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Enabling ambitious science teachers in urban challenging settings: The Hope Challenge Model 
The call to raise educational standards in the UK has a particular focus on the underachievement of pupils attending schools facing challenging socioeconomic circumstances. In 2017 the Education Policy Institute (UK) reported that the most disadvantaged pupils in England are on average over 2 years of learning behind non-disadvantaged pupils by the end of their secondary education (Andrews, Hutchinson, & Robinson, 2017). Contributing to this underachievement is the notion of ‘poverty of expectation’ with some teachers being unambitious in their teaching and failing to challenge their pupils to achieve at the highest levels (Hollins, 2012). In primary science education this is exacerbated by the fact that non-specialist teachers commonly deliver the primary science curriculum. Lack of confidence and expertise in this subject area can limit knowledge of teaching strategies and approaches required to engage and stretch pupils (Appleton, 2006). 
The Hope Challenge Model (HCM) for partnership brings together a university’s Initial Teacher Education programme and urban primary schools facing challenging socio–economic circumstances. The aim is to introduce trainee teachers to schools in a way that builds their confidence and nurtures more ambitious teaching for the future. 
This paper provides insights from an action research study designed to understand the processes and impact of the HCM model (an action research cycle in itself) on primary science teaching.  Early findings revealed how certain elements of the HCM approach supported the goal of more ambitious science teaching in respect of the trainees and importantly, this rippled out to build the confidence and skills of more established school-based staff. 
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Introduction 
It is important that teacher educators (TEs) play their part in addressing some of the critical aspects of social justice and academic disparity within the education system as they prepare the next generation of teachers. It was in the belief of the potential of teacher education to support system improvement that the Hope Challenge Model (HCM) was theorised and co-designed. The aim of the HCM was to provide additional, expansive learning opportunities for groups of student teachers (trainees) [footnoteRef:1] that would allow them to develop confidence and the relevant professional skills (in this particular case study, working scientifically) in complex school settings.  [1:  Student teachers would be our preferred term, however, colloquially they are known as ‘trainees’ and from henceforth, for clarity, we use this term.] 

There is an inherent tension for TEs when considering the best way to prepare trainees for the realities of the classroom that is exacerbated within schools in challenging settings (Ullucci and Howard, 2015). A balance needs to be struck in ensuring trainees begin to understand the complexities and additional challenges resulting from economic and social deprivation that can have an impact on the educational achievement of some pupils, without this becoming either too overwhelming for someone new to the profession or a rationale for lower expectations for pupil achievement. Poverty cannot be overlooked. Its effects are multifaceted impacting on health and wellbeing, as well as educational outcomes, but poverty does not, and should not, automatically equate to lower standards. As the former chief inspector of the Office for Standards in Education (Ofsted) noted, causal factors are complex. ‘Children from similar backgrounds with similar abilities, but who are born in different regions and attend different schools, end up with widely different prospects because the quality of their education is not consistently good’ (Wilshaw 2013, 3). TEs need to ensure the new generation of teachers do not ‘adopt and maintain deficit and pathological thinking about the academic potential of students who come from impoverished backgrounds’ (Ullucci and Howard, 2015, 172).
It is known that many newly qualified teachers are reluctant to work in schools identified as challenging (Allen and Sims, 2018;  OECD, 2017). Such schools find recruitment of newly qualified teachers with knowledge of science even more difficult. For a variety of reasons schools in challenging circumstances also may have little or no involvement with university Initial Teacher Education (ITE) programmes. Sometimes a school does not have the capacity or confidence to support a full-time supervised placement. Sometimes a university may be reluctant to place trainees in what they perceive as a demanding placement that may not allow a beginning teacher to flourish.  This demonstrates how being in challenging circumstances leads to inequitable access to trainees. It was in relation to these contextual factors that the HCM was initiated.  Its aim is to provide contextualised, supportive experiences for trainees, across all subject areas, to develop confidence and thrive in school settings described as challenging (Feiman-Nemser, Tamir, & Hammerness, 2014; Hollins, 2012). These experiences could ultimately address the culture, constraints and opportunities experienced by particular groups of pupils and school communities.
The HCM was developed through a partnership between a local authority school improvement officer, school inspectors, school leaders, teachers and TEs.  It strives to cultivate, what Hollins (2012) describes as, teachers who can ‘swim upstream’ rather than simply swimming with the tide; teachers who remain optimistic for themselves and their pupils. It advocates for a critically minded and responsive form of teaching termed ‘ambitious teaching’ (Anthony and Hunter, 2013; Bailey and Taylor, 2015; Lampert, 2010) ‘teaching that is more socially and intellectually ambitious than the current norm’ (Lampert et al., 2013,  226), to create conditions for trainees to become ambitious teachers. Ambitious teachers are aware of contextual distinctions between schools and creative in their teaching in response to the needs of their pupils. They have the confidence to apply for jobs in schools deemed more challenging and the resilience, ability and ambition to successfully take forward their careers in these settings. 
The HCM has provided supportive experiences for trainees in schools in challenging circumstances in the North West of England and has been applied across a range of subject areas (maths, languages, and literacy) and settings (early years, primary and secondary schools and further education).  This article reports on the processes and findings of an action research project that aimed to understand the impact of the HCM on the preparation of a group of trainees (all volunteers) to teach science and undertaken in a primary school identified by the Local Authority as facing challenging circumstances [footnoteRef:2].  The project endeavoured to understand and explain how the nature and processes of the HCM might enable trainees to develop pedagogical knowledge and become more confident and ambitious beginning teachers of primary science.  As will be revealed however, the collaborative action research approach was instrumental in developing ambitious teaching beyond the trainees and this became another important outcome of the project. [2:  Identified using the % of pupils eligible for Free School Meals (nationally recognised criteria)] 

