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Effecting Principled Improvement in STEM Education (epiSTEMe):
Student Engagement and Learning in Early Secondary-School
Physical Science and Mathematics

Applications are invited for an Economic and Soétasearch Council [ESRC] +3 Research
Studentship to undertake a PhD study on some togked to the work of theEffecting
Principled Improvement in STEM Educati@piSTEMe) project. This project forms part of
the ESRC’s Targeted Initiative on Science and Matitecs Education. It provides a unique
opportunity to work as a doctoral student with legdesearchers in the field, in Cambridge
and the other participating institutions.

A Research Studentship holder will work primarily an independent study associated with
the project, but will have opportunities for invelment in all aspects of the project’'s work
relevant to supporting advanced research trainimycareer development. Supervision will
be provided by one or more of the project investiga Professors Kenneth Ruthven,
Christine Howe, Neil Mercer, and Dr Keith Tabemey, with Research Associates Dr Riikka
Hofmann and Dr Stefanie Luthman, form the coreargeteam for the project.

The University of Cambridge

The University of Cambridge is one of the oldesiversities in the world and one of the
largest in the United Kingdom. Its reputation émtstanding academic achievement is known
world-wide and reflects the intellectual achievetahts students, as well as the world-class
original research carried out by the staff of thevdrsity and the Colleges.

The Faculty of Education

The Faculty constitutes one of the largest groupducational researchers and teacher
educators in the country. It has a diverse researdfile, currently with annual grant
expenditure of over £2.5 million, from a range pbssors including the Research Councils
and a wide range of government departments andnahtagencies active in Education. The
Faculty has a varied teaching programme with fatid part-time courses for over 1600
postgraduate and undergraduate students undertakiagge of qualifications; PhD, MPhil,
MEd, Advanced Certificate and Diplomas, BA in Edima Studies. Further information
about the Faculty is availablevatvw.educ.cam.ac.uk

The Faculty has five Academic Groups, including amne Science, Technology and
Mathematics Education, and one in Psychology andrdéeience in Education, each with
over 20 academic and research staff members amthgua range of specialist seminar series
and graduate programmes. Information about the pgrouis available at
http://www.educ.cam.ac.uk/research/academicgroups/




The epiSTEMe Project

Many students in secondary school find physicatrsm and mathematics uninteresting and
difficult to learn with understanding. This leavesportant gaps in their education and
narrows the range of careers open to them.epi®TEMeoroject will redesign key aspects of
the teaching and learning of these subjects, dayiai principled approach which is more
effective in engaging students and guiding thematol& understanding. Insights from several
social scientific fields — concerned with conceptgeowth, identity formation, classroom
dialogue, collaborative learning, and relationsaleetn everyday and formal understanding —
will guide the design of an intervention suitabde widespread use in normal school settings.
This research project will explore students’ reasgnn three complex domains that have
considerable significance to theories of cognitiekevelopment, improve broader
understanding of teaching and learning processesiance and mathematics, and generate
tried-and-tested resources for training teachets taaching students. Phase 1 will involve
collaboration with teacher co-researchers from rstvechools to devise and pilot the
intervention. In Phase 2, classroom implementabgnthe teacher co-researchers will be
analysed, and the intervention refined accordingRhase 3 will evaluate repeated
implementation by the teacher co-researchers, sidegnitial implementation by teachers
from a wider range of schools, compared to thebésteed practice of a control group of
teachers from similar schools.

The proposal accepted by the ESRC is provided peAdix 1.
Starting Date

The studentship is available for up to 36 monthse Successful candidate will commence
study in January 2010, at the start of the UniwgssLent Term.

Terms and Conditions

This project-linked +3 Research Studentship isexttlip the standard ESRC rules detailed in
the Guidance Notes for Applicants available, witlthen relevant information, at
http://www.esrcsocietytoday.ac.uk/ESRCInfoCentrpfopunities/postgraduate/fundingoppor
tunities/

Eligibility

Candidates must satisfy normal University and Rscuequirements for PhD study:
information about these is available Hdtp://www.educ.cam.ac.uk/graduate/phd/index.html
Any enquiries should be directed to Emma Rixer206@cam.ac.gkn the Faculty’'s Higher
Degrees office. Candidates must also meet norm&ES®equirements for studentship
eligibility, detailed in its Guidance Notes for Apants. Essentially, Research Studentship
awards are restricted to those having a relevanhextion with the United Kingdom or
another European Union or European Economic Aramtcp. Likewise, +3 awards are
restricted to those who, on taking up the awargelsiccessfully completed either an ESRC-
approved research training course, or demonstedpiywalent training (Appendix 2 contains
the relevant extracts from ESRC guidance).




