A hard nut to crack - improving primary trainee teacher confidence in teaching physical processes topics.
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Abstract 
This article puts forward a model of effective teacher training in primary science in the area of physical processes (highlighted as a potential area of concern in children’s learning, Ofsted 2011). Throughout their “learning journey” trainee teachers were encouraged to examine their own misconceptions and their awareness of children’s’ alternative frameworks. Before, during and after a six week teaching intervention, trainee teachers reflected upon their own ability to teach topics such as forces. Progress was monitored by trainee teacher written reflective responses to taught university sessions and a questionnaire designed to measure perceived teacher self-efficacy. It was found by using a multisensory, co-constructive training regime that perceived trainee teacher self-efficacy could be improved significantly, resulting in more confident trainee teachers.
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Introduction
There is a general consensus within recent literature that the profile of primary science within the curriculum has been diminished (Wellcome Trust, 2011; Ofsted 2011; 2014). Despite science being identified as a core subject, since the introduction of a National Curriculum in 1988, it is evident that there are still significant concerns’ surrounding its teaching in primary classrooms (Ofsted, 2014). Lievesley (2014), in a review of the last two Ofsted reports (Successful Science, 2011 and Maintaining Curiosity, 2014), eloquently highlights areas in need of urgent remediation, including a lack of specialist science knowledge amongst current teachers and limited continuing professional development opportunities for subject specialists. Given such views, it would seem important that initial primary teacher trainers support the development of confident and competent trainees, as the Newly Qualified Teachers (NQTs) of the future, both in terms of subject knowledge and subject specific pedagogy.
The current state of primary science teaching is precarious given the diminished status of science as a subject in primary schools (Wellcome Trust, 2011). For this to improve it would seem imperative that graduate trainees are provided with the appropriate confidence, subject knowledge and pedagogical awareness during their training, to raise the profile and status of science education in primary schools. If the future teaching workforce is to inspire young people to follow science courses or attain a good level of science knowledge, said to be required by the United Kingdom  workforce (CBI, 2014), it is essential that trainees are adequately supported to teach primary science during their training.
Though trainee teachers may now follow several training routes, including “School Direct” and “Assessment Only”, this study will focus on the primary Post Graduate Certificate in Education (P.G.C.E). When studying science on this course at a University in the West Midlands, trainees are put through an intensive year of acquiring science subject knowledge and associated pedagogy. It is important that during their course, trainees realise that when teaching science they will face many challenges, including making conceptually “troublesome” ideas, accessible to children (Perkin 1999). For example, children aged nine to eleven are required to attain some appreciation of the organisation of the universe (National Curriculum, 2013) but research has found that many children find this conceptually challenging (Arnold, 1995 and Peacock, 2011). To compound difficulties in learning and teaching concepts in this area trainee teachers have also been shown to harbour misconceptions surrounding aspects of Earth in space (Allen, 2014).
Given the increased government requirement for trainees to spend time in school based training (currently one hundred and twenty days, for both the P.G.C.E and B.A courses with Qualified Teacher Status), there is a need to maximise the effectiveness of both university and school based training provision. It is essential to monitor the breadth of knowledge and skills trainees are acquiring, in order for them to design and deliver successful lessons, especially those concerning potentially conceptually demanding concepts. 
Our university sessions are based heavily on a dialogic teaching approach (Mezirow & Taylor, 2011) and initial discussions with trainees at the onset of the course revealed they found teaching some science topics especially “daunting”.  Trainees voiced the opinion that they felt “under confident” to deliver science, particularly in the area of physical processes. Trainees were encouraged to undertake an audit of their knowledge using a set text designed specifically for the purpose of supporting primary science teachers (Peacock, 2011).  Examination of the results of these subject knowledge audits over a number of years revealed that it was not a lack of scientific knowledge per se that was problematic, but that trainees’ lacked some “confidence” to plan and teach lessons on topics within the physical processes section of the National Curriculum (2013). 
Clearly trainee teacher “confidence” is central to effective science teaching. Trainees need to feel empowered to teach using the primary science statutory framework as described in the National Curriculum (2013) and to promote enthusiasm of young learners for understanding the world around them. The more capable trainee teachers judge themselves to be, the more challenging goals they will set for themselves and their learners (Zimmerman et. al., 1992). Confidence is difficult to measure and is a complex psychological construct consisting of factors such as self-esteem, locus of control and self-efficacy. Self-efficacy, as defined by Bandura (1993), relates to an individual’s belief in their own ability to influence outcomes, in this context to facilitate effective learning. Fortunately there is a well-established tool with which to measure this attribute (Tschannen-Moran & Hoy, 2001) among teachers. This measure was developed from the original work by Bandura (1997). The scale was co-constructed by researchers, graduate educators and practising teachers and as such represents the multiple facets of teacher’s self efficacy, rather than those of a purely psychologically based tool.