Hope Challenge Model (HCM): concept and research design
The concept of the HCM draws on the work of McDonald, Kazemi, &  Kavanagh (2013, 382) who outline a cycle ‘for collectively learning to engage in an authentic and ambitious instructional activity’. It is informed by notions of praxis (an iterative, reflective approach to taking action) and posits the Vygotskian perspective that learning occurs through social interaction which encourages people to deal with cognitive challenges that stretch their current levels of ability (Shabani, 2016).
The HCM is guided by the following:  
1) [bookmark: _Hlk530473817]a commitment to a social constructivist approach that forefronts collaborative, democratic relationships as a resource for developing contextual knowing and practice (Driver, 1989). Those involved work together to construct new knowledge on the foundations of their existing knowledge.
2)  a commitment to ambitious teaching that positions nurturing the confidence of trainees to be creative in their teaching in response to the needs of their pupils.  Ambitous teachers recognise originial learning goals as the focus for their lessons, and lesson plans as guides, but are creative in their pedagogical response to pupil learning needs. They have the confidence to take take pupils “off piste” if they are not able to access learning according to the plan.  This necssitates drawing on their own understanding of a situation and using their pedagogicial analysis to shape the learning space. 
3) the prioritising of interactive activities that provide equitable and responsive learning experiences and support rigorous science education building on pupils’ interests, understanding and proficiency (Seimears, Graves, Schroyer, & Staver, 2012). 
4) the modelling of practice by TEs and school-based teachers, which is observed, reflected upon, rehearsed and critiqued by those involved (Korthagen, Loughran, & Russell, 2006).  
These underpinning commitments and priorities for practice were then framed as the HCM Cycle for Ambitious Teaching (see figure1). This is a cyclical action research framework that uses modelling and reflection as pivotal points for building knowledge for action. Action research however goes beyond critical reflection, it has a commitment to instigating action based on that reflection. The iterative design of the HCM created spaces for taking action and learning about that action.
Insert Figure 1. HCM Cycle for Ambitious Teaching