Application Procedure

Candidates must apply in the normal way for admisdio PhD study in the Faculty.
Candidates should indicate in their applicationat tthey wish to be considered for the
epiSTEMdinked studentship, and send a message to alem@&Rixon ér206@cam.ac.gk
in the Faculty’s Higher Degrees officEonsideration of each individual application will
start as soon as a complete submission has been made. Early application is encouraged

to allow ESRC approval to be secured in timefor a January start.

Suitable Topics

The application procedure requires candidatesapgre an outline research proposal for their
doctoral study.

The epiSTEMeproject has been designed in the light of theoWthg major research
challenges identified by the Commissioning Panettie ESRC Initiative:

« What are the key factors that shape patterns oficjpation, engagement and
achievement in science and/or mathematics educhtiochildren and young people
and what does this tell us about the kinds of vetion that are likely to have
greatest impact on participation, engagement ahgeement?

* What can we learn from the effectiveness of padt@mrent interventions, initiatives
and practice to inform the design and developménmhare effective interventions,
initiatives and practice?

* How can research-informed approaches help to asldse of the key challenges in
enhancing participation, engagement and achievementscience/mathematics
identified by recent research and reports?

« What specific new interventions or changes in gobc practice offer the greatest
potential to improve participation, engagement &aning in science/mathematics
and how could their potential effectiveness andifgbty be assessed more fully?

The overarching goal of thepiSTEMeproject is to develop theoretically informed and
practically effective means of improving studengagement and learning in physical science
and mathematics during the early stages of secgrathrcation, which are suitable for wide-
scale implementation. The research process thredgbh the project aims to achieve this
goal has the following objectives:

e to develop a system of pedagogical principles whbcild on long-term efforts -
notably in the USA- to formulate standards foreace and mathematics education,
explicitly grounding these in an integrative franwmlv of key ideas from social
scientific theory;

» to apply these principles to the design of a ctamsrintervention -suitable for wide-
scale implementation- based on illustrative topi@dmes on proportionality,
probability and electricity;

» to develop, pilot and validate a system of instraotaeo assess the effectiveness of the
classroom intervention and its supporting topic olesl in enhancing student
attitude/engagement and achievement/learning;

e to pilot and refine the classroom intervention atsl supporting topic modules,
analysing the patterns of classroom activity andett learning associated with them;

» to analyse how characteristics of classroom diaognd interaction are related to
changes in student attitude/engagement and achentdearning.



* to design a training programme -suitable for subsagscaling-up of implementation
of the intervention- to introduce teachers to tlystam of pedagogical principles
informing the classroom intervention and its supipgrtopic modules;

* to pilot and refine this training programme;

* to evaluate the classroom intervention and its supyy topic modules summatively,
across a substantial and varied sample of schawttyding analysis of relative
effectiveness for students of different socio-ecoiwcstatus, gender and ethnicity.

* to review, in the light of evaluations and analyseaducted during the project, the
system of pedagogical principles and the integeatramework of key ideas from
social scientific theory which underpin it.

Consideration will be given to research proposalsopics linked to any aspect of the project.
Some examples of possible areas for research #odass:
e approaches to designing curriculum-related prolbased activities which integrate
mathematics and science;
» approaches to managing and coordinating group sksmu and whole class teaching
in secondary mathematics and/or science;
* the development of students’ ideas about the ctearaaf mathematical and/or
scientific knowledge and activity;
« the evolving curricular and pedagogical perspestaed practices of project teachers,
and the factors shaping this evolution.
There is no suggestion that proposals on thesécylart topics will be favoured; they are
intended only to illustrate that there is a widega of potential topics that could be associated
with the project.

Further informal enquiries, cognisant of #yl@STEMeplan, are welcome as to the suitability
of any topic: these should be addressed, in thet finstance, to Emma Rixon
(er206 @cam.ac.gkwho will then direct them to an appropriate memdf the project team.




