding through making sense of the world around them. He

focused on understanding the dept h of the experiences and highlighted the importance

of the transaction between the children and their environment.

Examples of theoretical underpinning of current outdoor research include Isaacs (1933)
who valued curiosity and Donaldson (1978) who valued embedded thinking. Both saw
the potential for science learning in outdoor contexts. Isaacs (1933) used outdoor

space to develop exploration and enquiry. Her aim was to stimulate curiosity rather

than teach a curriculum. Her wor K)learsng -thraughed on Fr
doing approach. She was also influenced by Dewey?d:
childrends interests and developing curiosity thr.
promote thinking. Donal dsonds (1978) t haenorsye nisnevoo |
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of a situation. d&mbedded 6and disembedded 6thinking was central to her theory. She

believed, thinking that is embedded in a familiar context, such as the outdoors, makes

6human sensed and so is more easily urieabiiyt ood by
to understand through reasoning. This theory suggests that abstract concepts and

disembedded thinking fails to make sense to a child; whilst learning that is embedded

in an outdoor context and is facilitated in a child -led way, following the chil dds own

curiosity, supports the focus of this research.

Following other studies such as Glackin (2013), Hoath (2015) and McDowell (2018)

this research focuses on the effectiveness of outdoor science learning. They

acknowledge the benefits of taking th e learning outdoors and all three studies consider

the role of the adult in facilitating outdoor science learning. They consider impacting

factors on |l earning such as how teachersé beliefs
transitions to support border -crossing between the indoors and outdoors and also the

use of digital technologies whist considering the balance between discovery learning

and the degree of scaffolding. | look at outdoor science learning from the stance of

trainee teachers and  explore th e learning through the application of assessment in

order to effectively support outdoor learning. McDowell (2018) is most closely aligned

to this research due to the focus on experiential

specifically at enquiry skills.

4.3 Primary @ence and the outdogsrovision in schools

Philosophically, much of primary  science can be abstract in nature, such as learning
about photosynthesis, forces and space , therefore, when it is taught in classrooms it

can automatically be out o f context. Inboth primary and secondary schools, science is
generally taught inside the classroom and within secondary schools ecology fieldwork
tends to be organised one  -off visits (Gla ckin 2016). However, Bianchi and Feasey
(2011) argue that science should not be regarded as an indoor subject as the

immediate classroom environment has limitations, since it offers a sterile version of

science. To develop independence with enquiry skills; children need to be offered a

meaningf ul enviro nment where these can be fostered, enabling them to make

connections to pre  -existing knowledge (  Bell et al . 2009; Harlen and Qualter 2014;
Cutting and Kelly 201 5). Unlike some subjects within the curriculum, some argue that

science lends itself to  the outdoors (Sharp  etal . 2017).
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Working in the outdoors provides opportunities to learn from real -life and real -world
experiences. NAEE (2012) highlight the importance of contextualised learning and real -
world meaning in order to make learning memorabl e and inspirational. In the review of

the curriculum, Alexander etal. (2009) suggested that schools should engage children

with real -life issues and the curriculum should not be limited to inward looking
agendas. They welcomed a broad curriculum that engage d with macro -problems such
as global warning, sustainability and pollution related to the real -world (Alexander et

al. 2009). The National Curriculum ( GB.DfE 2013) contains many statements

suggesting that the use of the outdoors is key to its effect ive delivery. Examples can be

drawn from across the range of subjects throughout Key Stages one to four (5-16).

The introduction to the National Curriculum for S
use different contexts to maxi mithsaadntotvaionto pupi | s 6
study s c GBDfE 20& 3, p.145) and identifies specifically where children should

be taken into the outdoor setting to study areas such as habitats and living things.

Looking beyond cibnshipdith@atubesoutdoerl a tscience also provides

learning opportunities within physics and chemistry (Hornby 2016) . Examples include

| earning about Newtonés Law of Inertia, centripet.
in relation to physics (Aspinall 2016) and understanding ultrav  iolet radiation by using

natural sunscreen derived from plants linked to chemistry (Engl and Risch 2016). This

emphasises the scope of science learning that can be utilised within the outdoors.

Outdoor learning is highly relevantto the Early Years (GB.DfE  2017; GB.DfE 2021 b),

IBL (Inquiry -Based Learning) (Pedaste 2015), UNSECO (United Nation s Educational,

Scientific and Cultural Organisation ) (UNESCO 2015) and through approaches such as

the Forest School initiative (Knight 2013; Constable 2017). The government ( GB.DfE S

2006) and international approaches (GoUSA 2015) have demonstrated an interest in

promoting the provision of outdoor learning, yet the teachin g of science in the outdoors

remains low (Ofsted 2008a; Ofsted 2011). To be able to embrace outdoor education,

teachers need to have an understanding of the impact that engagement has on social

and academic achievement as well as confidence.

The Forest School principles clearly state that it is not an outdoor science lesson

(Knight 2011). Yet , practitioners acknowledge the special relationship that it has with

science and the opportunities for child -l ed enquiry that couldnét be ¢
(Hayward 2018), wher e the childrends own investigations,
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and descriptions of their explorations provide them with confidence. Teaching primary
science in the outdoors is also seen to be more reactive, in -the -moment, rather than
through planned o  pportunities for learning which are associated with the indoors

(Warden 2011; Hoath and Spring 2018). This follows  Early Years practice ( GB.DfE
2021 b; Early Education 2021 ) butcan be seen as alien for some Key Stage two

teachers who are expected to teach to meet the end of Key Stage two expectations as
a priority through planned opportunities for learning. In Norway, even with the high
priority placed on outdoor | earning, researchers
areas is becoming more directed a nd time -controlled by adults rather than self -initiated
(Skar, Gunder sen an dAré&orthy $Skar and Rrogh @2009) found that a

more structured reality offered controlled and organised nature -based experiences and

a more distanced relationship with nature. Less intuitive embodied experiences in

nature can create a sense of alienation from nature. This suggests a disconnect with

exploration within an experiential approach to learning.

Despite 79 percent of teachers who were surveyed saying that outdoor learning had a
positive impact on their teaching practice (Natural England 2016) , outdoor learning is
often not a priority in schools beyond the Early Years due to issues such as teacher

confidence (Natural England 2011), funding, attit udes, available space and external
forces such as weather (Waite 2009). Ofsted (2008a) also suggested that health and
safety, time, behaviour and workload pressures were frequently seen as barriers to

outdoor learning in schools. Despite the increasing pop ularity of Forest School training
(Bryant 2021 ) and wilderness schooling ( Quibell, Charlton and Law 2017 ), outdoor
learning should go beyond the institutionalisation and commodification of outdoor
practices (Leather 2018) to enable all children to have the opportunity to experience
outdoor learning inschools( O6 Br i en and MuEarlyaeyperi2rneds ére crucial in
developing familiarity with and knowledge of  natural environments  through sustained -
regular engagement with the outdoors (Leather 2018) . Dillon etal. (2005) and
Williams and Scott (2019) acknowledged the realities of using the outdoors as an

educational setting , such as issues with curriculum integration and varied practice . In
relation to this, only eight per cent of children (aged 6  -15) in England were  found to
have visited the natural environment with their schools in an average month during

2013 -2015 (Natural England 2017 ). This lack of sustained  -regular engagement with

the outdoors provides limited opportunities for teachers to build their confidence,

56



understand what progression looks like and demonstrate impact on learning within this

context.

Many publications for exam  ple, Beames , Higgins and Nicol, (2012); Waite (2011) and
Bianchi and Feasey (2011) support the view that working outside the classroom offers

many positive benefits for children and their learning. Foulds and Rowe (1996) showed

that when s cience subject kn owledge teaching and enquiry skills are integrated into the
learning activities of ~ children ,thenthe c¢ h i | d wrelersbaading can improve. This is
reinforced by Waite and Rea (2007) who suggested that incorporating the learning of
science through the outd  oors has resulted in the driving up of standards through a re -

awakening of joy in learning.

4.4 0Outdoor policy

The last few years have seen working outside the classroom appearing on the political
agenda with some consistency and from a variety of educational bodies ( GB.DfE S
2006; Ofsted 2008a; CSFC 2010); yet the emphasis on teaching and learning in the

outdoors has not necessarily being translated into practice. Children now spend more
time in classrooms engaged in structured learning activities; although evidence

suggests that children learn more effectively when engaged in experiential learning,

such as through learning outdoors (van Oers 2003). The decline in outdoor learning as

part of the school day was believed to be partially due to changes in educational policy,

whic h have increased focus on attainment and pressure to achieve National Standards
(Powell etal. 2009).

The government policy for learning outside the classroom in England has not been

updated since the Learning Outside the Classroom  Manifesto (GB.DfE S 2006) which set

out a fAvision to enable every young person to

classroom as an essential part of thei rGBIDESr ni

2006 ). Learning outside the classroom was withdrawn in 2016 but was seen as an

exam ple of good practice at the time (Beames, Higgins and Nicol 2012 ). The

exp

ng

government s report (CSFC 2010) wurged the Quality

Agency (QCDA) to include learning outside the classroom within all curricula and
schemes of work. They also suggested Ofsted should comment on the extent and

quality of such | earning through their inspection regime however the 2015 and 2019
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frameworks for School Inspection (Ofsted 2015; Ofsted 2019 e) make no specific
mention of teaching and learning in a setting other than the classroom. The 2019 Early

Years Inspection Handbook (Ofsted 2019a) included outdoor learning in the criteria for
good and outstanding practice in relation to personal development which acknowledges

the current increasing prioritisation of outdoor learning.

4.5 Social benefits of outdoor learning

Child obe sity and mental health in the UK have been impacted by changing in

lifestyles, which involve being less physically active (WHO 2016). Low engagement

with the outdoors was highlighted in research which stated that on average children

spend aboutanhourad ay outside, compared to the three hou
generation (Singh 2014). Of the 7,000 children surveyed, nine in ten had never played
conkers, built a raft or used a map or compass. Another survey suggested that children

spent the equivalent  of one day a week engaged in sofa -bound activities compared to
just two -and -a-half hours outside (Adams 2012). This situation has been magnified

more recently as a result of the global pandemic, where social inequalities have also

been highlighted , with s ix in ten children reported to have spent less time outdoors

since the start of the pandemic (Natural England 2021) . This adds to the importance
and need for outdoor learning in schools as it will also make a difference to the health

and social needs of th e next generation.

Moving beyond health,  taking science learning outdoors offers opportunities for

children to develop and deepen cognitive, affective, social and behavioural
understandings and skills (Dillon etal. 2005; Rickinson etal. 2004). Focusing on the
social elements, skill development can be supported in a collaborative environment

with peers and teachers working together (Harlen and Qualter 2018). O pen
communication with extended periods of dialogue facilitate engagement and reflection

when working outdoors (Perry 2001). High levels of involvement can be maintained

through peer collaboration, high expectations and taking responsibility for managing

personal risks. The ownership and physical familiarity helps children to be confident in

their learning (Dillon etal. 2005; Carrier 2009; Moss 2012; Scott 2015).

The first -hand experiences of learning outside the classroom can help to make subjects

more v ivid and interesting for pupils and enhance their understanding (Dewey 1938)
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It can also contribute significantly to pupilsd p
development (Ofsted 2008a). Outdoor experiences that help to raise their self -esteem,

give them con fidence and increase motivation (CSFC 2010). Waite (2011, p .25)
suggested that the gr-@angdreedoinaral ergogment the chikelren

gain from being outdoors aids motivation €. and so
which the outdoorsca n o f f enefits. sucBas physical (Pellegrini and Smith 1998)

and emotional and social well ~ -being (Perry 2001) were also claimed. These benefits are

highly relevant to the teaching and learning using the outdoors. There has been an

increasing urgency for  society to recognise the needs of the child since the publication

of the UN convention on the rights of the child (United Nations 1989) where article 13,

24 and 29 highlight the importance of:

1 having access to information and having the freedom to expres s their thoughts
and opinions;
9 the right to an education on health and well -being so that children can stay
healthy;
T the right to develop every childbés personality
including respect for the other people and the environm ent.
Childrenbés experience of enjoyment in the outdoor

Whey 1997; Waite and Rea 2007). There is evidence that enjoyment and autonomy of
choice contribute to improved learning and the application of that learning. For

exam ple, Erk etal . (2003) found words stored in a positive emotional context were
remembered better than those in neutral or negative contexts, so that what children

wish to learn and take enjoyment from will result in learning being better retained than

what they have no choice about. Some ambivalence still remains around whether
enjoyment is really advocated as the route to desired improvement as can be seen by

the priority of O6Excel | @DESR009) ingavernménhdoaurmemtse. nt 6 (

Wider benefits to learning outdoors have been found to provide opportunities for

children to develop enthusiasm for learning, increase a sense of ownership and

responsibility, learn patience and improve self -esteem (Lieberman and Hoody 1998),
and shape imp ortant values about nature (Ratcliffe 2007). Through the use of real -
world contexts, children are able to engage with science -related issues, with the ideas

of science, as reflective citizen s (OECD 2016 ) and they can develop their own real

personal identit y which will be needed when competing for jobs and becom ing skilful
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members of society and citizens of the world according to the UN (2016 ) sustainable

development goals.

Summary

5.1 Reflection on the literature

Science learning in the outdoors tends to focus upon  social benefits , professional
perceptions and confidence of teachers and children rather than scientific literacy

(Waite 2011, Glackin 2016, Harris 2017 ). This leav es issues such as learning
outcomes, the quality of learning and its imp act on children under -discussed (Bianchi,
Whittaker and Poole 2021) . What has not been addressed in the literature is an

understanding of the learning thatistaking place which is central to understanding

how teachers can most effectively support childrenbés scientific Ilearni
There is a need to find evidence to support and justify the quality of science learning

that is naturally occurring in the outdoors . This relies upon the learning being in

context and the assessments inform ingthe ¢ hi | d nextrstéps (Jame s 1998) .

Learning from experience is frequently determined by the quality of the experience,
relevance, element of freedom and interconnected opportunities which can be seen as
complementary or suppl  ementary to the wider learning of the child. = The context can be
used to maximise engagement and motivation may indirectly improve standards and

impact learning academically (Dillon etal. 2005). This has been proven through a

range of initiatives and international approaches. Although this was problematic in an
accountability culture, i  n terms of outcomes, it was deemed important to maximise

contextualised learning to extend learning
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Methods andmethodology

Paradigm

6:1 Research paradigm

Theaimof thisr esear ch i s t owhaiconstitges sffeciive autdoor science

l earningd involving t he andthis tisrintegral fo th@mamfesearenani n g
guestion aslkanng,aitheeewt eachers most effectively su
in primary science using the outdoors ?0 There is an understanding that personal

realities contribute to developing shared meanings. This research places value on

authentic child -initiated questions, independent thought and scientific behaviour

Lincoln and Guba (1985) suggest that meaning is associated with views, feelings,

behaviour and conceptual understanding. This can be seen in the research questions

which focus on thinking, attitudes, progress and challenges. These questions do not

align with a positivist approach as they are not objective or measurable. Instead, they

are more abstract because they are based on realities that involve perception and are

mind -dependent (Coe etal. 2017). This refers to how the learning is interpreted by

trainee teachers using  an assessment matrix (section 8.1.2) and the meaning that is

assigned to the learning by the trainee teachers

In order to develop an understanding of the illusive and intangible qu ality of social

phenomena which  are apparentinthe primary school context within this research, an

interpretivist lens has been used to frame the methodological design. It aligns with this

thesis because it focuses on authentic and unique learning opportunities (Denzin and

Lincoln 2011) where the children are learning about science through hands -on,

concrete, outdoor experiences in a child -led way. This highlights the importance of
understanding fithe subjective worCbhén,Mhanioh lar®l human
Morrison 2011 p. 17) in order to understand the indivio
experiences that informed the learning. Whilst | am  using an interpretivist lens to help

to develop an understanding of the mudingisf aceted w

interpreted by trainee teachers in the outdoors, the analysis will be considered in
relation to practice in order to contribute to pedagogic al approaches that are research -
informed.
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Interpretivism involves the development of webs of meaning which are dynamic in
nature (Lincoln and Guba 1985). It seeks out subjective beliefs, where, in this thesis,

meaning is co -created between the researcher and the trainees in an interactive and

inseparable way (Lincoln and Guba 2016). It focuses on understanding , meaning and
action as opposed to the more positivist approach which includes explanation,
prediction and control (Carr and Kemmis 1986). Whilst acknowledging that there are

an infinite  number of different descriptions from different perspectives, interpretivism

involves ascribing meaning to features of the learning. In relation to this research, an

interpretivist stance allow s me to generate an understanding of the ways that children

learnscienceby putting the childrenb6s | earnintpeirat its ce
reflections, whilst also capturing their unique actions and thinking  (Roberts -Holmes

2011; Burton and Bartlett 2016 ).

My epistemological position, regarding the nature of know ledge, is allied to a

constructivist perspective. This involves actively constructing meanings of the world

(Giddens 1976) through cognitive (Piaget 1978 ; Lourenco 2016 ) and social activity

(Vygotsky 197 8; Schreiber and Valle 2013 ). Int his research, the ¢  onstructivist view

provides a lens to help understand how learning has taken place. It acknowledges the
complexities involved in developing an Taemder st and )|
constructivist view is also based on the assumption that new meaning an d

understanding is constructed based on experiences (Hammersley 2008) and by

integrating new information with prior knowledge (Cohen, Manion and Morrison  2018).

Within this thesis , th is view is used to help explain the way children learn science in the

outdoor context , building on their prior learning and experiences

This constructivist perspective was influenced by the work of Dewey ( 1938 ) whose
learning theory of experience advocated experiential learning. It helped to explain the

use of learning through reflection on doing  (Dewey 1938; Kolb 1984 ). S ituating the

learning outdoors allow s the children to reflect on their regular, first -hand experiences
of science -in-action and construct their understanding in context. This research focus es
on multiple realities which are context bound and interactive. Details which describe

the learning culture, such as t he c¢ hi hkhdaiaon s and attitudes in the outdoors as well
as their thinking  processes from the  perspective of both the researcher and the trainee
teachers as insider s (Pollard 2014 ), are used to construct an overall view of the

learning (Guba and Lincoln 1982 ). Using these rich or dhick descript ions 6(Geertz 1973)
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enables an articulation of the social actions which include both the physical behaviours

and an interpretation of the context.

Although interpretivist paradigms have been critiqued as  too subjective , with the risk

of misinterpretation (Burton and Bartlett 2016), this approach made it possible to

explore scientific learning in the outdoor context whilst maintaining the credibility and

integrity of the learning. It provided the opportunity to understand the uniqueness and
complexity of the ways in which children learn, including observable aspects associated

with learning in  -the -moment (Pring 2015) . Accepting the messiness of researching the
social world in order to understand learning, the additional ste p of triangulation

(Denzin 1970) was used  to improve validity. This was achieved through the use of
multiple perspectives from the participants , Which included the child ren and the trainee
teachers, aswell as the researcher. The validity of the interpretations was increased by
the number of participants involved, as well as the co -construction of meaning between
the researcher and trainees . The goal was not to provide accurate representations of

the educational phenomena butinstead to reflect the more abstract nature of individual
and social circumstances.  This social approach was dynamic and required researcher

transparency (Clough and Nutbrown, 2012).

6.2 My positionality within the research

My position is shaped by my lived experiences and own values (Sandhu 2017). Having

previously been a teacher and acted as a facilitator of the learning, my experiences of

applying constructivism within my practice, scaff
assessing learning through formative and summative assessment ( Wiliam and Black
1996 ) will affect my assumptions and interpretations within this research

The socia | world is said to be better understood from the stance of individuals who are

part of the ongoing action being explored rather than from the stance of an  objective
observer (Cohen , Manion and Morrison 2007). | was very much part of the ongoing
action ; fir stly, as a university lecturer undertaking this research and secondly, having

been a primary school teacher with an understanding of learning expectations and

chil dr en 6Nypostiaality . allowed me to appreciate situations through the eyes
of the pa rticipants ; in other words, those of the children and the trainee teachers, and

not simply through the eyes of the researcher ( Cohen, Manion and Morrison 2011). It
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enabl ed me to shar e t and urdersandireieistedpretationasmfche
learnin g, giving meaning to the collective experiences (Dervin 1998) through sense -
making. This allowed me to take a subjective approach when dealing with their direct

experience of working with the children in the outdoor context.

The nature of this research re quired me, as the researcher, to have a continually
shifting position  in relation to insider and outsider research (Merton 1972 ). This was
demonstrated through the appl i catbasedreseafcheBank 6 s

model which focused on insider and outsider positioning. The model represents

(1

di fferences in resear cher,sbasedonthewn lcaningnitiesshaycdarev al ue s

working with (Kerstetter 2012) . This includ ed the relationship to the research
participants, which influences how the researcher is positioned in that space (Smith

1999). In this research, | had two roles, an indigenous insider and an external insider.

For instance , w hilst in university, | was an indigenous insider , guiding the trainees in
their role of facilitators of the research . As | work as a lecturer i n the institution, |
ascribe to the values and practices of the university, for instance embracing its

ambitions and approaches ( NTU 2022 ). It was also important for me to adopt a wider
perspective beyond the university, through the field of research , in orderto be aware
of current influences and more diverse possibilities within primary science and outdoor
learning. This enabled me to move beyond the instruction of trainees, such as focusing

on metacognition, enabling them to develop their own professional effectiveness

Yet, h aving taught in primary schools before becoming a university lecturer in schools,

| also took the position ofan  external insider when the trainees collected and

interpreted the data. Understanding the pedagogical requirements, | was well placed to

lead the academic focus and being removed provided me with less subjectivity within

the analysis; | took  a privileged position by sitting back and having an overview. |

listened to the responses from the traine e teachers and realised the importance of

hear i ng t heMauthnénamiBiccle ZD02) . This was necessary to value the  ir
perspectives, providing a broader and more holistic knowledge about the children

through the detail in their interpretation of the chil dr ends Greig daylorand g (
MacKay 2007 ).

Whil st appreciating the tr aileamiagga® araseagchep megt ati ons

role also involved being  an interpreter in the field and making sense of the learning
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(Dervin 1998) . As an insider and as a former teacher, I had an appreciation for how
the cases were able to function within practice, for example taking into consideration

the curriculum expectations. This supported the trust worthiness and credibility of the
approach . | was aware of th e ethical implications  for instance those  associated with

biases such as deciding what was important to highlight or interconnect but valued my

own insights and deep understanding of the context (Anderson and Shattuck 2012). In
terms of my personal researcher identity, | interrogated my own values and logics as
well as those of the participants. | needed both critical reflexivity ~ to have an awareness

of how I think and  dialectical reflexivity  to have an awareness  of wider influences on
how | think (McNiff ~ and Whitehead 2009 ). The deconstruction of my usual way of
thinking (Derrida 1997) was achieved throug h an openness to alternatives and a
guestioning approach. This enabled me to see things from a different perspective, in

order to understand the childrends and the traine

6.3 Role of thdrainee

The trainee teachers  were working intheir fourth and final block placement school,
collecting the primary data as indigenous insiders  and acting as facilitators of the

research (O&Mara and Gut i dlheywere s@flce €pcialistEwhgur e 4) .

were well positioned for this role because of their strong subject knowledge and

passion for developing their expertise in school (Silverm an 2006). The tr ai nees®b
knowledge of the science curriculum meant that their expectations of the learning and
knowledge of the prior  -learning were robust. In addition, having already established

trainee -child relationships,t hey were best placed to underst and the children and their
learning in an holistic way  , whilst also conduct ing the data collection in line with the

childrenés usual l earning experiences, thus putti |

Rather than co -researchers (Hartley and Benington 2000) , the trai nee teachers were

dacilitators 6of the research in line with A msteindés (1969) topol,ogy of g
which describes the power and decision -making involved in their role within the

research. Based on the eight rungs of participation on the continuum of participatory

power, the trainees  worked in partnership (rung 6) with myself as the researcher, with

shared decision -making responsibilities. When they were in  their placement  school s,

facilitating and being accountable for the data col lection , they were delegated power
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(rung 7) where a higher degree of participant control, management and decision -
making authority w  ere givento them. The trainee teachers had responsibility for the
learning and the researcher had the additional responsibi lity for the overarching

research paradigm.

Trainee
teacher
1

Child Delegated
11 children

Age 5,6,7,8 .
Trainee Trainee

teacher teacher
2 3

Facilitators

Researcher

Figure 4 : This shows the methodological approach for the research  with the
child at the centre. ( The concentric rings represent an increasing level of
responsibility and degree of participant control ).

As science specialists, the  trainee teachers have been developing the skills to support
childrenbés substanti ve an.dHoweves, working with chitden k nowl edge
outside of the classroom may have required a cul tural shift for them in terms of their

expectations and pedagogical approaches. Despite the narrow focus on learning

outcomes and a testing culture that has been evident within primary education for a

number of years; t he role of the se trainee teacher s was one that favoured intervention

over instructional models (Muijs and Reynolds 2018) and put the child at the centre of

their approach.

In order to empower the trainees in their role  as facilitators , it was necessary to
supportthem to  critiqu e ideology, develop reflective practice and link practice with

research. It was necessary for them to fully engage in critical reflection when

66



evaluating the learning in which they either  validated or challenged my interpretations

by offering alternative pe rspectives (Opie 2004). The trainees were given the

autonomy to identify learning moments independently and their reflections were
supported at regular intervals through online mee:
examples were also used to triangulate the tr ainee reflections and monitor the

consistency of approach, such as reviewing the ease of using recording methods in

context, overcoming barriers and making successful adaptations. Reflecting on the
learning not only enabled the trainees to make sense of th e world offering explanation,
clarification and demystification of the learning (Beck 1979) but also enabled them to
examin e situations through the eyes of the children (Cohen, Manion and Morrison
2011) .

Science learning in an outdoor context.

sEngaging
communities of
practice, partnership
schools and trainee
teachers

Credibility

+Reflection on the
learning
+Refine and develop
the matrix
sInform next learning

\ steps for the child
sInform the practice
of trainee teachers
*Recommendations
for teachers and

leaders in education

Evidence of the children’s learning

Trainee teacher role:

Learning Learning Learning Learning Learning Learning
opportunity  opportunity  opportunity  ©ppertunity  epportunity  opportunity

Researcher role:

Indigenous External Indigenous External Indigenous
insider insider insider insider insider

Figure 5:Thisshows the connection between the role of the trainees and the
researcher over the research period and how this impact ed on the learner

Figure 5 demonstrates the impact thatthe role of the trainee teacher had on the

learner . They facilitat ed the research through collect ing data about the learning over a
series of linked learning opportunites and setting challenging target
next learning steps . Their role also included regular review and reflection on the

learning . The role of the researcher changed at certain points in time and the figure

shows the connection between the trainees and the researcher including the guided

reflection on and interpretation of  the learning . The credibility of the research increased
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as the evidence of learning was collected. The findings informed the learners progress
and the researcher analysis and recommendations for teachers and leaders in

education.

The actions the trainees undertook:

Learnt how to use the research tools

Followed the ethical protocol in preparation for the data collection

Collect ed the datain their placement school using the research tools

Completed regular reflections on the learning

Interpret ed the data that was collec  ted with researcher support to identify next
steps for learners  in interview

6. Provide d evidence for researcher analysis

akrwbhPE

Methodology

7.1 Methodological outline

This research followed a  qualitative research approach. In terms of  ditness for
purpose 6 research in schools does not consistently match with qua nt itative methods
and so qualitative data was collected in order to provide a consistent approach that

could be applied to all primary schools . Qualitative research can delve deep into what
the findi ngs show , and triangulation of the data ensure s itis authentic and meaningful
(Denzin 1970 ). It e nables the social world to be studied in its natural state and

recognises the uniqueness and fluidity of individuals and events ( Cohen, Manion and
Morrison 2018 ). It provides opportunities to capture multiple interpretations of  and
perspectives on  events and situations. It is affected by the context and the situational

changes that evolve over time , demonstrating its ~ complexity .

However, g ualitative approaches within education have been criticised for not being

sufficiently rigorous  (Mercer etal . 2001 ; Hammersley 2008 ). It has been recognised

that there are av ariety of interpretations of the learning (Silverman, 2016), leading to
concerns about the validity of the research, which  stem from its perceived

trustworthiness, consistency and neutrality (Lincoln and Guba 1985). Whilst learning in
education can be seen as messy and full of contradictions, complexity and disjunct ions,

it is also celebrated for its richness and connectedness ( Cohen, Manion and Morrison
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2007). The unique, multi -layered nature of learning also meansthatitis not exposed
to the fragmen tation process found in much quantitative research. This was of
particular relevance to the uniqueness of authentic outdoor learning and the diversity

of learning involved in an experiential approach to practical science.

7.2 Refined researdmpproach

In developing the research design for my thesis , | considered the appropriateness of
design -based research, action research and case study methodologies. These research
approaches aligned with my focus on learning in the outdoors and linked with
constructive elements from practice (O6 Gor man and KH%).l Bathocarhbe
situated in a real educational context (Anderson and Shattuck 2012) and reflection is

an integral component of these approaches. In addition, all seek to demonstrate an

impact on practice.

However, t his thesis does notuse ad esign-based research approach, which typically

uses mixed methods and multiple iterations within a transformative agenda. The focus
on the evolution of design principles differentiates design -based research from both
action research and case study approaches. Design -based research moves beyond
observing to systematically engineering the contexts to allow evidence -based claims to
be generated about learning (Barab and Squire 2004; Messick 1992) . Whilst my
research involved a form of intervention, the data collection was focused on the

learning as opposed to the design of a pedagogical tool. Constructivism, which is the
lens used to understand learning within this research , does not link well to the
instructional or ganisation that is required within design -based research and so it was

discounted as a method

Action research was also discounted as a research approach. It differs from case study
research inthatitis  transformative, asit relies on criticality and reflective cycles when
conducting the research. Researchers using an action research approach, investigate

and evaluate their work with a focus on improving their own practice and the practice

of others (McNiff and Whitehead 2009 ). Although the use of research cycles is not the
intention of my methodological approach, a focus on improving practice was likely to

emerge from the research findings
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Case studies were deemed to be the most appropriate research approach for this
researc h because they observe the effects in real -world contexts with anin ~ -depth
understanding necessary to justify the case ( Cohen, Manion and Morrison 2011; Yin
2018). Specifically, multiple -case studies strive to portray what it is like to be in a

particular situation, to find the close -up reality, and to provide a thick description of
participants Oexperiences (Geertz 1973). Reality is also discussed as going beyond the

context and can be viewed as a reality of different perceptions and experiences in a

more holistic way (Yin 2018) . Yet, reality has an elusive and intangible quality ( Cohen,
Manion and Morrison 2011) when looking at learning and social phenomena , Which is
apparent in the context of education. Multiple -case studies differ from standalone case
studies by their content and approach being non -identical (Yin 2009). They provide a

range of perspectives and accommodate issues arising from a number of contextual
circumstances. These circumstances differ accordi ng to the participantséo
subject knowledge as well as the diversity of the school setting itself. Within this

thesis, therefore,  multiple -case studies were used in order to explore the patterns,

commonalities and connections within outdoor sci ence learning.

7.3 Multiple-case study approach

For the purpose of this thesis , the case study methodology was closely align ed with the

definition s from Cohen, Manion and Morrison (2011) and Hayes (2019). | have define d

case study as dhe meansto understand areal -world situation , involv ing important

contextual conditions @ Each of the three  case stud ies focuse d on one trainee teacher

andprovide di nsi ght into the childrends scientific | eal
and outdoor contexts . This a pproach allowed examples of effective outdoor learning to

be capture dwi t hin defined parameters as Ipaanngcomekt t he ¢ h
and enabled a picture of their learning to be built over time to gauge their progress.