All those involved in an HCM project, the TEs, trainees and school-based teachers, model practice for, and with, each other and reflect on that practice, as a means for learning together. This affords opportunities to reflect, both individually and collectively, as a recurring cycle of enactment and investigation. At the centre of the cycle lie four pedagogic steps focused on developing practice. Step 1 involves developing an understanding of the context and content for the proposed learning. The TEs and school-based teachers meet and bring together their individual knowledges to discuss and question potential responses the pupils may have to the proposed pedagogic strategies. This supports enquiry-based learning that challenge existing conceptions and uses the outcomes of this to collectively select and design practical activities to promote pupils’ conceptual understandings of the subject.  At this step, as it is prior to classroom engagement, the reflection is anticipatory (Van Manen, 1991) and informed by the contextual knowledge of the those involved. 
Learning from Step 1 is used to undertake Step 2, collaboratively designing and preparing the proposed pupil learning experiences. The proposed learning experiences are initially modelled by the TE, in school, with the involvement of the school-based teachers. Reflections by the trainees on the modelling are used, in conjunction with the school-based teachers, to generate further questions and hypotheses to shape the proposed work. The planned teaching is then rehearsed by the trainees under the guidance of the TE and school-based teachers. 
Step 3 is the enactment of the rehearsed practices by the trainees, with small groups of pupils in the classroom context, to test out the prepared teaching and learning strategies. During this testing process all those involved remain attentive and responsive to the reactions and engagement of the pupils. During this enactment stage, dialogue focuses on responding to the needs of the pupils and directing learning towards the desired outcomes for the pupils. The trainees, TEs and teachers reflect in action at this stage, considering what the trainees  next actions might be in terms of questioning and prompts. This encourages trainees to become more responsive to immediate pupil needs, adjusting pedagogy where appropriate, whilst continuing to move towards the overall learning goals.  This ongoing reflection and adjustment process is a key facet of ambitious teaching. 
 Step 4 is a collaborative review and evaluation of the effectiveness of the practices that have been developed and the responses of both trainees and pupils to these.  This collective process of critique and critical discussion of the teaching and learning that has occurred during the enactment creates spaces for richer learning and is vital element in the development of the ambitious trainee. The iterative, cumulative communication, in which everyone respectfully shares and listens to the different perspectives and understandings of the common experience, allows powerful learning to take place. 
These four core steps occur within a collegiate space that is reflective, dialogic, equitable and safe. For such an open and critical approach to be successful trainees have to go beyond conceptualising critique as a negative experience.  It has to be accepted as difficult and challenging but recognised as an important way of gaining insights into our own assumptions for practice that we are unlikely to encounter without the probing by the external lens of others. Reflexive critique (Cook et al 2019) is a way of moving beyond normative states of fitting happenings into previous frameworks and building, through an iterative process, new ways of understanding. The bringing together of a range of knowings offers a way of learning, an opportunity to construct new knowledge for a new vision of what could be.  Central to building the ‘safe’ space for this to occur was the starting point of mutual respect for the differing knowledges found across all those involved and the opportunity to observe how the sharing of critical reflections could positively affect practice. A key facilitator for this was the mutual respect modelled in school for the trainees, by the TE and the school-based teachers. Seeing how the TE and teachers each respected the knowledges of the other, and put this to good use, allowed the trainees to see the value of this.  The active involvement of the trainees and the non-judgemental nature of the experience of shared planning for the forthcoming activities in school were important in creating a safe space for trainees to explore their own emergent ideas about primary science. In addition, knowing that, unlike their normal school placement, they would not be assessed against teaching standards was a critical aspect of enabling the trainees to risk take and think freely. Having safe spaces is important in facilitating a respectful reciprocity of ideas and expertise (Zeichner, 2010). They are key to the development of shared understandings and interpretations of what learning is occurring for whom and for constructing an effective response to improve pupil learning. 
Science in Primary Schools
In the UK primary school teachers teach all subjects. Some subjects are known to present particular issues for teachers. In primary curriculum areas such as science, a variety of additional teacher personal attributes and environmental influences are at play. These include the teachers’ own subject knowledge, access to appropriate resources and lack of dedicated planning and curriculum time for science subjects, all of which are commonly identified as impediments to effective primary science delivery (Lewthwaite and Fisher, 2004; Lewthwaite et al 2001; Petersen and Treagust, 2014). In 2014 the Wellcome Foundation noted that very few primary schools have access to high levels of science expertise and that strategic leadership for the subject is weak (Wellcome, 2014). The subsequent ‘State of the Nation’ report on UK primary science education (Leonardi, et al 2017) found that only 43% of the Science Leaders in primary schools held any type of A level[footnoteRef:3] science qualification and only 6% held all three A-Level sciences (Biology, Chemistry, Physics). Developing scientific pedagogical content knowledge was crucial for enabling trainees to teach effectively in challenging classroom environments. In 2016, Her Majesty’s Chief Inspector of Education, Sir Michael Wilshaw, commenting on the  2014 Wellcome Foundation report ’Primary Science: Is It Missing Out?’, stressed the importance of high-quality primary science: [3:  a high school qualification studied in England, Wales and Northern Ireland by pre-university students and used as entry qualifications for University courses.] 

We must therefore ensure that primary-age pupils are inspired by effective teaching of science …from properly trained and qualified staff, and that the pupils’ enquiring minds and natural curiosity are nurtured. (Wilshaw, 2016, no page number)
Putting the HCM cycle to work 
The HC Primary Science project built on Grossman, Hammerness and McDonald’s (2009) view of teacher education curriculum as being ’organized around core practices, in which knowledge, skill and professional identity are developed in the process of learning to practice’ (p. 274). The topic for the project, light, was identified and agreed through discussions between the headteacher and the university.  It was a theme the school science-coordinator felt less confident about in terms of her own subject knowledge, and it had also been identified as an area for improvement in previous trainee subject audits by the university. 

Involved in the project were the university TE (1) an experienced science teacher and also experienced in using the HCM model, the trainees (8), the school science coordinator (1) and her colleague, a non-specialist teacher (1). The trainees were a self-selecting group of volunteers who shared a range of motivations for their involvement. Five were particularly keen to improve their own science knowledge and pedagogy, two expressed a desire to develop skills to teach in more challenging schools and one had confidence in what they could offer to the school and the project. Previous subject knowledge data collected by the TE suggested a similar understanding of science concepts by the trainees with all appropriately identifying the need to improve their subject knowledge for science teaching. Measures of Self efficacy (Tschannen-Moran & Woolfolk Hoy, 2001) undertaken prior to their engagement with the project, revealed some individual differences but at the group level, all of the trainees had low scores in relation to their knowledge of instructional strategies, in particular their ability to respond to difficult questions, and higher scores in relation to their ability to engage and motivate pupils. The school science coordinator did not have a science degree or scientific background but had a positive engagement with the project. The school colleague also had a non-scientific background and was less confident at the start about her involvement in the project. Both school-based colleagues were familiar with working collaboratively. 
To start the project the TE and school science coordinator met to agree the target cohort of pupils, the exact focus of the science project and intended learning outcomes  of three training sessions (Step 1) where the TE, the school-based teachers and trainees discussed the context of the pupils’ learning for each of the year groups (Y3 and Y4[footnoteRef:4]), and developed, then rehearsed the planned science activities (Step 2). The first meeting provided orientation for the project, the second, training around the science subject knowledge and pedagogy, and the third focused on collaborative planning of teaching activities. During the meetings the school-based teachers’ existing expertise and knowledge of the target pupils was shared with the TE and trainees. The TE shared current and relevant subject pedagogical content knowledge. The trainees were encouraged to join in discussions with the TE and the school-based staff on the pedagogic approaches required to teach the particular scientific skills and concepts. This initial sharing and valuing of knowledges contributed to the establishment of an environment of mutual respect and shared learning, the ‘safe space’ characteristic of the co-constructive processes of the HCM. The first meeting was, however, held at the university and this proved to be less successful. The TE recognised that this academic space adversely affected the confidence of school-based teachers to engage in discussions around science ideas. This led to a shift of location to school the site with the TE and trainees travelling to after school meetings to discuss and plan the teaching sessions.   [4:  7-9 year olds] 