Appendix 1: Research proposal accepted by ESRC

Effecting Principled Improvement in STEM Education: Student Engagement and Learning in Early
Secondary-School Physical Science and M athematics

Investigators

Kenneth Ruthven, Christine Howe, Neil Mercer & Keftaber
University of Cambridge Faculty of Education

Introduction

Our proposed research exemplifies an approachféatifg principled improvement in STEM educatioh.wiill
develop theorised means of improving student engagéand learning in physical science and mathesdtiring
the early stages of secondary education. We wiivdgromising principles from prior research are/elopment,
and apply these to design a classroom interventiord associated teacher training) suitable for e
implementation. We will not only evaluate this intention but create and test integrative theoryexplain its
mechanisms.

We will draw particularly on long-term efforts ihg USA to formulatéNational Science Education Standards
(NAS, 1995) andPrinciples and Standards for School Mathemafd€TM, 1989, 2000), and to operationalise these
in ‘Standardsbased curricula’ which foster coherent understagadif fundamental ideas and their relationshipk he
students to explore and make sense of the matbaalthey are learning, and show that knowledge isol for
solving problems (Trafton et al., 2001). We wilkéaaccount of pedagogical principles common to is\airricula
judged ‘Exemplary’ by the Mathematics and Sciengpédft Panel of the US Department of Education,henktasis
of evidence of effectiveness in multiple sites ¢otarge scale, in rural and urban locations, act#Ssstates) for
multiple subpopulations (by age, gender, ethnictyility). A member of our team (Ruthven) has sdrem the
Advisory Board for one of these curriculum projesitsce its inception, and has contact with others.

While the US ‘exemplary’ curricula are researctomfied in being extensively evaluated (e.g. Reyd.e2003;
Riordan & Noyce, 2001), and in appealing to viewsearning consonant with theoretical syntheses awailable
(e.g. Bransford et al., 2000; Kilpatrick et al.,03), their design has been weakly framed in thexzeterms and
their evaluation correspondingly restricted (Confr2006; Harwell et al., 2007). The originality asignificance of
our proposal is in linking relevant social scieiatitheory to the operational design of subject iculum and
pedagogy. Our research will adapt principles prowvethe US, frame them in terms of specific theioedtideas
which dovetail with principles drawn from our owmnepious (and highly complementary) research, amlyahe
resulting synthesis to design an intervention bigtéor the UK.

Thus, our proposal relates centrally to RQ2 inGladl for Outline Proposalsin that we will be learning from the
US experience of exemplary programmes whichStamdardsbased and research-informed. Our research alse bea
on all three remaining questions. In relation todR@e will illustrate a type of innovation whichfefs great
potential to improve engagement and learning —aerttd longer-term participation— and to do this iway that
exemplifies a powerful approach to assessing é¥leness and feasibility of innovations. In relatimnRQ3, our
background pedagogical principles have already lieemnd to be effective in the US in boosting papttion and
achievement, and our theory-guided refinementstaienhance this further. Finally, our research thitbw light on
RQL1, in that we hypothesise that the features e standards-based curricula exemplary are kapess of
participation, engagement and achievement.

Our work will focus on the early secondary yeard (¥ Y8 in England) during which students’ orientats
towards science and mathematics as areas of stadystablished prior to choice of examination cesirat present,
student attitudes to these subjects decline duhisgperiod (Galton et al., 2003; Steward & Pellp2). In addition,
this phase is the earliest one in which reform bee possible through working with relatively smadhorts of
specialist secondary teachers rather than a vegg leohort of generalist primary teachers. Findilgcause this
phase is relatively distant from the pressuresigh-stakes external examinations, it offers befteyspects of
teachers, students and parents being willing tdoegpquite substantial change, providing a fouratafior such
change to subsequently work its way upwards thraggiondary education.