This allowed traineesto ef fectively support childrenbés | earni
Each case study involved (Figure 6a):

1 One trainee, one school, three or four children and a series of four to five

sessions , lasting between one and two hours .
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Case study 1: Case study 2: Case study 3:

1 trainee [TR1], 1 school 1 trainee [TR2], 1 school 1 trainee [TR3], 1 school
4 children (age 5-6) 3 children (age 7-8) 4 children (age 7-8)
S . 5 sessions: minibeasts, bug hotel, 5 sessions: enquiry, questions,
4 sessions: journey sticks, sound ; . e -
. T exploration and identification, decomposition, bulbs & seeds,
walk, insects, guestioning . L L
sensory hunt, sound investigation minibeasts
Figure 6a: This shows how the evidence oflearning  was collected within each

of the three case studies.

The trainees collec tedthe data overone Spring Term. A dearning in action &booklet and
observation was completed for each child, for each session. The trainees completed

onethinking scientificallyé matrix that was represent at
the end of the series of sessions. After the school experience and  final degree

submission, one interview per trainee occurred at the end of the summer te rm. Each

case study comprised of evidence from three data collection methods.

The purpose of the  multiple -case study approach was to produce dMode 2 6knowledge

(Gibbons etal. 1994), where emphasis was put on real -world contexts through

generating knowledge inthe contextof the school and inthe outdoor learning

environment. The aim of the research was not to achieve reliable data but to explicate

the ways in which children learn in the outdoors. The small -scale approach provided a
snapshot of the childrenbés experiential |l earning
data as opposed to the quantity of the examples (Fusch and Ness 2015). It was

necessary to concentrate on smaller numbers of children during t he learning, in order

to improve the opportunity to collect multi -layered, intricate, detailed and nuanced

evidence of learning.

There was also an appreciation of the limitations associated with using a multiple -case
study approach. Shaughnessy , Zechmeist er and Zechmeister (2012 ) suggested that
case studies lack a high degree of control. This became apparent in the research, as

the trainee teachers were facilitators of the research and were therefore involved in

making decisions as internal insiders . However, following shared research principles

minimised this.  Each case study was non -identical . They varied as the participants

were not of the same age  , they had a different school situation and the content within
each |l esson was t ai |l &need$andioterésts atthat pointindtime n 6 . By
observing in multiple situations and through the triangulation of the findings, cases

were studied for what they reveal ed aboutthe personalised learning , witht he intention
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of better understand ing the learni ng, as well as enabl ing more robust theory  and

gaining a fuller picture.

Whilst this res earch does not fit neatly into the categories of case study defined by

Stake (1994) or Yin (2018 ), itdoes echoa 6 c ol | eapproach ebécause it involv es a
body of data that focuses on the examples of science learning (Hamilton and Corbett -
Whittier 2013) . Within the multiple  -case study approach, the trainees worked

separately but followed the same methodology to gather the data about the learning,

through a collectiv e approach.

My thesis also draws upon a qualitative multiple -case study approach. It relies on the
capacity of the researcher to interpret, translate and articulate the meaning (Hayes
2019) . For instance , as an insider researcher, | was able to understand and articulate
the meaning from the evidence of learning and t r ai nabserwabions and reflections.

It was not about comparing trainees, schools or children but using evidence to

exemplify new knowledge. A qualitative locatomef st udy
a phenomenon within its context using a variety of data sources. It ensures that the

issue is not explored through one lens, but rather a variety of lenses which allow for

multiple facets of the phenomenon to beanddaeekeal ed
2008, p544). When exploring science with children in an outdoor context, the evidence

from data analysis and the variety of perspectives provided an opportunity to

understand multiple aspects within the learning.

Lincoln and Guba (1985) and Atkins and Wallace (2012) highlight the complexity

involved in a case study approach. In addition, Hayes (2019) pointe d out the depth of

analysis that is required for a single case. In relation to multiple -case studies, this was

accentuated by within ~ -case and cross -case analysis. The consistency in the research

methods and the categories incorporated within the structure of the 6l earning i
booklet resulted in the data collection being systematic . It was also possible because

each case included a series of four or five linked outdoor science lessons during the

Spring Term and involved  primary aged children from fiv e to eight yearsold . The

exampl es of ‘ttheamonmenngt 66 ivner e more reliable than rel
perceptions and beliefs (Ayotte -Beaudet etal. 2017; Glackin 2013; Dillon etal. 2005).
Additionally, the  examples were collected by science specialists in their fourth year of

training, who had experience in using observation skills and had a strong subject

knowledge background. Both of these approached to data collection supported the
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rigour of the approach . Although each case was unique, a multiple -case study approach
enabled a common structure and expectations to be established thus making it possible

to see the connections  within the outdoor science learning that was occurring.

Methods

8.1 Introduction to the methods

In order to facilitate the outdoor learning and to capture data to help answer the
research questions, | devised and developed two pedagogical t ool s: a i@l earning
actionbé moo&al ét hianki ng sci €lnetdilfeiacranlilnygddboukdetarastxi .o n

a purposely designed pedagogical tool that was used to capture a variety of learning

examples . It was a format onto which the children could write, draw and present
photographs to represent their scientific thinking whilst outdoors and  subsequently in
the classroom . The trainees could also add detail to evidence the learning. It provided

a basis to supportthe  trainees in structur ing their formative assess ments . The

6t hi nki ng s onatexwas désigmed tb $ugpbrt the data collection and the
assessment of learning by the trainee teachers . It also enabled me to both support the
trainees with their assessment and analyse the learning that occurred across cases . It
was a matrix in which success criteria  demonstrated progression within the thinking

scientifically learning outcome s. Trainees used the success criteria to plan for, measure
and set expectat i on sachieeement thheycdmpléted one matr that
was representative of the group of children that they were working with at the end of

the series of sessions.

The booklet and matrix pedagogical tools were piloted by the trainee teachers and
refined as aresult . This informed the main  data collection and the subsequent data
analysis. The key data collection methods included d ocumentary analysis , o bservations

and i nterviews . Details of the methods used canbe seen in Figure 6b.
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Case study 1:
1 trainee [TR1], 1 school (
Documenta

4 children (age 5-6)

analysis:
4 sessions: journey sticks, sound
walk, insects, questioning

¢ ‘Learning in Action’
booklets.
*Trainee’s field notes.

Pedagogical tools:\ \

Case study 2:
1 trainee [TR2], 1 school / ‘Learning in Action’ -Opservations by the
3 children (age 7-8) teaMlEE child. . .
5 sessions: minibeasts, bug hotel, ‘ ¢ Observatlgns of the child
exploration and identification, ‘Thinking / by the trainee.
\_ sensory hunt, sound investigation Y. \_\ Scientifically’ matrix/g
N /
4 Case study 3: N
. ¢ Trainee’s learning
1 trainee [TR3], 1 school conversations with the
4 children (age 7-8) child.
5 sessions: enquiry, questions, . §emi—§tructured
decomposition, bulbs & seeds, lntt?rV|ews with the
\_ minibeasts Y. trainee.
Figure 6b: This shows how the collection of evidence , which focused on the
learning of the children from the three case studies, linked to the pedagogical

tools and informed the data collection methods.

8.11TKS Wi SFENYyAy3a Ay FOlA2yQ o6221¢€Si

The 61 earni m@g ibro oliguteit’dwas t he pedagogical tool that
the children in line with the mosaic approach (Clark and Moss 2011) . The mosaic

approach is a framework for listening to young children while respecting them as

experts in their own lives. The children play a direct role in constructing and discussing

research material . The booklet enabled this by includingareas for both the <c¢h
traineebds obsemrwdance fmoused o hriGst i cal ithrooghttee nt s 6

recording of:

T childrends drawings with their accompanying de
T childrends gthheermomenbandsquestions to consider in future :
T childrenbés photographs of their | earning,
T photographs of childrends |l earning by the trai
1 trainee observation notes

I introduced the booklets to the trainees in university taught sessions. | shared a

completed example as a model to set expectations (Appendix 1). The trainees then
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trialled the booklets with children from a local primary school in the pilot. The trainees
subsequently took them into their placemen t schools where they were introduced to

the children, using my model again as an example.

The booklets were used to capture aspects of the learning alongside the series of linked
lessons that the trainees planned and provided evidence for documentary analysis

within this research . Th e booklets were completed by the childre n while they were

learning outside . The children recorded their observati ons, questions

andc

act iandhdso capturedf urt her reflectioastiobndearnengt benl ¢

The trainees supported their use by asking questions, ma king links to prior learning

and promp ting memories and reflections . The children had responsibility for the

booklets and the ir contents . They shared the ownership with the trainees who could
scribe for the learner or add their own notes , additional detail and observations on the
learning . This was recorded on page one of dearning in action &booklet (Figure 7).
Interms of evidence collection, there was a need for consis tency in capturing the

learning and ensuring there was a shared understanding of the learning judgements.

The tool was designed to  provide the trainee with common expectations in data
collection to support documentary analysis, irrespective of the learning opportunity
The expectations became accessible and enabled the trainees to evidence progression
in learning. It was also important to have a format that enabled moderation and the
structure made it easier to see gaps in learning, misconceptions and progressive

strengths within the documentary analysis . The sections provided a structure for the
record ing, leading to the identification of the learning , appropriate support and
development of criti  cality within the learning. T he quality of the examples meant that
they could be used to evaluate the learning and associated next steps. The sections
also made it possible to notice missing information, points that did not align with

scientific facts of evidence and examples of higher order thinking . The value of the
thinking was realised through the quality of the questions, the purpose of the
photographs, the articulation of the  experiences in the descriptions and observations  as

well as the detail int he drawings .
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Draw what you havelearnt today... Tell us about your drawing... Fhotographic evidence.
Child Code: Date:
Student code: lesson number:
School code:
Adult observation notes...
What was happening.

What questions did youask?

What do you still want to know?

“ ket war e child dring andzaing

Figure 7:6Learning in actiondé bookl et
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In contrast to the current assessment guidance (STA 2019) where progress in
knowledge and understanding is measured over time in an in -class setting , this
research focused on evidenceof c¢ hi | d tearming through practical outdoor
science. The children were assessed throu gh the application of a spectrum of

success criteria . These include d specific small steps required to meet the
learning outcome , with an understanding that their progress may not have been

linear , continuous or comparable

It was necessary for the t rainees to understand the science learning outcomes

that are relevant to the outdoors and effectively pitch their expectations :

enabling children to be ableto demonstrate their scientific literacy . The trainees:
understanding also allowed themt o make con sistent judgements about the

practical science learning . As there was nothing in place to guide assessment

judgments in relation to outdoor science practical learning, | developed a matrix

that | called the 0 bratrirn(Kigureg 8sApperin t 2) Bsiac al | y

pedagogical tool .
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Learning outcomes

Links to teaching Success Criteria
Synthesis

Thinking scientifically

I - Ideas

P - Problems

E - Evidence

Q - Questions

O Use abstract ideas
or models or multiple
factors when
explaining processes
or phenomena

O Identify the
strengths and
weaknesses of
particular. models

O Describe some
scientific evidence that
supports or refutes
parfigular.ideas or
arguments, including
those in development

O Explain how new
scientific evidence is
discussed and
interpreted by the
scientific community
and how this may lead
to changes in scientific
idea

Analysis

Application

[ Comprehension | Knowledge

O Use abstract ideas or
models or more than one
step when describing
processes or phenomena

O Explain processes or
phenomena, suggest
solutions to problems or
answer questions by
drawing on abstract
ideas or models

O Recognise scientific
questions that do not yet
have definitive answers
O Identify the use of
evidence and creative
thinking by scientists in
the development of
scientific ideas

O Ask questions and
develop a line of enquiry
based on observations of
the real world, alongside
prior knowledge and
experience.

O Identify further
questions arising from
their results.

O Make predictions using
scientific knowledge and
understanding

O Use scientific ideas
when describing simple
processes or
phenomena

O Use simple models to
describe scientific ideas

O Identify scientific
evidence that is being
used to support or
refute ideas or
arguments

O Use their science
experiences to explore
ideas and raise
different kinds of
questions

O Use their results to
make predictions

O Identify differences,
similarities or changes
related to simple
scientific ideas,
processes or phenomena

O Respond to ideas
given to them to answer
questions or suggest
solutions to problems.
Represent things in the
real world using simple
physical models

O Use straightforward
scientific evidence to
answer questions, or to
support their findings

O Raise their own
relevant questions about
the world around them.
O With support, they
should identify new
questions arising from
the data, making
predictions for new
values within or beyond
the data they have
collected and finding
ways of improving what
they have already done.

O Draw on their
observations and ideas to
offer answers to questions

O Make comparisons
between basic features or
components of objects,
living things or events

O Sort and group objects,
living things or events qn.
the.basis.of what they
have observed

O Respond to suggestions
to identify some evidence
(in the form of
information, ohservations
or measurements) needed
to answer a question

O Explore the world
around them and raise
their own simple questions

O Ask questions
stimulated by their
exploration

O Recognise basic
features

O Respond to
suggestions to identify
some evidence (in the
form of information,
abservations or
measurements) that
has been used to
answer a question

O Draw on their
experience to help
answer questions. Show
curiosity about objects,
events and people.

O Question why things
happen

Figure 8:

O0Thi

nki

ng

s ¢ matrix (Apperidie a | ) 6

Increasing level of complexity
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It originated from a fusion of ideas that | assimilated into the matrix with a focus
on science and an understanding that it would be appropriate for outdoor

learning. These ideas developed from:

1 A Times Educational Supplement professional resource ( TES 2013) for
teachers to use as a guide to write success criteria focusing on critical
thinking and Bl ooBlobm ettala 1956 )oTimiy provided a
structure and some key vocabulary for each category.

9 The National Curriculum ( GB.DfE 2013 ) statutory requirements for
working scientifically. These were used to populate the matrix for it to be
relevant to current practice in line with the key vocabulary for each
category.

1 The working scientifically aspects of progression in understanding from
Ward and Roden (2016, p84 -86) and assessment focus one from
Assessing Pupil Progress in primary science (GB.DfE 2009). Although
these were age -specific, my version included a spectrum of success
criteria that prevented a ceiling being applied to learning according to age.
Their aspects of progression included indoor specific criteria, such as
written communication and graphical representation, however, mine were

considered with a focus on learning in  the outdoors.

It was designed to be non  -prescriptive by providing flexibility and autonomy for

teacher s through offering them a structure to identify appropriate challenge and

potential next steps. It was based on 6thinking scientifica
outcome with four associated links to learning being: ideas, prob lems, evidence

and questions . These links were allocated success criteria which were divided

into 6 areas bas etdxonompyq nBloBnh et@m®S6 ). These areas,

ranging from knowledge to evaluation, were progressive in nature. As can be

seeninsect i on 3. 3, Bl oom®@momt & a 01856 rplyad the potential to

give children the opportunity to build on prior learning, whilst also enabling

trainees to recognise progress and identify the

Whilst it has been criticised for its hierarchical nature and lack of connection

bet ween el ements, it provided the flexibility th
made the intangible less abstract. They allowed the user to assess chil:
scientific achievements and provided supportive n ext steps to enable the
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children to make progress. In this research, progress is seen as the achievement

of success criteria in order to move towards a desired, improved and refined
state (Main 2022).

Inthe trainees fourth year, they incorporated the matrix into lesson planning,

where the learning outcome and success criteria were  identified and used whilst

facilitating cnhg ladsr entd so clceuarrrneid out door s.

learning were collected to illustrate competence within the success criteria. Then

the results were evaluated to assess the extent to which the children were
meeting the objectives of the lesson, as ca n be seen in the annotated 6t hi
scienti fi c gHigurg9d. Tmsetresultsxwere then used in future planning

and the setting of expectations for the children, which change d over time
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8.2 Pilotstudy

The purpose of the pilot was to reflect on the role of the trainee  teacher s as

facilitators ,try outthe researcht ools and testthe recording methods (Yin 2018) .

I wanted to understand the learning of the children that was occurring outdoors

and | wantedto gauge the trainees® abil ity to collect tlhe dat a
was beneficial to establish how feasible the recording methods and research

tools would be to work with. | also needed to respond to the emerging data over

the restricted data collection period for this to inform my future actions.

Before the developmen t of the 6t hi nkimatgx ,d origimaltyt i fi cal | y o
designed and triall ed amatixothgpilotg swdyi enti ficall yo?é
modelled the use of both the booklets and the original o6éworking scie
matrix ina seminar which focused on the initial teacher training Core Content

Framework (standard 1iii and 4vi) ( GB.DfE 2019 a) involving expectations and

providing challenge along with the use of questioning. A completed example of

the booklet was shared with  them ( Figure 10, Appendix 1) and time was spent

discussing the potential of the tools, logistics of use , consistency in expectatio ns

and interpretation

Photographic evidence...

Child Code: W\ Date:
Student code: lesson number:
School code:

Adult observation notes...

M was vhj eV Se VI cf W anans  and
What was happening.... V&Y nquinhive

o , ) , {0 QUL o) W aswed were
N wad very willing o Wold e , /

¢ >how @ Mmaxl KYs a v gl
oS o LWotw wuy e wnng

‘ 7 Wnor ey W Mear aninneg fof
e m (’Lﬁ,\. k u)‘ ,-“j t} Lasy
‘ ‘ > ey hovt  Mewtns

\ Wny q\u/.\’ wie helr ool W j\‘ﬁ,..l
2 WY do W\)by dnnde

)
MeAr  w cu,) bade W owhue YN

he dpmbtd e Snaas &S, skaany body wnd

Saed o - N
‘:hb) S\\b\A‘ “\L\j '_E\ml\,\ Wf : .\p,uﬁ Wt o« Wy

fals | Wy ger AW (LY PN fhy  grow
* What was the child doing and saying?
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Draw what you have learnt today.... Tell us about your drawing...

What questions did you ask?

R0 ¢ \ B
Y5 AGAN( Fixfapssmey

What do you still want to know?

0 6gARS A SAmiL 0w

Figure 10: Completed dear ning in acti@ppénddblpokl| et

The trainees trialled the completion of a blank version  with peers alongside input
on plant reproduction and through their engagement with the dissection of fruits
and seeds . The matrix was then used to make judgements about the evidence

and guided the decisions about the next steps in learning

The pilot study took place at the university, with 60 third year trainee s who were

studying for the BA in Education degree with QTS. They were studying in  their

fourth year atthe time of the main study . This was part of their usual module

experience. They were working with year 5 children (9 -10 year olds) from a local

primaryschoo. They used the o6l earning in actionbé bookl
method to collect evidence of learning (Figure 7). The trainee teachers became

familiar with  my original &vorking scientifically 6matrix (Appendix 3) in the pilot

through their third  -year module. It consisted of four overarching areas that were

taken from the National Curriculum O6Working Scie
thinking scientifically; communicating and collaborating in science; using

investigative approaches; and working critically with evidence (GB.DfE 2 013). It

was used to guide learning expectations and assess learning successes.
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As there was an expectation that the trainees and children would take part in the

learning activity in line with the usual module requirements, ethical

considerations were emp  loyed to enable integrity and transparency ( Appendix

4). Consent was requested from all of the trainees and from the children,

parents or carers and school ( ethics section 9 and  Appendix 5a, 5b, 5¢, 5d ) so
they understood what the research was about and ho w the data would be used

within the research.
The trainee teachers were provided with the following instructions

A Design an outdoor activity to challenge a group of more able year five
children (age 9 -10) and ensure the links to science in the National
Curriculum (GB.DfE2013) and especially o6working scienti
A Capture the evidence of learningtoincludeth e ¢ hi | thinking Gusing
the &6l earni ng i ne.ganote dritcal ibcidents,cc&pture t
guestions, take photo  graphs, encourage children to take photographs,
draw and describe their ideas
A Use tworkingbsci enti f i c a$d rgsource to suppord planning
and assessing the learning in line with National expectations
A Evaluate the success and  potential of the task . Consider h ow the learning

was personalise dandhowt he chil dr enésexteridiehki ng was

| then interviewed 12 trainee teachers who had completed the module in their
third year in two focus groups (Cohen, Manion and Morrison 2011) . They
reflected on the successes and challenges of collecting and recording the results,
using the booklet (Figure 7), as well as setting expectations and the application
of success criteria, using  the original 6 wor ki ng s c imatrixt( iAppercdxB ).y 6
Small group sizes aimed to limit the impact of a dominant voice and the

influence and peer pressure. The interaction and group dynamics were valuable

in sharing opinions about the shared experiences. Notes were taken during the
interviews to captur e the central issues whilst being mindful of recorder bias and
distractions (Nunan 1992). The questions from the group interview schedule

were shared with each group as a whole and then discussed at the trainees 0

convenience (Appendix 6).
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Using the univer sity wide evaluation tool called EvaSys , | also collected
guestionnaires from 46 of the 60 trainees for broader feedback on their

experiences and for  a better representativeness of the views across the cohort

(Bell 1993). It used a four -point scale to capture the trainees 6agreement about
their ability to manage the learning (Appendix 7). It also provided opportunities
for more detailed qualitative feed back and key learning examples through the

open guestions at the end. Closed questions focused on expectations, enquiry

skills, data collection, contextualised learning and evaluation as well as the

success of specific teaching approaches that were include d in the taught module.
The trainees had the opportunity to articulate the learning and provide examples

to support this in a qualitative way, through the open questions. The intention

was to enable free and honest responses (Wellington 2000).

Within the f indings, the trainees feedback showed that the outdoor experiences

were beneficial. Positve  comments ,i ncl udi ng 0 e esfiened the valsiee 6 ,
of the approach chosen in the research (Appendix 8a). The findings that were
relevant to the main study high lighted four key implications for the research

8.2.1Implications fom the pilot

This was a developmental process resulting in the re -design of the  dhinking
scientifically dmatrix and the effective application of the dearning in action 6
booklet within their practice. As a consequence, | was able to adjust and re -
shape the expectations for the main research based on four recommendations:
developing routines, managing expecta tions, focusing on the evidence of

learning and using the refined matrix.

The pilot showed that it was necessary to develop routines to enable data to be

col |l ecitthwdmotmemt 6: taking booklets or paper outsi
school cameras available f or traineesd® and childrendéds use,
incidents and dialogue, including recording questions. In the pilot, the trainees

found this challenging to achieve at the same time as managing the learning
(Appendix8b ) . This resulted in the traineesd having
the importance of routines within the main study and were better prepared to

deal with both the data collection and the learning.
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I n many cases there was al so achiogaadlegraingt o t he t

routines . In line with the experiential approach of this research, it was necessary

for the trainees to find a balance between the level of scaffolding and child -led
learning within the outdoor sessions ( Appendix 8c ). This was crucialto  enable
curiosity and purpose, to provide the freedom for children to answer their own

guestions and solve problems, thereby promoting engagement. This issue of
finding the balance was shared with the trainees in the pilot and continued to be

a focus for t he main study as their experience and confidence developed.

Expectations needed to be managed  so that trainees  were prepared to cater for

a broad range of learning needs and learning outcomes. Due to the nature of the

module experience the trainees had not previously metthe  children, therefore
they found it challenging to personalise the learning without a knowledge of the
childrends needs and Apbendixr8d p. MThe pilot aloestoowed i ng (
that when the trainees understood the science expectatio ns, the learning was
more purposeful ( Appendix 8e ), and when the timing of the sessions allowed for
reflection on the learning, it provided more opportunities to demonstrate critical

thinking ( Appendix 8f ). In timing of the main study ensured that the

rela tionships were established over an eight -week placement, the trainees had
taken responsibility for wider science subject knowledge research and had more

experience of understanding the children as holistic learners.

In the pilot, afoc  us group of trainees  was convened to gather th eir perspectives
of outdoor learning,  develop the interview schedule questions and questioning
technique s (Appendix 6). The interviews provided a valuable perspective in the

trai neesd bethdreevas ilimiteddepth and detail |, including generalised
examples of t he c hiAppgndig 8a6)sCohseaimgn this, gintefviews
were conducted individu ally in the main study and the question schedule

included semi -structured questions to enable greater depthin t r ai nees®b
reflections ( Wellington 2000 ). My questioning technique s were also adjusted to
be more open, interactive and valuing to allow the natur al flow of conversation,

with the intension of putting the trainees at ease (Patton 2002 ).

The trainee focus group interviews in the pilot also showed the importance of
using the evidence of learning  in the discussion to demonstrate achievement.

The traineesd articulation of the | earning was
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to a photograph or a drawing, for example, from the dearning in action dbooklet
(Appendix 8b ), by stimulating reasoning and deeper reflection in their examples.

The trainees were able to include rich detail by connecting components within

the experiences which would be difficult to u ncover through other methods
(Patton 2002). As a result, the evidence of learning  was emphasised in the
individual interviews within the main study and was used to triangulate

corresponding interpretations and perspectives ( Wellington 2000).

The original matrix that was designed for the pilot incorporated a wide range of

oworking scientificallyd aspects including: thin
and collaborating in science; using investigative approaches; and working

critically with  evidence ( Appen dix 3) inline with the National Curriculum (GB.DfE

2013) end of Key Stage outcomes. The trainees found it challenging to assess so

many aspects within the learning (Appendix 8g). Due to the unwieldy nature of

the matrix in the pilot, a refined matrix ~ was designed to be more concise and

accessible in the outdoors. It was amended for the main study to simply focus

on 6thinking scientificallyd, with the |links to
evidence and questions ( Figure 8, Appendix 2 ). These success criteria were more

relevant because they supported child -led and experiential learning in the

outdoors , as opposed to having a reliance on classroom -oriented outcomes, such

as enquiries and testing.

The pilot raised the traineagesfacltabngptbeness of t he
research, the time requirements and managing their workload, including the
need for realistic group sizes to ensure the data collection was viable. As a

result, they were better prepared for this in the main study.

8.3 The main stdy.

As previously discussed (section 7.3) ,the multiple qualitative  case stud ies
include d 3 trainee s, each one was a science specialist in a placement school
with between 3 and 4 children each. The children were from a range of age

groups across the primary age range (5 -11) ,4 wereage5 -6and7wereage7 -
8. The trainee s obtain ed ethical ¢ onsent from their school, gate keepers and

participants in line with the ethical clearance and model letters that were
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provided to enable consistency in ethical approach (Payne and Joyner 2006;

Greig, Taylor and MacKay 2007 ). Theythenuse dthe 6t hi nki nfgi cal lendi

assessment matrix ~ (Figure 8) and 61 ear ni ng i n a(Eiguieo7) &ithih oo k | et
their practice to collect evidence of learning including chil drenbés scientific
problems, evidence and questions . Thisincluded t he chil drends observat

the form of drawings, questions, descriptions, reflections and photographs. In
addition, they used their own observations and reflections to share the learning

which w as documented withi n the interviews.

8.4 Documentary aalysis

Documentary analysis  can be viewed as a valuable data collection strategy for

case studies as they are examined and interrogated in context (Briggs et al.

2012). Within this study, the evidence for documentary analysis was collected

from two different sources: the 6l earning in acctldemafdmbookl!| et s
the traineesdssefsmanmaTheedl earning in actiond book
thechil drends evi deamdtwas colliectet feralocuriemagy analysis

during the lesson s. The evidence of learning was deemed to be significant when

it showed that something was completed unaided or with help which they were

unable to do without; when they took risks or recognised errors and

misconceptions; when they were immersed; or when t here was a shift in their

understanding. The evidence f rom trainees6 f or mafttheve assessme
learning included field notes, transcripts and lesson evaluations . They were

captured in -the-moment and the assessment evidence was used to feed forward

into future learning.

The booklets also supplemented other data collection methods through

triangulation and highlighted a range of perspectives including that of the child

and the trainee teacher. They allowed access to information that w ould have
been difficult to gain via interview by capturing the learning at the point when it
occurred. The immediacy provided reliability and the potential for greater detail
Theywere used as part of usuahlearnioghekpergnce n dvish the

inten tion of being unobtrusive
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Chil drendés evi ¢Childrenw ere involved in the collection of
learning . documentary evidence which demonstrated

learning . Their involvement helped me and the

Chil drends dr av
trainees to understand what they saw, did and

uestions, descriptions, . )
. P thought through the co  -construction of meaning

reflections and
(Clark and Moss, 20 11). The method was chosen

hotographs from the
P grap to empower the children by enabling them to

dearningin act i ono . o
g record and explain their thinking.

booklets.

Evidence from t r ai ne e Trainees added to the booklets , by scribing for
formative assessments the children, inorderto supportthe chi | dr er
of the learning . recording skills. They were able to record both

the learning in -the -moment and the ir reflections

Field notes , transcripts , . .
P on the learning  at the end of the lesson . This

hotographs of children
P grap then enabled assessmentto inform  planning for

and lesson evaluations. . .
progression (Wiliam and Black 1996)

8.5 Observations

Observations reveal learning potential as well as learning achievements

(Nutbrown 20 11) and are a valuing and holistic form of assessment that fit in

with the learning context (Carr 2001). They recognise the childbébs voice and
acknowledge the complex and social nature of learning. Within this research,

observations were used both as a pedagogical tool and as a research method.

The pedagogical tool involved observ ations by the children and were recorded in

the 6l earni ng i n.Theadsaamhniethdd o oirvdlved sbservations of

the children and were recorded i n t he traineesd form@wive asses

were used to capture the learning and make it visible ( Hammersley and Atkinson
1983 ), with the assumption that they should be non -judgemental, factual and
accurate.

In carrying out observations in research, one underlying assumption is that we

can obtain reliable knowledge and understanding via our senses. Context -
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sensitive learning provides meaningful experiences (Land et al . 2015) and rich
opportunities for collecting observational evidence. The focus of the observations
within this research was on the demonstration of and development of scientific

skills and understanding. Critical incidents ( Tripp 2012 ) and critical events

(Wragg 1994) are particular events or occurrences that typify or illuminate a

particular feature of the learning within the observations. Critical incidents reveal
something unusual or non  -routine, such as risk  -taking, a shift in understanding,
misconceptions, the application of understanding, or a curious attitude, all of

which are significant in this research. They were ident ified in -the -moment but

also became evident through reflection.

Observations Providing opportunities for the children to take photographs

by the child . and create drawings enabled the children to be observers and
explainers of scientific phenomena. Th ey were able to link
their sensory experiences with scientific knowledge in order to
represent their understanding. The children used mobile

devices for photo -capture and to support their articulation and
explanation building . This child -centred approach enabled the
trainees andmyself t o better understand t
The methods provi de denabledhe ieagnerfta n d
see or O6take noticed of the subj
in new ways (Eberbach and Cro  wiley, 2009). The engagement

and learner agency through the ownership of the learning w as
used to empower them to make decisions. The choice of what
constitutes evidence of their learning promote d self - efficacy
(Bandura, 1977).

Observations Teachers are said to be natural observers (Burton and Bartlett
of the child 2009 ) and similarly,t he trainee teachers , used the skill of
by the observation to make assessments as part of their reflective
trainee practice in-line with experiential learning  cycle theory (Kolb
teacher . 1984 ; Schon 1991). They collected illustrative examples of

the childrends skills and provi d:

involvement in the learning incidents. They utilised
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unstructured - participant observations with the children
(Hammersley and  Atkinson 1983; Woods 1986) . The trainees
were immersed in the situation as indigenous insiders (Smith
1999) . The critical incidents  that they captured were focused
on constituent parts that combine d to contribute to the whole

learn ing which was articulated through the interviews.