This study examined trainee teachers’ perceptions of their own self-efficacy when teaching physical processes topics over the course of their P.G.C.E. training year, as a proxy measure of their confidence to design and execute effective primary science lessons. 
Methodology – the “Learning Journey” model

On entry to the P.G.C.E. course, trainees undertake a science knowledge test and skills audit. Trainees were encouraged to “break down” subject knowledge components into small focussed target areas. Throughout the year trainee teachers reflected upon their progress in acquiring subject knowledge and the associated pedagogy. They visualised themselves upon a “journey” towards the mastery of a pedagogical “destination” with staging posts (targets) along the way. 
Weekly on-line reflective journal entries by trainee teachers were utilised to gather their views regarding their perceived teaching efficacy of physical processes. These qualitative data were analysed using a prolonged process of data reduction, data display and verification (Miles and Huberman, 1994) allowing the researcher  to establish emergent themes from what may be seen as raw qualitative data, which could be used to complement the quantitative data gathered.
The convenience sample included 47 P.G.C.E trainees, with a balance of gender, all on the primary 5-11 pathway.
Teaching Intervention

Topics that trainees identified as “troublesome” were evident from analysis of their subject audits and targets. The topics “forces”, “energy change” and “earth and beyond” were frequently identified. Given the initial insights trainees provided surrounding the physical processes area of the curriculum, it was deemed advantageous to design a novel intervention strategy during training, to enable trainee teachers to optimise their performance in terms of planning and teaching engaging and effective science lessons. To test this approach, trainees’ perceived self-efficacy was measured before and after the teaching intervention, in addition to the monitoring of reflective responses of trainees throughout the course. 
University teaching sessions were designed to promote engagement through multi-sensory input in a “hands-on, minds on” approach (Christensen, 1995). Stimuli included video, concept cartoons (Keogh, 1999), problem-solving tasks and discussion of articles on science specific pedagogy, for example Perrin (2012)  written by subject specialists. Active experimentation using commonly available primary science resources was undertaken frequently. 

During the intervention, trainees were encouraged to discuss the key scientific concepts and the associated pedagogy surrounding the topics. Before, during and after the taught sessions, trainees were asked to think about their prior knowledge and identify their own and common misconceptions associated with physical processes.
Data collection instruments