Step 3, enactment in the classroom, consisted of five weekly two-hour teaching sessions in the classroom. The science coordinator and class teacher introduced the sessions to their whole class and then quickly moved the pupils into small groups of 6-8 pupils. The trainees, supervised by the school-based teachers and the TE, then carried out the collaboratively planned and previously modelled science activities with the small groups. The final step, step 4, was the affordance of a reflective, dialogic space. After each of the sessions, a further hour was timetabled to allow the entire group an opportunity to reflect, review and evaluate their own professional learning from the process as well as the pupils’ scientific learning. This weekly, reflective, ‘debriefing’ session provided a key mechanism for building confidence and engaging all those involved in the research process. As Kemmis (2006) noted, to be effective, action research needs to engage those actively participating and gain their critical perspective of their involvement. The sessions were a space for critical discussion where achievements could be identified, articulated and celebrated as they occurred, building confidence and motivation. This safe and supportive environment of mutual learning was also the space where any potential ‘unwelcome truths’ (Kemmis, 2006:461) could be surfaced, addressed and the learning taken forward into the next session with pupils. It included the opportunity for the school-based teachers to reflect and discuss their own learning and this became an important serendipitous outcome of this action research project.

Data
Pre and post audit data of the specific science knowledge held by the trainees, along with their self-efficacy in terms of teaching science were carried out using The Teacher’s Sense of Efficacy Scale: Short Form (Tschannen- Moran & Woolfolk Hoy, 2001). This scale asks teachers to assess their capability concerning instructional strategies, student engagement, and classroom management .
The form consists of 24 items are subdivided into three areas; Efficacy for Instructional Strategies, Efficacy for Classroom Management, and Efficacy for Student Engagement.  The intention was to use this efficacy scale alongside the qualitative data generated during the study and to scrutinise it for any changes in trainee perceptions of their confidence and competence pre and post project.  For 7 out of 8 trainees positive changes were seen but, given the sample size, these were statistically insignificant and so this data has not been included in the analysis below.  It has, however, been used here to report the initial characteristics of the trainees involved in the project (see above).
The weekly debriefing sessions provided rich data on the initial perceptions and attitudes of the trainees to the project, to teaching science and provided immediate ongoing feedback across all those involved. A reflective journal, maintained by the TE, was used to curate the immediate thoughts and reflections from these sessions. It included his own observations and reflections, alongside reflections made by the trainees and school-based teachers, in relation to the trainees’ teaching approach and its impact on the pupils’ interest in learning. It also contained reflections of school-based teachers on shifts in trainees’ attitudes towards science teaching and learning. 
Recorded post project interviews to elicit additional thoughts and reflections were carried out with all participants approximately one month after the end of the project. The aim of the interviews was to assimilate and consider further impacts and outcomes. The trainee interview questions aimed to elicit the impact of the opportunities afforded by their involvement in the science HC project along with any impact they felt this had had on their own competency to teach science. The interviews, carried out by university tutors, included questions around the context of teaching in a challenging school. Recorded informal and semi-structured interviews with the TE and school-based teachers (specifically about the teaching of primary science) were also carried out by a university research assistant who had been briefed but not involved with the project. 
Data analysis
All forms of qualitative data, (apart from data from the Teacher’s Sense of Efficacy Scale), was critically analysed using a framework analysis approach (Srivastava & Thomson, 2009). Starting with an inductive approach the framework analysis involved two university researchers individually familiarising themselves with the data and using an inductive approach to identify potential themes from which a draft thematic framework was prepared. The content of this framework was then checked with a range of participants (ie member checked, referred to by Guba and Lincoln (1981:110) as ‘the backbone of satisfying the truth-value criterion’) to provide face validity (Lather, 1986:67). Deductive analysis was subsequently used to interpret the remaining data whilst still leaving space for data that sat outside the initial framework to be recognised and interrogated. This process was designed to minimise perceptions of one individual researcher shaping understandings from the data, to ensure generation of a variety of topics from different perspectives, and to confirm that the meaning being constructed made sense to those involved.  Multiple perspectives gathered and critiqued through discursive spaces give ‘strength, meaning and, to borrow a word from a more positivist paradigm, validity to the project’ (Cook, 2006, 433). 
Data were broadly synthesised under the relevant headings. Firstly, identified areas of change (see tables 1 below) 
Insert table 1 here: Areas of Change
Secondly, identifying what had supported that change (change mechanisms)
Insert table 2 here:  Change Mechanisms

Findings
Findings from the project are presented in two sections; the first describes the outcomes from the project in terms of the benefit and impact of the HCM action research approach on the trainees and the school-based staff,  the second, the elements of the action research approach (change mechanisms).
i) Outcomes

Impact on trainees
The original rational for the HCM was to nurture ambitious teaching approaches with trainees that they would be confident to use in schools in challenging circumstances. Building the scientific, and pedagogical, knowledge and confidence of trainees during the current project was intended to have a lasting impact both on their approach to teaching and on their confidence to gain employment and teach ambitiously in such schools once qualified. 
Post project interviews revealed positive perceptions by the trainees about their own development in relation to teaching science and of some of the wider transferable skills they had developed. 