8.6 Interviews

Interviews with teachers w ere used as an odnter -view § an inter change of views
between two persons conversing about a common theme (Kvale, 2007) leading

to a shared understanding. The understanding w as located within the interview

and both the interviewer and interviewee came to a new understanding as a

result of the interaction . In terms of interviewees within this study, each trainee

was assigned a code, for example , trainee teacher 1 was referred to as TR1.
Learning The children comment ed onthe learning that was captured in
conversations two ways Dby the trainee teachers . Firstly, in-the -moment
with the through annotations  in the booklet and secondly when
children by reflecting on the learning after the learning event . Asa
the trainee pedagogical tool, it also provided opportunities for more
teachers authentic and challenging reflections. This involve d

exploration or new knowledge creation, where what was held

as a O0truthé could be questioned

Semi - | explained the purpose of the interviews and their ethical
structured rights in -line with the BERA (2018) guidelines, including
interviews having the right not to answer a question. Verbal and non -
with trainee verbal techniques were used to prompt and allow the

teachers participant to feel at ease during the interview with each

trainee . The semi-structured approach enabled the
participant s to have some freedom and to have some control
over the agenda. | facilitate d the participants 6response s

through a naturally occurring, shared conversation
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(Hammersley and Atkinson 1983; Silverman 2016 ). Self-
reflection and freedom to elaborate on their experiences was
promoted. |intend ed to use an audio -recorder to record
interviews and make notes in -the -moment although, due to
the COVID -19 restrictions, this was facilitated online through

the use of Microsoft Teams . The q uestions were asked in
themes and start ed with simple questions becoming

progressively more complex (Wellington 2000 ). There were

guestions relating to the documentary evidence and
observations , where a nnotations and articulation of learning
evidence was used to triangulate the observations (Appendix

9). These acted as a vehicle for reflection within the

interview .
8.7 Sampling

As previously discussed (section 7.3) , this research was not aiming to achieve
reliable data or discover a 6truthé in |ight of
gain a better understand ing of the scientific learning that was occurring

outdoors. | n order to do this, two perspectives were sought. O ne at university

level for the trainees and the other at school level for the children . Volunteer
sampling (Morrison 2006) w  as used to identify the  three trainee s and their
corresponding schools. | invited them to contribute based on a genuine interest;

even though this may have had implications for capturing a true range of

evidence and perspectives. The benefit of working with science specialists,

alongside children in their natural learning environment, was their commitment

to the subject and strong subject knowledge, which supported their

understanding of the learning that was being observed. Before volunteering,t he
primary trainee teacher s need ed to demonstrate an interest in teaching and
learning within outdoor science . They chose to specialise in science or outdoor

learning within their final two years ofthe degree and opted forthe Mast er 6 s
module , highlighting an interest in being a researchi ng professional in their early
careers . The schools accept ed the final year degree trainee teachers and had an

understanding of the learning philosophy embedded in this study. The head
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teacher and other teaching professionals within the school s were committed to

enabling the research to occur .

In terms of the children, purposive sampling (Teddlie and Yu 2007)  was used to
select three to four children , who were typical for ages six to eight within the
trai nee 0®is provids 8 arange of ages , backgrounds and identifiable
groups across the primary age phase. In using multiple -case studies, the
sampling ha d arandomised element that was capitalised upon in the research :
for example , when children were engaging in the learning, a S a chance
encounter or as an opportunity present ed itself , such as a critical incident

(Patton 2002 ; Cohen, Manion and Morrison 2011).
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Ethics

I declare that this research has been subject to ethical review and received

ethical approval from the following research ethics committee: Professional
Doctorate Research Ethics Committee (PDREC) on 13™ March 2019 . | also
declare that | have not deviated from the terms of the ethical approval issued by

this committee.

9.1 Key underlying ethical principles

The underlying principles of educational research highlight a commitment to

trust and honesty  (Burgess, 1989). The e thical principles document ed by Fulton
and Costley (2019 ) were applied to this research to protect the rights of both the
child and trainee  participants (BERA 2018). This was detailed in their letter of
consent (Appendix  5a, 5b, 5¢, 5d) and ethic al approval (Appendix 4). Key
policies including the U nited Nations Rights of the Child (UN 1989 , article 3 ), the
Equ ality Act (2010) and the professional guidelines for teachers (GB.DfE 2011)

were consulted to enable children to be valued inclusively and to ensure that

they were respected and trust was upheld. Ethics were key to enabling practice
and research to work together in a synergistic manner (Mockler 2014) and
ethical approval was sought for this research from NTU , in-line with the BERA

guidelines (BERA 2018).

9.1.1The principle of beneficence

Outdoor learning was captured practically, with the aim to effectively support
pedagogy and provide recommendations for children , trainees, teachers and
leaders. Recommendations for my own practice were also made as a
consequence of this research. It was my responsibility to disseminate the

findings with a wider audience to enable others to benefit from the findings,

thereby impacting upon future educational practice.
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9.1.2The principle of respect for autonomy

Involvement for all participants was voluntary. It was essential that the children,
trainees and participating placement schools understood and accepted that they

had the right to refuse to participate at any time during the research process.

They also had the right to withdraw without affecting the researcher - participant
relationship or participant - participant relationships. The university -school
relationship was also not affected if a school was not in a position to enable a

trainee to complete their data collection. In order to limit any potential distress ,
which may have been caused as a result of peer pressure , | did not tell the
participants if anyone chose to withdraw their data . Itwas necessary for all
participants to feel enabled to decline taking part and for children , in particular,
to be able to make informed decisions regarding their participation

Acknowledging children as a vulnerable group, it was necessary to  ensure that

they were willingto participate and were able to do this in a safe and valuing

way. ltwas also important for the trainees and myself to be vigilant for signs of
anxiety and issues with self  -esteem . Handling these subtleties sensitively,
enabl ed participants to maintain the confidence to contribute ideas or initiat e
their right to withdraw (BERA, 2018) , which they could do directly or via a

responsible adult.

9.1.3The principle of justice

Two different approaches to informed consent were required. One was from the
trainee t eachers in their roles as facilitators of the research and as participants,
whilst the other one was from the children, parents or carers and schools

(Appendix 5a, 5b, 5¢,5d) . Consent from the childrenbés pare

needed to take part and the head teacher was able to act in loco - parentis where
it was deemed necessary. The purpose O0for6 and n
collected, stored and processed was also expl ained in the letter of consent

(Appendix 5a, 5b, 5c, 5d). The schools, trainees and children were anonymous
and codes were used for the confidentiality of each of the cases. Data was

managed confidentially, in line with the data for the General Data Protec tion
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Regulation (GB.ICO 2018) including the storage and analysis of data such as
images of children working outdoors. All participants were informed that the

data was stored using password protected software (Appendix 10: data
management plan). Sensitivity and confidentiality were used when handling
personal documents or reflections, and these will be destroyed upon successful
completion of the study. Transparency was maintained and the children were
informed of the intentions and findings. Feedback and opp ortunities to share the
initial findings were made available to the children, parents or carers and
schools. The research dissemination will be through meetings , research
conferences, publication and taught content on the BA in Education degree with
QTS. Having informed consent permitted the inclusion of the data to support the

depth and breadth of the findings and enabled data analysis to be more reliable.

9.1.4 The principle of nonamaleficence.

The risk of harm in relation to the data collection was minimise d through a range

of strategies. | had already established professional links with the trainee

teachers after teaching them for three years (Mukherji and Albon, 2010). |

endeavoured to develop a rapport with the trainee participants to support my

ability t o look for signs of discomfort, distress and any sense of intrusion. The
Obureaucratic burdend of the research was taken

i mpact on the trainees®é and teachers everyday v
terms of the risk to children , th ere was an expectation that the trainees, in their
role as facilitators, had already established trainee -child relationships having
taught them on placement. The research took part within their usual learning
experiences with the inten  tion of putting them at ease. Risk assessments were
completed for all sites and activities, including assessments of child -initiated
activities. Children had the choice of activity in -the -moment and were not
expected to partake but involvement was encourage d along with their usual
learning expectations. Another responsible member of staff, who was known to

the children, was in attendance during the research involving the children to

prevent 1:1 ratios occurring. In line with the safeguarding practices of the

schools, the trainees had Disclosure and Barring Service (DBS) checks in place

(GB.DfE20 22b) . The subtleties and complexities of th
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supported by the traineesd inclusive pedagogy, V
inclusion module and  safeguarding assessment as part of their teacher training

and focused on keeping children safe in education (GB.DfE 2022b) . As aresult,

an awareness of age, intellectual capability and vulnerability, informed the

adaptations and personalisation of approac h, in order to support authentic

responses.

9.2 Ethical decisionlating to positions of power

When considering research relationships, at times there was the potential for an
imbalance of power which needed to be addressed within a reflexive approach.

In order to mitigate this, it was necessary to firstly develop a less hierarchical
relationship and secondly to ensure assessments were not influenced by their
invol vement in the research. I n terms of hierarc
i nsi de redrairegs whilst they were studying to be practitioners. In my role
as a science senior lecturer, | had taught them for their science module and
went on to lead on their research skills module for their independent study.

Regular fortnightly meetings enab led them to feel at ease and allowed them to
share views and contribute to a common alignment of principles. Through my
involvement with the assessment process, r igour in marking was provided

through cross -course moderation (Appendix 1 la,11b,1 1c)and by following the

universit y 6 marking and moderation process , Which was over seen by  external
examiners from other institutions (NTU 2020). The interviews were conducted
after the final degree results were released and were timed to be post -qualifying

in order to minimise researcher bias (Wellington 2000).

At every stage, ethical reflexivity was needed to enable me to consider my
actions in line with my morals and values which were defined in my philosophy
insection1.1. In summary,t here was an element of trust in terms of the ethical
approach. Time was taken to share my moral stance and my own values with
participants. There were procedural ethics that were followed with clear

requirements a nd a focus on sensitivity. Micro - ethical principles (Fulton 2019)

were also considered which involved subtleties, complexities and ethical
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dilemmas (Guillemin and Gillam 2004) ; highlighting the importance of the

principles that need

ed to be followed by mys  elf and the trainees as facilitators
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Data analysis

10.1Analytic strategy

The qualitative data was  generated through documentary analysis, observations

and interviews.  The analysis enabled me to describe and interpret the  evidence ,
as well as identifying meaning through recognis ing patterns and generat ing
themes . My approach to data analysis  was informed by Glaser and Strauss
(1967) alongside Wellington (2000), whose data analysis methods were used to
develop four stages of analysis that align with my research . The set of stages
that | created  supported organisational sense -making and included both
inductive and deductive aspects ( Miles and Huberman 1994 ). It followed an
inductive, bottom -up approach from stage one to three (Glaser and Strauss
1967) . This provided me with a structure for the interpretation of the evidence of
learning , working in an  exploratory way from the raw data to derive codes,

themes and concepts (Thomas 2006) . It also included a deductive approach  at
stage four (Gale etal. 2013 ; Azungah 2018). This enabl ed a deeper level of
analysis through the use of  an organisational framework , based on core concepts
and pre -existing theory.  Whilst the stages show progressive depth and

increasing academic rigour, there was also some shifting between the stages for
example some revisiting of immersion and reflection to revisit points of interest

or look for reoccurrence and repetition.

i Stage 1 : Immersion in and reflection on the learning (inductive)
This involved getting an overall sense for the data from the trainee
reflections and evidence of learning . It also included selecting and filtering

the data . It was evidenced through the initial notes  (Appendix 12a, 1 2b,
12c¢).

I Stage 2 : Open coding and thematic analysis (Cohen , Manion and
Morrison 2011) within -case stud ies (inductive)
This involved cognitive mapping, seeking patterns and looking for casual
pathways and connections. It was evidenced through the mind maps
(Appendix 13a,1 3b,1 3c).

i Stage 3 : Recombining and synthes ising in cross -case analysis (inductive)
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This involved further coding and identifying patterns between cases. It
encompassed the identification of  regularities and contrasts leading to
connections and meaning making. It was evidenced through the sub -
theme grids (Appendix 14).

1 Sta ge 4 : Higher level synthesis through classification (deductive)
This involved the application of theoretical models to the practice -based
decision making and  analysis. It encompassed continued sifting, sorting :
reviewing and reflectingo  n the data , which enabled the identification of
sub-elements . It was evidenced through the matrix analysis and question

analysis (Appendix 15).

The patchwork nature  of this analytical approach , which involves  building a
@ollage of incidents dthrough reflection (Winter 2003 and Ovens 2011), was
personalised to accommodate the individual needs of the trainee s and their
children . It result ed ina uniqgue combination of finding s. Itinvolved taking a
reflexive approach  and facilitating the opportunity for the trainees to reflect on
the learning in addition to their daily teaching and assessment. Th is reflection
enriched learning when it built upon the evidence. Stitching together the
patchwork cemented and enhanced learning from the individual data collection
points and each of the three cases. It provided greater detail about the learning
because the reflection on the tasks, process, achievement and feedback were
combined. The thematic approach to analysis suggested that the patchwork

approach increased self -awareness and insight; deepening and promoting on -

going reflection (Moen and Brown 2017).

10.1.1 Stage X Immersion in and reflection on the evidence collected

Immersion and reflection involve d getting an overall sense for the data, hearing
what the evidence had to say and standing back from the data (Wellington
2000) . ltwas interrogat ed by searching for patterns, insight or concepts , such
as scientific vocabulary, common ideas, misconceptions and anomalies . |
followed the approach of Glaser and Strauss (1967) who suggested to look for
regularities, patterns, explanations, pos sible configurations, casual flows and
prepositions. The evidence of the learning, taken from the booklets, was

annotated and reflected upon. Key asmhst s wer e 6
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and Strauss 1967)  to support the points that the trainees made. T he evidence

was used by the trainees to prompt their memory or exemplify their point during

the interviews.  The interpretation of observations, drawings and photographs

neededto accurately capture the chil dr en,éemabliagct i ons,
the conclusions to be increasingly clear (Riley 1990; Rubin and Rubin 1995) . The
traineesd perspectives smypipterpretatod (Misblerd981)i di ty of

and were considered ethically (section 9) with openness and scepticism

10.1.2 Stage Z; Open coding anchematic analysiandwithin a casestudy

Analytic strategies  were used across data collection methods  within each case
study to explore connections, contrasts and comparisons . These include d:
cognitive mapping (Jones, 1987; Morrison 1993), seeking patterns of responses
and looking for casual pathways and connections (Miles and Huberman 1994).

The mind -maps (Appendix 1 3a, 1 3b, 1 3c) were used as a form of cognitive
mapping (Miles and Huberman 1994 ) to interrogate the data and connections

were made between the points that were discussed for each case. The points

were organised into stems and branches to establish in -case triangulation. The
data was refined and details that were relevant to the research focus were

highlighted through colour coding in a form of open coding and thematic analysis
(Cohen, Manion and Morrison 2011) . Figure 11aand 11b display an example  of
thema tic analysis from the interview with trainee TR2 where assessment was the
starting point and examples such as capturing evidence and independence to

address misconceptions branched out from this initial focus with further depth,

detail and examples that we re discussed.

The reflectiononthe ¢ hi | d tearmng sallow ed coding to be applied (Miles and
Huberman 1994) and themes to be identified (Appendix 13a,13b,13c). The
themes were highlighted through the colour coding on the mind -maps including
thinking scientifically (orange); behaving scientifically ~ (blue) and questioning
scientifically (green). These themes were most relevant to the research question

and were analysed in the discussion . There was an awareness that non -selected
elements had value and were revisited through repeated analysis. Some of the
points , for example on the role of the adult (brown), wer e captured for future

analysis.
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Figure 11 a: Thematic analysis within a case study. The colours represent cross -case coding (Appendix 13b).
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Figure 11 b: The colours represent cross -case coding.  Thinking scientifically
( ); behaving scientifically ( blue )and questioning(  green ).

10.1.3 Stage 3, Recombining and synthesising involving coase analysis.

Recombining and synthesising data (Glaser and Strauss 1967 ) through continuous

refinement of the evidence w as used to compare and contrast the case study findings

from different  trainee s worki ng in different schools with different children. The data

was triangulated between t he t hree case studies, drawing upon
ofchi | dr en 6 sand cara was takeig not to directly compare schools and the

achievements of individual children (Greig, Taylor and MacKay 2007 ). The colour

coding was used consistently across the mind -maps between the cases. As in stage 2,

the constant comparative method of ana lysing qualitative data (Lincoln and Guba

1985) involve d searching for patterns, themes and regularities in the data as well as

looking for contrasts, paradoxes and irregularities (Delamont 1992)

103



The synthesis enabled layering of the data to evidence the  depth and complexity
involved , providing greater validity within these themes . Refinements were  made
according to the connections across all three cases , as can be seen from the tabulated
example ( Figure 12, Appendix 14), where each case is represented by a different

colour (green TR1, purple TR2, black TR3). These were the areas of significance that

were most prominent in the tr aedmeesporsetether dence and

research questions.  The points in red show the inter rogation that identified contrasts,

paradoxes and irregularities

Authentic process, naturally occurring, time, child led.

Noticing different things.

AfL - Understanding the stages to go through (self-efficacy?) and the value of researchable questions.

Learnt from mistakes and improved planning over time (not considered enquiry skills here —why?).

Awareness of accuracy and reliability.

Knowledge and comprehension all achieved. Higher order less consistent attainment eg ask Qs, recognise basic features, compare features and
categories using classification cards.

Made progress with detail, accuracy, observe closely. Taken on board.

Evidence in booklets: random abstract responses, focused and more investigation led, consolidate learning and considered next steps, led to further
learning (overlap with questioning?)

Thinking was developed through discussion. Timing of evaluation and reflection demonstrated engagement and consolidation of their learning.
Gain information and a better understanding. Questioning, reasoning. Scientific knowledge and understanding. Vocabulary and skills awareness.
They questioned why things changed, they didn’t just ask questions. Stimulated by exploration but wanted to know why and how with a purpose. They
could sort and group, identify colours and reasons. Notice similarities and differences.

Progression in reasoning — see depth over time. Has been a thread through the topics covered.

Figure 12 : This shows one of the thinking scientifically sub -themes dow
thinking changed6. | thowdhe datanvastsynthesised. There is

evidence from three cases relating to how t

(green TR1, purple TR2, black TR3, red initial interrogation).

A continuous refinement of evidence was used to draw conclusions from both the data
within -cases and across -cases. It involved continued sifting, sorting, reviewing and
reflecting of the data until sub -elements were identified (  Glaser and Strauss, 1967 ).

The themes of athifmnkiahd ydscciigemah dviicrmdg | yd6 and

he

scientificallydéd were generated from the data

chapters within the discussion of this thesis. They were significant within each case and

across all three cases. Promin ent sub -themes were then identified as most relevant in

responding to the research questions. The sub -themes were common across all three
mind -maps and were identified when the evidence was brought together in the
combined evidence table (Appendix 14). In order to provide greater validity, patterns

were explored, points were guestioned and gaps  were noticed (Lincoln and Guba
1985) . Different approaches were acknowledged and critiqued through further

reflection and location within the literature and resea rch.

104

c hi

6gues

anal

v



Thinking scientifically was a significant theme (Figure 13).ltwas an over -arching

theme cross all three cases that had many facets. There was a clear desire from the

trainees to demonstrate changes in the chind drenods
skills.
Sub -themes within thinking scientifically:
1 Knowledge and understanding
9 Application and prior knowledge
9 Higher order thinking skills
1 Child -led learning and ownership
1 How thinking changed
1 Expectations
1 Metacognition
1 Challenge
Figure 13: These sub -themes were generated within the thinking scientifically

theme ( orange colour on the mind ma p).

Behaving scientifically was the second significant theme (Figure 14). It encompassed a
variety of actions and approaches to the learning. While the scope was varied, |

focused on the aspects that were most closely aligned with the National Curriculum

(GB.DfE 2013).

Sub -themes within behaving scientifically:
Observations over time

Identify and cl assify

Articulate scientific behaviour
Problem solving

Attitudes

= 4 4 4 -a -2

Curiosity

Figure 14: These sub -themes were generated within the behaving

scientifically theme ( blue colour on the mind map).

Questioning was the third significant theme (Figure 15). The trainees were able to
articulate and provide evidence for sub -themes such as types of questions,

achievement and progression in childrends questions. Wk
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thinking scientifically and behaving scientifi

guestions and the depth of the reflective discussion about questioning provided

substantial eviden ce to address the research questions.

Sub -themes within questioning:

Questions underpinning child  -led approach
Question types

Challenge and depth

Progression in childrenos
Choices and decision making

Questions during post  -learning reflection

Questions in -the -moment

= =4 4 4 -4 -—a -a -2

Questions for assessment

Figure 15: This is an example of the sub -themes that were generated within

the questioning theme (green on the mind map).

10.1.4 Stage 4 Analysis of the data throudhgherlevel synthesis.

Whilst qualitative methods tend to produce bulky, dense , complex data, and form thick
descriptions , the result of analysis is higher level synthesis (Geertz 1973) . This was
also achieved through the application of success criteria and question classification.

The analysis changed to  a deductive approach by using framework sto show the
relevance of and connection between  the v ariety of evidence  both in -practice and post -
practice . Two frameworks influenced this analysis ,Bl oomb6s t aBloomoemal. (
1956) and Jelly (1985). They were used both as a pedagogical tool and an analytical

tool. Pedagogically, they were used to identify points of significance from the learning

generated th rough research. Analytically, they were used to organise the analysis of

the data and structure the significant examples.

Firsty, Bl oomés t ax on oetgl. 1098)linfooned the design and order of the
success criteria within the matrix (Figure 1 6). There was an element of progression,
ranging from knowledge to evaluation. The matrix was used formatively to support the
identif ication of examples of attainmentw  ithin the ongoing practice and in the final

data . Evidence of learning  correlated with the success criteria on the matrix
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Learning Success Criteria
outcomes i i _
J Synthesis Analysis Application Knowledge
Thinking Use abstract | Explain processes o1 Identify Identify Make Recognise
scientifically | ideas or phenomena, suggest scientific differences, comparisons basic features
models or solutions to evidence tlat is | similarities or between basic
multiple problems or answer | being used to | changes related features or
factors when | questions by drawing support or to simple components of
explaining on abstract ideas or | refute ideas or | scientific ideas, | objects, living
processes or | models arguments processes or things or events
phenomena phenomena

Exampleof

learning

evidence

Figure 1 6: This shows how the examples from the data related to a variety  of

the thinking scientifically success criteria which were a dapted from Bloom et

al . (1956).

Secondly, Jelly ( 1985 ) focused on how teachers should respond to different classes of

questions (Figure 1 7). This framework was used withinth e research to support
traineesd assess mamdcdubsegliently ewwas umsédntg analyse the data in

greater de tail . When a pplying this framework, t he evidence of learning in the form of
childrenbés questions, was c | @heecatedoiieewereiin one of
comments as questions, ii) philosophical, iii) facts, iv) complex and v) investigable. The
guestions were categorised to organise andf  ocus the subsequent interpretation s and

were not designed to be progressive. Within this analysis, those that were judged to be

complex questions were further broken down following the str ucture suggested in

Murphy , Gripton and McEwan (2021 ) to include , connection (A), and reasoning (B). The
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investigable questions that were raised were further classified through Goldsworthy

and Feaseyod0s (1997) defB).nitions (Appendix 1

Question type Example

i) comments as questions Why is the mud squashy?

i) philosophical What would happen if there was no sun?

iif) require facts What tree has the leaf come from?

iv) complex

complex A : connection How do fl owers grow w
plant them?

complex B : reasoning Why do we have shadows?

v) investigable

invest A:

a question that tells you what to change What sounds do birds make? Would the

(independent variable) and what to sound be small if the birds beak was

measure (dependent variable) small?

invest B

a question that tells you what to change, Which way do you have to plant your

but you have to decide what to measure bulb?

invest C

a question that tells youw hatto measure, How long does a bean take to rot?

but you have to decide what to change

Figure 1 7: This shows exampl es of the questions from cross -case analysis.

They have been classified through the application of the literature.

102 Summary

Within my role as an external insider, | enabled the data collection through drawing

upon a qualitative multiple -case study approach. The research made use of

pedagogical tools and  methods including documentary analysis, observations and

interviews. The data was interpreted using open coding and thematic analysis, leading

to refinement and deeper synthesis. The themes and categories helped to demonstrate

the connections, patterns and regularities that had been identified in the learning.

Within the analysis, |was interested in documenting patterns in the science skills being
used in the outdoors by  the children.  Critical incidents were  valuable in demonstrating
learning in -the -moment (Tripp 2012) . | used the themes and sub  -themes from the
analysis to identify a set of scientific dispositions including thinking scientifi cally,

behaving scientifically and questioning scientifically
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When exploring what constitutes effective outdoor science learning, the data analysis

highlights the  importance of these dispositions which are tailored for primary science
and outdoor learning . The data is used in a critical discussion of the analysis, making
sense of the data through further reflection and by locating the data within literature

and ot her peopl Eérssearch guesdionscwiere considered at every stage of
the research design and the findings w ill be used to respond to the questions in the
conclusion (Wellington 2000) . As aresult of the findings  , the next steps  will highlight

the recommendations and the ongoing needs inrelationto these themes .
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Analysis andiscussion

The data analysis reveal ed the ways in which outdoor learning for science education

helps to provoke in children a set of scientific dispositions effective for primary science
education. From outdoor learning endeavours, trainee teachers documented how
children tended to be well  -placed to :

1 think scientifically  (Chapter 1),
1 behave scientifically  (Chapter 2),

1 develop a scientific line of questioning (Chapter 3).

Each of th ese scientific dispositions  were found to  build and suppor tthe development

of chil dr en diteracys cTiheen tcihfiilcdr e n 6 s scientiflcallt yintheo t hi nk
outdoors involve d ideas, problems, evidence, asking questions and reflection on the

learning associated with the real world. The trainees (TR1% TR2°%, TR3°) showed that

the abilityto t hi nk scientifically had an i mpact Theay chi | c
found that behav ing scientifically was where the children demonstrate d scientific

actions , attitudes and ways of working through the application of disciplinary

knowledge. Scientific b ehaviour wasalso foundto support and inform the ¢

ability to questi  on in scientific ways , demonstrating higher order thinking

The way in which these scientific dispositions surfaced was aided by the assessment

criteria in the matrix that was informed by Bloom & taxonomic thinking (Bloom etal .

1956), which trainee teach ers used to chart childrendés outdoor
education. The following sections show how the themes of the three scientific

dispositions developed through the application of the matrix.

4TR1 means trainee teacher 1 and refers to the evidence from the interview in Appendix 16a
5TR2 means trainee teacher 2 and refers to the evidence from the interview in ApEsiali
6 TR3 means trainee teacher 3 and refers to the evidence from the interview in Appendix 16¢c
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11.1Chapterl:W¢ KA Y 1 Ay 3 & Oduttobrs A TA OI

In the context of this study , Ot hisrckiemg i i§udsed#ol teferdo the cognitive
processes drawn from learning that are associated with scientific knowledge . Examples
ofsuchinclude usi ng 6ideasd to make decisions, solving

6evidencebd and asking 06qwerldtJsingths ése kepminciplest he r eal
underpinning thinking scientifically, the trainees used the matrix as an assessment tool

to show that the children, across the range of ages, in all the case studies achieved

several criteria . This was within the categories of knowledge, understanding,

application, analysis, synthesis and evaluation based on Bl oombés taxortomy ( BI

al. 1956).

When learning outdoors, t  he children demonstrate  d higher order scientific thinking
skills which the trainees associated with the matrix. There was clear progression in
their thinking that led to metacognition , thro ugh an increased awareness of their
thought processes . Whilst the successes were acknowledged, the trainees also

considered the challenges associated with enabling progression in science learning.

11.11 Bvidenceof higher order thinking skills

Having access to outdoor opportunities and natural resources can support and extend
learning, which may be more challenging to facilitate when learning about science
indoors (Kim etal . 2020). The outdoors is unique in providing the opportunities for

critical incidents (Serret etal. 2017) to occur within science due to the freedom and
purpose that it provides. T  hese significant moments enabled the children to develop

their higher order thinking  skills .

The following three examples are evidence of higher order thinking skills being

achieved in an outdoor context . The judgments on quality of learning by the
researcher , in terms of thinking scientifically, wer e
asse ssment of the learning. This was made possible through meeting the relevant

success criteria on the matri x and by the level of support and abstraction that was

appropriate for the age of the children.
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In th e first example the children , age 5 -6, were using what they had found out in the
previous session Go helpthem to find out new things 6 They were &urveying 6the

feeding habits of worms in the outdoors . As reported by TR1

This demonstrates  application in ideas, problems and questions in

relation to the criteria on the matrix.

The second example shows how the learning was led by the child ren and how the

outdoor context  provide d opportunities for  first -hand experiences that enabled the m to

demonstrate ideas  and problem solving skills . This was an example of  child ren in the

second school using dvhat they already knew to explain new things 0 and apdedsyi ng
based on the water cycle to describe simple processes or phenomena . As reported by

TR2:

This demonstrates  synthesis inideas and problems  in relation to

the criteria  on the matrix

The third example shows how the children inthe second school named the parts of the

plant and went on to apply this knowledge in order to understand the reproduction of

the plant . They experience d, recognise d and name d things in the natural world. The
chil duedés st anding progressed from being able 6to
ideas, processes aAsdR2pepmtedo menad.
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This
demonstrates synthesis inideas and analysis in problems in relation to the

criteria on the matrix.

The outdoor exampl es i | labilgyt todemaenstratd e highdrordedr en & s
scienc e skills where the children  we re thinking about science beyond N ational

Curriculum (GB.DfE 2013 ) expectations and therefore displayinga  high level of
abstraction for theirage . One example was in relation to environmental disasters such

as wildfires in A ustralia (TR2 38:30) when explaining drought. ~ The summary ( Appendix
17) is a sample of researcher analysis which ~ shows further specific outdoor examples

and how they link to the matrix. When reviewing the evidence, the majority of the | inks
were made by myself, however the trainees were able to demonstrate some

connections through their inte rview discussion when making sense of the learning. This
involved being able to recognise specific examples of higher order thinking. These
included application through predictions about dormancy, plant growth and

decomposition, as well as synthesis through explanations about life processes,

changing state, the weather and forces.

These examples show the variety of thinking scientifically skills that were adopted as

part of the outside learning provision , Where outdoor learning goes beyond exploration

and social values (Eaton 2000). These unique examples , which demonstrate the

potential for achievement for a wide range of primary aged children , can be interpreted

through multiple perspectives and also be aligned with more than one success criteria

from the matrix . Within ddeas 6the se may be most closely aligned with synthesis and

evaluationbut wi t hin 6probl emsdé t hi sandlysis, kesultingarradestc | os el y

fit approach being taken.

11.12 Progressingin scientifichinking

Someofthe 6 pr i mar y isdicata@srotpeogression identified by Harlen etal .
(2003) were used by the researcher inthis study to enable trainees to understand
progress in scientific thinking. Those most relevant to learning in the outdoors were
raising questions, gathering evidence by observation and measurement,

communicating and reflecting critically, as well as drawing conclusions. These were

then considered together with  the criteria  from Ward and Roden (2016 ) and
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incorporated into the matrix design (section 8.1.2) . Evidencing pr ogression in Ot
scientificallyé has been under di scnddomvardi20i0n t he | i
Nuffield Foundation 2012) and there was no statutory guidance to support the trainees 0
practice. As a result, they employed the matrix to scaffold their judgements. Progress
in outdoor science was identified by the trainees through the chil drendts (TRBeas
26:06 ), problems (TR2 38:30 ), evidence (TR1 51:17 ) and questions (TR121:17, TR2

3:50 ) which relate to the thinking scientifically success criteria on the matrix

The trainees were able to exemplify the learning , by evidencing progress from

knowledge to the higher order skills of synthesis and evaluation. This was made

possible by assigning the learning to the progressive criteria inthe matrix. The
examples of learning were shared by the trainee s during the interviews and were
supported by the observations and documentary analysis. | assigned the criteria from

the matrix to support the connections that they had identified. Figure 18 includes
illustrative examples of where the children demonstrated knowledge of ideas,

problems, evidence and questions linked to the matrix. The examples were linked to

the thinking scientifically criteria that were met within the categories from Bl oomés

taxonomy ( Bloom et al . 1956).

