The impact of the ‘Getting Practical: Improving Practical Work in Science’ continuing professional development programme on teachers’ ideas and practice in science practical work 
Abstract
Background: Despite the widespread use of practical work in school it has been recognised that more needs to be done to improve its effectiveness in developing conceptual understanding. The ‘Getting Practical’ CPD (Continuing Professional Development) programme was designed to contribute towards an improvement in the effectiveness of practical work through initiating changes in teachers’ predominantly ‘hands-on’ approach to practical work to one which manifests a more equitable balance between ‘hands-on’ and ‘minds-on’.
Purpose: To evaluate the impact of the Getting Practical: Improving practical work in science CPD programme on teachers’ ideas and practice in science practical work in primary and secondary schools in England. 
Programme description: The CPD programme was designed to improve the effectiveness of science practical work in developing conceptual understanding in primary and secondary schools in England. 
Sample: Ten teachers of primary science and twenty secondary science teachers. 
Design and methods: The study employed a condensed fieldwork strategy with data collected using interviews, observational field notes and pre- and post-CPD training observations in practical lessons within thirty schools.

Results: Whilst the CPD programme was effective in getting teachers to reflect on the ideas associated with the Getting Practical programme, it was much less effective in bringing about changes in actual teaching practice. 

Conclusion: The findings suggest that if change, rather than only an enhanced awareness of the issues, is to be brought about in established teaching practice ​then there is a need for on-going support over an extended period of time. Furthermore, the impact of such CPD is more likely to be effective if it is undertaken by a senior member of a department or school with the full support of the SMT.
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Introduction
Despite the widespread use of practical work in school science in many countries (TIMSS, 1997) it has been suggested (Lunetta et al., 2007) that ‘[m]uch more must be done to assist teachers in engaging their students in school science laboratory experiences in ways that optimize the potential of laboratory activities as a unique and crucial medium that promotes the learning of science concepts and procedures, the nature of science, and other important goals in science education’ (p. 433). Responding to research findings (Abrahams & Millar, 2008; Millar et al., 1999) the ‘Getting Practical’ CPD programme in England set out to contribute towards an improvement in the effectiveness of practical work through initiating changes in teachers’ current, predominantly ‘hands-on’ approach to practical work to one which is both ‘hands-on’ and ‘minds-on’. This study was designed to evaluate the impact of the Getting Practical CPD programme on teachers’ ideas and practice in science practical work in primary and secondary schools in England. 
The CPD programme was led by the Association for Science Education (ASE), the UK’s national organisation for the promotion of school science, which created a package of CPD materials for the programme. These materials were designed by a consortium that included the National Science Learning Centre, regional Science Learning Centres, CLEAPSS (a respected advisory service for school science and technology), the University of York, the National Strategies (a government initiative) and the Centre for Science Education at Sheffield Hallam University. The course materials were designed to help teachers reflect on and improve: (i) the clarity of the learning outcomes associated with practical work; (ii) the effectiveness and impact of practical work; (iii) the sustainability of this approach within their schools, allowing for ongoing improvements; and (iv) the quality, rather than quantity, of practical work used. 