In the following sections, we shall provide furttdatail about our pedagogical principles, outline turriculum
contexts in which we shall be working, and explaim research and organisational approaches. Weahalshow
how we have responded to advice given on the @upioposal by: a) emphasising a range of studeicbmes in
examining the effectiveness of our interventiongctfsidering students’ socio-economic status akagejender and
ethnicity; c) explaining how detailed observatiodanalysis add significant value; d) providingdulinformation
about the Project Advisory Board and its membershilucidating the process for transferring rssuito practice
(see also ‘communication plans and user engagement’

Pedagogical principles and issues

The ‘exemplary’ US curricula to which we refer amganised around carefully-crafted problem situsgjgosed so



as to appeal to students’ wider life-experiencejnttulcate ideas of acting as mathematicians/ssisntand to
develop key disciplinary ideas. Material is develdpin lessons that cycle through whole-class intetidn by
teachers, collaborative problem solving in smatlugrs, whole-class synthesis by teachers, and thdivipractice
and consolidation by students. Our research wildtwpon these pedagogical principles, encouraggghit by their
compatibility with teaching methods and curricuativities that we and other UK researchers in ewatitics and
science education have already successfully depl@flewe et al., in press; Mercer et al., 2004; Mer& Sams,
2006; Millar et al., 2006; Ruthven, 1989; ShayeAd&ey, 2002).

We recognise that althougBtandardsbased curricula have the potential to supportcéffe pedagogical
development (Remillard, 2005; Van Zoest & Bohl, 2))0they run the risk of being assimilated to eéabd
pedagogies (Henningsten & Stein, 1997), often laghers replacing or revising materials to makeolessnore
skills-oriented and less open-ended, demonstrateelduce their effectiveness (Schoen et al., 20a®)damentally,
successful implementation depends on teachersvbgjighat they and their students have the capdoitgngage
productively with this type of curriculum (Arbauggt al., 2006). In particular, teachers and studeatsiot simply
be expected to be able to participate effectivalythie necessary forms of interaction: the developinoé their
communicative skills and metacognitive awarenessisiédo become an explicit goal if it is to be sgsbd, as also
does the creation of a classroom environment irchvttiere is clear, shared understanding of theevaihd functions
of dialogue for learning (Alexander, 2004).

In addition to respecting principles that have egadrfrom research into standards-based curricalaselves,
we also plan to refine the principles in the liglitinsights from social scientific theory in generghis theoretical
framing of pedagogical principles will be centralthe development process, notably in working wéthcher co-
researchers to design classroom methods and respamd in developing techniques and instrumerdasadyse and
evaluate the resulting intervention. Our attemptagpeal to students’ interests and experiencédwiinformed by
Donaldson (1978) and Freudenthal (1983), while addressing the affective and epistemic complexit¢
knowledge growth (diSessa, 1993; Pintrich, 1993 gvaud, 1997). Activities will be designed to sugipeflexive,
intentional learning (Bereiter & Scardamalia, 1988rton & Saljo, 1976), and recognise learning ggacess of
identity formation as much as cognitive organisa(gfard & Prusak, 2005; Yackel & Cobb, 1996), ipearners
to maximise agency in knowledge construction. Comedgth collaborative activity, social interactiamd classroom
dialogue will be informed by the earlier work ofte members (e.g. Howe et al., in press; Mercer5) $@ambridge
colleagues (e.g. Alexander, 2004; Galton, 2004y, aters (Lemke, 1990; Mortimer & Scott, 2003), ethihas
analysed the crucial contribution that these preegsnake in bringing students to engage with diffeperspectives
S0 as to support effective learning.

Curricular topicsand treatment

We plan to address three curricular topics. Thiseisause the theorised principle of ‘simplificatioy integration’
(Iran-Nejad et al., 1990) suggests that an appredubh co-ordinates and integrates mathematical soehtific
treatments will provide students with additionagpital to appreciate and benefit from the signifioaand interest of
engaging problems. Furthermore, quantitative repradion may facilitate conceptual growth in sceiiCarey &
Spelke, 1994). We propose, therefore, to develapeaaluate a co-ordinated treatment of one ‘sulgpanning’
topic module, alongside independent treatmentaofs$ubject-specific’ topic modules.