To measure the success of the intervention, a raft of data collection methods were deployed, including trainee reflective responses and subject knowledge audits. In addition, an adaptation of a measure developed in the USA using the general structure of the teacher sense of efficacy scale (TSES) (Tschannen-Moran & Hoy, 2001) was used. This 24 item scale measures an individual’s belief about their ability to influence children’s achievement. The scale was broken down into three components. They were firstly the “sense of engagement efficacy”, which included 8 items, for example, “how much can you do to motivate pupils to show an interest in physical processes?”. Secondly the “sense of instructional efficacy” using 8 items, for example, “how well can you respond to difficult questions?” and finally the “sense of management efficacy” consisting of 8 items for example, “how much can you control disruptive behaviour whilst teaching physical processes?” 
The reliability, factor structure and validity of this scale were determined by three separate initial studies as outlined by Tschannen-Moran and Hoy (2001). The reliabilities of the subscales were reported by these researchers to be 0.87 for ‘engagement efficacy’, 0.91 for ‘instructional efficacy’ and 0.90 for ‘management efficacy’. 
Trainees responded to the questions on a Likert scale (Thomas, 2014) consisting of values 1 to 9, where 1 represented that they felt they could have no effect, to 9 which denoted they could influence the outcome a great deal. For each trainee teacher an average was calculated for each component (engagement, instruction and management) for both pre-intervention and post-intervention stages.
To supplement this quantitative data, in the case of the forces topic, group drawings and annotations were also used as a means for determining the understanding of directionality, magnitude and balance of forces, within the trainee teacher population.

Ethical considerations

In line with best educational research practice (BERA 2011), the purpose of the study was outlined to the trainee teachers before the start of the study. Trainee teachers were guaranteed anonymity and told that participation in the study was optional and that they were able to withdraw from the study at any time. They were assured that non- participation would have no effect upon their academic attainment. 
Trainee teachers were encouraged to be candid in their responses to the questionnaires and asked not to share scores within the group to minimise bias. After university sessions, during school based training, trainee teachers were encouraged to use their enhanced subject knowledge and refined pedagogical perspective to teach science lessons, involving the physical processes topics, where possible. After eight weeks, on their return to university, trainees were asked to review their self-efficacy scoring.

Results

Analysis of trainee teachers’ perceptions of self-efficacy during their training showed significant trends. There were small but discernible differences between the scores for pre- and post- intervention applications of the instrument. The overall trend was positive for the quantitative data, that the trainee teachers perceived they could teach physical processes topics more effectively following the training interventions. For the engagement efficacy subscale, 83% of trainees scored themselves higher for their ability to engage children during the teaching of physical processes topics. In the case of “instructional efficacy”, 85% of trainees showed a positive increase. A slightly lower proportion of 77% felt their management efficacy during these lessons had improved.
Table 1 shows the statistical analysis of the TSES responses, which was undertaken to determine if the differences between scores pre- and post- intervention were statistically significant. It was interesting to note that the most significant positive changes were for instructional efficacy. Increases in perceived self-efficacy for instruction were statistically significant at p=0.001and at p=0.002 for engagement using paired t-tests. The question that prompted the highest increase in mean self-efficacy score was “How well can you respond to difficult questions from your pupils?” This shift was confirmed by informal discussions with the trainees.
Given that the trainees were teaching a wide range of science topics, linked to their school based planning, it was not practical to measure perceived sense of efficacy for different topics within the physical processes curriculum. However qualitative analysis of the trainee teacher reflective responses at the end of the P.G.C.E. course, revealed trainees felt they had a better sense of strategies which could be used to facilitate the understanding of gravitational and balanced forces. The concept trainees felt least confident to tackle, was that of relative motion between celestial bodies.

Several trainees described the intervention as a “milestone” in their pedagogical journey. They felt “empowered” to try and teach these “troublesome” concepts because they had talked through their misconceptions and uncertainties beforehand, with peers. They greatly valued the co-identification of suitable practical activities within their small discussion groups. They felt the effectiveness of the teaching intervention was further improved, as many trainee teachers felt encouraged to seek advice and compare and contrast their teaching approaches with their peers, after their teaching placement.
Trainees described the intervention as giving them “the confidence to speak to children and colleagues alike”, about complex concepts involved in physical science. All trainees reflected that they had undertaken a significant “journey” with respect to their pedagogical skills acquisition and scientific knowledge. The majority, expressed firm beliefs that they now “felt more in control” of managing science resources. Some trainees also voiced that before the intervention, they were worried about being “caught out” by difficult questions. Approximately one third of the trainees said that instructing the children on how to best carry out the experiments had been their single biggest “fear” before the sessions. One student described that he now felt “comfortable” after the intervention to teach in a “safe and controllable way”. 
The questions which showed the least positive change overall, concerned classroom management, for example “How well can you establish a classroom management system with each group of pupils?”, which showed no change across the sample of trainees. This could be due to the fact that trainees viewed this from a perspective of their general ability to manage classrooms rather than at a subject specific level. This is a limitation of this methodology and resulted from the fact that it was essential to deploy the entire scale consisting of all 24 items to maintain the validity of the TSES measure.