The Getting Practical programme, which ran for two years and involved 200 trainers, trained over 2000 primary and secondary school teachers. The initial 200 trainers attended ‘Train the Trainer’ events at their regional Science Learning Centres during the autumn terms of 2009 and 2010. Due to financial constraints the CPD programme employed a relatively cheap, sequential cascade model (Kennedy, 2005) in which these 200 trainers themselves then ran training sessions for school teachers from schools within their own local areas who, it was envisaged, would in turn cascade down the training a further level within their own schools (primary) or departments (secondary). The course was designed for flexibility and the six-hour training could be delivered through a single (whole day) six-hour session, a pair of three-hour sessions (two half-day courses) or three, two-hour (twilight courses) sessions, with individual trainers deciding which approach to use to best meet the needs of their local teachers. Some training courses were run for only primary, or only secondary, teachers whilst others hosted mixed groups and this again depended on the choice of the local trainer. Primary and secondary teachers at all stages of their careers attended the training sessions and all three main subject specialisms (biology, chemistry and physics) were represented amongst the secondary teachers. We are aware that the international literature suggests that whilst traditional approaches to CPD, such as short workshops – as used in this programme – can enhance teachers’ awareness or interest in deepening their knowledge and skills they are relatively ineffective in bringing about actual change in teaching practice (Shields et al., 1998). However, as external evaluators we were not involved in the design of the programme but only in the evaluation of its impact using agreed measures.
We use ‘practical work’, as it is widely used in the European literature, as an overarching term that refers to any type of science teaching and learning activity in which students, working either individually or in small groups and are required to manipulate and/or observe real objects and materials (e.g. carrying out a titration or observing the results of a pH test) as opposed to virtual objects and materials, such as those obtained from a DVD or a scheme of work (Millar, 2011). Practical work in this sense is a broad category that includes, for example, experiments, investigations, discovery and ‘recipe’ (Clackson & Wright, 1992) style tasks. In characterising such activities on the basis of what is undertaken, rather than where it is undertaken, we feel it is more appropriate to refer to them as ‘practical work’, rather than ‘laboratory work’ (or ‘labwork’). Whilst open-ended investigations do occur in school science lessons, in which students have a greater degree of freedom in deciding what and how to investigate, all of the lessons observed, both in the pre- and post-CPD training lessons, were ‘recipe’ style tasks in which students generally work alongside one another and follow a combination of teacher and task instructions (Kind et al., 2011). The observed widespread use of ‘recipe’ style tasks might owe more to the relatively short nature of most practical lessons (about an hour) and the fact that teachers want to ensure that their students successfully produce and see the desired phenomena (Abrahams & Millar, 2008) than their believing that open-ended investigations might not be more effective than ‘recipe’ style tasks, for example, in developing the ability to formulate appropriate scientific arguments (Richmond & Striley, 1996). Another possible reason for the dearth of open-ended investigations is that teachers’ preferences for various types of practical work are informed by curriculum targets and the associated methods of assessment (Donnelly et al., 1996) and at present the skills that those types of investigation develop are not sufficiently recognised in the current assessment criteria in England to warrant their widespread use. 
Theoretical background
Previous studies in the effectiveness of CPD have shown (Adey et al., 2004; Darling-Hammond & Youngs, 2002) that the success of CPD training, in terms of impacting successfully on teachers’ actual practice (Guskey’s level 4, as discussed below), becomes increasingly likely when it is implemented over an extended period of time and incorporates opportunities for reflection on any changes teachers make. Loucks-Horsley et al. (2010) develop this one stage further and suggest that rather than seeing CPD and a change in teachers’ beliefs and teaching practice as being a linear process it should instead be seen as cyclical in which each component reinforces and strengthens the other over an extended period of time.
The theoretical framework used in this evaluation is the well-established model developed by Guskey (2002) that enables the impact of CPD to be evaluated at five distinct levels and Table 1 shows these as well as the methods used to collect data at each level.
TABLE 1 GOES HERE
Whilst Bennett et al. (2010) suggest that this model is strictly linear, in the sense that impact at any level is strictly conditional upon impact having been achieved at all lower levels, we consider Guskey’s (2002) assertion, that “because each level builds on those that come before, success at one level is usually necessary for success at higher levels” (p. 46, emphasis added), as suggesting that strict linearity is not a necessary requirement of the model. 
The research question, set by the project funder, was: What impact did the national Getting Practical: Improving practical work in science CPD programme have on teachers’ ideas and practice in science practical work in primary and secondary schools in England? 
Research Strategy and Methods
This study set out to explore the impact of the Getting Practical CPD programme on teachers’ ideas about, and practice in, science practical work in pre- and post-CPD programme science lessons in 30 different schools through the use of a multi-site case study approach that employed a ‘condensed fieldwork’ strategy (Walker, 1980, p. 43). Condensed fieldwork, as its name implies, involves only a short period of time being spent at each site and in this case each school visit lasted approximately two hours, of which about one hour was the actual lesson observation and the other hour was devoted to pre- and post-lesson interviews with the teacher. The advantage of using multi-site case studies is that they provide an opportunity not only to achieve a relatively high degree of ecological validity but also to raise the population validity of the study. Such an approach therefore enhances the external validity of the study and, as a consequence, the extent to which findings can be generalised to a larger population. In so doing it avoids the disadvantage of ‘radical particularism’ (Firestone & Herriott, 1984) that can be associated with the traditional single in-depth case study. Whilst there is no fixed size for a multi-site case study in terms of the number of schools, ratio of secondary to primary, and the number of visits in this study these were set by the Department of Children, Schools and Families who funded the evaluation. This study was similar in scale to previous studies multi-site case studies by Firestone and Herriot (1984) and Stenhouse (1984). 
Whilst many previous studies (e.g. Kudenko et al., 2011; Lavonen et al., 2004; Penuel et al., 2007) have reported positively on the effectiveness of CPD programmes, such studies have tended to use self-reported teacher survey data, the validity and reliability of which Mayer (1999) claims remains uncertain. In addition to using teacher interview data, as did Mushayikwa and Lubben (2009), this study also collected and compared the proportion of whole-class lesson time spent on ‘hands-on’ and ‘minds-on’ activities in pre-CPD lessons (Abrahams & Reiss, 2012) with similar data collected in the post-CPD lessons as an objective measure of impact on teaching practice. The reason for using such an approach was to see whether the Getting Practical CPD programme, a main component of which was the need for teachers to strive for a more equitable balance between the time spent on ‘hands-on’ and ‘minds-on’ activities than had previously been reported (Abrahams & Millar, 2008), had impacted on actual teaching practice in the classroom in a measureable way rather than merely on teachers’ self-reported beliefs about that practice.