Proportionality is the subject-spanning topic selected for coratdid treatment. The significance of the topic
for mathematics is apparent from the current UKidNetl Strategy (DfEE, 2001), where it is claimedaitttafter
calculation, the application of proportional reaggnis the most important aspect of elementary renménd it is
during the early secondary years that ‘secure fatiods need to be established'. Significantly, prtipnality is
also identified as ‘central in applications of n&tiatics in subjects such as science’. Although\thitional Strategy
makes no explicit reference to proportionality tiesce (DfES, 2002), it requires coverage of mamyerently
proportional relations, e.g. size/weight in flotetj speed/stopping distance, temperature/dissqlelfsize/growth.
Proportional reasoning is known to be challengimdgoth mathematical and science contexts (Booni.,eR@01;
Karplus et al., 1983; Lesh et al., 1988; Piagedlgt1977; Siegler, 1981), yet ti8tandardsbased approaches on
which we will build have proved to be effectivelinth contexts (Ben-Chaim et al., 1998; Huntleylet2®00).

Within mathematics, we envisage a c.12-hour modhk moves sequentially through: a) simplification,
equivalence and comparison of percentages, fracamad decimals; b) calculation that includes delspfeactions
and percentages; c) relations between percentégesipns, decimals and ratios; d) use of ratiogptiaportional
reasoning — as detailed later, it will be at thiglf stage that links are made with science. Tlypieece does not
correspond with the most relevant US scheme (Lagpah, 2006), but research involving one memiferun team
(Howe et al., 2005a) indicates that it is essenfifis is because UK students work on percentdgastions and
decimals during the preceding, primary school yeaws not typically on ratios. Consistent with Lajppet al. (and
the broad principles outlined above), each step babin with engaging problems delivered througteractive
whole-class teaching, e.g. use of ratios in propoal reasoning may begin with problems likding has a formula
for mixing high-fibre and high-protein nuggets foaby chimps — 2 cups of high-fibre nuggets and 3 chigh-
protein nuggets per chimp. What amount of highefiand high-protein nuggets will she need to feathithps? 3
chimps? 4 chimps?Students will then work in small groups on equével problems (see also discussion on



probability below). Plenary sessions will pull thsrtogether, and (reversing the typical approactipduce such
classic problems a%Jse ratios to compare the shaded and unshadedsacéahis square’'ln other words, the
function of the classic problems is to forge conioas, not teach the mathematical procedures.

Although (as noted) proportional reasoning undespinany topics in secondary school science, we &walk on
one topic only for the science component, to fed#di the design of teaching materials and asses$snstruments.
The chosen topic is ‘forces and their effects’, pasing 6 sub-topics in the curriculum: a) Where wle come
across forces; b) Why do things float? ¢) How ddeamals stretch? d) What is weight? e) What dowsidn do? f)
What affects how quickly a car stops? Following #pproach to be taken in mathematics, science itepci the
sub-topics will start with whole-class discussidraocessible scenarios, proceed to group work,candlude with
plenary sessions that facilitate abstraction. Grwopk will follow principles established by Howe &t (2000) and
Howe & Tolmie (2003), shown to be applicable ininety classrooms (Howe et al., in press) and detraily
supportive of student identity formation as sciemeactitioners. It will be structured around: akadlission to
establish consensual ideas (e.g. what determineshet objects will float or sink); b) practical egises where
groups map the relation between consensual faataroutcomes (e.g. how weight does/does not prédiation —
most groups will converge on the idea that lighhgk float and heavy things sink); c) discussiomréaponse to
results with gradual realisation that weight refatio size more accurately predicts outcomes; styuntion in how
to compute density; e) further practical exercigd®re density (critically, size/weight ratios) isapped against
outcomes. Crucially, the fourth and fifth stagesatdl e) will involve quantification, in effect ttkénd that students
will be engaged in when using ratios in proportiaeasoning during their (roughly) contemporanemathematics
classes. To make the links even more explicit, lerob will also be used during mathematics lessbas tilise
science content, not just density/floating but alsight/stretching, speed/stopping distance, laidn/stopping
distance — all also covered in ‘forces and thea$’.