[Before the project] I felt out of my depth in terms of subject knowledge now I have a better understanding of scientific reasoning (Trainee A)

I feel that both my subject knowledge in terms of light and investigative skills have improved. (Trainee B)

It was beneficial for me because I've been finding different ways in which to teach different investigating approaches as well as being able to get fully in depth in the topic of light. (Trainee C)

All the trainees reported that their confidence to teach science had been improved. In all but one case the trainee post self-efficacy data indicated a positive shift in their ability to teach a science concept and their ability to engage their pupils with appropriately challenging science activities. This trainee, already confident in their knowledge of the subject, had not been so confident in teaching science. She recognised how she had improved her pedagogic knowledge, and that she was now using more ambitious approaches that matched her teaching more closely to the pupils’ learning needs. 

My subject knowledge was my strength, but my confidence in actually teaching – especially matching teaching to the specific needs of the pupils - was low as I had not taught science before. (Trainee D) 

As their knowledge and confidence increased trainees recognised that their expectations of what they could achieve with pupils had also increased:

I also learnt that children develop their own skills through independent learning rather than being told what to do. (Trainee B)

Post project data from two of the trainees revealed increased confidence to go off piste in their science teaching. They stated they would now ‘not be afraid to take risks in science’ (Trainee E), be ‘less afraid to be creative in science’(Trainee D). All the trainees reported that they had gained valuable insights into the realities of teaching primary science in an urban school facing a complex overlay of challenges. They had gained a greater understanding of the impact of context on the general pedagogic approaches and how to generate appropriate learning spaces for the pupils. 

This has helped me to think about matching teaching to the specific needs of pupils in a different school (to my placement school) (Trainee A)

I had no experience of teaching science in a school like this so this has allowed me to understand the steps that need to be taken to plan lessons for these children. (Trainee C)
I think that I underestimated how much work and preparation would go into the science sessions.  I expected that the children would have some knowledge of light and how to record data, but this was an area that was lacking with my group I know I have to think about that more now…. I think I have developed my pedagogical skills to be able to deliver science teaching in a way that children can explore for themselves.   (Trainee D)

The immediacy of discussions and reflections on the science concepts and pupils’ engagement and understanding embedded within the HCM cycles created spaces for trainees to capture and amplify the learning gains from one session and build on this during the next. Trainee B reported how they had developed their understanding of assessment from a summative approach to a formative one, one that helped them build progression into their teaching.
Assessment was a complete mystery, but I now have a good understanding of assessment techniques which can be used, and the progression of skills in working scientifically! (Trainees B)
Having the confidence to respond to pupils’ questions and lines of emerging scientific enquiry, and to use this to plan for progression is part of developing the trainees’ level of secure understanding of a given subject and its related pedagogy. This is a key strand of ambitious teaching. 
	Trainees discussed how being involved in the HC project had increased their levels of confidence and competency in the teaching of science and how that would be supportive when applying for their first posts. When interviewed after the project this trainee recounted how they had used what they had learnt in their job interview
The HC Project helped me to be more employable. I have used it in interview on how I made an impact. In the interview presentation I was able to answer all questions…more confidently, because the project I did was around science and new concepts of science...I feel it has developed my employability, as I had to be reflective and adaptable. [The] project gave me more experience of this in a supportive manner. I think the teamwork skills [during the project] are transferable to lots of other school situations, so it was very useful. (Trainee C)
For some trainees their involvement had encouraged them to consider applying to schools they would have originally considered too challenging for a first post. This data is important as increasing applications and ultimately employability in these types of school was a hoped-for outcome of the HCM.
I’m more confident of applying to these schools [facing challenge]. I intend to take elements of this [HC project] into my professional career (Trainee A)
School-based staff	
Whilst the aim of the HC project had been the need to find ways for developing more ambitious science teachers for the future, this research revealed that it had a direct impact on the school-based staff taking part in the project. Initial interviews with participating staff indicated they felt that they lacked skills and resources in teaching science. This led to a lack of confidence and a dissatisfaction in their own practice. They felt they did not know how to develop active science lessons in a way that would engage their pupils. The science coordinator, a non-specialist, said:
As science co-ordinator, I felt that we needed support both for myself and colleagues to improve scientific investigation and my own approaches. I needed a framework to enable the children to work independently and raise their own questions (Science Coordinator)
By the end of the project school-based staff were not only equipped with greater resources but also had new ideas about how to enable pupils to work independently and raise their own science questions – to become active learners. The close engagement with the TE and trainees provided opportunities to learn new practical strategies underpinned by relevant theoretical frameworks. They gained confidence and were inspired to be more ambitious in their own science teaching. In particular, the confidence of the science co-ordinator to teach and plan future teaching had increased. Being part of the HCM had helped her revisit her own ideas about planning and using investigative approaches. It gave her ‘a bank of ideas for thinking about my own planning and raised awareness of how children's ideas can be used to inform planning’ (Science Coordinator)   This new found ability and confidence was recognised by the head of the school who, when commenting on the impact of the HCM, specifically identified the more ambitious teaching found in the school.