Categories 0ThinkinExamples from childrends | ear

from Blolscientif

taxonomy success

(Bloom etal . L

1956) criteri a

Knowledge: | Identification
and
recognising
features
Curiosity

Compre - Comparing,

hension: including
identify
differences,
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similarities or

features (TR2 09:29). Being able to explain the

changes differences between fungi and plants (TR2 30:45) and
colour change in  dying and decaying matter (TR2
23:25).

Sorting, Classifying plants including ferns, mosses and trees,

grouping and and explaining choices using a classification key (TR2

classifying 08:11, 32:01).

Measuring Time taken for the banana peel to decompose (TR3
37:40). Counting the number of minibeasts that chose
a certain environment within a choice chamber within a
day and a week (TR1 51:17).

Application : | Connections Running made her heart pump fast and she was using

and matching up oxygen resulting in her being out of breath (TR2
37:31).

Predicting One child predicted that there would be more ants than
worms and disproved this through counting their
occurrences (TR3 08:11).

Suggest With the children taking on greater ownership, they

improvements were discovering things rather than being taught things
(TR3 01:10), finding their own answers (TR3 51:00).
They were trying to improve what they had already
done by raising measurable and investigable questions
to further their understanding (TR1 1:10:36). They
were thinking about what was working and what was
not working (TR1 28:49).

Analysis: Expl aining They were recognising basic features of minibeasts
such as number of legs, antenna, wings. This moved to
reasoning, for example exploring whether it was a fly
because it had wings and whether it had a skeleton for
it to be a vertebrate (TR3 40:32)

Cause and One recognised a plant was dying because of the

effect seasonal changes and they needed sunlight to grow
(TR2 11:42)

Using prior They noticed relationships between living things in

knowledge or their environment through using pre -existing

experience knowledge and findings focusing on their experiences

of Daddy -longlegs and the season, including their
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Synthesis: Decision
making and
problem
solving

Evaluation : | Explain how
new scientific
evidence is
interpreted by
the scientific
community.

Use abstract
ideas linked
to the plant
life cycle

Figure 18: This shows the progression within the examples from knowledge to

evaluation based on Bl oomds t ax @lmanmetal(.1956).

The trainees collected and made sense of the learning. | was able to analyse the

evidence that was shared by the trainees. It involved a joint understanding of the

| earning and the use of the matrix enabled us
The e vidence, linked to the matrix , shows that the children achieved a variety of

thinking scientifically success criteria.

The examples of learning highlight the quality of outdoor science learning  that was
occurring. Within the categories from Bl oomdés ryq Bloomoetal. 1956 ), the
simple ideas become more complex ,as did the quality of reflection . Aligning the
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examples with the criteria provides a gauge for assessing the learning and identifying

the next steps.

The trainee s used the matrixto  help them to identify the next steps in learning for the
children and what they intended to action in order to plan for progression. These

include d:

9 Evaluation, in particular, time for discussion and debate enabled by stronger
communica tion with an emphasis on vocabulary (TR1 28:49).

1 Using scientific evidence (  TR2 46:25).

1 Reflection and self -evaluation ( TR2 1:05:14).

1 Reflection and vocabulary (  TR2 49:05).

1 Next steps focused on dealing with misconceptions ( TR3 8:11)

These examples highl ight ed the need for greater opportunities for reflection and

discussion within the  learning. They demonstrate  d the need for the cognitive and

metacognitive elements to be intrinsically linked and suggest that scientific thinking

and progression can also be promoted through the role of reflection (Moon 2004 ).

Whilst t he matrix provided the trainees with an initial scaffold for their judgements

about the chil dadditiobat consderations relgting to progression were
highlighted . T he trainees identified evidence of learning which revealed significant
progressive steps in the c hi | dtearming s These have been categorised in the

following ways using  four common concepts

 Random and abstract ideas developed into more  purposeful and complex

thinking

9 Single -step process developed into multi -step and investigation  -led approach to
the learning

1 Exploration developed into consolidated learning and demonstrated application

of knowl edge
1 Achange from the children relying on the teacher , to the children taking

ownership of the next learning steps

The following examples are  evidence of learning  that has been categorised using  these
concepts . Firstly , questions move d from fiwWhy do snails have shells? 0 and fiHow is bark
ma d e Podhose based on what the children had experience d, for example fiCan we

speed up the growth of the daffodil by putting it in the freezer? 0 (TR3 52:38). This
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shows the random and abstract developing into more pu rposeful thinking (TR3 54:18,

TR2 37:31).

Secondly, at the beginning of the series of learning opportunities, the trainees found

that children were not remembering what they had learnt and they did not revisit their

learning or their questions. This progre ssed to them being able to describe what they

saw and what they did, for example when they were
through sorting and grouping. Th e evidence showed thatth  is single -step process

developed into a multi  -step and investigation -led ap proach to the learning which

showed deeper reasoning with more investigable questions. Th e children knew what

they were doing and what they were investigating when look ing at micro habitats , for

example when designing their bug hotel (TR1 36:07).

Thirdly, childrends exploration developed into co

application of knowledge. The trainees showed that opportunities for revisiting learning

about worms related prior knowledge to habitats (TR1 19:19). One ch il d asWhgd, i
do we have daf f o dotheschildalreadykmew thegs@ason when daffodils

grew but didnét know why that might be the case (°
experience of planting bulbs with a grandparent in her garden (TR3 2 5:07) including

positioning and varying temperature to speed up growth (TR1 5:00, 9:21, TR3 54:18).

Finally , there was a change from teacher -led learning to children taking o wnership of
the next steps . The example s of using pooters to collect the minibeast s for closer
observation and asking more measurable investigable questions (TR1 1:10:36),

showed greater independen  ce and ownership of their learning (TR1 06:01, TR3 15:28).
They were able to express themselves and raise further questions with a desire to find
out more (TR1 06:01, 1:10:36, TR3 37:40) and sustain curiosity over time through the

development of scientific attitudes.

Within these examples,  the trainees found that children were notonly able to show
that they could  utilise higher order thinking skills, such as application and synthesis
(Bloom etal.1956), butalso demonstrat e their ability to think scientifically and further
their scientific literacy (Scottand Boyd 2014 ; Wilson and Holligan 2018 ). This
correlates with the attainment findings from Hanley, Slavin and Elliott (2015) who

found that, within primary science practice, the impact of embedding thinking into their

intervention schools was equal to an ext.ra three
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Train ees found that  self - efficacy was demonstrated more over time. The examples
showed that ¢ hildren understood the expectations for the learning and were able to
value their own questions . This is shown in the example from TR2 who showed that

children were

This

demonstrates analysis in questions in relation to the criteria on the matrix.

Wit h t he c¢ h atlthd destre of karing, self - efficacy and ownership were seen
through these examples (Harlen 2018). This is supporte d by the findings of the
Education Endowment Foundation (EEF) which value metacognition in enabling

progression ( Quigley, Muija and Stringer 2018 ). The examples also highlight how the

outdoors provided authentic opportunities to develop metacognition

11.13 Theplaceof metacognitiorwithin thinking scientifically

Metacognition is a key element of thinking scientifically where children were conscious
of their o wn thinking and the problem solving process (Adey and Serret 2010). The

evidence suggested thatm  etacognition was found to be associated with  dearning to

learn & It was highlighted in the examples from the interviews with the trainees . In the

first exampl e, the children were taking ownership of their learning, behaviour and

guestioning , as demonstrated by TR1:

This demonstrates  analysis in questions in relation to the criteria

on the matrix.

In the second example, TR3 stated that  one child managed their own learning through
the identificatio n and accommodation of new learning (Piaget 1978 ) as aresult of an

initial misconception
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This demonstrates  application inideas and evidence in relation to

the criteria  on the matrix

These two examples were  associated with the higher order thinking skills criteria on
the matrix. They also demonstrated metacognition when the children took ownership of

their learning

Trainee TR1 (TR1 1:10:36) reported t hat the children could dédsugges
and raise further questionsd and that the childre]
done in order to further their understanding. In line with  research from the Education

Endowment Foundation, the children were able  to put forward improvements to their

work suggesting that metacognition and self -regulated learning was occurring (Quigley ,

Muija and Stringer  2018). It has been found that pupils make an average of seven

months additional progress as a result of engaging with learning through metacognition

and self -regulation (EEF 202 1). Developing these metacognitive skills within science

learning may enable them to apply them for a wide variety of purposes within their

wider education (Zimmerman 2002)

According to TR1, the booklets were a tool that enabled the children to take ownership
of their own learning, record their data, close the knowledge gap, document their
learning journey and develop their confidence (TR1 14:42). This example shows how

m eta cognition was identified as a result of post -learning reflections  using the booklets

This demonstrates  analysis inideas, application in evidence in relation

to the criteria  on the matrix.

Through the development of self -efficacy (Bandura 1977; Bandura 2001; Gutmas and
Schoon 2013) or self  -confidence in their own ability to be successful, the children can

understand their next steps in learning and have greater opportunities to achieve
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analy sis, synthesis and evaluative outcomes. This can be seen in an interview ( TR2
47:05 ) where the focus was on the children understanding their next steps in learning
required to achieve analysis . This included the need for time to reflect on the learning,
for link ing learning to current issues in society such as the global pandemic, for
guestion ing the accuracy of evidence or for holding opinions about the evidence.
According to TR2, they understood how their questions led to a line of enquiry and the

next st eps for their enquiries :

This demonstrates  synthesis  in questions in relation to the crite  ria

on the matrix.

Questioning and success criteria were utilised to enable the children to understand the

next steps and synthesis was achieved in relation to the work on the water cycle ( TR2
50:10 ), Coronavirus research ( TR2 39:34 ) and interpretation of evidence ( TR3 42:48 ).
This evidence supports the fact that metacognition enables teachers to support the
learning of children by empowering the children and sharing the responsibility for the

learning, whist maintaining high expectations (Loizou and Charalambous 2017 ).

11.14 The challenges associated with higher order success criteria

It was necessary for the trainees to manage the difficulties of mapping out the
achi evement and progression of childrendhesesci ent i

included:

evidencing higher order success in the learning
engaging with scientific evidence

using abstract ideas

1
1
1
1 vocabulary choices
1 secondary sources
1

respondi ng tthe-memantéd n

The trainees found it challenging to identify evidence of learni ng that met the higher

order success criteria within the matrix . This included examples of  analysis, synthesis
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and evaluation , for example identifying evidence and abstract ideas . TR3 identified the
criteria that had been achieved within the learning for t he group of children within one
case study . Figure1 9 highlights t he chi |l drends r el i antheesucoess knowl e

in their ability to achieve the evaluation criteria .

o
Learning outcomes | Links to teaching Success Criteria
Evaluation Synthesis FApplication Comprehension AKnowledge
Thinking scientifically Ideas O Use abstract ideas O Use abstract ideas or O Identify differences, i O Ask questions
or models or multiple models or more than one imilarities or chang servations and ideas to stimulated by their
factors when step when describing rellndrw simple fer answers to questions,

explaining processes processes or ideas,

or phenomena processes or phenomen:
Problems O Identify the 0O Explain processes or O Use simple models to | O Res; ideas
strengths and
\

phenomena, suggest describe scientific ideas | given to them to answ
of luti to problems or questions or suggest
| particular models answer questions by solutions to problems.
drawing on abstract Represent things in the
ideas or models real world using simple

exploration
=] gnise basic ™
>atures

pi
between basic features
components of objects,
living things or events

\_/
ph /‘\
Evidence O Describe some O Recognise scientific O Identify scientific O Use straightforward Sort and group ob) O Respond to
ific evid that ions that do not yet | evidence that is bei scientific evidence to Ii\ing things or events suggestions to identify
supports or refutes have definitive answers used to support or answer questions, or to basis of what they some evidence (in the
particular ideas or O Identify the use of refute ideas or support their findings ve observed form of information,
includ id and creative arguments Respond to suggesti observations or

those in development thinking by scientists in
the development of
scientific ideas

to identify some eviden
(in the form of

information, observations
or measurements) needed
to answer a question

measurements) that
has been used to

answer a question
ﬁ;cir<

Questions O Explain how new O Ask questions and Use their science Raise their own O Explore the world
scientific evidence is develop a line of enqui experiences to explore relevant questions about\| around them and raise experience to help
discussed and based on observations ideas and raise the world around them. their own simple questigh/s | answer questions. Show
interpreted by the the real world, alongsid different kinds of O With support, they curiosity about objects,
ifi i prior k ledge and d should identify new events and people.
and how this may leai experience. questions arising from O Question why things
to changes in scientifi O Identify further the data, making happen
idea questions arising fro predictions for new
ir results. values within or beyond \‘/
the data they have
collected and finding
ways of improving what
they have already done,
Predictions O Make predictions usin O Use their results to
scientific knowledge and| || make predictions
understanding

e A

Figure 1 9: This figure represents the achievement of the children working
with  TR3 over the series of learning opportunities within one case study. The
circles show the strengths and the non - circled text shows the attainment gaps

in the learning.

At the end of the  series of lessons,t he matrix was completed by TR3 (Figure 1 9) for
the group of learners in the case study. It suggests that there were fewer examples of
learning linked to the @vidence dand ddeas 6elements of thinking scientifically . The

trainee recognised the successes and reflect ed upon the gaps.

Providing outdoor opportunities for children to engage with scientific evidence, for
example using evidence to support or refute ideas, rather than rel ying on exploration
and observation, may help the children to achieve the higher -order skills.  Using the

matrix as a guide, t  he following example  shows that the next learning steps were
considered and there was an awareness of the challenges of assessing e valuation
practically , fiGoing into that evaluation side. Being able to do that, how can | support

children to O6explain how new scientific evidence
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them?0 (TR1 53:47). The trainee was unschideenabout ho

appropriately or how to enable them to explain new scientific evidence

The diagram (Figure 1 9) also shows the lack of examples that demonstrate the use of

abstract ideas within the synthesis and evaluation criteria on the matrix . Defining

abstract an d ensuring the trainees understand the criteria in order to achieve this

consistently is challenging. One example of this is where one trainee acknowledged the

higher -order learning example. fiwe were learning how to make a birds nest, to lay

their eggs 0 (TR1 9:50). They were using scientific language and were able to evaluate

and reflect on that discussion . fiThey explored why they used different twigs, reasoning

about the different types of birds, beaks and different trees etc. and how they hold it

togeth ero (TR1 10:52). The trainee decided that the lifecycle of the bird met the
expectations relating to 6explain abstract ideasbd
linked to ani mal behaviour and habitats, providin:

orargument s 0.

This was judged by the trainee to be evidence of
viewed as closely aligning with o6analysisé, there"
interpretation of evidence in support of the attainment of evaluation. When ¢ onsidering

the judgement of age and ability, the learning for these children was deemed to be

exceeding expectations . However, the higher -order criteria for evaluation goes beyond

the 6processdé of eval,suwhas dmakirgrahnectiens to p ¢ bssildemext

steps in order to solve the problem 0O(TR3 44:11), to include O6eval ua
necessary to consider if the evaluation criteria are attainable for all ages and how

Oabstractdé might be viewed dagdahdeabileityofthgchidc cor di ng
(Vigliocco, Ponari  and Norbury 201 8). Itis also important to contemplate how the

6science communitydé was viewed as wel |l asamdhe i nt
6i deas i n dewhenllookng strengths and weaknesses of mod els and

processes and phenomena. These are elements that need to be considered in the

refined matrix. Therefore, it is necessary to ensure the models, factors, processes and

phenomena are age appropriate. In line with the National Curriculum programme of

study ( GB.DfE 2013 ), t here needs to be clarity in our science guidance for trainees,

and for teachers more generally, in terms of what is deemed to be abstract for five -

year -olds and whether this is the same for eleven -year -olds. There also needs to be

clarity in the expectations of vocabulary to enable children to achieve the abstract

criteria and to successfully explain their ideas.
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There was a similar challenge in assessing the higher -order science skills when

considering t he «c hi | drappropriate avgoabulary choices . The vocabulary choices

for the children age 5 -6 were seen to be less advanced than their practical skills. Going

forward, it would be interesting to find out more about the potential for children of a

younger age to achieve the higher or der success criteria and what adaptations would

be necessary. TR1 effectively referred to this by stating that , fiThe issues they have are
relatedtovocabulary 6 ( TR1 3Ihe@®) haftenbét used that much sci
for theiré. age, but in some sense they are showi
and they are raisingé an enquirg (fTRIm wh.az3)t.heTyhihs

highlighted the challenges in assessin g their outdoor science vocabulary which may

have limited their attainment, compared to the demonstration of their practical and
scientific thinking skills. This supports the point made by Ofsted (2021) that practical
learning is dependent on t he c hisprasp & sciéntific  vocabulary, which  will aid
both retention and recall of knowledge . Through working practically, and the use of
disciplinary literacy, new knowledge gets systematically integrate d into pre -existing
knowledge, which in turn allow childr en to operate at more abstract levels (Bernst ein

1999; Ofsted 2021).

The use of secondary sources  was seen as another challenge.  Whilst the use of

secondary sources is a requirement in the National Curriculum ( GB.DfE 2013 ) and

features inthe  non -statutory guidance ( GB.DfE 2013 ), n one of the trainees mentioned

this in terms of a success in the learning  but some trainee s comment ed on the value of

pre -learning ( TR3 48:17) . When reflecting on the use of secondary sources TR3

suggested that  filt mig ht have helped if they were in the classroom and they could

have read books or they could have used the inter
before actually pl an(MR3d9g25)t Thissuggesss that u i wagrking indoor s

can support outdoor sc ience as both were valued in relation to the use of secondary

sources.

TR3 emphasised the challenge of planning for the use of secondary sources within

chid- ed | ear ni ng a nlepodsiblato knowtwhawvkand i of things that they

may strugglewith 0 ( T R3 3This ghOws . the potential limitations associated with

the t r a i nstagebobdevelopment and experience . However, one trainee commented

that secondary sources could be used to follow up on an area of interest or conflict

which has been initiated by the learning (TR3 50:31) and at a point when the child is at

0fl ood readiness6 (Bri er lesegchha®Shdwnth&ti sskcemdan2 013) . R
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sources ¢ an be used outdoors torespond t o t h-the-hbment 6 needs of the
through the use of digital technology (Kacoroski, Liddicoat and Kerlin 2016 ; Stagg,

Dillon and Maddison 2022 ). This was relevant for = TR1 who stated that the children had

agap intheir knowledge in relation to birds nests which limit ed their attainment (TR1

14:42) , however in this situation, the use of secondary sources , such as iPads, had the
potential to  support the children with their subjec t knowledge development and give

them the skills to apply their knowledge pr actically inthe outdoors.  This would require

a fine balance between child and teacher -led learning but could enable the children to

see the connections bet ween the O6knowl emiigtesill rmam@ining s &ildl |- s 6

led approach.

11.15 Summary and contribution to knowledge

Within this section,t  he data highlights sev eral key points which demonstrate that

outdoor lea rning supports thinking scientifically, through highlighting:

the importance of knowledge and how this underpins the learning,

the exemplification of higher order thinking skills,

the use of a range outdoor specific approaches to learning such as: experie ntial
learning, surveying, using prior learning to find out and explain new things as

well as describing and applying understanding to scientific processes and

phenomena,

9 the progression in outdoor science which was demonstrated through the use of

four com mon concepts including a shift from: random and abstract to more
purposeful and complex ideas  , single to multi -step processes, exploration to
consolidated learning and application of knowledge, relying on the teacher to

children having ownership of their learning and next steps,
9 the next steps required for the learning to improve further within all case - studies
include: using scientific evidence , reflection and self  -evaluation, vocabulary  and
dealing with  misconceptions,
1 that metacognition was evident when the children were achieving higher order
thinking skills , had ownership of their learning and could self -regulate, whichi n
turn had animpact on the ir progress and self -confidence.
f the future adaptations O6tob6 and exemplificatio

into consideration  including: evidence of learning in -the -moment, using scientific
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evidence outdoors and incorporating secondary source s, understanding age
related vocabulary choices and age -appropriate abstract processes and

phenomena.

The matrix provides a concrete structure that supports trainee teachers in developing

their assessment practice of and pedagogy in the abstract concept o f 6thinking
scienti f i drared tgabhers have &een able use this to develop a concrete
understanding of assessment of learning within outdoor science . It enabled the

learning in the outdoors to be captured and analysed. The exemplification of the

learning provided reliability in the success criteria and demonstrated the potential for

achievement within learning including higher order thinking skills. The key points will

provide a basis from  which to enable trainee teachers to effectively support th e

childrenés |l earning in primary science, using
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11.2Chapter2: ¥. SKI gAy3 A OASYUATAOI

Behaving scientifically  can be understood as something that goes beyond completing

experiments and  finding results , as defined by Venables and Tan (2006)

It includes actions such as

1 observing over time,
1 identifying and classifying,
1 problem solving
9 articulating their scientific behaviours
It also encompasses  decision making, the ability to take risks and the use of trial and
error. The data analysis documentedarangeof chi |l drendés behavi aaural ap
science and showed how the ¢ hi | d iscéemtifics attitudes, in particular curiosity ,
developed .

MM®H dPm 9PBARSYOS 2F OKAf RNBYyQa aOASYUuUAFTAO 0SKI
When capturing the learning associated with behaving scientifically, much of the

evidence was collected through formative assessment , including recording practical
learning that was demonstrated through a sensory, hands -on approach that aligns with
experiential, child -led learning. This was also commented on by TR2, who stated that,

fiwhen it was sensory and child -led, they had a bitmo  re freedom and they tended to

ask more questions 0 ( TR2 27: 02) . nallbehaviow t assoaidted with outdoor
learning was also highlighted as being more than just a novelty factor (Hoath and

Spring 2018). It provided the impetus for the learning for e x a mp | Péannfing from their
guestions, if they wanted to go and look at something then they could investigate it,

they could get a closer look 0 (TR2 1:12:34) and  fJust getting a lot more from them in

terms of understanding, participation, being willing to talk, being willing to ask
guestions, | don't think | would have got as many questions in the classroom 0 (TR2
1:13:02). The trainees showed that working outdoors was less rigid and  suggested

that childrenfe It likeit was a safer place to questionduetob  eing less confined and
more relaxed. TR2 included their opinion by comparing the learning with their indoor

experiences. This is supported by  Dowdell , Gray and Malone (2011 ) who found that
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children 6 s b e h av i afected dweatebeing less inhibited in use of language
outdoors and resulted in them making five times as many utterances outdoors as they

do inside .

There was evidence of the children behaving scientifically . This was demonstrated
through their abiliti  es to take risks (TR3 08:11) and use trial and error in their
approach to science learning (TR342:48 ). Inth e following example, the children
working with TR1  wanted to observe overtime  so they were raising questions and they

were thinking more deeply about what they had found and observed in the outdoors :

Thislderdofistrate§ ) analysis inideas , application in

problems and synthesis in questions in relation to the criteria on the matrix.

The example above shows an awareness of scientific ideas when exploring the

problem . It 6 us e s s cideasassotia ted with habitats and feeling patterns

Guggests solutions to problem s@and 6develops a |ine of enquiry b
in therealworld. Italso s hows t he cahilitytadquestiorbasd develop a line of

enquiry based on observations of the real world.

The next example shows that children were behaving scientifically as a result of

identifying and classifying  , as reported by TR1:

This demonstrates  application  in

ideas and evidence inrela tion to the criteria on the matrix.
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It shows that the children were able to identify the mini beast using differences and
similarities through classification. They were using observational evidence to support

their findings.

Inth e following example , the children working with TR3 were demonstrating their
problem solving skills through collaboration. It shows the scientific approaches to
problem solving, which included using prior knowledge, clarification, accuracy, trial and

error, comparing a nd contrasting their results

This dem onstrates application in ideas , application

in problems and analysis in evidence in relation to the criteria on the matrix.

The example above shows how the children were noticing differences in their
observations. They were responding to one another when looking for a solution and
using their prior knowledge to support their explanations. This evidence of decision

making shows a high level of self -efficacy.

In relation to problem solving , decision making also encourage sfiguess wor k,

i nspiration, correction, blind alleys, hypot hesi s
(Venables and Tan 2006 p123), as well as risk taking and learning from mistakes

(Ward and Roden 2016). This was seen when looking at seeds (TR3 32:11) when a

child addressed her own misconception as a result of the enquiry that the children had

undertaken

The following exampleofself -ef fi cacy was supported through
which enabled them to find a solution through their findings in the real world. The
children working with TR2  learnt how to  articulate the scientific behaviours that they

were undertakin  g:
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This demonstrates  synthesis  in problems and

synthesis  in evidence on the matrix.

The previous example shows how the children were able to explore their ideas based
on their findings and think like scientists to develop scientific ideas.  They were able to
use enquiry skills to find solutions to problems. TR1 found similar evidence and also
dem onstratedthe enthusi asm of t wo |Lbkélearnohg vehere youican

investigate, means finding things out in different ways 0 a nydu fe®l like a detective,

say if you want to investigate you have to take risks. 0 ( Ap pl8a).dThis was further
evidence of self-efficacy and showed thatt aking risk and decision -making are seen to

be valuable behaviours needed to work scientifically.

Working inthe outdoors provided a weal th of evidence showing chi
behaviours. They demonstrated the scientific thinking skills , application , analysis and

synthesis t hrough their ability to observe, identify a
efficacy enabled them to tak e risks using trial and error approaches to problem solving

within an environment that was less rigid than an indoor classroom. The a pplication of

the matrix was central to the trainees being able to identify these traits. The chil drent
ability to regulat e their own learning , through their articulation of and reasoning about

their scientific behaviours, supported their scientific literacy and will help to provide

them with a set of life skills for thinking rigorously about problems and issues both

educatio nally and in society.

11.2.2 Attitudes identified when behaving scientifically

In the outdoor context of this study, a number of scientific behaviours were highlighted

within the evidence of learning, which incorporated the development of attitudes and

generating questions through curiosity. Attitudes to learning were commented upon by
all three trainees  and were demonstrated by the children when they were behaving
scientifically in the outdoors . The examples from the interviews suggest there are a
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combination of factors that work holistically to contribute towards the childés atti

(McCrory 2018). These ranged from

9 cognitive scientific  attitudes such as : curiosity, creativity , inquisitivenes s,
imagination, critical mindedness, respect for evidence, honesty, objectivity and
open -mindedness.

i affective attitudes towards science such as: motivation, engagement,
commitment to science learning, resilience to setbacks and taking pride in
achievements

91 ethical nature friendly attitudes such as : respect, perusing coexistence with
nature, love and affection towards living things, empathy for creatures, sense of
oneness and a sense of responsibility, preference toward the natu ral

environment and nature conservation.

Attitudes encompass so many different dimensions (Harlen and Qualter 2018) and the

authentic learning opportunities from the outdoors enabled attitudes to be noticed in

practice. The following examples highlight thei mport ance of attitudes wi
learning and scientific behaviours. They show how the outdoor context was pivotal in

the learning that was captured.

The firstone showsthe c hi l@dgni t i v e ofhduriosity, uah énquisitive approach

and their ownership of the learning

ThisrdemonstrateS R knowledge 3 :in

guestions in relation to the criteria on the matrix.
This focuses on attitudes in a holistic way by en.
learning throug h a personalised approach. It goes beyond curiosity and shows how the

trainee used the chil drtherénguiriasttad i impravetiseir dbiityva r d s
behave scientifically and influence their next learning steps . Lieberman and Hoody
(1998) state that this approach to attitudes promotes self -esteem as a result of taking

ownership of and responsibility for their own learning.

The second one shows a creative attitude to learning :
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TRi®is most éldselydiriked to knowledge inideas

inrelationtoth e criteria on the matrix

Creativity is not something that is commonly associated with science but this supports
the points made by  Bianchi and Feasey (2011) about the importance of having t he
desire to find out, have ownership and be creative inscience. It was also commented
on by Collins (201 5)and Kim etal. (2020 ) who value the use of imagination and

senses inordertobe opento newideas and be creative. These contribute to their

toolbox of scientific attributes and influence their 6 8ence Capital 6(Archer etal. 2015).

The third example shows how t he outdoor context provided the opportunity for the
initiation of a desire to find out more, demonstrating the relevance to their future

learning, as this example of curiosity and persisten ce shows :

This2zdemofstrates comprehension in ideas, problems and

questions in relation to the criteria on the matrix.

This example shows how t he chil drenbds attitude influenced

scientific behaviours over time. Th e connection between learning over time and
chil dr en 6 s was tomingnteddupos by Dillon etal . (2005) . Smith (2016) also
emphasised the importance of sustaining curiosity over time. This highlights the value

of learning in the outdoors and the possibilities within longit udinal studies.

A common link between all three  of the examples suggests that  the trainees were more
confident in identifying curiosity i n thehbesadthh i
of attitudes that  could have been acknowledged withintheir & ogni ti ve att.i
examples. They relied on the term curiosity when there was m uch more to appreciate,

but with a clear er structure from the matrix, attitudes could have been more explicit

within the expectations and assessment of the learning. Learning a ttitudes were not
included in the higher order success criteria on the matrix bu t w ith better signposting,
they could lead to improved learning outco mes, resulting in  improved scientific

behaviours . For example , attitudes such as initiative (Kim etal. 2020 ), critical
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mindedness, respect for evidence and nature, honesty, objectivity and open -

mindedness could have been recognised (Harlen and Qualter 2018 ; Jenkins 2006 ).

The followingexamples demonstathfecbHi ve tanarddldaminge s Dhere was

evidence that the  attitudes to learning were directly impacted by nature. Trainee TR2

stated that making  scientific enquiry skills authenticsupported achange in chil dr e
cognitive scientific attitudes (Appendix 1~ 8Db), for example inquisitivene ss. TR2

suggested that wutilising sciencel iefneqbuiexya nspklidsd so fa
enable d children to build positive affective attitudes towards science education as they

underst ood its purpose and importance ethically, for example empath v.

Whenexploring chi |l drenés at t ioutdoat sciencd oleamingd, grainee TR1

noticed that fithe freedom of the task allowed children the confidence to explore the

nat ur e g wahicdwas seento fisupport their engagement in the learning o]

(Appendix 18c). Furtherresults ( Appendix 1 8a) showedthatthe chi |l drends attit
were positive, Aichi | drendés body | anguage suggested they we
the learning environment. They were interested in finding resources to add to their

jour ney stick 70. This shows a direct link to working outdoors through exploration and

the freedom of choice which are seen as valuable (Dillon etal. 2005).

From a starting point where children demonstrated stereotypical perceptions of
scientists and little  skills awareness (Appendix 1~ 8d), TR2 suggested that the evidence
revealedthat,tas a result of | earning sci grawingpositivea door s, cl

attitudes to learning science increased motivation (Appendix 1 8h).

TR2 also showed the dthical nature friendly attitudes 6when she noticed that one pupil

cautiously moved leaves because there fimight be bugs 0 and they fdid not want to Kill

them 0 (Appendix 1 8d), indicating that they als 0 have a greater appreciation for

environments and the world, thereby hi ghl i ghting the childés value
(Ratcliffe 2007 ). This supports the findings of Kim etal. (2020), who explored nature
friendly attitudes which built upon 6scientific a
affection towards living things, and Cheng and Monroe (2012) who found that empathy

for creatures, a sense of oneness and a sense of responsibility were developed through

outdoor learning.