Probability is the mathematical topic selected for independedatment. A module lasting c. 6 hours will
develop probabilistic reasoning through examiniagriess and bias in the randomisation devices amleg of
chance that form part of most students’ everydagrésts and experience. Studies with the targetyemep have
identified these as important referents in bridgbefween commonsense and schooled reasoning abante
(Amir & Williams, 1999; Greer, 2001; Pratt, 2008imple games will be presented with prepared disgdegcrafted
to expose different modes of thinking, includingeyalent but erroneous ones, such as an ‘order’tmch of
equiprobability bias (Lecoutre, 1992; Vidakovic,989, a ‘decisive trial’ form of determinist biasycathe ‘negative
frequency’ form of representativeness bias (Kahmeetaal., 1982) illustrated her#at: We'll each take a turn at
tossing this coin. Let's play that | win if we bgt the same face, otherwise you win; Sam: Tt Sair, because
you've got two ways of winning: ‘heads & heads’ aadls & tails’. Whereas I've only got one way:€hds & tails’;
Pat: Look, whatever happens on the first throw, whener is decided by the second throw; Sam: Thearlt to go
second, so as to have the deciding throw; Pat: Fing it shouldn't make any difference. What mattfer you is
whether or not the second throw produces a differesult from the first; Sam: So I'm actually mdileely to win
because heads and tails tend to even dguivalent dialogues will be incorporated in thathematics teaching of
proportionality, as already used by Howe et al0&4).

The prepared dialogues will be used to motivatellsgnaup discussion of problem situations, and gowill be
tasked to develop their own argument about fairn&ssdents will be encouraged to see the identifinaof
assumptions and the development of arguments andte@rguments as central to mathematics as akitfgn
subject’ and the learner of mathematics as a calitithinker’. Whole-class plenaries will focus iaily on
presenting, comparing and analysing arguments. @oalysis provides a platform for introducing relevterms,
concepts and techniques from the curriculum. Cadatibn of these ideas will be through further indual and
group work on problems designed to provide systenvatiation of key elements. Whole-class revievl piomote
development of transferable concepts and technigndsthe eventual codification of central ideas avethods of
theoretical probability.

The module will focus particularly on the ‘recipedcdynamic of theoretically computed probabilitieed
observed relative frequencies’ which makes an itambrcontribution to ‘development of efficient pediilistic
intuitions’ (Fischbein & Gazit, 1984). One stimulisre might be the National Lottery claim that, dpie the draws
being totally random, some numbers have a halitagping up more than others, while others harglyear at all’
A key resource will be spreadsheet-based simulatidrstochastic devices which permit the user tqpaeameters
by dragging ‘probability sliders’, e.g. to introdudias or ensure fairness. Research suggests dpah ‘box’
simulations of this type make probability modelsrenooncrete and explicit to students (Pratt, 2@&bhl & Tarr,
2002). A further lever to address student diffimdtis to vary or combine representations of prdialvalues, e.qg.
parameter values might initially be shown in teimsrpretable either as percentage probabilitiesdais ratios, with
rational fractions introduced only at later stag&sch simulation tools can underpin diverse whédsscand small-
group activity structures based on predict-chegilar tasks, and open to presentation in game forma

Electricity is the science topic selected for independenttrirenat, recognised as an area where students
commonly experience difficulties (Chi, 1992; Millamdated; Shipstone, 1985). Its importance hasredsts place
in recent curriculum revisions. Many applicatiorigtectricity are familiar to secondary studentsiding obvious
relevance for the topic, and offering real life taxis that may be readily linked to target concapknowledge
(how can several circuits be independently switcfredn the same power supply (as in the home); hew c
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additional lamps be added to a circuit without salsal loss of brightness, etc.). Recent thinkivag highlighted
the role of models and analogies in learning (Bedell al., 2002; Dupin & Johsua, 1989; Taber et 2006).
Therefore research into the use of analogies, mptleught-experimentation and visualisation irr@sy science
(Duit, 1991; Gilbert, 2004, 2005; Reiner & Gilbe2Q00) will inform the development of our teachimgdule on
this topic, In other respects, the module will da¥l the structure outlined for the science comporehbur
proportionality module.