I think that our teachers have grown. It's helped the science co-ordinator to roll-out working scientifically with the staff, it's had a planned time. The trainees have had to do lots of research to be able to come and take those sessions, but our staff have grown as well. So that I think has been a really true partnership… the level of planning that our teachers are now doing for science is massively different from where it was two years ago, because two years ago these children weren't actually working scientifically, they were just filling in worksheets, and now everything about the planning is about experimenting, researching, testing new materials, and that is evident in the planning, so we have grown tremendously in that time. (Head Teacher)
The class teacher involved in the project reported increased confidence in her use of practical activities and scientific resources such as data loggers for measuring light, and improvements in her scientific pedagogic knowledge.
The project gave excellent opportunities of how to structure a scientific enquiry with a small group of children, which could be transferred to whole class teaching (Class Teacher).  

The collaborative process of developing trainees’ expertise within the school had become a form of continuing professional development (CPD) for staff.  Increased class-teacher confidence and knowledge was observed, not only in those directly involved with the JCM, but across the school.
The progression in the way science is now taught is evident from the Early Years and Foundation Stage through to Year 6, with teachers expressing increased confidence and enjoyment in the teaching of science and pupils showing increased attainment in deeper understanding of scientific concepts. (Science Coordinator)
The science coordinator gained confidence in her role of facilitator of science practices, confidence to lead other staff in the school and run CPD for colleagues, not only with in her school, but also establish a network for science teachers across other primary schools in the area. 
As a result of this [engaging in the HCM], our school is now part of a hub of lead science schools based at Liverpool Hope University, who meet regularly to plan and share learning opportunities in order to continually reflect and raise standards. Being part of this hub has provided me with access to CPD opportunities to support staff throughout the school, in the teaching of science. (Science coordinator)

Professional respect shown by the TE with regard to the knowledge of the science coordinator, the processes of joint working and reflection and the introduction of new resources, influenced the science coordinator’s professional growth. With renewed enthusiasm, confidence and optimism she became engaged, with the TE, in an application for the Primary Science Quality Mark Award (PSQM) for the school[footnoteRef:5]. This is a powerful and profound legacy of the HCM project in the school, especially given the complex social and educational challenges it faces daily. It demonstrates the ways in which TEs working closely in increasingly democratic ways with school colleagues can contribute to narrowing academic inequities for teachers and their pupils. [5:  The PSQM is a UK based award programme for the development and celebration the profile of science teaching, learning and leadership in primary schools] 

Pupils 
It was not the intention of this project to report on the impact on the pupils. During the HCM however, in discussion, much was said about the noticeable change in the way pupils responded towards science lessons which we consider worthy of mention here. Teachers talked about noticeable changes in pupil attitudes, confidence and enjoyment. Pupils now actively looked forward to taking part in science-based activities.  The science coordinator noted that pupils had progressed from being passive learners (accessing information using visuals and worksheets) towards self-motivated learners with the skills to create their own scientific enquiry questions and record and draw their own scientific conclusions. She saw this as an indicator of more ambitious teaching nurtured through the HCM. She also noted that positive outcomes for pupils directly involved in the HCM had engendered a ripple effect beyond the original Y3 and Y4 pupils as resources and pedagogic approaches, developed with pupils in the HCM, were transferred and adapted for other year groups by other interested staff.
Broader impact
[bookmark: _Hlk47016879]Again, whilst this was not originally a focus for the research questions, the deeper engagement with the school the HCM facilitated offered further insights into the impact this had made beyond the trainees.  The reach of the HC project was summarised by the science coordinator in a joint presentation with a university educator (not the TE of the project) at the national Association for Partnership in Teacher Education (APTE) conference. The diagram she produced (Figure 1) showcased the success of the project from the perspective of the school. 
Insert Figure 1: What does Hope Challenge mean…. 
The science coordinator subsequently expressed the significance of the event for her personally and professionally in terms of developing her own confidence to present at such a forum and providing a degree of validation in having her voice heard in an academic arena. From the university perspective this was an additional outcome as it contributed to positive reframing by the school of the potential of partnership work with university teacher educators. 
ii) [bookmark: _Hlk530473305]Conditions and mechanisms for change