"* A journey stick can be used to capture the journey a child takes in the outdoors. It inaadtiek with
string attached The strings wound round nattal items that are found along their walk. It proe&the
opportunity for thechildrento reflect on each itenfound, in this case through a scientific lens
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Nature friendly attitudes were also evident within this research when t he children

shared their opinions about outdoor learning . They said that they liked fbeing with

natur e, being able to talk more , find ing real things and connect ing with the outdoor

worldo (TR2 59:53). They were also considering the |
of access for all mini beasts including flying insects. They had respect for their

environment when considering the need for protection from predators, ensuring they

could breathe and recreating their natural habitat (TR2 1:00:39). The children were

excited about growing and caring for their plants. They valued the need to regularly

look after them and appreciated the reward of growing with a purpose (TR3 1:01:51)

The outdoors provided  opportunities for children to be immersed in science , behave

scientifically and  demonstrate all three of the identified types of attitudes. The trainees

commented upon t he c¢ hduriosity eamddasitivity together with their nature

friendly attitudes. However , it became apparent that whilst they acknowledged the

i mportance of attitudes i n soertficr leebasioun gthettiaieeesc hi | dr e
mainly focused o n curiosity in their articulation of the examples. There was also a lack

of reference to wider attitudes within the matrix which led to a limited  range of

s c i e n topnitivec attibludes Obeing identified  with in the examples. This provides scope

to develop the matrix further.

11.2.3 Curiosity generated questions

Curiosity was the main attitude that was reported on by the trainees when exploring
the childrenbds scientific behaviours. fwherencour a
the children were immersed in the outdoors. Key aspects that influenced the type and

guality of questions included:

Curiosity generated questions
Number of questions

Importance of stimuli

= = =4 =4

Purpose of the questions

Within the three interviews , curiosi ty was mentioned directly 19 times and
demonstrated the chi todardsthe sactivitg. Trainea TRl commented
on the importance of  curiosity in  fiplanning innovative strategies to ensure the children

develop ownership of  the learning to spark curiosity 0 (Appendix 1 8e). She noticed that
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through their curiosity, the children showed a strong passion towards this learning

which drew upon the  outdoor con text (Appendix 1 8f). Bianchi and Feasey (2011)

support this through highlighting the positive benefits of outdoor learning for children.

Curiosity generated questions were mentioned in  all trainee interviews . Although there
was not a specific question focusing on curiosity posed during the interviews, the
evidence forit emerged from the discussion. Trainee TR3 highlighted

TR3 4:45, 39:58 and Figure 20a ). She

the link between
curiosity and the skill of questioning (

acknowledged the value of curiosity in authentic and engaging enquiries.

Draw what you have learnt today Tell us about your drawing

What questions did you ask?

Figure 20a : This shows the curiosity generated questions asked by the 7-8

year olds working with TR3 (Appendix 1  8g) .

HarlenandQualter (1 2018) sugge€f€heddrleeattsiniqguestions that
curiosity and a desire to understand have a key part to play in learning science 0

(p177). This was evident from the interview with TR1 (TR1 25:00, 19:30) where

observations over time were identif ied as being important and were based on the

simplicity of exploration through enabling them to filnvestigate mini beasts and
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different insects in their nature garden 0 (TR1 19:30). Thiswas also demonstrated in

the field notes  linked to decaying leaves (Figure 20b, Appendix 18h).
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Figure 20b : Thisshows  howthe 7-8 year olds working with TR3 were considering changes over time (Appendix

18h) .
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The children were discussing their discover y (Appendix 1 8i):

Here the children raised their own questions as a result of having the freedom and time
to explore. It shows how their curiosity motivated them to raise further questions and

find out moreto  extend their knowledge .

The number of questions that were raised was noticed by the trainee s and associated
with curiosity. Initially, the children questioned everything ( TR2 39:34) which could
have been as aresult of their curiosity ( Appendix 1 8j) as op posed to external
motivators such as competition or teacher expectations ( Ryan and Deci 2000 ). The
children were able to raise more questions over time and this  was attributed to the
exploration of the stimuli in the outdoor surroundings ( Constable 2017 ). Jelly (1985)
suggests questions are generated as a result of direct contact with materials and are

influenced by the nature of the materials. The number and quality of questions could
also have been affected by teacher intervention, expectations and the modelling
(Swann etal. 2012; Ward and Roden 2016). This increase in the number of questions

did not necessarily relate to the quality of questions, which were often short one -step
guestions involving 0wlR2022:460 TR3WS:30a TRL 50:8ih)at 6 (

The importance of stimuli (Waite 2011) in  generating questions was reflected in the

interviews of all three trainee s (Appendices 16a, 16b, and 16c). This was noted in

TR26 s comment when she discussed t he fddfocusddboB nds us
sensory hunting then so when they physically touched something or were allowed to go

and look at something they had more questions 0 (TR2 3:50 ). The childre n were

developing questions through close observation of the stimuli ( Appendix 1 8Kk).

The number of questions asked by the 7 -8 year olds working with TR2 over 5 sessions
(Figure 21) shows that the number of questions that the children asked increased

session by session.  The trainees had already established relationships with the

children, having been working with them in the Autumn Term, so this was not seen to

be a factor in the increase in nu mber of questions.
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Figure 21 : This shows the number of questions asked by the 7 -8 year olds
working with TR2 over 5 outdoor science sessions
However, less curiosity was seen in a later session for TR2 (Figure 21) suggesting that
without the stimuli, fewer questions may have been generated. In session 5, the focus

was on sound in the outdoors which meant that children were unable to physically
to uch their investigative focus, which resulted in fewer questions being asked and

therefo re less curiosity demonstrated in the view of the trainee.

This lack of curiosity  could have related to the teaching approach or the abstract nature

of the content. The opportunity to interact with nature first -hand, provides children

with real experiences, bringing science to life and creating a meaningful context for

learning (Phillips 2015, Morgan , Franklin and Shallcross 2017, Grimshaw et al. , 2019).
Outdoor learning experiences have been said to initiate curiosity about the world and
this co uld be a factor encouraging pupil questioning (McCrory, 2018). This suggests
that children ask gquestions based on their interest and wonder about concrete and

observable phenomena

There were occasions when the trainee s questioned whether the children understood

the purpose of the questions . Jelly (1985 ) suggested that these were unproductive

guestions that #Apromote science as informationo (]
t e a c h guestiods in her work. Their questions were seen to be unrelated and led

them off on atangent ( TR3 4:45, 5:10). They were observing other things around

them. This divergence enabled the children to follow their interests and was a key
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principle of child -led learning (Johnson 2014) and it may be the role of the adult to

harness this curiosity and make it relevant to make the most of the learning (Ward and

Roden 2016 , Black and Wiliam 2018 ). This was reflected in other examples that were

interpreted as random questions ( TR3 54:18, TR1 42:57). The questions were valued

enough to be captured by the tranees and they seem to demonstrate

curiosity and interest in developing their scientific knowledge and behaviours

11.2.4 Summaryand contribution to knowledge

Examples of scientific behaviour in the outdoors was enabled through practical

learning, child -led learning and opportunities to experience greater freedom within the
learning. The children were observing over time, identi fying and classifying, problem
solving and they were able to articulate their scientific behaviours. They displayed
scientific behavioural approaches such as risk -taking, decision -making, using prior
knowledge, classification, accuracy, trial and error, co mparing and contrasting results

as well as learning from mistakes.

In terms of attitudes to learning, authentic and engaging science enabled children to
gquestion and demonstrate curiosity. They were making decisions and taking risks

through using aninquis itive approach and having ownership of their learning. A

holistic, personalised approach was used to inform future learning and enable empathy
and responsibility towards nature. There were links between self -esteem, ownership of
the learning and responsibi ity for the learning. Immersion in the outdoors and carrying

out longitudinal studies outdoors influenced their attitudes, in particular creativity,

persistence and uncertainty.

Curiosity was conveyed as aresult of children being given the freedom and time to

explore. The exploration of meaningful outdoor stimuli was found to relate directly to

the number of questions being asked, the children
motivation. The  number of questions did n ot necessarily relate to the quality of the

guestions being asked . Some questions went off on a tangent and demonstrated

divergence, but were authentic and valued, enabling the children to follow their

interests and wonder.
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The trainees identified example s of scientific behaviour which were found as a result of

the children having had the freedom, stimuli and ownership of outdoor learning. It was

necessary for the trainees to strike a balance between child -led learning and adult
interventions whilst giving the children the ownership of the learning and empowering
the | earners. There is a need to develop the trai.!

scientific behaviours and attitudes, which would aid their understanding and provide

them with the confidence to further support the childrenbds | e
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The c¢ hi lgagestiens 6demonstrated higher order thinking. The trainees were able to
use the questions to document progression . The identification of mis  conceptions
supportedthe ¢ hi | d avearedess of their own learning , demonstrating

metacognition.  The trainees became aware of the challenges associated with
identifying , modelling and enabling questioning . Addressing these  provided the children
with a greater ownership of their learning , resulting in an improvement in the quality of

the questions

11.3.1 Evidence a@fhigher order questioning

The trainee s documented 6 c hi | dr esn 6 ©(Ienile85, Chin and Osborne 2008) as
opposed to the ones which they asked in the role of the teacher (Chin 2006 ; Harlen

and Qualter 2018) . All three trainees commented on the improved opportunities for
childrenbdés questi ons whdeons( WRLr6i0, t(B:25 n TR2h48:48p TR3

46:4 0). The y stated that the  learning was authentic, in a real -life context and
stimulated more questions than working indoors (TR1 9:21,56:58, TR3 8:50, 19:34,
TR2 59:53, Appendix 18I). This was supported by  Jelly (1985 p48) who suggested that
chil drends qu e Bhave answers detiveddrondfirst -hand experiences
involving practical action with materials 0.

The trainees also commented on the quality of questions  that improved along with the
c hi | d skdlsobteinking scientifically . Examples of this included when the children
used science experiences to explore ideas and raise different kinds of questions (TR2
37:32) and when children i dentif ied further questions arising from the irresults (TR1
27:19 ).

I n the resanalysislhbdr e chi |l dr e prddactivg guesions odresy upon
evidence, prior learning and made connections between ideas or involved reasoning.
The key elements  withinthe ¢ hi | d guestiéns , that were common across the

evidenceand t r ai nees 0 ,demosstrated thesesattributes:

Investigative quest ions
Questions that involve reasoning

Cause and effect connections

= =4 4 -2

Prior learning connections
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1 Vocabulary and scientific concepts

1 Purpose of the question through application.

The following are examples of investigative questions  from Appendix 1 5. These
questions show the child knows what to change ( Independent Variable 1V) and what to

measure ( Dependent Variable DV). These include:

Do bulbs grow quicker than seeds? (I V: what is planted. D  V: speed of growth)
Are ants the most  popular [common] mini beast? (I V:type of mini  beast. D V:
number counted)

1  Which food attracts the most insects? (1'V: food. D V: number of insects)

In asking these questions, the children applied their knowledge and understanding of
6wor king sci ent i thairquedtioningfor & purpase. i n Jhe following evidence

includes examples of questions which contain elements of reasoning (Appendix1 5),

1 Where do they (birds) build the nests? How do birds build their nests?
1 Why are we not finding any ladybirds?

1 1'wonder why we found it (worm) under the rock?

They were challenging to categorise because the broadness of the definition of
reasoning (Zimmerman 2005). In this situation, reasoning has been interpreted to
mean questions that do no  t necessaril y have a right answer, that problematise an issue

and provide a stimulus for the development of ideas (Naylor and Keogh 2000).

Effective science learning was demonstrated through a range of connections that were
identified in the c¢hi folbwirgmaré exanplesot t icausesnd effedt e
questions . These involve making simple comparisons and identifying simple patterns or
associations, as described in the 1999 National Curriculum (GB.DFEE 1999)  and were

often described as two  -step questions by the  trainee s.

1 We are in winter, so do they (ladybirds) only come out in the summer?

1 Why can you see water particles on the grass? How does water get back into the
clouds?
Do bulbs only grow in the spring? Do seeds grow any time of year ?

Seeds can be carried by animals and wind like dandelions but can bulbs?

Another example of these connections was t aken from the question hands ( Appendix

18m) and was associated with prior learning . The children asked the question, fiwhat is
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frict (TB218:80), which was seen to be unrelated to the outdoor learning

opportunity. It was interesting to the trainee because , AiWhen | first started the

placement they were already learning about materials a nd forces and we did a session

or maybe two or three sessions on frictionéwith t
still asking OWhT®2 said shattheyihadtnot etairted the knowledge, but

in fact, it may have been that they were drawing ¢ onnections between their

observations of fire lighting and their prior experiences, enabling them to apply their

knowledge.
The c hi | d wvoeabuwasy and scientific concepts  support higher order questioning. Key
vocabulary that was demonstrated within the ir questioning showed strong subject

knowledge (Dunn and Peacock 2015 ) for the age related expectations found in the

National Curriculum (GB.DfE 2013). This included examples of floraand fauna

identification , fungi classification as well as snail and slug comparison . The children

took an interest in sophisticated ideas involving processes and models that were

beyond the National Curriculum expectations for their age (GB.DfE 2013). These

included: shadow formation , speed of growth, evaporation, absorpti on and changes of

state. Th ese examples satisfy the criteria for synthesis questions  in the matrix , which

requires childrento demonstrate the relevance of d&édprocesses

ideasor model sé6 (AP.pendi x

Trainee TR 1 reported that childrenw  ere asking investigable questions, which included
raising questions based on their findings ( TR1 30:32) and using observations to raise
questions with a purpose (TR1 23:56). TR3 noted that the children were able to ask
questions to investigate over time. They asked questions that led to the recording of
data. Through their questioning, they explored connections through the seasons and

insect preferences (  TR1 40:16) for example:

Do othe r insects come out in the summer?

1

1 Do they prefer sweet stuff?
1 Which one do they prefer?
1

How could | design a new home for a worm?

Categorising the questions was challenging due to there being many ways of
interpreting them. A number of guestions could be categorised in a variety of ways and

relate to multiple categories. However, i nterrogating the questions that children ask ed
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inffoomedt he traineesd ability to 6éplan ford and
the children inthe f  uture.

11.32PNR INB&daA2y Ay OKAfRNByQa ljdzSadAzya
Progression i n c¢ hiwadobserved i earlucaset istdys The trainee s were

6enal

clear that the quality of the chil dAmendixsl myuesti on:

question analysis; TR1 6:01, 35:33; TR2 42:18, 51:32; TR 3 09:36,50:31). They
acknowledged where children exceeded expectations and analysed higher order

questions in relation to the success criteria in the matrix.

As Goldsworthy and Feasey (1997) suggested, unlike other skills in investigation, it is
very hard to identify a si mple progression in the way children raise questions, as the
level of difficulty depends on various factors such as the context and the language

used. However, t he trainees identified evidence of learning which demonstrated

significant progressive steps in the chil dr en 6 sThepahase beerocategoriged

in the following ways using three common concepts:

Basic questions developed into investigable questions ,
Questions relating to exploration developed into questions with a purpose :
There was a chang e from the children relying on the teacher, to the children

taking ownership of the  ir questions .

The trainees demonstrated t he abieguestionsp noanore
investigable questions . TR1 (TR1 36:07) described how the children moved from asking
what, why and who questions through observing outdoors to more investigable

questions where they were fiDeepening their questioning skills for them to actually

secure that reasoni ng é hatthey gre d@iogt what théyywre k now w
investigatingandwhy 0 (TR1 37:54). TR3(TR310: 28) al so described

of

chi

Owh e

knowledge -based questions that became more sophisticat

guestions and investigable (  TR3 50:31). The children began to raise new questions and

predictions based upon what they had already found out in their enquiry (TR 3 17:32

and 33:40). This  was seen as higher order thinking (Zimmerman 2005).

All of the trainees commented on how questions based on e xploration developed

guestions with a purpose . They acknowledged that the children began to use their

into
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guestions to find out about results in a scientific way. These included changes to their

approach such as using reflective questions rather than simply explorat ory questioning

The childrenwerenowf ocusing on 6édhowd they werse mpe ayr ndiwhga trb
they were finding out about (Cohen, Chaput and Cashon 2002). This can be seen in the

following example,

This demonstrates analysis inideas, application in

problems and synthesis in questions inrelati on to the criteria on the matrix.

This implied that the ownership of the learning shifted from the trainee as t he Omor e
knowl edgeab (Vggotsky 19€8y 06 to the children developing greater self -efficacy
and peer -reviewing the learning by asking more que stions to each other. This was

supported by TR3 who noticed that  children began to pose guestions to each other

(TR1 21:17, 38:41).

It was also found that the o wnership of the learning through questioning shifted from
the trainee stothe children. Having ownership of the investigation led to higher order

questioning for example:

This demenstriatesr canalysis
in ideas, application in problems and synthesis  in questions in relation to the

criteria on the matrix.
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The children were able to ask questions that resulted from their enquiries , including
comparing results and findings, and they made observations over time rather than

expecting an instant answer from a knowledge -based question.

There was a shiftinchildr ends wunder sAppendid 1 B)ghat@showed how the
childrenés questioning moved from simply asking ¢l
which they knew they could find the answer. This was evidence of self - efficacy

(Bandura 2001; Gutmas and Schoon 2013 ). According to Harlen and Qualter (2018),

children who realise that they can find answers to their questions, for example by

answering them  through scientific enquiry or through their own interaction with things

around them, are more advanced in their scientific development . This was reflected in

the interview with  TR1 where she considered the importance of asking investigable

questions, which included r  aising questions based on  their findings (TR1 21:50 , 30:32)

and using observations to raise questions with a purpose (TR1 23:56, 26:18).

The children demonstrated progression by realising that they could find their own
answers to their questions through enquiry, so they stopped asking the knowledge -
based questions. They beganto direct questions to each other and ask questions like
fiwhat did you find ? & Howimany insects did you find here ?0, Ar our results the
same?0 ands fiwhat | f ound (TR3SL:00) e These were deémed to be

higher order questions associated with having ownership of the learning.

Having a better understand ing of the questions that children ask, enabled the trainee s

to extend the child r e n gkientific abilities.  Understanding the progression allowed them

to identify  the next steps in learning. The higher order thinking skills were identified in

the childrends questions and gréaterocwnershipgoftheir de monst

learning , thereby showing improvement in metacognition.

MM®Podo LRSY(IGAFEAYI YAaAaO02yOSLIiAz2ya Ay OKAf RNBY.
Ofsted (2021) commented on the teacheoké in 6supressingd and 6c
misconceptions with a focus on knowledge rather than skills. However, there is a case

for making children aware of their misconceptions through metacognition and

reasoning. The c hi | d gquestiéns were deemed to be a valuable way of identifying

t he c¢ hi kothcemual@dnssconceptions . As a result, the misconceptions were

identified and the answers were found alongside the child (  Appendix 1 5).
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In this example, t  he child demonstrated parti al knowl edge and applied | ¢

understand the process of plant reproduction.
1 How do trees fit inside a seed? (example #1)

twas evi dent from t he tr 8R3®:88, 821l thattheauthentic
experiences helped the child to address the ir own misconception through the
exploration of plant lifecycles. The importance of language in communicating and
reflecting critically ~ (Harlen etal . 2003) can also be seen in the following examples
(Appendix 15):

1 Why is the moon sometimes out in the mor ning? (example #2)
1 How do fish breathe underwater? (example #3)
1 How do puddles disappear? (example #4)
1 How does water get back into the clouds to evaporate? (example #5)
T  Why do mushrooms eat wood? (example #8)
The adult may need further clarification fr om the child. For example, the child may not

know the correct  scientific vocabulary to use to express the point they are making but

their knowledge may be sound i.e. the moon is out rather than visible, breath rather

than gaseous exchange, evaporate rather then disappear, absorb  or digest rather than
eat. In the next example, rather than stating that plants absorb nutrients, the child

shows their misconception when applying their prior knowledge by using the term food.
1 Why do they get food from the roots? ( example #6)

These examples could  stem from terms that the trainees have used or they have been

exposed to at home or on digital technology (Loxley etal. 2018; Osborne , Wadsworth
and Black 1992). It has been acknowledged that the use of everyday language, such as
food for plants, can form misconceptions (Harlen et al . 2003). In the next example, the

child has a lack of understanding of the term flavour.
1 How does the flavour blackcurrant get into th e flower? (example #7)

I n order to support this childbés next |l earning st
discussion with the child for greater clarity. In this case, it may be due to a lack of
experience and sensory exploration or it could be asares ultofa lack of knowledge of

the parts of the plant and the purpose of plant reproduction.
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N

Whilst considering pr ogressi on wit h c ing, |the ratneed sidegtified st i on
several ch allenge s thattheyhadto over come in order to assess the

These included:

T Capturing and assessing the childrends questio
1 Modelling the skill of questioning

1 Enabling purposeful questioning

Capturing and assessi ntong Witk adhildi -focused appreachgvase s
challenging. The number of questions and the quality of questions was affected by the

need for the recording of the questions tobea captured | i v etheémament 6 ( TR1
1:00:19) and was impacted by the environmental conditions and freedom of movement

(TR2 21:06). Having time to analyse and moderate questioning was valuable, as was

demonstrated by one trainee who did not realise the quality of the learning until they

were reflecting on the learning eviden ce in the interview (  TR2 27 :38).

Interms of teacher -facilitated learning, Chin and Brown (2000) suggest supporting and
extending childrenés questions ratherChhaman | etti ni
Obsorne (2008) and Smith (2016) suggest the use of qu estion stems which was

applied by TR1 (TR1 27:19). This trainee used the question stems as a prompt to help

children toraise questions . They were thinking more deeply and using what they had

found and observed in the outdoors (TR1 38:41) . The children produced a greater

number of questions (TR1 48:15). The question stems helped to draw out their ideas in

their investigations  (TR1 38:18) , also encourag ing sophisticated questions that were

unexpected and frequently led on from their investiga tions (TR1 41:15).

To make more progress within questioning, whilst
science |l earning outdoors, the childrendés questi o]
Enabling purposeful guestioning through child -led learning was a p riority for the

trainees. | n order to increase the childrends awareness
guestioning, the trainee s discussed a range of strategies that they implemented in the

role of a facilitator ; some of which  were evident in their field notes an d reflections
(Appendix 1 8).

1 Enabling the children to understand why they were asking these questions ( TR3
3:25,8:50 ).
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Supporting them to retain the question that they asked ( TR1 02:58 ).
Enabling them to find the answer for themselves in order to retain the answer
(TR2 19:55, 43:48 ).

1 Support childrento  raise productive questions that promote science as a way of
working (TR1 23 :56).

These examples of a facilitative approach to teaching pro vided the children with a

greater ownership of their own learning resulting in an improvement in the quality of

the questions when captured through assessment. There is little that has been written

about supporting teachers in knowing how to extend childre ndés (gu ag.Harlenrand

Qualter (2018) and Jelly (1985) only look at how practitioners can respond to their

guestions rather than teaching them to take ownership of their questions. Most of the

other research in this field deals with responding to chil drenb6s answers to tea:
guestions (Mercer , Dawes and Staarman 2009, Dawes 201 1 and Alexander 2017). This

evidence provides examples of ways of supporting children with a greater emphasis on

child -led learning. This in turn will supported metacognition (Quigley , Muija and

Stringer 2018) and self -regulation (Zimmerman 1995).

11.3.5 Summargnd contribution to knowledge

The focus on childrends daachars juestioss abowedaghidosed t o
centred approach, highlighting the importance of their place within thinking

scientifically .

The vocabulary and application of the question became increasingly more sophisticated

within the higher order questions. Therangeof chi l drenés questions incl
investigative , reasoning and those that involved connections. Chil drends ownersh
understanding of the  type and purpose of the question s demonstrated metacognitive

awareness over time.

Progression was noted when the child  ren asked questions of one another and when
their questions related to the findings. When the children took ownership of finding out

their own answers, the questions had purpose. The ownership of and reflection upon

the questions allowed the children to un derstand why they were asking the questions,
enabled them to retain the questions they had asked and promoted productive

questions to which they could find the answer themselves.
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Focusing on the childrends questions e nraebnldesd

understanding and their misconceptions in order to enable progression. It was
necessary for them to consider the expectations relevant to the age and ability of the

children.

11.4Summanyof the discussion

When looking at what  constitutes effective science outdoor learning, t he evidence
highlighted the significance of thinking scientifically in outdoor contexts. The trainee

teachers based in each of the three schools used the matrix to chart and reflect on the

t

he

ways thatchildren wer e o6t hinking scientificallydé through

science learning int  he outdoors. The matrix aided the trainees?o
them to more effectively plan and assess the learning from which there was no starting

point.

Exemp lification of the learning was demonstrated through a range of dispositions

including:

1 Thinking scientifically  skills where expectations were exceeded to include skills
that align with analysis, synthesis and evaluation based on

9 Scientific behavioural  approaches beyond procedural enquiry skills, to include
risk -taking, decision -making, using prior knowledge, classification, accuracy, trial
and error, comparing and contrasting results as well as learning from mistakes.

1 The childre n 6 questioning which became more sophisticated th  rough the type
and purpose of their questions . This included asking  more complex questions
with stronger vocabulary choices such as those that were investigable and those

that drew connections, include reas oning or cause and effect.

Learning that resulted from the immersion and freedom associated with the outdoors,

also established a range of principles including:

1 A child -led approach resulting in stronger ownership of the learning and the next

learning steps, though the demonstration of metacognition

Bloom etal. (1956) .

1 A holistic approach involving identifyingth e attitudes within chi | dr end s

behaviours, including curiosity, motivation and passion for learning. This also

involves wider aptitudes including creativity, persistence and uncertainty.
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1 A progressive approach which identifies shiftsinlearning and include s the
development of higher order thinking. Firstly, random and abstract ideas
advanced to more purposeful and complex thinking, secondly, single -step
changed into multi -step and investigation -led learning, thirdly, e Xxploration
developed into consolidated learning and demonstrated application of prior

knowledge .

O0Thinking scientif i tha thlegy Gispositions avieiah tvereaidentified within
outdoor learning. This  enabled successful science through purposeful, authentic

learning opportunities and high learning expectations

As aresult of learning abo  ut science in the outdoors, the children overcame initial
misconceptions and acquired a greater understanding of the purpose of science. They
improved their scientific literacy and developed life skills with the potential to provide

scientific contribution s to the world (ACARA, 2014).
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Conclusion

12.1 Summary

Outdoor education is often seen as firisky fun 0 (Glackin 2016 , p.1 ). This thesis
challenges these perception s of the outdoors as being less academic by repositioning
outdoor learning as a pursuit for the obtainment of authentic science by fAgetting more

from getting out 0 (Scott and Boyd 2016 , p.1 ). It provided trainee teachers with the

tools, confidence and autonomy to facilitate learning outdoors. Through the use of the
matrix, it was revealed that when learning science is based in the outdoors, young
children are well -placed to demonstrate higher -order thinking skills beyond those

expected of them within end of Key Stage outcomes (GB.DfE 2013). The evidence
showed how children were able to reflect upon their learning in order to develop

higher -order scientific thinking skills , demonstrate scientific behaviours and question in

a scientific way . Capturing the skills, knowledge and understanding that ch ildren
developed inrelationto thinking , behaving and questioning scientifically was seen to

have value in acknowledging that real contextual learning had taken place.

This thesis focused on assessing the learning in-the -moment through qualitative critical
incidents (Tripp 2012 ) rather thanthrough gathering perceptions about learning or

through a post -learning test, as can be seen in the research from Scott and Boyd

(2016 ). The use of the matrix, as a research tool, provided a platform to aid the
trainees in capturing  outdoor science learning . It helped to generate data that provided
insight into outdoor science learning and displayed key learning outcomes that were
successful ly achieved during the learning process. The data also informed how the

matrix might be developed in the future.

Within this  research , outdoor science learning  was found to enable higher -order

learning, enhanced personal interest and motivated the children to learn. The findings
highlighted the benefits of learning science outdoors , including the freedom of choice
and the opportunity to solve problems . These enabled the learners to demonstrate the

dispositions of dhinking scienti f i ¢ a dbdhavidg scientifically éand 6équestioning
s ci ent ithroughadpitsysiuth as the process of growth,  respiration and

reproduction , the water cycle and changing state, seasonal change and weather,

shadows, ecosystems and environmental impact . All of these concepts became more

concrete when explored within ~ real context s. Whilst it was necessary to acknowledge
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the debate about the novelty of learning outdoors ( Orion and Hofstein 1994; Aikenhead
1996; Waite 2007), thisresea rch has provided evidence of the development of
scientific attainment . Experiencing science through learning in situ allowed the children

to make strong connections to the learning content.

By contrast to much of the literature on outdoor science (Waite 2011, Glackin 2016,

Harris 2017) that focuse  d on professional perceptions and confidence , the findings

show the ways that outdoor learning is specifically conducive to the support and

facilitation of primary science education. The evidence from this thesis  support s trainee
teachers Ounderstanding of the value of outdoor learning and enable s them to have the
autonomy to use it within science learning . It also provides evidence to help convince
leaders and policymakers of the educational benefits of learning in the outdoors ,

beyond those associated with wellbeing and social development.

Bianch i, Whittaker and Poole (2021) present classroom findings as seen through the

eyes of primary science specialists and represent their existing knowledge and

experience , whichis used to debate and increase coherent connectivity towards the

improvement of pu  pil outcomes in primary science. In response to the ir ten key issues

with childrends | earning in pri n@WhitgkeramdiPeolkce i n En
2021), the evidence from this thesis directly relate s to five out of ten of their issues.

Particular s trengths from the evidence of learning science outdoors include:

E ]

the depth of the new learning (issue 1),

the autonomy and independence that was demonstrated by the children , (issue
4),

learning which was  authenticand had purpose (issue 7),

learning which drew on prior learning and occurred regularly (issue 8),

the children were encouraged to use their own curiosity, scientific interests and

questions in their science learning (issue 6).

This research provide s primary subject specific evidenc e of child -centred learning and

examples of where the issuesc  an be improved.
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12.2 Identification of thegaps in knowledge

This thesis makes contributionsto  knowledge where apparent gaps were identified

includ ing:

i Therewas a lack of research focusing on the learning outcomes, quality of
learning and impact of this learning on the children 6s attainment
1 Thegapin research i nto the use of childrendéds scientif

as an assessment tool.

Over the course of the  study, two more gaps were identified relating to practice and

learning:

1 This lack of knowledge and evidence has implications for assessment and
mo deration processes within schools and implies that there is a gap in practice
1 The trainee s demonstrated the  successes in learning  but also highlighted gaps in

c hi | dtearming s interms of analysis, synthesis and evaluation.

These gaps have been fundame  ntal in the direction that the research has taken and

have led to the identification of the key findings.

12.3Key findingandresponding to the subsidiary questions

The key findings have been reflected upon and related to the underpinning research

quest ions. The aim of the research was to find out how trainee teachers can most
effectively support childrends | earning Thisis pr i mar
responded to in the recommendations and final reflections in light of the responses to

the following questions.

1 The main question was: What constitutes effective outdoor science learning?

Trainee t eachers need ed to understand what effective learning look ed like in order to

successfully support children.  The matrix provided this support, resulting in effective

learning outcomes. Si mi | ar to OAssessing Pupilsd Progressbo
provided the steps to personalise the learning of the child and make secure judgements

about the standards of learning and what the children need to do next. It was outdoor

155



specific and strengthened existing practice through the use of outdoor learning

evidence, moderation  of assessment and subsequent intervention.

The findings relating to the subsidiary questions  were key to exemplifying the learning
and provid ing evidence that contributed to supporting trainee teachers to understand

how this can be achieved in the outdoors .

I What eviden ce is there that children are thinking scientifically in the outdoors?