In particular, students will work collaborativelyn dasks designed to promote fertile dialogue, iteorto test
hypotheses and explore the value and limits of nsodéhe tasks will offer opportunities for authenteflection
based upon models and analogies that have beed fole productive at this age (i.e. bread varctdis’, and rope
loops to support the differentiation of the core@apts of p.d., resistance and current). The aydigtween teacher
presentations, group problem-solving, and individe@nsolidation will provide the rhythm (Mortimer &cott,
2003) to scaffold understandings of the abstrantepts and relationships core to scientific knogteh the topic.
Our approach will also meet recent concerns togtheen teaching about the nature of science (Deved., 1996;
McComas, 1998; Taber, in press), whilst supporfimegression in learning thinking skills in scien®&ewberry et
al., 2005). The QCA ‘key concept’ of scientific tking (‘using ideas and models to explain phenomand
developing them to generate and test theories™enititally analysing and evaluating evidence frainservations
and experiments’), will become a characterisinguier for classroom scientific activity, offering aontext for
developing metacognition as well as supporting eptital change (Gunstone & Mitchell, 1998).

The module will be developed using the electriciymponent of the 1oP’s Supporting Physics Teachitvd 4
(SPT) materials. The SPT materials have been dedjgaritten, and reviewed by physics educatorslding a
member of our team - Taber), and incorporate maayufes that are consistent with our pedagogic medg an
instructional approach informed by research intoceptual growth, the inclusion of student practigatk to link to
real-life situations (supplemented by simulationgtable for teacher presentation to ensure atterttiothe most
pertinent issues). The SPT materials also linkk&ey ‘ideas’ for energy and forces in the Nationaategy (DfES,
2002), by presenting these as the basis for keglamatory stories’ as recommended in ‘Beyond 2q®dllar &
Osborne, 1998). The SPT materials also offer retetions of the key physical relationships thidvalteachers to
visually demonstrate proportionality (e.dJIV), thus linking to the subject-spanning topic.

Project organisation, research design and methods

Following a Phase (Aug08/Sep08) for recruitment and preparation, ghgect will be organised in three main
phases, associated with consecutive school yesdinig to a Phase (Jull1/Jan12) for finalising conclusions and
outcomes. Systematic methods of measuring and singlgspects of knowledge growth and attitude chawij be
developed and piloted in Phase 1, trialled as gotetm system in Phase 2, and fully implementedchiase 3.

In Phase 1 (Oct08/Aug09) we will work with 20 teaclto-researchers (2 from science, 2 from mathemati
from each of 5 schools) to devise the classrooarwention, trial and refine components of the tapiedules and
evaluation instruments, and map patterns of classractivity and trajectories of student learningeTs schools
will be within daily travelling distance of the weirsity, and operate in sufficiently varied circdarces to provide a
sound basis for devising a widely transposablevation. In Phase 2 (Sep09/Junl10) we will analyseefims of the
guiding pedagogical principles— and evaluate —inm$e of student engagement and learning— classroom
implementation of the full modules by the teacheresearchers. In each of these phases, videodiagerwill be
made of a sample of 30 lessons, to permit finengihianalysis of how teachers activate the prinsipiBorming the
materials and how students respond to them. Mialgais of classroom dialogue and conceptual contelht
examine the structure of interaction and the wayshich it supports learning, the range of ideaotluced and the
ways in which they are developed and interconnectezt the course of lessons (Mercer, 2005). Thisileel
analysis is crucial to generate practical examalfesguidance for teachers on classroom implementati

During Phases 1 and 2, attention will also be giteedeveloping construct validity and high relidyilfor all
instruments and measures. A structured-responsstigueaire will be developed to establish key shide
background characteristics (following the approtaen in the Trends in International Science andhktaatics
(TIMSS) Study (Martin et al., 2004), and includirsgcio-economic status, gender and ethnicity). Ahgnmr
guestionnaire —designed to be administered atttré and end of school years— will assess aspéaistitude to
science and mathematics, including facets of itlerstind forms of engagement (extending the TIMSS ehad
student attitude to take account of the wider aspegplicit in the pedagogical principles and thekieoretical
framing). Parallel forms of short domain-specifests will be developed for each topic, in the ligfitNational
Strategy specifications for the topic and previmsearch into knowledge growth (as already refer@ndo serve as
pre-module, immediate post-module and deferred-pustule assessments. Parallel forms of attainnesit for
start- and end-year assessment will be developehdthematics and science as a whole by adaptexddmain by
demand model used in TIMSS. Last, a classroom whten schedule will be developed in the light agt
pedagogical principles and lesson microanalysisretmrd key features of classroom activity, intéoac and
discourse.