To be able to generate positive outcomes when rolling out an innovative programme such as the HCM it is important to unearth the underlying characteristics that facilitated change. Data analysis identified activities that produced change and the ‘social-cultural resources … necessary to sustain the change’ (Pawson and Tilley, 1997, 85). The particular form of partnership framed by the HCM surfaced as being central to the development of more ambitious science teaching. Fostering mutual respect through the valuing of different knowledges, the co-construction of new ways of understanding, thinking and acting became the foundation for building confidence and shaping ambitious science teaching. 
Mutually respectful partnerships 
The outcome of the previous Ofsted inspection for this school had been ‘Requires Improvement’. The impact on staff of such a public judgement affected individual and collective professional esteem. The headteacher was keen that work undertaken through the HCM should be a collaboration that built on both university and school-based knowledge.  This held the potential to raise the confidence of school-based staff. ‘You don't want somebody to just walk in and say ‘“we're going to do it like this”, it's got to be shared’ (Headteacher).  The data showed how working in partnership rather than coming in to do something ‘to’ the school was important and powerful and that the recognition of existing expertise and experience within the school by the university was fundamental to building a strong working relationships and self-belief. Ensuring the school recognised the importance of what they had to contribute, and that it was valued, positioned HCM approach in a different way from much of the directed support the school received via the Local Authority. The headteacher commented on the impact of the mutuality of the relationship with the university on learning opportunities.
it's about that equity and that sharing, and the view that we are on a par and can both support and help each other; and that would be important because there's nothing worse than an institution which is like, 'we're going to do things like this, and now you're going to do things like that, and we're more important than you (Headteacher)
Mutual respect for what could be brought to the practice of science teaching provided a wider array of resources and pedagogical approaches to learn from. The safe spaces  for collaborative critical reflection harnessed the collective power of those involved to shape strong professional learning communities for ambitious teaching. Following the HCM project the school’s Ofsted Inspection report specifically commented on the partnership between the school and university as an influential and positive approach for developing ambitious teaching in science. 
The school’s partnership with Hope University has been influential in increasing expectations and the level of challenge in lessons. For example, during the inspection, trainees teachers and class teachers were observed teaching pupils about electricity and simple circuits. Pupils were utterly captivated and eagerly set about applying this knowledge. (School Ofsted Inspection Report, 2015)
Modelling: 
Central to the HCM was the modelling of practice and that, whilst initiated by the TE, it was also undertaken by school-based staff. Trainees were keen to learn how to apply knowledge modelled both. Being in the school gave trainees a genuine respect for the knowledge and strategies staff demonstrated, particularly when working with pupils who displayed complex behaviours. This, in turn, had a positive impact on the staff who saw their knowledge valued and how it could make a difference to future teachers. 
When I’ve modelled, you know - getting down and modelling some teaching alongside students - and then you walk away and see the impact of that, it’s really powerful and it’s... a great opportunity, you know these young people are going to be teachers of the future, and you want to give your best to it. (Teacher A)
The Local Authority school improvement officer who had been part of the initiating of HCM in this school, noted how modelling by the TE acquainted trainees and school-based teachers with up to date practices for teaching science in a way that energised pupils. 
Modelling by the tutors has been really helpful… that expertise of the tutors to be able to work it – model it and do it –has been probably one of the biggest impacts for schools.  (Local Authority School Improvement Officer) 
Discursive reflection
The collaborative and reflective processes of the HCM were identified by trainees as significant in their learning experience. Sharing interactions and reflections with their peers and as well as the school-based teachers created spaces for subject pedagogical development and wider learning.
The model of working as part of a team with the university teacher-educators in school was a strength…[it] improved my subject knowledge and I learnt a lot through the collaborative preparation sessions. (Trainee A)
The process of observing the trainees working with the pupils gave school-based staff the rare opportunity to see how their pupils interacted with the trainees and the new learning materials. It gave them space to watch, rather than do; to think rather than to react; to develop their practice and be more ambitious.  This was identified by school-based staff as vital for their own pedagogical practices and their expectations of pupil achievement.
The resources and the imagination they [trainees] brought to it gave the teachers a new lease of life. Because I think schools get stale. I think if you’re churning it out as a teacher all the time, to think about actually what inspires children are the magical moments. (School teacher A)
The TE, observing the process, also identified spaces for reflection as key to creating ambitious teaching within the school and the trainees.  
I think that the biggest thing has been reflection. …enabling them [school-based staff] to reflect on their class as the trainees are working…. They’re able to look at the class and to see them…and they’re [school-based staff] feeding back [to trainees] about the children. And their interpretation of the learning and the questioning has been quite powerful. (TE)
The combination of modelling and reflection at the heart of the HCM emerged as central to the success of the project, the change mechanism.  It extended  the reach of the HCM beyond the trainees to school-staff and their wider networks.   By creating spaces  for the surfacing of new ideas from the expertise of those involved, it created the potential for ripple effects that might have not been captured by research projects more strictly bounded and contained by specific, pre-determined research questions. 
Being invited to reflect together on TE modelling and trainees’ teaching approaches invigorated school staff who, by the very nature of their work, sometimes felt isolated from access to the ways of other teachers. Rather than being passive recipients of knowledge, each person in the partnership was an active contributor to shaping curricular activities for science. This created spaces for authentic learning across all those who participated.