There were common findings across all three cases. Each case used a child -led

approach, with the child taking the ownership of the learning. Higher -order thinking

resulted from self  -efficacy, stronger peer -review, drawing connections and involving

reasonin g. Examples of the learning were  captured in Appendix 1 7. Two examples of

effective learning include, firstly, t he learners demonstrated that they could make

science predictions and as a result 6éuse what | al
t hi n@ecandly,their understanding progressed from being
chil dren being able 6to explain ideas, processes .
function of the petal within the reproduction of the plant. The evidence of thinking

scientifically was captured through identifying a range of relevant scientific skills and

attributes  (section 11. 1). They were able to identify misconceptions and find out the

answers alongside the child. The children were asking questions resulting from their

findings, comparing and observing over time. Their questions changed from simply

asking questions to asking questions to which they knew they could find an answer.

Knowledge and understanding became stronger including sophisticated concepts

including processes, phenomena, abstract ideas and models

T What scientific attitudes are demonstrated by the children when learning in

context?

The learning was conceived of as authentic because it was based on real, sensory,

child -led learning and it had purpose. Outdoor learning offered opportunities for

authentic and engaging enquiries involving freedom and choice, simulation, motivation,

guestion generation, risk taking and d ecision making (section 11. 2.2). Learning within
a meaningful context developed curiosity, interest and wonder. There was a greater

appreciation for nature and the world around them. This was seen to be supporting the
development of their life skills. Questioning, in particular , was related to curiosity and

emp hasised by sensory experiences and exploration. Positive attitudes were associated
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with authentic, real  -life examples and there was an understanding of importance of

having a purpose to the learning.

1 Howdo trainee teachers know if their children have made progress with their

science learning in the outdoors?

Through the use of the matrix, the trainee s moved beyond being able to describe the
learning and were able to comment on achievement . Significant progressive steps in
the learning demonstrated greater complexity and resulted in the children having
greater ow nership of the learning and self -efficac y. The evidence relating to the matrix
(Appendix 1 7) suggested that the children achieved age related expectations or higher

within o6working scientificallyo.

Knowledge and understanding were the categories from the matrix that were most

commonly referredt o during the interviews. It has been suggested that they underpin

the other forms of learning, yet the trainees recognised that questions relatingto  facts,
knowledge and understanding were lower order when simply related to recall and

memory. However, t here were differences in the quality of the questions as a

consequence of changesto  the purpose and level of reflexivity, where they focused on

how theylearnt and notjust on what they were learning. The trainees recognised

higher -order thinkin g involved in investigative and application questions. They also

understood the value of reasoning and cause and effect questions.

When knowledge and understanding were referred to in relation to synthesis and

evaluation, strong subject knowledge was req uired i.e. including sophisticated concepts

linked to processes, phenomena, abstract ideas and models. It was challenging to

define and categorise philosophical and evaluative questions. In terms of progression,

it was inferred that these types of question s required a sophisticated understanding of

the context and a creative apulistabined wlkriedaa&no
by Harlen (2010) who highlighted their value in relation to the scientific skills of

reasoning and evaluation.

T Whatare t he chall enges associated with assessing

learning outdoors?

There was a sense of an emerging ill-fit between official policy instruction and the

possibilities for using outdoor learning to facilitate primary science education.
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Government documentation in science assessment (  STA 2019 ) was not deemed by the
trainees to be compatible with outdoor learning and the y were consequently  less
confident in judging the attainment of the children in science than they were in the

other core subjects.

Additionally, p  rogression in thinking scientifically was sometimes hindered by the

following factors: t he ti me provided for out doavarenkse af ni ng,
scientific skills and behaviours , togetherwith the chi | dr enés makingl i ti es to
connections, reason and provide detail within their learning experiences . There were

also gaps in evidence of learning in terms of analysis, synthesis and evaluation (section

11.1.4).

Some of the | imitations relating to thin king and behaving scientifically across the case

studies can also be understood as a result of:

Age, ability and skill level of the child

Chi | dr eonexperiepces

Availability of t ime dedicated to learning in the outdoors
Initial t eaching experience an  d expectations

Teaching and learning opportunities and purpose

= =4 4 -4 -—a -2

Tr ai n eoefidedce.c

Itwas noted thatage did not limit the attainment of the highest expectations

However, vocabulary choices restricted the range of expression for the youngest
children although aligned otherwise with their wider social and communication skills.
The se insights have helped to inform recommendations and adaptions to enable the

matrix to be used more effectively.

12.3.1 Reflecting on the value of the matrix

The matrix g ave the trainee teachers concrete support to enable the learning and

teaching to be more effective. It was used to track the progress of individual children
and enabled the trainees to intervene appropriately. It support ed the trainees to know
where the children  were, where they need ed to be and how to get there. As the matrix

was based on the current English National Curriculum (  GB.DfE 2013 ), it could also
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provide teachers and educational leaders with the confidence to embed this within their

own practice.

Continued use in practice will ensure it is further refined and trainee teachersc an

adapt it accordingt otheir needs. It isnot age-specific and therefore can be used

across the learning and teaching of primary aged children. Although the matrix was

designed to be applied in outdoor context, the flexibility within it may enable it to be

used in a wider variety of practical scientific contexts in line with research such as the
approach es in Project Calibrate (Erduran etal. 202 0), Teacher Assessment in Primary

Science ( TAPS) project (PSTT 2015; Earle 2018 ; PSTT 2021 ),t he gover teachent 6 s
assessment exemplification (STA 2018 b) and Planning for Assessment ( PLAN) (ASE

2018a) .

In light of the findings from this study , the matrix could be adapted in order t 0 make it
even more effective . For example , including success criteria for children which take into

consideration the following

The purpose and complexity of their scientific thinking
The purpose of their actions and behavioural approaches
The purpose of their higher order questions

T he c¢ hiwhetsBips ofdheir learning

Their m etacognit ive skills

Their awareness of their scient ific skills

Their application of  prior knowledge

Their appreciation of changes over time

Their ability to use multi -step and investigation  -led approaches
Their ability to make connections explicit

Their ability to demonstrate detail, quality and accuracy

Their ability to demonstrate scientific attitudes

= =4 -4 -4 -4 -4 A _Aa _Aa -8 -5 -5 -

Their abilityto reason .

There would also be benefits in p opulat ing the matrix  with age -specific examples ,
developing it nationally and standardising it with further outdoor science learning

examples (Figure 16, Figure 1 8 and Appendix 17).
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12.4 Methodologicalimitations

All research is subject to some limitations and it is important to identify these to

provide a well -rounded account of what my thesis contributes to knowledge and

practice . Regarding this, the limitations associated with the three methods  of
documentary analysis, observations and interviews , can be considered in relation to the
mitigations put  in place and the benefits of the method s in the context of this research

(Appendix 19).

Within the documentary analysis , the evidence of learning  involv ed snapshots in
time which were non-replicable and, although they captured the dynamic and ever -
changing aspects of human nature ,they were also valued for their authenticity and
trustworthiness (Wellington 2000). Within the consistency of recording observations
there were challenges associated with collecting the evidence of learning. This was

mitigated by working with the trainee teachers to develop the booklets as a fit -for -
purpose way of recording the learning with the intention of providing consistency.

Within the inter views , recording learning conversations in -the -moment were
understood to be more challenging for trainees to document than those that were

reflective post -learning. This was mitigated using electronic devices and establishing

routines which had been develo ped through the university training.

The thematic analysis enabled the identification of codes and themes ( Appendix 13a,
13b, 13c and Appendix 14) and can be understood as methodologically subjective .
However, while there were possibili ties interms of developing connections and
generating themes , my insider position as a teacher and teacher trainer, enabled me to

apply my knowledge of the curriculum and pedagogy when making these judgments.

The reliability of the r  esults was limited by the sample size, which was restricted to

three cases, three trainees and eleven children ( Figure 6b). As | was not intending to
make positivist claims, | did not directly compare the case -study schools, the practice
of the trainees or the achievements of individual children (Silverman 2011; Stake

2006) . However, a range of perspectives provided multiple realities because
understanding was influenced by co ntextual factors such asthe school sé6 outdoor
the tim e available, trainee confidence and the engagement of the children

Triangulation was used to provide multiple interpretations of the documents that were
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being analysed. This provided confidence i n credibility and plausibility of the research

(Wellington 2000, p.201).

Finally, COVID-19 had an impact upon the breadth of data collection because the time
available for the trainees to work with the children was curtailed. For example, trainee
TR1 had an enquiry with observations set up over time, which she believed may have

resulted in further higher order learning and a greater number of  questions bei ng
identified as a result. The length of the data collection period was dictated by the final
date of placement , which made the parameters easier to judge as opposed to judging

when a saturation point was reached.

Face to face interviews became online synchronous interviews which may have affected
the t r a i nabiktydtsrefer to the full extent of their data and experiences. However,
this approach was found to be more accessible and less intrusive. Having finished their
final year at university, the trainees found thatitwas c onvenient to meet virtually. In

line with the ways of working on their degree course, t he trainees were able to share

the evidence on the screen which kept the discussion focused and evidence informed .
12.4.1 Bias

A degree of bias was inevitable as analytical choices were made continuously and this

could have impacted upon the validity of the study. | was aware of my own potential

bias within the data analysis when deciding whatto  leave out, what to highlight , what
to report first and last, what to interconnect and which main ideas were important

(Wilcott 1995) . My values and preferences along with a requirement for reflexivity

informed my thinking and bias could not be eliminated i n this qualitative research
(Lichtman 2006). However, as an external insider (Costley 2019), and as a trained

teacher, Forest School leader and university lecturer in schools, | had an understanding

of the learning and processes involved. It enabled me to be analytical and validate or
challenge interpretations by offering alternative perspectives. The interpretation of the

c hi | daciandasd trainee interviews was also supported by the use of multiple data
sources. Finally, trainee perspectives were sou ght to validate, qualify and support the

findings where they were acting as critical friends (Yin 2018) to reduce researcher bias.
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There was also the potential for trainee bias, such as deciding what to notice and what

was significant about t he dehrhingd Mhe tranee teachers  knew the

expectations of the child in other areas of learning and may have let this influence their

perceptions. Also, they may have wanted to present results that would be of value to

me and this research . In mitigatingthi s, the traineesd6 ability to id
learning moments had been developed through the taught course . The design of the

booklets supported the trainees in deciding the parameters for what data to collect in

response to the research questions. Whe n it was necessary to scribe for a child, they

were aware of the i mportance of representing the
appreciated the  wide range of responses in the fortnightly meetings and modelled how

all responses were valued.

To ensure that there was no additional pressure p
experience, | made sure that| was notth eir university -based school lecturer ,

therefore, |was not responsible for moderating judgements about meeting the

teaching standards ( GB.DfE 2011 ; GB.DfE 2019 ). The assessmentof ¢ hi | d tearming s
wasalsonot directly related to the chil d&lassprogr ess

teacher and trainees were judged (STA 2017a ).

12.4.2 Tensionand mitigationsassociated withvorking withtrainees

The trainees were involved within this collaborative approach ensuring that the
research was done with them and not to them (Costley and Fulton 2019). The trainees
acting as facilitators were informed of, and were in agreement with , the research
priorities and ethical values.  This emphasised the importance of sharing the ethical
philosophy and principles with them to support their decision making; ensuring that

measures were put in place to prevent, minimise or respond to distress.

As aresult of their  active involvement (Figure5) , t he traineeds demonstr a
heightened interest and awareness of the research and the process. Their high level of

involvement may have had an indirect impact on their grades. In terms of consistency,

the trainees were given the same 1:1 supervision time as the other trainees studying

on the dissertation module. Whilst tutorials were personalised according to their needs,

any supervisory differences were in line with the module handbook, course

specifications and assessment standardisation (NTU 2020). All three trainees chose to
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study at Masters level for the fourth year of their degree, before they volunteered to

take part in this research, which demonstrated their motivation and their willingness to

improve their understanding of their own practice (Schon 1991). The benefit of working
with science specialists was that their subject knowledge and personal motivation

meant that they were in a strong position to collect meaningful data. Their involvement

had a dual benefit in making them more employable throu gh showing their

commitment to science learning and their proactive approach to research informed

practice.
It was important to ensure that there wasnb6t an u.
For the trainees, the use of pre - existing tools minimised the perception that there was

an unfair advantage for t ho-$nea citnivoon 6v ebdo.o kTl heet 6(lFeiagru
the O60thinking scienti 8 AgpentiX YYPwermsharediwith the Wholg u r e

cohort in their third year as tools for data collection and assessment within primary

science. There were times that the trainees referred to research evidence to support

their professional practice. They used it to their advantage in their assignments,

Professional Development File (PDF) and final progress me eting, where they

demonstrated that they had met the teach e r standards ( GB.DfE 2011 ).

Enabling the trainees to be selective of the evidence in-the -moment and within the
interview may have limited the breadth of the interpretation , however the
interpretation  of data was strengthened due to the ir insider positioning. They were also

cautious about showing how they O6made sense ofd ai

into consciousness in order to find meaning (Patton 2002) , for example when
recognis ing specific examples and noticing connections. As they needed the confidence
to challenge or seek clarification in relation to their experiences, | provided an

opportunity  for sense -checking to enable participants to qualify or modify their
reflections an d articulat e the learning or view points . In light of the reflections, the
trainees were surprised at the quality of examples that they had collected over the

research period.

The evidence from the data collection was susceptible to a degree of subjectivit y. The
traineesd® perceptions of reality could have been
the children, their opinions and personal bias. | attempted to distinguish between

justified belief and opinion through encouraging the trainees to demonstrate their

points with examples of the learning. | supported the trainee teachers in identifying
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their own bias within their interpretations. Enabling trainees to acknowledge their own

biases provided greater insight into the learning and more reliable finding S.

12.6 Recommendations

This thesis has led to the identification of the following recommendations which will
inform the teachers tr aielyeseuspbp oarcttiinogn st hien cehfifledcrteinvd

outdoor primary science.

Recommendations for the children 6 science learning outdoors

The next steps in  dhinking scientifically  éinclude: using scientific evidence, building in
more opportunities for reflecting and self -evaluating, also, extending vocabulary

choices through the development of their subject knowledge

The next steps in  dehaving scientifically  6include: meaningfully explorin g stimuli  over
time , taking more responsibility for and ownership of the learning, as well as
articulating scientific approaches, for example decision -making and risk -taking, and

attitudes such as empathy for nature.
Next steps in  @uestioning scientifical lyéwou Id be to :

improve their awareness of the purpose of their scientific questioning
understand why they were asking the questions

retain the question that they had asked

find the answers for themselves

raise productive questions

= =4 4 -4 -—a -2

understand their nex tstepsin learning science outdoors

These recommendations provide the trainee teachers with tangible examples of how
they can enable effective outdoor science learning. The three dispositions are integral
to the i mpr ove mendutdanfsciendei learning and their professional

practice.

Recommendations for trainee s as teachers

Inordertoe xt end t he outdodrscierea Olearning further , the next steps for

trainees would be to
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increase subject knowledge associated with thinking and behaving scientifically
enabl e scient ific attitudes to lead the learning

understand progression in questioning

understand whatt h e ¢ hi | rbxt estepd & outdoor science learning would be

work with evidence to support assessment

= =4 -4 -4 -—a A

understand the balance between child -led learning and teacher -led intervention

These are in line with the work of Sharp etal. (202 1) regarding the role of the adult as
a facilitator working with  children learning  science outdoors which is comparable to  the
Foundation Stage approach . Althought he evidence from the research along with these

future recommendations illustrates the value of outdoor science learning , practice may

continue to be limited by the restrictions on teachersdé6 professional aut

Recommendations for qualified teachers and leaders in education

To ensure that the teaching of science in the outdoors is undertaken successfully,

teachers could use the evidence within this research to support their practice. They
could use the expectations and exemplificat ion as a basis to enable them to pitch the
learning at an appropriate level. The application of the matrix will provide practitioners

and leaders with the confidence to facilitate and thereby further the learning, thus

unlocking the wider educational benef its.

Recommendations for my own practice as a teacher educator

The inten tion is to use the recommendations from this research to designa refined
matrix , which is the first of its kind in outdoor science education, to support

educators t o O6pitch expectationsion fohlhi lpdogmé&s ss oinent i f

when based outdoors.

This will be used with  third year trainee s on the taught course and fourth year trainee s
on future placements. Within this, it will be beneficial to collect mo  re examples of the

c hi | dowdood scientific  learning , to provide greater depth and to enable the matrix
to be more reliable.  This will involve working with trainee teachers, partnership

schools, early career framework hubs and science specialists from wider schools who

are involved in  working towards  the primary science quality mark. Dissemination of the
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findings will be through meetings, research conferences and publications with the aim

of influencing of school leaders and the government.

12.7 Final reflections

The focus for this  thesis was to answer the research question : 6 Ho w tamee

teachers most effectively support childrends | earning in pri mai
out do o The feddmmendations derived from this this thesis will not only answer the

guestion but  will also helpto facilitate the improv ementof science attainment

Additionally, t he evidence -based pedagogical research  emphasises specific advantages

of outdoor learning but al so acknowl edges the restrictions on

autonomy.

Teachers and educational leaders can be encouraged to invest in the key messages of

valuing ou tdoor science and understanding progression, expectations , behaviours and
attitudes. This investment, together with the implementation of the recommendations ,
will go towards closing the gap s in knowledge that were identified throughout the

thesis making this res earch worthwhile  and pertinent.

The practical elements of outdoor science learning are abstract in principle and
challenging to capture. The matrix provides guiding criteria. The practical examples
provide exemplificat  ion of this criteria. Moderation discussions are one way to improve
the reliability of the judgements in order to support teachers to better understand the

criteria and progression in outdoor science learning.

Further questions arising from this thesis which could form the basis of future research
include:
1 To what extent can the matrix ( Figure 8) be applied to other contexts, phases of
education and subjects?
How could the matrix be used to support planning for learning?
How can the teacher  adoption of the success criteria be further embedded?

How does learning change over a longer period of time?

In light of the COVID  -19 restrictions on free movement and the impact of digital
technologies, there is an ever -increasing need to get the childre n out and into nature

with the intention of giving them the scientific, higher order and life -skills that they will
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require in order to succeed in the future (Spring 2018, Quay etal . 2020 ). The

pandemic highlighted the need for scientists within our communities and the value they

bring to government decision making (Hodges etal. 2022 ; Koch and Durodie 2022 ).
This way of working  will in turn encourage children to strive to secure STEM or science -
related careers which has been emphasised as  being important globally  (ACARA 2014)
and will <contri b SencetGapital B(Arthdrr et al. 62015 ). The finding s from
this research require further trialling and refinement for age phases and contexts. This
research will support the future of outdoor learning and teaching in outdoor science

education.
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Learning outcomes

Links to teaching Success Criteria
Synthesis

Thinking scientifically

I - Ideas

P - Problems

E - Evidence

Q - Questions

O Use abstract ideas
or models or multiple
factors when
explaining processes
or phenomena

O Identify the
strengths and
weaknesses of
particular models

O Describe some
scientific evidence that
supports or refutes
particular ideas or
arguments, including
those in development

O Explain how new
scientific evidence is
discussed and
interpreted by the
scientific community
and how this may lead
to changes in scientific
idea

Analysis

Application

O Use abstract ideas or
models or more than one
step when descnbing
processes or phenomena

O Explain processes or
phenomena, suggest
solutions to problems or
answer questions by
drawing on abstract
ideas or models

O Recognise scientific
guestions that do not vet
have definitive answers
O Identify the use of
evidence and creative
thinking by scientists in
the development of
scientific ideas

O Ask questions and
develop a line of enquiry
based on observations of
the real world, alongside
prior knowledge and
ExXperience.

O Identify further
guestions arising from
their results.

O Make predictions using
scientific knowledge and
understanding

O Use scientific ideas
when describing simple
processes or
phenomena

O Use simple models to
describe scientific ideas

O Identify scientific
evidence that is being
used to support or
refute ideas or
arguments

O Use their science
experiences to explore
ideas and raise
different kinds of
questions

O Use their results to
make predictions

O Identify differences,
similarities or changes
related to simple
scientific ideas,
processes or phenomena

O Respond to ideas
given to them to answer
questions or suggest
solutions to problems.
Represent things in the
real world using simple
physical models

O Use straightforward
scientific evidence to
answer questions, or to
support their findings

O Raise their own
relevant questions about
the world around them.
O With support, they
should identify new
questions arising from
the data, making
predictions for new
values within or beyond
the data they have
collected and finding
ways of improving what
they have already done.

[Comprehension | Knowledge

O Draw on their
observations and ideas to
offer answers to questions

O Make comparisons
between basic features or
components of objects,
living things or events

O Sort and group objects,
liwving things or events on
the basis of what they
have observed

O Respond to suggestions
to identify some evidence
(in the form of
information, observations
or measurements) nesded
to answer a question

O Explore the world
around them and raise
their own simple questions

O ask questions
stimulated by their
exploration

O Recognise basic
features

O Respond to
suggestions to identify
some evidence {in the
form of information,
observations or
measurements) that
has been used to
answer a question

O Draw on their
experience to help
answer questions. Show
curiosity about objects,
events and people.

O Question why things
happen
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Learning outcomes

Links to teaching

Success Criteria

Evaluation

Synthesis

Analysis

Application

Comprehension

Knowledge

Thinking scientifically

Ideas

Problems

Evidence

Questions

Predictions

O Use abstract ideas
or models or multiple
factors when
explaining processes
or phenomena

O Identify the
strengths and
weaknesses of
particular models

O Describe some
scientific evidence that
supports or refutes
parcticulacideas or
arguments, including
those in development

O Explain how new
scientific evidence is
discussed and
interpreted by the
scientific community
and how this may lead
to changes in scientific
idea

O Use abstract ideas or
maodels or mere than one
step when describing
processes or phenomena

O Explain processes or
phenomena, suggest
solutions to problems or
answer questions by
drawing on abstract
ideas or models

O Recognise scientific
questions that do not yet
have definitive answers
O Identify the use of
evidence and creative
thinking by scientists in
the development of
scientific ideas

O Ask questions and
develop a line of enguiry
based on observations of
the real world, alongside
prior knowledge and
experience.

O Identify further
questions arising from
their results.

O Make predictions using
scientific knowledge and
understanding

O Use scientific ideas
when describing simple
processes or
phenomena

O Use simple models to
describe scientific ideas

O Identify scientific
evidence that is being
used to support or
refute ideas or
arguments

O Use their science
experiences to explore
ideas and raise
different kinds of
questions

O Use their results to
make predictions

O Identify differences,
similarities or changes
related to simple
scientific ideas,
processes or phenomena

O Respond to ideas
given to them to answer
questions or suggest
solutions to problems.
Represent things in the
real world using simple
physical models

O Use straightforward
scientific evidence to
answer questions, or to
support their findings

O Raise their own
relevant questions about
the world around them.
O With support, they
should identify new
questions arising from
the data, making
predictions for new
values within or bevond
the data they have
collected and finding
ways of improving what
they have already done.

O Draw on their
observations and ideas to
offer answers to questions

O Make comparisons
between basic features or
components of objects,
living things or events

O Sort and group objects,
living things or events an.
the hasis.of what they
have observed

O Respond to suggestions
to identify some evidence
(in the form of
information, observations
or measurements) needed
to answer a question

O Explore the world
argund them and raise
their own simple questions

O Ask questions
stimulated by their
exploration

O Recognise basic
features

O Respond to
suggestions to identify
some evidence (in the
form of information,
observations or
measurements) that
has been used to
answer a question

O Draw on their
experience to help
answer guestions. Show
curipsity about objects,
events and people.

O Question why things
happen
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Links to teaching

Learning outcomes

Communicating and
collaborating in
science

| Success Criteria

Evaluation

Synthesis

Analysis

Application

Comprehension

Knowledge

O Identify lack of
balance in the
presentation of
information or
evidence. Use
appropriate scientific
conventiens and
terminclogy to
communicate abstract
ideas

O Choose forms to
communicate
qualitative or
quantitative data
appropriate to the data
and the purpose of the
communication

O Distinguish between
opinion and scientific
evidence in contexts
related to science, and
use evidence rather than
opinion to support or
challenge scientific
arguments,

O Decide on the most
appropriate formats to
present sets of scientific
data.

O Suggest how
collaborative approaches
to specific experiments
or investigations may
improve the evidence
collected

O Use appropriate
scientific forms of
language to
communicate scientific
ideas, processes or
phenomena

O Discuss,
communicate and
Justify their scientific
ideas. Report
conclusions and causal
relationships.

O explanations of
degree of trust in
results

O Use scientific forms of
language when
communicating simple
scientific ideas,
processes or phenomena

O Discuss their ideas
and communicate their
findings in ways that are
appropriate for different
audiences, including
explanations of results
and cenclusions

O Identify simple
advantages of working
together on experiments
or investigations

O Use simple scientific
vocabulary to describe
their ideas and
observations

O Present their ideas and
evidence in appropriate
Ways

O Work together on an
experiment or
investigation and
recognise contributions
made by others

O Use everyday terms
to describe simple
features or actions of
objects, living things or
events they observe.
Build up vocabulary
that reflects the
breadth of their
experience

O Communicate simple
features or components
of objects, living things
ar events they have
observed in appropriate
forms

O Develop their own
narratives and
explanations by
connecting ideas or
events.

O Share their own
ideas and listen to the
ideas of others
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Learning outcomes

Links to teaching

Success Criteria

Evaluation

Synthesis

Analysis

Application

Comprehension

Using investigative
approaches

Practical exploration

Collecting data

Risk

Sorting data

O Justify their choices
of data collection
method and proposed
number of
observations and
measurements

O Collect data
choosing appropriate
ranges, numbers and
values for
measurements and
observations

O Independently
recognise a range of
familiar risks and take
action to control them

O Explain why particular
pieces of equipment ar
information sources are
appropriate for the
questions or ideas under
investigation

O Repeat sets of
observations or
measurements where
appropriate, selecting
suitable ranges and
intervals

O Make, and act on,
suggestions to control
obvious risks to
themselves and others

O Select appropriate
equipment or
information sources to
address specfic
questions or ideas
under investigation

O Make sets of
observations or
measurements,
identifying the ranges
and intervals used

O Make their own
decisions about what
observations to make,
what measurements to
use and how long to
make them for

O Identify possible
risks to themselves and
others

Use and develop keys
and other information
records to identify,
classify and describe
living things and
identify patterns that
might be found in the
natural environment

O Select equipment or
information sources
from those provided to
address a question or
idea under investigation

O Make some accurate
observations or whole
number measurements
relevant to questions or
ideas under
investigation

O Make systematic and
careful observations
Help to make decisions
about what observations
to make, how long to
make them for and the
type of simple
equipment that might be
used

O Recognise obvious
risks when prompted

Talk about criteria for
grouping, sorting and
classifying; and use
simple keys

Knowledge

O Identify things to
measure or observe that
are relevant to the
guestion or idea they are
investigating

O Correctly use
equipment provided to
make observations and
measurements

O Observe closely using
simple equipment with
help, ocbserve changes
over time

Use simple features to
compare living things and,
with help, decide how to
sort and group them
(identifying and
classifying)

O Respond to prompts
by making some simple
suggestions about how
to find an answer or
make observations

O Use their senses and
simple equipment to
make observations

O Engage in open-
ended activity

O Find ways to solve
problems / find new
ways to do things / test
their ideas

O Take a risk, engage
in new experiences and
learn by trial and error

Develop ideas of
grouping, sequences,
cause and effect

Know about similarities
and differences in
relation to living things
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Learning outcomes

Links to teaching

Success Criteria

Evaluation Synthesis Analysis Application Comprehension Knowledge
Working critically with Reasoning O Suggest reasons O Interpret data, O Identify patterns in O Identify O Say what happened O Respeond to prompts
evidence based on scientific recognising obvious data straightforward patterns to say what happened
knowledge and inconsistencies in observations or data
understanding for any
limitations or
inconsistencies in
evidence collected
Concluding O Describe what they O Say whether what O Say what has
O Select and O Provide O Draw straightforward | have found out, linking happened was what they changed when
manipulate data and straightforward conclusions from data cause and effect expected, acknowledging observing objects,
information and use explanations for presented in various any unexpected outcomes living things or event
them to contribute to differences in repeated formats
conclusions observations or
measurements
O Respond to prompts to
Improvements O Draw conclusions O Draw valid conclusions | O Identify scientific O Suggest suggest different ways

Patterns and
relationships

Evaluating

that are consistent
with the evidence they
have collected and
explain them using
scientific knowledge
and understanding

O Make valid
comments on the
quality of their data

O Evaluate data,
showing awareness of
potential sources of
random and

that utilise more than
one piece of supporting
evidence

O Evaluate the
effectiveness of their
working methods,
making practical
suggestions for
improving them

O Interpret cbservations
and data, including
identifying patterns and
using observations,
measurements and data
to draw cenclusions

O Present reasoned
explanations, including
explaining data in
relation to predictions

evidence they have
used in drawing
conclusions

O Suggest
improvements to their
working methods,
giving reasons

O Look for different
causal relationships in
their data and identify
evidence that refutes or
supports their ideas

O Identify scientific
evidence that has been
used to support or
refute ideas or

improvements to their
working methods

O Begin to lock for
naturally occurring
patterns and
relationships including
changes, similarties and
differences. Decide what
data to collect to identify
them

O Use the evidence to
draw simple conclusions
and answer guestions

they could have done
things

O with guidance, they
should hegio_to.natice
patterns and relationships

O Use their observations
and ideas to suggest
answers to questions. Talk
about what they have
found out and how they

O Make links and notice
patterns in their
experience

O Answer how and why
questions about their
experiences

systematic error and hvpotheses, arguments found it out
Learning outcomes Links to teaching Success Criteria
Evaluation Synthesis Analysis Application Comprehension Knowledge

Follow-up and wider
research

O Distinguish between
data and information
from primary sources,
secondary sources and
simulations, and
present them in the
most appropriate form

O Recognise which
secondary sources will
be most useful to
research their ideas
and begin to separate
opinion from fact

O Recognise when and
how secondary sources
might help them to
answer questions that
cannot be answered
through practical
investigations

O Ask people questions
and use simple secondary
sources to find answers

O Comments and asks
questions about aspects
of their familiar world
such as the place where
they live or the natural
world
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Appendixd: Ethical approval

NTU DOCTORAL SCHOOL

NOTTINGHAM TRENT UNIVERSITY @

Alison Murphy

31 Huntington Drive
Castle Donnington
DE?4 25R

20 March 2019

Dear Alison

Re: Professional Doctorate Ethical Approval Confirmation

Thank you for submitting an ethical approval application.

Dawn James

Doctoral School Administrator
Mottingham Trent University
Doctoral School

50 Shakespeare Street, Nottingham
NG1 4FQ

Tel : 40115 84 58154

Email: ntuprofdadmin@ntu.ac.uk

I am pleased to confirm that your ethics application has been approved (with conditions)

Student's Name MURPHY

Supervisor's Narme Elaine Haywooad

NTU ID NOZ44300

Course Professional Dactorate - EdD
Committes Professional Doctorate Research Ethics

Committee {PDREC)

Date Approved by Committea

13 March 2019

ACTIONS

Tick as

appropriate

Comments

Approved - no further action

W

Should you have any queries please do not hesitate to contact me either by telephone on +44 (0) 115

848 8154 or email ntuprofdadmin@ntu.acuk.

Do
o

Dawn James
Doctoral School Administrator
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Appendix 5a: Letter of consenthildren

Outdoor Learning Activities

in Partnersip with Nottingham Trent University

You will be exploring Science through outdoor learning activities. This will be run
by future teachers at Nottingham Trent University. The sessions will be part of
your normal school day and will be recorded through observations, photographs,
voice recordings etc to enable us to show off your practical science skills. All of
the information will be anonymised and stored safely.

You can talk to ........ or myself if you have any questions about the study.

e I would like to take part in the study on science in the outdoors and I
know what the study is about.

e I know what I will be doing.

¢ I know that I can decide not to continue at any time during the sessions
no-one will mind.