In Phase 3 (Jul10/Junll) we will examine the reggbamnplementation of the modules by the 20 teacher
researchers, alongside initial implementation blarge sample of further teachers. Schools for Pigaséll be



chosen within a sampling frame recognising keyuiest of variation in their circumstances, so thattcollectively

provide a sound basis for evaluating the innovatdod assessing its transposability. We will rectbése new
schools on the basis that half (15 schools; 2 &adn each subject) will subsequently be randamsbigned (within
the sampling frame) to implement the interventiohijle the remaining half (15 schools; 2 teachersdnh subject)
will form a control group, continuing their estaflied practice, guided by the appropriate Natiorteht&gy

Framework The 60 teachers in the intervention group willtkened at the start of Phase 3; after completibn
Phase 3, the 60 teachers in the control group redleive training, revised in the light of evaluatiorhe 2-day
training course will focus on the pedagogical piptes operationalised in the topic modules, andemmniques of
classroom practice aimed at supporting their imgletation. Provision of materials supported only rhgdest

training follows standard in-service models, and thius establish whether the intervention is rgadapable of
scaling up.

Evaluation will be in terms of change in aspectstafient attitude (as measured by structured quregtire) and
achievement (as measured by topic-specific and evbiobject tests), and will include scrutiny by seeconomic
status, gender and ethnicity. Further analysis eximine how such changes relate to the classrbamacteristics
measured by the observation schedule. The bagsitsfof statistical analysis will be of repeated mees (start to
end of school year, or pre-module to immediatepostiule to deferred-post-module), taking accountthodf
hierarchical structure of the dataset. Where digaaailable from optional National Assessmentsehgill be used
to triangulate analyses. Account will be taken wfndards for educational testing (AERA/APA, 199%Xgtistical
methods (ASA/NSF, 2007) and curriculum evaluati@or{frey, 2006). There is potential also for a ptogxtension
to make a further and more controlled comparisarthbse control-group schools which go on to imgatthe
innovation following provision of training and mads, between student cohorts in the years befodeafter.
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Appendix 2: extract from ESRC Guidelines
Who can apply for a 3-Year ESRC Resear ch Studentship (+3)?

2.13 Applications will only be considered from catates who can demonstrate that they have alreadgrtaken a
programme of research training at postgraduatel leveaccordance with Sections D, E and F of the ESR
Postgraduate Training Guidelines (4th Edition 2008pplicants should note that one of the main @easthat
applications fail is because applicants are nat &bfully justify and demonstrate appropriate priesearch training.
Thus, applicants are advised to pay particulanttte to this to maximise their chance of obtainag3 award.
Thus:

« If the applicant has already completed a Mastizgree gained from a course which forms part otirmently
recognised 1+3 programme, they are automaticaltiybée for +3 entry or

* If the applicant has a Master's degree which wamed in the UK from a course (including any poesly
recognised ESRC courses) which is not part of eeatirl+3 programme or was gained overseas ordrapleted
the first year of a PhD programme elsewhere, teligible they will need to demonstrate in the apgtiion form that
this programme contained substantial training iseaech methods which would enable them to undertake
independent research project in a particular stilgemterdisciplinary field. Furthermore, it mus¢ demonstrated
in detail on the application form that the prograenaf training already received was equivalent tthkibe generic
and subject specific requirements set out in Sestio, E and F of the ESRC Postgraduate Traininglé€inies.

2.14 Where a student is making a case for +3 éngyessential to include:

* AFULL DESCRIPTION OF THE RESEARCH TRAINING UNCHTAKEN

* A DEMONSTRATION OF HOW THIS MAPS ONTO THE SPECIFI GENERIC AND SUBJECT
REQUIREMENTS OF THE GUIDELINES

* DETAILS OF FURTHER ADVANCED TRAINING TO BE UNDERAKEN DURING THE PhD

It is important that the student completes thisiinfation on the application form in conjunction lwthe proposed
supervisor. Please note that if the examinerggutiat a case for +3 entry has not been madepbiécation will
be withdrawn on eligibility grounds.

2.15 It should be noted that where a Master's @egi@s taken five years or more prior to the apptocafor an

ESRC research studentship, the training obtainetthah degree will not be considered sufficient &r3 award
unless further relevant research training qualiices and/or experience and training has been danbsequently.
This must be fully detailed in the application.