The support of working as a team during the project has been incredibly beneficial as there has always been someone to discuss ideas and challenges with, in order to find a resolution. (Trainee D)
Discussion 
The thick description offered of this case study revealed how the HCM can support trainees to develop their confidence to teach science, and to do this in a school identified as being in challenging circumstances. These positive shifts were seen in trainees who had not had, and were unlikely to have, an opportunity in their school placements to teach science or to work in schools where pupils live in complex socio-economic circumstances. Recognising that there was both a reluctance on behalf of the university to ‘risk’ trainees losing their confidence by not being able to cope in such schools, and schools that ‘require improvement’ feeling unable to cope with what they see as the additional burden of hosting trainees, the HCM approach was designed to bridge that gap. Providing unassessed placements directly supported by the presence of the TE in school gave both trainees and school the confidence to engage. 
This action research project demonstrated that it was, however, more than just being in the school that enabled trainees to flourish. Modelling by both the TE and the school-based teachers played a powerful role and was a vital element enabling learning in situ.  The HCM then went beyond modelling to introduce collaborative observations of that modelling as an iterative process of reflection on, and in, action.  Participants suggested that it was engaging in critical reflection in this way, including reflection on the modelling, rather than being taught a particular way of teaching, that provided a basis for active change in how they taught science (school-based staff) and their confidence to do so (all participants).  This critical action research approach, had partnership at its centre. Such partnerships provide a sound basis for enabling members of the group to be critical, to open up to seeing new ways for acting (Cook 2017).  This formed a space where all those involved created shared knowledge about what could be taught (science), how it could be taught (pedagogy) and how pupils responded to that teaching. 
This process of learning together illuminated the capabilities and possibilities for more ambitious teaching approaches for not only trainees, but school-based staff with both becoming more confident as they learnt together. Such affects have been noted by other researchers. Levin and Rock (2003), for example, found that TEs involved in doing action research with preservice and experienced teachers discovered that both novice and experienced teachers become more reflective, critical, and analytical about their classroom practice. In schools labelled by Ofsted as ‘Requiring Improvement’ morale can be low and teachers can lose sight of their own knowledge and expertise. Working with the trainees and their TE to construct ways of exciting pupils about science, and seeing the outcomes of that, re-invigorated the teachers’ approach to their practice. It gave them confidence in their own work, in developing that work, and to be ambitious teachers.  
The HCM has demonstrated how an embedded AR approach can create the impetus for ambitious teaching in subjects trainees may consider need knowledge beyond their generalist experience, that this can happen successfully in schools where the environment is considered challenging, and that the HCM holds wider potential for supporting not only the recruitment of ambitious new teachers for schools working in areas that challenge, but also the potential to illuminate and re-invigorate the knowledge and skills of teachers working in such schools. This effect has also been reported by other HCM projects (Poulter and Cook: 2020) with the findings having implications for future university/school partnerships.
Following the HC science project, the university has reviewed its undergraduate curriculum to embed a HC project into the specialist module offered as an elective for trainees interested in becoming future science coordinators. The model is seen as a powerful tool to enrich understanding of teaching primary science concepts and developing scientific reasoning in leaners. The degree of close collaboration between the school-based teachers and TE also models the professional engagement and mutual respect required by the next generation of teachers. 
Conclusion 
As TEs looking for longer-term improvements to science teaching and learning, this study reveals how the HCM ultimately holds wider implications for the preparation and development of ambitious teaching in all schools, but especially schools that face greater contextual challenges. The university is now using knowledge drawn from carrying out the HCM to build a protocol based on this approach.  It will remain a non-assessed part of the curriculum for trainees and will be rolled out with other schools in challenging circumstances and across subject areas that have similar issues with perceptions of the ‘specialist’ , for instance  music (Poulter and Cook 2020).  In the protocol the qualitative research processes are being strengthened. The Self-Efficacy Scale has not been included, however, as it added an extra layer to the process that did not appear to reap any significant new data and was out of step with the collaborative approach to data generation in partnership fostered by the HCM. The adoption of this approach by the university demonstrates the degree of confidence in using an action research approach to elevate the notion of all teachers, whether in university as TEs, trainees or school-based, being constant learners as a process for raising standards in schools.
Contextualised in collaborative partnerships that bring together knowledges and aptitudes to create uncompromising but supportive learning environments, the action research based HCM offers ways for developing ITE programmes that support trainees to gain confidence, and the appropriate levels of scientific subject knowledge needed, to become ambitious teachers in primary settings.  It can create ambitious teaching with the potential to improve pupil outcomes and add value in subjects such as science, where teachers and prospective teachers may lack confidence in the substantive topic area. This approach was also shown to trigger wider systemic change, developing cultures of collaboration both within schools and between schools and universities that engender ripple effects beyond the initial target group of trainees. This aspect of the HCM has opened up thinking about its potential and would benefit from focussed research in the future.  
This small-scale research project has not advanced a set of skills and techniques for science teaching, what it has revealed are principles for practice that others, working in similar situations with beginning teachers, might recognise as useful in supporting more ambitious teaching. Hopefully it has, in Winter’s words, got ‘sufficiently close to its underlying structure to enable others to see potential similarities with other situations’ (Winter, 2002, 144). 
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