Many thanks
Alison

alison.murphy@ntu.ac.uk
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Appendix b: Letter of conseng parents

Qutdoor Learning Activities in Partnersip with Nottingham Trent University
5O
Ve

MNP
Syow e

Your child will be engaging with Science through outdoor learning activities. This
will be run in partnership with vour child’s schoaol and students in their forth vear
of the BA Education degree who are training to be teachers at Mottingham Trent
University., The sessions will be part of the normal school day and will be
recorded through observations, photographs, voice recordings etc to exemplify
children's practical science skills. All information will be anonymised and stored
securely.

You may talk to ... | or myself if vou have any questions about the study. The
work will comply with research guidelines from the university and will be kept as
evidence to support future publications.

We are seeking your consent to include your child in the research:

+ The nature and purpose of the research project has been explained to me.
understand and agree that my child can take part.

« [ understand the purpose of the research project and my child’s
involvement in it

+ [ understand that my child may withdraw from the research project and
that this will not affect their status now or in the future,

Sigmed e ne

Printmame ... ... DAbR

You may wish to look at this website for more information about the approach:

http:/fwww.score-education.ora/downloads/practical work/primary.pdf

Many thanks
Alisan

alison. murphy@ntu.ac. uk
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Appendix 5cLetter of consent head teacher

MNottingham Institute of Education
310 Ada Byron King, Clifton Campus,
Mottingham Trent University,
Mottingham, NG11 B8NS

Tel: +44 (011158488920

Dear [Mame],

I am writing for your permission to conduct some research with your school in
the Autumn term. I am a doctoral research student at Nottingham Trent

university, supervised by Dr [ INNEEEE I - r\t..c.uk and Dr
DS I ..o In my research project, How can

teachers most effectively support progression in primary science through the
outdoors?, I intend to explore and make sense of the learning which is occurring.
I am interested in documenting changes and capturing examples to exemplify
the 'science skills" being used in context by the children. It is hoped that this
may give greater credibility to the learning in context and could provide better
evidence of progression in learning.

As part of their course, I intend to help the student teachers to plan for quality
learning as well as understand the learning that is occurring. By participating in
the research, your school will be contributing to a project that intends to deepen
our understanding of practical scientific learning, with the potential to develop
ways of improving attainment for primary aged children in the future.

The commitment from the school will be to enable formative assessment data
collection to occur, over time, in line with the children’s usual learning. The
students are likely to audio-record children engaged in learning, observe and
take notes, ask them questions and collect examples of the children’s written
recording where appropriate. The evidence will be uploaded to the NOW
learning room which is username and password protected.

All participants, including children, students, staff and the school, will be made
anonymous in all research reports. The data collected will be kept strictly
confidential, available only to my supervisors and myself, and not used other
than specified without the further consent of all involved being obtained. All
recordings will be destroyed at the end of the research period, and kept in
locked conditions until then.

The university has strict ethical procedures on conducting ethical research with
teachers and young people, consistent with current British Educational Research
Association guidelines https://www.bera.ac.ul/researchers-
resources/publications/ethical-guidelines-for-educational-research-2018. T will
inform the participants, along with children’'s parents and guardians, about the
research. I will provide them with the opportunity to refuse to participate in the
data collection and to withdraw their involvement before the data is uploaded
onto NOW.
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# [ understand that my school’s participation in this study is entirely
voluntary.

# [ understand that the child participants will be free to withdraw
themselves from this study at any time on the day and without giving a
reason.

# [ understand that that the identity of children will be treated confidentially
and that all information will be stored anonymously and securely. All
information appearing in the final report will be anonymous. All
participants will have the option of withdrawing their data from the study,
up to the point that the data is uploaded onto NOW.

# [ understand that the work will comply with the research guidelines from
the university and will be kept as evidence to support future publications.

# [ understand that I am free to discuss any questions or comments I might
have with the researcher or the supervisors.

¢ [ also understand that at the end of the study I will be provided with
additional information and feedback about the findings of the study.

I do/do not {(defete as appropriate) consent to ... e school's
participation in this study.

If you are happy to take part in the study and need more information about
what is involved, please feel free to contact me.

Thank you for your time and attention. I look forward to hearing from you.

Yours sincerely,

__,L'f.)-:_ L ’-:_ ALl .’J{’ I-: '-..':-.

Alison Murphy alison.murphy@ntu.ac.uk
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Appendix 5d: Letter of conseqtrainee

IParticipant consent form

Research title: Outdoor Learning Workshops in Partnersip with NTU

; : schools -

rul'le.:lll.le,_ irriculum i

weary U3 "zE " Stodents en ﬂ'EdLH:ﬂT "?"3
:;Eud‘»:-;.emc[assromﬂn 2°0]! oor a

gﬂrnl E Q{US entlc

Progressionm™ m children

setting

The purpose of the project is to make sense of the scientific learning that is occurring
within primary schools. I am interested in documenting changes and capturing examples

of the children's learning to exemplify the science skills being used in the outdoor context.

This will build upon the content of the Primary 5-11 strand module PRBA33202. There will
be an initial session led by the researcher to introduce the concept of "assessing practical
science’. Following this, you will be both a participant and co-researcher, developing the
approach of assessing children "over time in your own setting” and recording sessions for
analysis in partnership with the researcher.

Within the sessions you will be recording the learning through observations,

photographs, voice recordings etc to exemplify children’s practical science skills. all
information will be anonymised and stored securely.

The work will comply with research guidelines from the university and will be kept as
evidence to support future publications.

I am sesking your consent to include your evidence in the research:

« The nature and purpose of the research project has been explained to me. I
understand and agree to take part.

« I understand the purpose of the research project and my involvement in it.

« [ understand that I may withdraw from the research project until the point when
the data is uploaded and that this will not affect my status now or in the future.

« [ understand that while information gained during the study may be published, I
will not be identified and my persenal results will remain confidential.

= I understand that data that I collect needs to be stored securely on a password
protected device and can be added to my PDF.

« The data needs to be destroyed once it has been uploaded onto NOW,

« [ understand that I may contact the researcher. jf I require further information
about the research.

Sianed e, . (research participant)

PEINE MBIMIE e Date ..o,

Many thanks

Alison Murphy alison.murphy@ntu.ac.uk
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Appendix 6: Pilot study focus group interview schedule

Pilot Study Focus Group Interview Schedule (Trainees)

Q 1: What interests you about working with children in an outdoor context?

Q2: How did this differ to teaching in the classroom?

Q3: Can you define skills versus knowledge & understanding?

Q4: What didnét you realise before that

Q5: In order to identify progression: how do you know wh at the children have
learnt?

Q6: What evidence did you collect?

Q7: What qualitative comments were collected?

Q8 Articulate your evidence T what does it show?
Q9: What could you have collected?

Q10: What is the relevance? How is it useful? How would this have aided your
understanding of the learning?

Q11: What would you have collected for a Maths/English unit of learning?
Q12: How could you make the evidence collection more reliable?
Q13: What could | have done to help you?

Q14: What support could have b een provided to help you? If something could
have been modelled for you T what would it have been?

Q15: How can you more accurately capture higher order learning? Year 5/6?
Q16: How can you extend the learners? How can you differentiate?
Q17: Make links to  talk projectin Y3.
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Appendix 7: EVASY&stionnaire example

| Evasys | Evaluation of Outdoor Leamning 5-11 [ o Blectric Paper

Mark a5 shown: [ B0 00 Piease use a bal-paint pen or & thin fel tip. This form will be processed automatically.
Comecion OB 0O E O meass fokow the examgles shown on the 68 hand side 1o helg oplimize the reading resulls.

%, 4 %
%, 79, 9

% % % %
1.1 Expeciations: You were able to piteh the leaming to extend a a a a
attainment?

1.2 What were you mest pleased with and what further adaptations wauld you make._.

1. Evaluation of Outdoor Leaming 5-11

1.3  Enquiry skills: You were able to identify enquiry skills? a a a a
1.4 Was there anything significant that you noticed.....

1.5 Capturing data: Your data collection was affective? a a a a
1.6 What were the strengths and gaps in your evidance...
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EvaSys | Evaluation of Outdoor Leaming 5-11

o

1. Evaluation of Outdoor Learing 5-11 [Continue]

1.7

1.8

1.8

1.10
1.1
1.12
1.13
1.14

1.15
1.16

117

Contextial learming: Conducting science leaming oulside
positively affected your outcomes?

What exarmples highlight this...

Challenge thinking: You managed the fallowing effectively in order 1o support the leaming:

Big question
Conflicts

Pre-teach

Sutoass critana

Cluestioning

Ware there any particular successes and challenges. .

ooooo

ooooo

ooooo

ooooo

Evaluation: You enabled the children to make progress oulside?
What is the evidence of progression...

What are the next steps in the children’s learning...
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Appendix 8: Pilot evidence

Key:

1 Handwritten extracts from the questionnaire
91 Black text from focus group 1

1 Green text from focus group 2.

Appendix 8a___: Pilot evidence: the value of

outdoor science learning

1 The questionnaires highlighted the value of outdoor learning in relation to
science.

T The trainees commented about the childrenos

recall, willingness to learn and share, practical application, confidence,

ideas, curiosity and learning in context.

Enthusiasm

chuldnen. wene eruustasnc and Wy thocr
Survoundings to dwcum  frog adephion | Ufe egde eic.
Augwed Culdnen O neoeate pond o real
o pond 2lomends

e Chidien becaming @xcited Gt being Ourdoor onc) Comning UP wite @Aple.nert 0N
from ¥heir obsewchions .

Engagement

Claatedren s LABODLMRLAKL TS mijw ANt AU UL O

sk QPPUCOETN. OF Riguosuclie -

Childnensy  erudvuuncasne  ond. engagement Wibh  the
W od te  conouiows  talk  and G uLanonLng
Promaote deoper bunking wuouwgnouk . _
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Children were reall @f?jq?ed with the
@C—@‘Mfy and asked [(ots @/ 74ees +7' c115

Chuldlron axre @ﬁaﬁé(]/  pror Aand lutm%,

i et B A e

CI"'GJ (VS oy = hisﬁ\j emﬂa:yd & e aose- of s
Loanted = lpgam o~ .

-Chdnen wene $0 engaged , they dudrle wonk the
mon th end . o

E Children were more engaged and motivated

Engaged and recall

How Intevested ¥ engaged t ey
wele [N tha (edqgar.

They cowid  reaaxtt  Jacey {om
vrq,ceach

Willing to learn and share

e, vuldin, Lot woilliing o L. Cidreny e ok g Snose cclros,
ang et et Guon V’*‘ub‘s\%ﬂ(ms\cu\(iiugs t\wm%\\ en %‘3 ond Hic
CME&QJTJT ﬁ)(?i(‘xtt\(}i o A @ %‘{’L&P | .

Practical application
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N\U\LC ANt u/\.uj Ve € \mﬂ’lt to e

putdoers,

PO Ol Wnoado - aNn e PNV
WOArALNY WA,

poha 0 ALY (Lol g oppty
iéﬂl/(ﬁNLL(iﬂ(:_

-PDS'C*"% oazebrzl Aoy oy o Spets lriieg
4o rowel  Sconanas | :

Confidence

(hider wort addinl of b stod achidy bl Clhorlly fom
[ i s e il ety et

muja er-

E. We used pooters to collect insects. Quite scary to do this and | was impressed with them. They
were fully into it.

Ideas

e B N o gy Rt
}a e valde oo ‘l QUJ«TJ@

Curiosity

’M chodren 4 gad Loty Lonr abpul, onke
and souds and C%LZM bo unsie thom
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- Chudien ‘ﬁxwle(.r% vJNj rov et gf Yo seeds e e o Ve ronrnd beccre
?\cr\t_

E. The curiosity of it.

Learning in context

Cilden cold clioty, w hos o s chpnl  foligue. 2 bided
YRy Y/ fe %3754. g,.{mf & /
7

= Clhitdcan EvH"-"% Heeor l&wt\\l‘ﬁ o Cuer€er Sullh @f eh G Qline teede) Fo gre=,

T h2 ik duen ot obAe Ao acdi vedy SR u
anrdl  ebarav® A4 £aking pioce Wg yuSE S\
bairg abli Ae arih €Ut thean audl Azod)

W; | was cynical about outdoor learning. However, | could see how it developed skills, gave them a
better understanding about lots of things, like climate change. It is so much better than just
watching videos in the classroom, actually going out and gdeend learning first hand.

T. We compared two ponds and discussed the processes, with one making more oxygen. The algal
water was really clear and discussed the differences. They were surprised at the results. Two ponds
one had lots of algae and theWtS NJ RARY Qi ® a2NB AYyiSNBaldSR Ay 2dzia

Appendix 8b  : Pilot evidence: the practicalities of collecting evidence of learning

1 The trainees found collecting evidence of learning challenging to achieve

at the same time as managing the learning.

Recording

e N’é ‘390& ;Mq%{s ol Co. Love O lCCU‘V\a'LS
\au'b‘ was  hard o tecord Ak ey oA

Photry ollpwed wd b coptwre i the moment
We rmtod all the chudolrerv questione.

223



Yoy lhe dErengrhs oy e YOk photograghe
evidince, MO |, and  xompls oy the hu (drend
hori. We were LSING FOrmale  feg ergnuid-

Deroul o ghsemiomons et ool '
?\g\,&ew Wk nly e oo Avbdoos

proved o fRad

H For reliability you would want to write it down word for word. | should have recorded it. You could

aSS Al ¢6la NBfAIOES FNRBY (KA&A OKAfRQaA 62N] @

DT C20dzaSR 2y (SIFOKAy3aI R2y Qi KIF@ZS GAYS (2 0O2ff ¢
forget.

E; Focus on evidence that sometimes you can miss valuable questioning.

G; Post it notes work, easy to collect the data. Show them an example first; modelling helps. They
KIS GKS (y2¢fSR3IS odzi OFyQl aSS Al FTNRY (KS SOA

GLYLRNIIyYyG GKSe& IINB aidatt tSIENYyAy3aIS FyR GKS GAYY
T. Difficult to write it down as well as facilitating the discussion.

H Could have recorded what they were saying. Then we could have been able to note thgéangua
being used.

G; We collected post its. We thought about the use of a voice recorder but changed our mind as we
RARY QU GKAYy|l GKIFIG AG ¢2dZ R 0S | NBtAFOofS a2dzNIOSd

E; Writing sometimes put the children off, makes them fea like you are listening to them whilst
they are talking. When you are recording what they say all the time, it actually makes some children
stop sharing. This is an area to get more experience on.

E; Recorded what they said, more discussion andesddmisconceptions.

E; Writing down what they are saying etc was easier as the groups were smaller and not just one
adult teaching. If one missed something, the other picked it up. Annotated it on their work at the
time they said it. As the childrenrate things down, this backs up their knowledge, as opposed to
me writing down, this is what they said.

Writing can slow you down and you can miss what is happening around you.
Weather conditions and noise can affect using technology to record.

C.Could not gather much evidence as we were moving around so much

E. Discussions with each of the pupils, | wrote this down. Used question prompts.
H Drawings / sketches. Observation notes and photographs.

E. Transcripts of what they have said.
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W; Hard to assess to benefit children. In the moment learning, not always in a position to record.
Could do a fact file or make a tool for the children txdment what they have learnt. Can assess
GKAEf A0 NBIFazyiayao L F3INBSZ L ¢g2dZ RyQi FSSt 0O2yHT

Amount of learning available to collect
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Appendix 8¢ : Pilot evidence: managing child led learning

1 The t rainees commented on finding a balance between the level of

scaffolding and child -led learning within the outdoor sessions.

Examples where child -led learning was enabled
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H. Way more beneficial than a talk activity because they were more intereSkgeerience hands on.
Lots of independence.

E; taking the children outside it seems like there is more opportunity for independent learning than
there is in the classroom. In the classroom, they are given instructions, not only on the work they do
but howthe work is to be shown etc. They have more free range, there are still boundaries and
expectations, but they experiment and dig deep, you have to trust them more. They tend to not
take advantage as they like being outside and do not want to lose therappty to repeat it.

M; Using the mastery approach, giving them opportunity to independently control learning. Can be
done at their own pace and enjoyment. Share with each other to build on rather than teacher led.

Recognising the childés voice.
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Suggested it was too child  -led

chold fen  yacked FOC S Jomakr)

we coudd bhawe Creatad mare mycw_

E;if you leave them to it, they might not push themselves or have the confidence to extend
GKSYyasSt gSao CAYRAY3 o6FflyOSz L ¢2dZ RYyQia ¢l yid G2
judgement call.
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Suggested it was too teacher led

Have more tene wn (he esnvirerimend
allowing children to explere & descover
ﬁw’ﬁ%wnsuwﬁo.

~Creienge ¥ orgeaive He Childeen W0 lgom @b @ Seefic Fhing

M; We did a enary, keywords were used. The use of question cards. Before the activity we did ask
the children questions about the what they think. After we asked the same questions and they were
able to answer and make it more scientific. Also, correct errattseim knowledge.

The teacher requirements to facilitate

E. You have to plan in advance.

T The plan can change.

Appendix 8d  : Pilot evidence: personalising learning

1 The trainees found it challenging to personalise the learning without a

knowl edge of the childrends needs and their |

D%$mﬁk W %& e whele fpuhae 2y 6 Gullda
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were a lot higher than | expected. For example; we did a mini beast activity andilithectspoke
about camouflage and how it would be good so they can hide from people who want to eat them.

| have learnt not to assume and restrict them.

¢ I FNRSNJ gKSy @2dz R2y Qi 1y2¢ (KS LlzLIAf a
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Appendix 8e : Pilot evidence: understanding the science expect ations

1 When the trainees understood the science expectations, the learning was

more purposeful.
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H Where have all dhe birds gone. Straight away a boy could talk about migration. When he was

doing his drawing, he was challenged to explain why they used different materials. He used the word

infrastructure to protect the egg. The others were not able to do this. Heddastify this answer.

E; Planning examples; perhaps a template or a previous planning sheet that had been completed.
More ideas of different activities and lesson plan templates completed ones.

H Preteach was an egg on the ground and asked why it$houb S G KSNB® LYYSRAL
nests and could identify some, pigeons, robins and penguins. They could link protection and
differences with different birds, such as protection and the reasons why. Why the egg might have
been on the floor? The prograss was that they could convince us that it was a good nest once
they had built it. Stones around would stop it blowing away.

Use of questioning and talk
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Shosed. Sustoired. Priniaig.

H They were all vocal and willing to speak.
E. Questioning why things were where they were
H. My children bounced ideas off each other.

¢ ¢KS OKAfRNBYyQ&a fFy3adza 3S AYLNRGSR® / NBIFGAY3
over the two hours.

Appendix 8f : Pilot evidence: opportunities for reflection
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1 The trainees realised that the timing of the session needed to allow for

reflection on the learning to provide more opportunities to demonstrate

critical thinking.
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E; I would have liked a follow up with the children, what they learned after goingtbalick
classroom and being asked by their teacher.

W; A post session would have been good. Where we could evaluate, share ideas and what we

found.
9T CIFOU2NI GAYS Ay fSaazy (2 lyy2G4F-GS IyR &
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Appendix 8q : Pilot evidence: using the matrix

1 The trainees supported their assessments using the matrix but found it

challenging to assess so many aspects within the learning.
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E. Collecting the data. Examples of the evidence type. | need more support with that.

G; Always different, hard to put into categories as its open ended.
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Appendix 9: Main study interviesgchedule

Main Study Intervie w Schedule (Trainees

EdD titte: How can teachers most effectively support
primary science, using the outdoors?

Questions: _ Semi -structured with follow  -up questions i some additional ones
may be emailed out if something comes up as a result of a discussion.

Please use your booklets and field notes from the outdoor science sessions to
evidence the learning that you share with me in the teams interview.

| hopeto record the interview for transcription  but please feel free to notify me if
you would prefer the  conversation to not be recorded

Q1) Looking back at the interviews in the pilot , how has your thinking changed?

Q2) What do the booklets (or further learning evidence ) show you?

Q3) What could you identify that might be evidence of thinking sc ientifically?

Q4) How do you feel the childrends questions cha
Q5) Is there anything you still dondt know?

Q6) Has your work on outdoor learning in science inspired you to use it in your
future practice?

Q7) With your new knowle  dge, what are your recommendations for non -
specialist teachers? What are your recommendations for the course and my
teaching?
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Appendix 10: Data management plan

NTU Data Management Plan Template

Full name: Alison Murphy

ORCID ID: 0000 -0003 -4308 -0701

Provisional project title: How can teachers most effectively support
progression in primary science through the
outdoors?

Project start date: January 2018 | Project end date: January 2022

Project context: | hope to make sense of the sc ientific learning occurring within

primary schools and am interested in documenting changes and capturing examples to
exemplify the science skills being used in the outdoor context by the children.

1. Defining your data

a) Describe your data and how you will be working with it

writing/drawings.
Anonymised personal data on participants and their actions.

Qualitative data: photographs, videos, transc

b) What format s and software will you use?
Word doc, PDF, audio and image/video files

¢) How much data do you expect to generate?
6 undergraduates, collecting info on 6 children over a 12 month period.
The pilot may also generate approx. 1 GB of data.
Using an ave rage med/hi - resolution p hotois arou nd 5 MB, so 1000 x 5MB = 5GB
An average 30 mins spoken audio (MP3 compressed) 5MB, so 6 Children x 6 times X 6
terms x5MB, = 1GB
Plus w ord, PDF files, etc .=10 GB
If | needed to collect video or uncompressed audio 50 GB might be more appropriate.

2. Compliance & data ownership

a) Is somef/all data subject to any institutional, legal, ethical , or commercial
conditions ?
Institutional RDM policy T register, deposit, share. See 3,4,5
BERA guidelines 1 identity and confidentiality - informed consent, anony  misation

technigues and protecting data.

b) What do you need to do to comply with these obligations?
Participant information and consent forms.

The NOW drop box or  Microsoft TEAMs is password protected and will be used for
uploading examples of the learning . This will remain there until the end of their course
(18 months) . The data will be transferred to the NTU data store for security and
protection. External collaborators will be able to access this data via a subfolder
containing anonymised data. If data needs to be transferred between the principle
investigator and or partnership schools, it will be transferred via NTU Zendto.

The evidence that underpins my findings will deposited and preserved for 10 years and
shared with researchers for future reuse u pon request. Personal data will not be
disclosed to third parties. Informed consent will be obtained for this from participants.
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The point at which the data cannot be withdrawn is after anonymisation and after the
date it is uploaded onto NOW. The ana lysi s and evaluation of the data may involve
sharing data with the students (and partnership school staff) in the role of co -
researchers. Dissemination will be through meetings, research conferences,

publication and taught content on the BA course

¢) Who owns the data?
Attributed to me but governed by NTU institution.
There are no conditions attached as this is not data for a third party.

3. Working with your data

a) Where will you store your data?
NOW drop box and discussion groups which are secured by NTU username and
password
NTU data store
Zendto for data transfer.
Student storage T password protected and they will be advised to store data securely
in their placement file.
Files on data collection  devices will be deleted at the point of uploading.

b) How will you back -up your data?
On a password protected USB stick

c) Who else is allowed to access this data during the project?
Supervisors, contributors: partnership schools, staff, parents, children and students

d) How will you organise your data folders?
Files for: School, student, child anonymous coding, data collection method. To enable
ease of withdrawal if necessary. Date orde r.

e) How will you name your files?
Location, student, child, date, collecting method.

f)  How will you manage different versions of your files?
Version 1 affixed to end

g) How will you ensure your data is understandable to others?
Inventory of what has been collected by whom and when.

4. Archiving your data

a) What data should be kept, or destroyed, after the end of your project?
Source data ; data collected, created, or held elsewhere that the research has used.
Raw data will be deleted once the project is assessed as passing.

Assembled datasets ; data extracted or derived from the source data - will be
archived.
Referenced data ; datathattak es the analysis further or enables further conclusions

to be drawn e.g. suppl ement ar yi thhssil pepictévede nt ar vy

b) Where will you archive your data?
NTU data archive

¢) When will you archive your data?
Deposit prior to viva.
Data embargoed until thesis is released.

d) How long will the data be archived for?
Data from the study will be kept for 10 years

5. Sharing your data

a) How will others learn that your data exists?
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After depositing my project d ata, | will register my data with NTU by submitting a PGR
Data Registry Form. A metadata record for my research data will be created in NTU

IRep. This record will offer a full description of my data, as well as linking directly to

the record of my thesis. The thesis record will also link to the dataset metadata record
so that people who locate my thesis will also be directed to its underpinning data.
Conference sharing and publication of findings.

b) Which data will be accessible to others?
See section 2

¢) Who will you share your data with and under what conditions ?
Bone fide researchers will be granted access to the data in the NTU Data Archive upon
request undera CC-BY-NC 4.0 licence

d) How will you share your data?
Conference and article publication
Increase the impact by citing the data and grow the potential for outputs.

6. Implementing your DMP

a) How often will this plan be reviewed and updated?

Supervisory meetings yearly as necessary to consider actions, problems, changes.
b) What actions have you identified from the rest of this plan?
1 Data storage organised (NTU data store)
9 Ethical clearance passed and consent forms completed
1 Drop box/discussion groups set up
1 Anonymisation ensured for children including students
1 File naming consistent following structure.
1 USB password protected
1 Ensure data is deleted when uploaded and stu dents manage data safely
1 Learn how to use Zendto
1 Complete PGR Data Registry Form.
1 Complete IRep profile.
1 Identify potential conferences and journals for publication.
1 Share with supervisors
1 Access organised for data sharing T including an accessible sub  -folder

¢) What support/ information do you need to complete these actions?
Training from Data Management Officer received on Feb 2019.
NTU Research Data Management Officer ongoing advice.
Access permitted for data sharing.
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Appendix 1a: TR1 FASh with moderation of grade

Nottingham NOTTINGHAM®
Institute of Education TRENT UNIVERSITY

BA (Hons) Primary Education
Feedback on Assignment Sheet

Module Code: PRBAZ4102 NTU Student No.: MOG74989 TR1

Strand: Indapendent Study Strand Leader: Staff member

Word Count: 2,000 words Marker: Alison Murphy

Moderator: Moderator 1
Date of Assessment: | April 2020 Overall grade: FIRST-LOW
Assignment title: *How can I %" a critigue of my developing professional practice through
impact upon children's learning.

Related Teachers’ Part

Standards T51 T52 T53 T54 TS5 TS56 57 TS8 2
" " " L " L " Ll "

Areas of strength

Your passion and interest in this topic is clear. Your writing is well-informed and demonstrates ethical
considerations. You highlight 2 number of important and challenging topics.

ou made some strong connections between curiosity, active learning, independence and ownearship.
Ensure you keep focused like the complex connection you made between curiosity and collaboration.
ou drew a valuable contrast between behavicur and a lack of structure in the outdeors. You used
multiple authors and a strong depth of reading to demonstrate your understanding in this area. I like
your example of cbsarvation skills being used to illustrate how questioning can work. You explored
teacher attitudes and the practical considerations for example modelling of questioning.

Your methodology was well written., It included explicit and Implicit links to athics. Active
participation and improving teaching and learning was strong points to pull out of the impertance of
action research. You explored interpretivist and gualitative research and showed how authenticity and
triangulation would be implemented within your methods, You explored your methods, limitations
and your role as a researcher within observations very well.

A valuable use of evidence and strong narrative runs throughout vour theme. You had a clear link
between your findings and your next action step. Triangulation was used successfully demonstrated
multiple perspactives, The section on multiple interpretations for engagement on page 20 was a very
viell written, You demonstrated complex associations between ownership and attitudes and used
reading well to support vour points.

You clearly include links between cycles and vou are salf reflactive of vour own practice. You make an
interesting point on adult lead compared to child initiated questioning. Your points on questions that
linked to attitudes were strong in this scene. Your point on the relevance of cbjectives is also very
interesting. You go beyond questioning and look at how children answer gquestions, reasoning,
curiosity, engagement to demonstrate the complexity of this topic. You made a good point on
purpose compare to the number of questions being asked.

I particularly liked the use of the assessment tracker to identify the successes and your application of
next steps. You included a clear summary and sthics were considered. Kay messages are repeated
throughout the assignment.

Areas for development

Areas for development related to specific assessment criteria(Flease refer to the grid an next pege]

Be awars of letting your own preconceptions lead your enguiry. At times you are overly prescriptive
with the aims. You look at what the children will do - rather than what vou hope to learn. How will
this be reflected in vour own practice? What are vou learning? What is the gap in your knowledge?
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Be specific rather than saving throughout literature/literature suggests/according to a report... what
research are you referring to?

Define enquiry by acknowledging wider debates. Ensure you challenge a single point of view gg p3.
Draw the relevanca of international research on page 9 like vou did en page 10 which was much
better. There was some repetition of key concepts - ensure you maintain the clarity of focus at the
start rather than including everything. Remain tentative - be careful not to make assumptions for "all’
children on page 10.

Sampling could have been explored in more detzil for example discussing the age of the children, the
number of children, and have positive sampling was used ethically. ¥ou could mention more about
this oycles for example referring to figura 1. What were the challenges of a voice recording and
practicalities of observations when you're cutside. Ensure that it is glear.that.the children gave their
own consent too,

Emsure your figures and appendices appear in order. Ensure you refer to figure one as this is really.,
waluahle. Be specific on how you are measuring engagement. Be careful with some sweeping
generalisations - how does motivation need you to suggest resilience? How can you consistently
define attitude? Would others agree?

Im your first theme, be more convincing in how you relate your findings to questioning - as this is
your enguiry focus.

Question types needed deeper analysis to be beneficial. This could include independent and
dependent variablas with relevance to Reading.

You made 2 good point about children being disengaged but could link back to reading from the
literature review, You talked positively about reasoning skills and interlinked these to the questioning
skills - further reading here again would be advantageous.

You could have explored the challenges associated with observation methods. Say more about what
was surprising in your data analysis. Consider the balance between engagement and guestioning at
times in relation to your question. Stronger scientific links in the conclusion would've baan baneficial

Areas for development for future assignments (Feed forward to future assignments)
Consider how vou will remain open minded and delve deeper into the data.

Moderation for TR1 dissertation by moderator 1 (lecturer for PCET and Edé Education Studies -
cross course moderation):

I think the specificity of yvour feedback is brilliant; I like that you identified areas for development in
the 'SPAG" sectivn, with clear indication of where the errors were. [ have.tn admit, I don't page
reference, but I think I'll take that forward.

I really enjoyed reading the student’s werk, and sgree that their passien is very evident. I think their
approach was very clear and logical, and particularly liked their methodology section {ene I think
students often get in a bit of 3 panic about!)