	TSES subscale
	Pre-intervention
	Post-intervention

	Mean Engagement

efficacy
	6.8
	7.4

	Mean Instructional

efficacy
	6.2
	7.0

	Mean

Management

Efficacy
	7.2
	7.7



Discussion & Conclusion
Outcomes generally supported the intervention efficacy. At the culmination of the study the research data were presented to the trainees. When asked about the research process, they felt the sense of efficacy of engagement component was the most meaningful measure of their perceived improved performance. Analysis of the qualitative data, revealed that trainee teachers affirmed the university taught sessions had given them many ideas on how to design engaging multi-sensory activities, especially for topics that many  learners had found “too difficult” to understand. Many trainee teachers stated that they thought the activities modelled in university sessions would provide children with opportunities to “apply and reflect” upon their own learning. This outcome resonates with other studies by Adams, (1982) and by Pigge (1990) who found that, as trainee teachers progress and developed positive attitudes towards their own effectiveness, they became less concerned with “self” and more focussed upon children’s needs.
However, there was a small proportion of trainee teachers who, when asked after intervention to review their responses to the efficacy questionnaire, expressed that they felt their effectiveness had decreased, echoing the findings of a similar study (Martin, 1989). One stated that she felt she had only been looking at “surface learning” when she rated her initial efficacy and that the more she learnt about science pedagogy, the more she questioned the efficacy of her approaches. This observation agrees with some outcomes of Housego (1991), who showed that, through teachers reflecting on experience, “a belief in one’s personal power can increase, while a belief in the power of teaching may decrease.” 
Next steps

Data from this study warrants the design and implementation of a larger study, to see if the outcomes can be reproduced across other topic areas in other areas of science content, such as “heredity” which features in the National Curriculum (2013). This topic contains conceptually “troublesome” key ideas and, given its recent addition to the Key Stage 2 science element of the new National Curriculum (2013), makes it a suitable candidate for further study using the methods described for this study. 
Irrespective of the topic to be taught, the important consideration for initial teacher training, is the rigour of the approach in training and monitoring of trainee teacher subject knowledge and science specific pedagogy. Shulman (1987) clearly identified the differing types of knowledge teachers should acquire for successful teaching including, general pedagogical knowledge, subject matter knowledge and subject specific pedagogic knowledge (which focuses on common misconceptions and tried and tested remediation strategies). This acquisition of subject based knowledge and pedagogy for trainee teachers needs to be embedded within training opportunities. In the current climate of moving away from university-led training, to school based routes it is essential that the design of such opportunities are based on up-to-date research into best teaching and learning practices. The approach advocated and supported by Christine Harrison in her recent article in this journal (2014) requires a concerted effort between ITE providers and schools to collaborate on the design of effective teaching strategies for the benefit of both trainee teachers and ultimately the children being taught.
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 Table 1: showing differences in self-efficacy scores pre- and post- intervention.





Table 1 shows that analysis of the average scores trainee teachers assigned themselves on the TSES before and after the teaching intervention. The scores are broken down into the three subscales (engagement, instructional and management efficacies). Analysis confirms that the differences were statistically significant, between student perceptions of self-efficacy. The overall trend is positive and most marked with respect to instructional efficacy. T-testing revealed that the changes for instructional self-efficacy was significant at p= 0.001 and those for engagement efficacy were significant at the slightly lower stringency of p=0.002. The difference for class-management perceived self-efficacy was statistically insignificant. 








Figure  1c