Communication Areas for development Support links
Spelling Pass Taimpraove | Plurals
Loeroing Grarm s
Grammar + Synlax Pass Ta imprave | Use past lange in disousion
Punctuation Pass Ta improve | Comma use occasianally dcademic Writing
Slruclure Pass T improve Critical Thinkin
Oargll presentatian Pass Ta improve | Thank you far your acknowledgerment. Preparing for BSsignrments
Wocabulary &.q. rejoice pl, proposed p7v.
P14 repatition. HTU Referencing Guide
See a range of anling
tultorials an Lynda, Codm

236



Module kearning Success Criteria

outcomes Criteria Exceptional First Flrst Upper Second Lower Second Third Marginal Fail Fail

Independently Demanstrates critcal | Sxceptional (deop) Excelignt {comalen] ‘wery good Good (general) Understanding of the | Insufficent knawledoe | Highy insufficient ar
judige how to use | understanding of the | understanding of the urcersanging of the {comprahensive) urderstanding of research foous s and understarding of nacourate knowledge or

statutery and
nDn-stat foey
framewarks, rew
nitiatives,
palicies and
raading reievant
o teaching and
earning and use
thess criteally,
flexlbiy and
creativesy n
arder to lead and
nnowate practice.

research foous.

research facus. (EF)

understanding of the
reszarch facus which
= critical. (HAMILY

the research focus
but tends towards
desaription. (HM/L)

sufficient to deal with
terminalagy, baskc
facts and cancopts.
THIM/LY

the research foous.
(MF)

wrdersianding of the
reseanch foous. [F/LF]

Critical rewhew of
framewsarks, pocies,
readirg, research and
theary from a range

of comtexts bs used ta
nfcrm understanding

Strong evidenoe of
appropriate seiection and
critical evaluatiany
synthesis’ aratyss of
axtenzive reading. Range
aof sources |s varied, brozd
and deap. (EF)

dence of
appropriate selectian
and oritical evaluztion
of reading. Range af
sources iz varied, but
may rely an key
sources to advance
o, {HIMAL

Idence of
appropriate
selectian and
evalution of
reading. Range of
sources inchudes
some varicty but &
genarally redant on
key sources to
advance wark_
THMIL)

Some abiity to salect
and ovaluate reading,
however wark may
be more generaty
doseriptive. A range
aof seurces are
nouded but thers |s
2 general rellance an
ey sources. (HM/L)

Some abity to select
and evaiuate reading,
however wark 5
qenerally descriptive.
Uses & [imited number
af key scurces to
advance wark_ [MF)

Inaporapriate of addng
n selection and
evaluation of reading.
Typically ‘gnores
mpartant scurces n
develcoment of wark.
{FILF)

Artioulate wour
awm critica
wnderstanding of
establshe:;
theary, research
and relevant
natkanal and
mbern ational
palickes in
relation o your
practice.

Critical understanding
of izerature informs
the interpretatian of
emairical material
and leads to
mncwvation within cwn
practice.

Discusshan and action
arises out of infarmed
sclection, crithca
evaluation, interpretation
and analysis of empirical
material. Implicatans far
awn practice demanstrate
sunistantial professiana
develcpmaent. (EF)

Disussion ard action
arkes out of selection,
ariticel evauation,

analysls of empircal

material. ]

for gwn oractice

demanstrate clear
Ly

develcoment. |

Discusskan and action
arises out af
selestian, critic
avaluztion and
nterpretation of
amgirical material.
Impications for own
practce demonstrate
nsight. (HH/L)

Discussian includes
sclected, evaluated
and Interprated
emgirical material
2nd Is clearly linked
%o actian.
Impications for
awn practice are
axplored. [HML)

Discussian includes
some selected,
evaluated and
mterpreted empirical
material and is inked
o actian. Braad
mplcations for cwn
practice are included.
THIM/L

Discussian incluses
emgirical material
althaugh the selectian,
avaluztion or
nterpretation cowd be
unciear. Action may ot
artse out af
nterpretation of
amgirical material.
Impécaticns for cwn
practice are poory
consdored. |ME)

nirical material is
consistently
underrepresented and
aften Inzusfickntly
selected, Interpreted
and ewaiuated_ Acton
daes nat arse aut of
nterpretation of
amairical material.
Imptcaticns for cwn
practice are general and
superticial. [FiLF]

Accept Demanstrates Ethical stance is hical stance is Ethical stance s clear hics protecol & Ethics statement is fusareness of the need | Umnited awareness of
accountability for | awareness of ethica consplouausly dear with | consplouausly dear and mairtzingd clear and nouded and for ethical working is the need for ethical
the Informed considerations ethical |ssues consiered with a more comiplex shrouohouf with & accountability for accountabd ity for awn | present akhaugh working. Accountabiliy
ethical conduct of | pertaining to the thraughcut research wnderszznding af clear understanding | own ethiced conduct | ethical canduct 1s accountabiity for this bs | for awn ethical canduct
yaur rasearch research process, process. Saphisticated accountatility for awn of aocountabivty for = demanstrated. acknowiedged. unelear ar not realised = not acknawledged.
acepting wndersianding af wthical canduct at o awn eihica’ conduck {H/MAL] {H/MILY thraugh some research Aesearch cholces may
accountability for awn | accountabiity for awn stages af the ressarch. | atall stages of the deckions. {MF) not refiect ethical
ethical canduct. research. (EF) (WML pesmarch, (M) practices. [F/LF}
unilise specialist Aescarch desion s Excaptional dtemanstration | Excellent demerstratian | Were gogd Good Adequate Demanstratian of skiiis | Demanstratian of skilis
research, effective in of skiils evident in af skils evident in demarstration of demanstratian of demarstratian of aver a reduced range. aver a very |imited
technical, nvestigating the nnovative research nnovative and akllls evderk in skllls evident in skills evident in Aesearch methods are range. Selection and
communication research foous Into desian which s ariticaty | appropriate research cerefy seection of selection af selectian af basic selected but may nat be | evaluation of research
and professianal | own practice and s evaluated at an dazign which is criticay | anroprigte pescarch | appropriate research methods entirely appropriate. methads (s largely
skills critically prafessionally axcaptional level. wvaluated at an methads whch are rescarch methods walth same critical Evaluation af research maparapriate o
and effectively, communicated. excelent level criticaiy evgiuated at | with critical evaliation of these. | methads lecks mportant research
appiying Aescarch methods Excelient commun caticn aversy gogd hrvel, evaluation of thase. criticaity. mezhads are Ignored.
apprapriately in are critically applied and presentation with Excellent Cammun|cation &
different contexts | and evaiuated. perfarmance bayord communication and Communication & Camemunication gerenally competent | Comemunication shaws | Weak technical and
expectatian af level & - presentation with shaws darity. but with some mited clarizy, paor practical compatence
work may achleve ar be parfarmance beyond coherert. (M) {H/MAL] weaknesses. (H/M/L] | presentation, structure hampers ahbllity to
close o publishzble expectation af level 6. may nat be caherent. demanstrate
standard. (EF] CHM™MSLY (MF) achievemnert af
IENEY
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Appendix 11b: TR2 FASh with moderation of grade

Nottingham NOTTINGHAM®
! Institute of Education TRENT UNIVERSITY

BA (Hons) Primary Education
Feedback on Assignment Sheet

Module Code: PRBA34102 HTU Student No.: MOET76372 TR2

Strand: Independent Study Strand Leader: Staff member

Word Count: 8,000 words Marker: Alison Murphy

Moderator: Modarator 2
Date of Assessment: | April 2020 Overall grade: FIRST-LOW
Assignment title: ‘Howe can I 7" a critigue of my developing professional practice through
impact wupon children's learning.

Related Teachers’ Part

Standards T51 TS52 53 TS54 TS5 TS6 57 TS53 2
o rd o i o i o d o

Areas of strength

You have identified a clear gap in research through vour critical approach. You have developed the
depth and breadth of your reading and defined your terms well.

You have considered OFSTED findings as well as curriculum approaches with a strong focus on
curiosity and learning across the curriculum. You have included criticality and innowvation within your
application of reading.

“ou included 2 strong focus on child centred research and participant voice. You included implicit and
explicit ethical considerations. Interpretation was focused on well and vou considered methodological
approaches that were complex and well thought through. This section was well reasoned and well
evaluated. You rezlly understood the challenges of the participant observation method.

You included strong interweaving of the results. You showed the action research ralevance in terms
of the findings. You cross-reference the cycles and methods demeonstrating a complexity of analysis.
Talk and questioning links with drawn in vour discussion and reading was used to critique vour

fimdings well, You were aware of the limitations of participant observation within vour interpretation.

This theme involves a strong comparison in perspactives and vou identify where thera are gaps and
lack of correlation within your findings

You included 2 clear summary of the findings - you identified links to professionzl practice and the
role of the researcher. You considered how the findings led to furthaer questions to investigate in the
future. ¥ou demonstrated an awareness of the appropriateness of the research methods along with
the representativeness, limitations and ethical considerations of thase methods

Areas for development

Areas for development related to specific assessment criterialPlease refer to the grid on nexl pegs]

Stronger links to international approaches could be highlighted demonstrating how these build upon
and differ from our own contaxt

Triangulation could have been explored further and weaved into your methods for example on page
5. Consider the ethical focus on safeguarding linked to one-to-one interviews and ethical decisions in
relation to sampling methods. Consider more of the limitations and bias in relation to participant
observation
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Areas for development for future assignments [Feed forwerd to Tuture Bssignments)

Explain what the evidence was and ba more specific — greater depth of analysis.

Clarify your use of terms in relation to children and teachers questions. Be aware thare may ba more
than one interpratation of the findings - this was done on page 11. Be careful not to skim over the
evidence at times. Explain what the evidence was and be more specific.

Esteemn was a weaker theme - it does not demonstrate a convincing argument arcund attitudes
although attitudes are implicitly invelved. Children's understanding of scientific engquiry would have
been a better title for this theme. Ensure you are careful not to critique the practice of teachers and
remain ethical.

Explain in more detail why you feel the need to increase the frequency of using cutdoor learning.
Remain tentative as yvou did in the discussion - include multiple possibilities in your conclusion.
Include @ summary statement at the end of vour conclusion rather than finishing with a review of the
methods

Moderation for TR1 dissertation by moderator 2 (senior lecturer primary education - internal
moderation]:

A critical analysis of findings was clearly informed by a synthesis of reading and there was a strang
sense of the authar’s understanding of the purpose of action research and of the potential limitations
it presents. There was a sense of passion and authenticity £o the writing

Marking on the script was clear and explicit throughout and feedback clearly articulated strengths and
specific areas for development te enable the author to mowve their writing Fforward.

Communication Areas for development Support links

Spelling Pass Ta improve

Grammar + Syntax Pass Ta imprave | tenses Leprovinn Gramoma:

Punctualion Pass To imprave | Capilals Academic Writing

Struclure Pass T improve Critical Thinking

Owerall presentation Pass To impreve | Prood read Tor sccasional sentence clarity. Pregaring for assignrments
NTU Referencing Guide
See a range of anling
tulorials an Lynda Codr

Module learming
outcomes

Success Criteria

Criteria Exceptianal First First Upper Secand Lower Second Third Marginal Fail Fail
Independantly Demanstrates critical | Exceptional (deep) Excelipnt [comalex] Wery gaad Good [genaral) Understarding of the | Insufficent knowledge Highty Insuffickent ar
udge how o use wunderstanding of the understanding of the undersianding of the {comaorehensive) wnderstanding of research foous Is and uvnderstanding of naccurate knowledge or
statutory and rasearch facus. rasesrch facus. (EF) pesearch foous, (M) undorstanding of the | the research focus | sufficlent to deal with | the research focus. undarstanding of the
non-statutony research foous which | but tends towards termirakigy, bask {MF) research facus. [F/LF]
framewarks, new < critical. {H/M/L} description. (HMALY | facts and concepts.
nitiarthves, TH/MILY
palickes and
reading relevant
to teaching and Critical review af Strong evidence of Evidence of soprooriate | Evldence of Evidence of Zome ablty to select | Some abiby bo select Inaparaprizie or laddng
=aming and use | framewarks, poicles, | appropriate selection and | selection and critics appropriate selectian | appropriate and evaiuate reading, | and evatuate reading, n selecton and
thaze eriteally, readirg, research and | eritical evabuatian/ svalustion! svnthesis’ and oritical evaluation | selection and however work may however wark s evaluation of reading.
flexibly and theary from a range synthesis’ analyss of anzlvsls of readina, af reading. Rarge af evaluztion of be more generally qenerally descriptive. Typically lgnores
creatively In af comtaxts s used ta | extensive reading. Range 5 55 sources iz varled, but | reading. Ramge of | desriptive. Aramge | Uses a (imited number mpartant sources in
arder to |zad 2nd mtorm understandng | of sources is varied, broad | varied and beoad, (Y may rely an key Sources includes ot sources are af kay scurces to develcpment af wark.

mnowate practice.

and deep. (EF)

sources to advance
o, {H/M{L}

some variety but &
genarally redant on
wey sources to
advance wark.
TH/MILY

noiuded but there (s
5 general rellance an
ey sources. (H/MAL)

advance wark. [MF)

[F/LFY

Articulate yaur Critical understanding | Discussian and action Discussian and action Disoussion grd action | Discussian incluges | Discussion includes Discussian Includes Empirical material is
own critica af Iterature informs | arises out of informed arises out of selectian, | arges out of selected, evaluated | some selected, emairical material consistantly
understanding of | the interpretation of | selectian, critic eritical evaluatian, selectiop critice and interpreted evaluated and althawgh the sefectlan, | underrepresented and
establshed emairical matarial evaluation, interpretaton | interpretaticn and svalzsion and emairical material nterpreted emprical | evaluation ar aften Insuficiently
theary, research and leads to and analyss of empirical anzlysls of empirical nteraretation of and s clearly inked | material and Is inked ntenpretation could be selected, Interpreted
and relevant nnovation within own | material. Implications for | materal. Implicatons | emeoirce’ material, %o actian. %o actian. Broad unclear. Action may not | and evauated. Action
natianal and practice. awn practice demanstrate | ‘or awn practice Imotcations for pwn | Impications for mplcations for cwe | arse outaf does nat arise aut of
nternaticnal substantlal professkana demanstrate clear oractce demenstrate | own praciice are practice are inchuded. ntenpretation of ntenpretation of
palicies in davclopment. (EF) prafessional ioghght, [H) explored. [HML) TH/MILY emgirical material. emgirical material.
relatian to your davcicoment. [H/M/L) Impications for own Impications for own
practice. practice are poorty practice are general and
considared. {MF) siperficial. [F/LF)
Accept Demanstrates Ethical stance is Ethical stance is Ei 5 5 Ethics protocnl & Ethics statement s Awareness aof the need | Umited awareness of
accountability for | awareness of ethica consplounusly dear with | consplouausly dear and maiptaingd clear and noiuded and for ethical working s the need for ethical
the Informed consderations ethical Issues considered with a more complex throvohout with & aocountability for accountability for own | present akhawgh workng. Accountability
ethical canduct of | pertaining to the thravghout research undersianding of clgar poderstanding | own ethical conduct | ethical canduct 15 accountability for this is | for awn ethical canduct
waur research PREESTCH [ROCESS, process. Saphisticsed atcountability for awn at accountabitky for = demanstrated. achnow ledged. unclear ar not realsed = not acknaw ledged.
Scepting wnderstanding aof wthical canduct at af awn eihicel conduck {H/ML {H/ML) thraugh some research Aescarch choces may
accountabd ity for awn | accountability for awn stages af the research. | at all stages gf the decklons. {MF) not reflect ethical
wethical canduct. resesrch. (EF) THIMILY rezearch, [M) practices. [F/LF}
urilise spacialist Aescarch design i Excaptional demonstration | Escgliont demoratratian | wery goad Good Adequate Demanstratian of skills | Demanstration of skllis
research, effective in af skills evident in af skills evident in demanstration of demanstratian of demanstration of aver a reduced range. aver a wery limited
technical, mvestigating the nnowvative reseanch [onovative and skllls evident in shills ewident in skl evident in Research methods are | range. Selection and
communication rasearch facus Into dazign which i critica® | aporopriate research carefl seaction of selectian af selectian af basic selectad hut may nat be | evaluation of research
and professional | awn practice and |s evaluzted 2t an desiae which &5 criticasy | appropriate research | appropriate research methods entirely approgriate. methads |5 largely
skills critically prafessicraily exceptianal level. eualuated atan methads which are research metheds with same critical Evaluation af resaarch napgrapriate or
and effectively, communicabed. sxcolent level, critically evaluated at | with oritical evaluztion of these, methads lacks mpartant research
anpiving Research methods Excallent communication a wery goad level. evaluztion of these. criticaity. mezhads are |gnored.
appropriately in are critically applied | and presentaton with Eucallent Cammunication

different contexts

and evaluated.

perfarmance beyond
expectation af level & -
work may achleve ar be

communication and
prasentation with
pertarmance beyond
expectatian af kevel 6.
CH/MLY

szhorors, (H)

Cammunicatian
shaws darity.
[H/MILY

generally competent
but with some
wemkneszes. {H/M/L]

Camemunication shaws

may not be caherent.

wieak technical and
practical competenoe
hampers ability to
demanstrate
achievement af
IENEY
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Appendix 11c: TR3 FASh with moderation of grade

Nottingham NOTTINGHAM®
! Institute of Education TRENT UNIVERSITY

BA (Hons) Primary Education
Feedback on Assignment Sheet

Module Code: PRBA34102 NTU Student No.: NO&39858 TR3

Strand: Independent Study Strand Leader: Staff member

Word Count: g,000 words Marker: Alison Murphy

Moderator: Modarator 32
Date of Assessment: | April 2020 Overall grade: FIRST-LOW
Assignment title: ‘Howe can I 7" a critigue of my developing professional practice through
impact wupon children's learning.

Related Teachers' Part

Standards T51 TS52 53 TS4 TS5 TS6 T57 TS8 2
d o d o L o o rd o

Areas of strength

You makea clear links to scientific purpose and the strength is your use of internationzl and national
policy. You engage with theory and clearly have a child-led approach. You deamonstrate strong
complexity in your discussion in relation to the role of the teacher and the potentizl cutcomes. The
range of banafits of this type of learning is clearly explored through the depth of vour reading.

Your ethical stance is clear and vou are applying an sthical approach within vour methods including
implicit and explicit considerations. You have demonstrated how triangulation will be applied and
miaka strong referance to visual methodologias within the meathods section

You made some complex links including casual inference and reconstruction versus knowledge of
facts. You included a range of perspectives and identified correlations based on children's prior
knowledge. ¥our analysis of predictions was valuable and you explored scaffolding in relation to
misconceptions well. You included a narrative in your interpretation of reasoning incidences with
examples. You showed what informed your next action step.

You made strong use of evidence to illustrate your points and backed this up with reading. ¥You have
begun to think about your professional next steps.

You reflect upon the methods in your conclusions and considered the limitations including the impact
of COVID-19. You highlight some of the key things that you value including authentic and context
specific learning. Child voice, time and reliability of the findings were reflected upon. It was nice to
finish by talking about curiosity and I wonder if attitudes could be something you lock into in the
future.

Areas for development

Areas for development related to specific assessment criteriaPlaase refer to the grid on nasl pegs)

At times you could synthesise your points more - show the relevance and be explicit in the links you
are mzaking. You could also lock deeper in terms of gualifying certain generalizations such as:
increased cognitive gains and pupil progress or whether teachers are the ones who should be
answering the questions...

You could say more on the structure of your cycles. Consider the challenges of interpretation,
validity, reliability and bias within vour qualitative and interpretive stance. Don't just mantion
reliability in the conclusion.

Include stronger criticality at times including alternative interpretations. Say more about vour own
practice and implications for your future rather than just in the conclusion.
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At times vou rely on just one example for instance "an unexpacted result’. Can vou go deepar with
this analysis?

Ensure your ethical stance is articulated through your choices. You have thought about the
appropriateness of yvour methods but you need to explzin more about the two groups. Are there any
chzllenges that you have encountered?

Consider your future gquestions and the things yvou still want to find out - what do you not know? This
may include attitudes to go alongside children's parceptions that you were discussing in relation to
semi-structurad interviews.

Areas for development for future assignments [Fesd forwerd Lo future Bssignments)

You include your professional next steps but it would be nice to see these within the first theme in
your discussion - not just in your conclusion.

Moderation for TR2 dissertation by moderator 3 (principle lecturer for initial teacher training -
cross course moderation):

I was impressed by this student’s work, particularly the extensive reading they have undertaken and
that they use to support their discussion. Reading it before I had locked at the EAShH, it definitely: felt
likke a first. I completely agree with your development points about synthesis and criticality. If did, at
times, feel that they were trying to cram se much in that they didn't leave the space to 'dig deepear’.

Communication

Areas for development

Support links

Preparing far BSgignments

Spelling Pass To improve
Lo oroing G ra i mer
Grammar + synlax Pass To improve | See nates on grammer, repetitian
Puncluzlion Pass To impreve | Relerence punclualion nesds te be consistent | SCAdemic Weiting
Shruclure Pass To improve | Ensura you have a balance — long likeralure Critical Thinkin
FEwEY
Owerell presentation Pass Ta imprave | Figures should eppear in arder.
NTU Referencing Guide
See a range of onling
tultrals an Lyida Cadr

Success Criteria

Module learming
outcomes

Criteria Exceptional First First Upper Secand Lower Second Third Marginal Fail Fail
Independent!y Demanstrates critical | Exceptional (deep) Excellont {comalex] Wery goad Good [general) Wnderstarding of the | Insufficent knawledas Highy Insufficient ar
fudge how to Lse | undersianding of the | wnderstanding of the undersznding of the {comarehensive) urderstznding of research foous is and understanding of naccurate knowiedge o

statutery and
non-statitony
framewarks, new
nitiaties,
pallcies and
reading relevant

rasearch faous.

research fopus. (EF)

urderstanding of the
research focus which
= critical. {H/M/LY

the research focus
but tends towards
description. (HMsL)

sufficiert to deal with
termirakigy, baskc
facts and cancepts.
TH/MILY

the research facus.
{MF)

urderstanding of the
research facus. [F/LF]

to teaching and
earning and use
thess criteally,
flexlbty and
creatively In
arder to |ead and
nnowate practioe.

Eritical review af
framewarks, poicles,
readirg, research and
theary from a range
af eontexts |5 used ta
nfcem understanding

Strong evidence of
apprapriate selectian and
eritical evaluatian/
symithestsy analys's of
axtenzive reading. Range
aof sources |s varled, broad
and deap. (EF)

Aange of source:
warled and broad

Evidence of
appropriate selectian
and oritical evaluation
af reading.

Evidence of
appropriate
selectian and
evaluztion of
reading. Range of
sources includes
some variety but &
genarally redant on
sy sources to
advance wark.
TH/MILY

Some abiity to sekect
and evaluate neading,
however wark may
be more generaly
deseriptive. A range
af sources are
nciuded but there s
= general rallance an
ey sources. (H/MiL)

Some abity ta select
and evaiuate reading,
however wark I
qenerally descriptive.
Uses & [imited numbear
af key scurces ta
advance wark_ [MF)

Inappraprate or addng
n selecton and
avaluztion of reading.
Typically ignores
mpartant spurces in
development af wark,
{FILF)

Articulate yaur Critical understanding | Discussian and action Discugsion and action Discuszian and action | Discussion incluges | Discussian incluses Discussian includes Empirical material ks
o critice ot Irerature informs arses out of infarmed arises oyt of selection, | arses out of selected, evaluated | some solected, amgirical material consistently
understanding af | the interpretation of | selectian, critica critical eyauation, selectian, critica and interpreted evaiuated and althawgh the sefectlan, | underrepresented and
establshed emairical matarial evaluation, interpretaton | ntergretation and evaluation and emairical material nterpreted emprical | evaluation ar aften Insuficiently
theary, research and leads to and analyss of emplrical analyvsis of emorcal nterpretation of and s clearly inked | material and is Inked ntenpretation cowld be selected, interoreted
and relevant nnovation within own | material. Impiications for | materal, Impiicatons | emgirical material. %o actian. %o actian. Broad unclear. Action may not | and evawated. Action
natianal and practice. awn practice demanstrate | ‘or awn practics Imotcations for pwn | Impications for mplcations for cwe | arse outaf does nat arise aut of
nternational substantlal professiana demanstrate clear awn practice are practice are included. ntenpretation of ntenpretation of
palicias in davclopment. (EF) prafeszional nzght, (HMLY explored. [HiM/L) TH/MILY emairical material. emgpirical material.
relation to your develcpment. (L) Impcations for own Impications for own
practice. practice are poorly practice are general and
considared. {MF) siperficial. [F/LF)
Accept Demanstrates Ethical stance is Ethical stance is E| 5| 5 Ethics protocnl & Ethics statement Is fusareness aof the need | Umited awareness of
accountabil ity for of exhica ly dear with | conspicuausly dear and maiptaingd clear and noiuded and for athical working is the reed for ethical
the Informed consderations ethical Issues considered with a more complex throvohout with & aocountability for accountability for own | present akhawgh workng. Accountability
ethical canduct of | pertaining o the thravghout research underszanding of clear poderstanding | own ethical conduct | ethical canduct ls accountabiity for this is | for awn ethical canduct
yaur research research process, pracess. Sophsticated accountabdity for awn of accountab ity for s demanstrated. adnow ledged. wnclear ar not realsed 3 not acknaw ledged.
acepting wunderstanding of ethical canduct at af awn eihicel conduct {H/ML) {H/ML) thraugh some research Aescarch choces may
accountabd ity for awn | accountability for awn stages af the ressarch. | at all stages of the decilons. {MF) net reflect ethical
wethical canduct. resesrch. (EF) THIMILY cesearch, [H} practices. [F/LF}
Wilise spaciallst Acsearch desion |5 Excepticral dgemanstration | Excellent demorstration | Very good Geod Agequste Demanstration of skllls Demanstration of skilis
research, effective in af skils evident in af skills evident in demaonstration of demanstratian of demanstration of aver a reduced range. aver a wery limited
technical, nvestigating the nnowvative reseanch nnovative and skills gvidont in shills ewident in skl evident in Aesearch methods are | range. Selection and
communication rasearch facus Into dazign which i criticay | appropriate research SArefl seaction of selectian af selectian af basic selectad hut may nat be | evaluation of research
and professional | awn praciice and [s evaluzted 2t an deskan which (s critica | aooroorate research | appronriate research methods entirely approgriate. methads |5 fargely
skills critically pratessionally exceptianal level. evaluated at an meshods whch are research metheds with same critical Evaluation af resaarch napprapriate or
and effectively, communicabed. excelient level. criticaly gvabuated af | with oritical evaluztion of these, maethods lacks mpartant research
anpiving Aescarch metheds Excellent communication owere goad lovel, evaluztion of these. criticaity. mezhads are |gnored.
appropriately in are eritcaly appled and presentaten with Excellent Cammunication &
different contexts | and evaluated. perfarmance beyond communication and Communication & Cammunication generally competent Communication shows Wieak technical and
expectatian af level & - presentation with 5] 5 | shows darity. but with same practical competence
work may achleve ar be pertanmance bayond seharers, (5 iHML) wesknesses. (H/MIL) hampers ability to

ishzbie
Fl

standard. |

expectatian af level B.
CHMfLY

may not be caherent.

demanstrate
achievement af
IENEY

241



Appendix 12a: TR1 initial notes

Contextual information

XXXPrimary School is a larger than averaiged primary school. There are two classes in each age
group, and separate provision in the Nursery and reception. The large majopitypité are White
British, with a proportion of pupils from a range of ethnic backgrounds. The proportion of pupils
from whom the school receives pupil premium is above average.

Placement comment

TR1has shown a real enthusiasm to teaching. She has pthand delivered a range of engaging

and creative lessons across the curriculum which shows in the progress the children have made,

especially in scienc@R1 ran an afteschool science club for the year 2 childremigh developed

OK A f RNB y Qth sciomtzNahl theilihks ® th@outdoors) where thdgcused on questioning

and predicting. She extended ktrien's vocabulary in science. SHarmed creative sessions that

RSOSt 2LISR OKAf RNByQa OdzNR 2 dasadkactivitigsShe jd¢Sskidhite@2 Y T A R &
purpose by introducing the topic with an interesting hook.

Placemeninterview:

=

| ran a science club with year 2
I did some outdoor learning with my Y1 class.
The children went wild and struggled with transitions.
We looked at birdsrad nests
Question hands were collected in, one before and one after.
The second one was more child led.
LyaARS (KS@& O2dzZ RyQi O02YS dzLJ ¢6AGK jdzSaGAz2ya «
There was more trust outside.
There was less structure.
. The children were morenquiring.
. Got more out of the children.
. More talk involved.
. I made learning journeys.
. Contextual learning was not just outdoors.

© 0N OA~WN

[ = S S T
A WNPRERO
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Appendix 12b: TR2 initial notes

Contextual information

The school is an averag&edprimary school. There are some sta@s which contain mixegkear

groups of pupils. The proportion of disadvantaged pupils is similar to the national average. The
proportion of pupils with SEND is close to the national average. Most pupils are from White British
backgrounds.

Placement commen

TR2 has successfully planned and taught sequences of lessons that impart knowledge and
understanding and has shown a progression in learning over time. These lessons have been
engaging and children have enjoyed them, in particular science and PRsle€kildren's curiosity

has been developed through outdoor learning and the use of KWL grids has allowed children to
share their questions. Lessons are well structured; for example, starters, objectives and aims shared,
activities, mini plenaries and plary and many have had interesting starts to hook the children's
interest. Lessons consistently recap the previous lesson and often lead on to the next session. TR2
has reflected and adapted lessons in light of evaluations and feedback from other proféssidR2

has used targeted questioning based on ability. TR2 has considered challenges in planning and
during lessons to progress learning. She maintained high standards during lessons showing high
enthusiasm such as in Outdoor Learning. TR2 has demogdtstiong pupil teacher relationships
rooted in mutual respect, exercising authority and acting decisively where necessary.

Placement interview

1. When teaching plants | used prior assessment to find out what they noticed.
What do they know already

Their gestions were collected.

Why are leaves falling off trees and their life cycle.

Mushrooms were found in the forest and lessons were designed on fungi.
There was outdoor space at school but it was so big it was hard to capture what they were
doing.

7. Could geanswers when asked questions.

8. 5ARY QU KI @S {(gnwbulddave worked@ell YoSapiuré the info.
9. Can narrate findings in the next meeting.

10. Signposts of progress to know and answer questpfesl off each other to make links.
11. Made connections between different things.

12. Enjoyed contextual learning.

13. Behavioural problems hard when outdoors.

14. Taught others not to walk through mud.

15. The more they went out, the more the wanted to go out.

16. Children enjoyed the freedom.

17. Child led.

18. Children enjoyed it.

19. Collaborative learning.

20. Proud if they found something.

21. Paired work.

22. Progress in reasoning and scientific thinking.

23. Being outside helped to link to different contexts.

24. Sorting and classifying was more effective outside.

25. Increased engagement dnncreased sense of achievement.

oA wWN
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26. Doing plants, they can see changdsthis was repeated in spring they would get a lot from
them.
27.hdzi AARS O2dz R FyagSNI SIOK 20KSNRa ljdSaiArzyaod
28. Would like to do it when not on placement.
29. Made a display.

Appendix 12c: TRinitial notes

Contextual information

XXXs a medium to large village in the heart of Nottinghamshire. It has a predominantly White
British intake with a small percentage of ethnic grous>s last Ofsted was in January 2018 and
was graded as a gooBeedback brought about by the inspection was to tighten up and expand on
how data is collected and used within school. Learners generally come in with good understanding in
reading and maths. Our percentage of SE®4sand Pupil Premium 1€ %.XX>has a bronze mark

in PE for School Games, a Bronze Award foiSebools and is also a beacon school for Third Space
Maths.XXXa very low percentage of behaviour difficulties and accesses the local SBAP @fewly
child presently. Reading and writiage currently high priority on the School Improvement Plan to
develop greater depth across the Key Stage 1 amdr@asonably high percentage of children come
from outside the XXX catchment to attend XXX. Children from 4 local towns and villages attend o
school.The percentage of EAL is less than 2% and all children are proficient English Speakers.

Placementomment

TR3has successfully carried out her placemenkxtand has shown superb organisation and a
drive to teach to the highest of standards. She has set high expectations of all learners and has
begun totailor her teaching to meet the needs of specific groups such as SEN aniiRzb&s used
lesson observatio feedback appropriately to adapt following lessons to include techniques to
further enhance effective learningeaching techniques and subject knowledge discussed in Staff
Professional Development meetings have been effectively applied in the next ajgeolesson.
TR3is extremely intuitive and responds very well to professional feedifalak.has taken lessons
outside of the classroom and used the school environment to enhance learning.
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Appendix 13a: TR1 mind maps
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