Given the growing reluctance of schools in England to take part in research studies the selection of schools: 30 schools: ten primary (students aged 5–11 years) and twenty secondary (students aged 11–18 years) – from a sample of two hundred schools that had signed up to the Getting Practical programme ​– was, for pragmatic reasons, limited to ones that had indicated a willingness to allow the researchers to observe one pre- and another post-CPD practical lesson. A full account of the first round of observations, which provided a base-line assessment of the way in which each of these 30 teachers used practical work, has been published (Abrahams & Reiss, 2012). Of this initial sample group two primary and eight secondary schools subsequently withdrew from the evaluation (as a result of pressures on their time or key staff departing), leaving a total of 20 schools (eight primary and twelve secondary) for the second round of post-CPD programme observations. The time between a teacher completing the final session of their CPD (twilight sessions were spread over a number of weeks) and the post-CPD observation was determined solely by the availability of the teacher and ranged from one to ten months with the average being five and a half. 
Schools and teachers

As a group, these twenty schools were, in terms of size and geographical location, typical of primary and comprehensive (non-selective) secondary schools in England, with the sample consisting of two rural and six urban primaries and five rural and seven urban secondary schools. The average class size across the sample was approximately 28 students, whilst the average across primary and secondary schools in England in 2010 was approximately 26 (Department for Education, 2013). Classroom teaching experience, in the post-CPD study sample, ranged from that of a newly qualified teacher, i.e. first year in the classroom, to a teacher with eighteen years of classroom teaching experience. All three secondary science main subject specialisms (biology, chemistry and physics) were represented. Some of the characteristics of the schools and teachers – identities have been replaced with codes to preserve anonymity – are presented in Tables 2 and 3. 
TABLE 2 GOES HERE
TABLE 3 GOES HERE
Although the researchers had no control over the subject matter or age of the students a reasonably balanced coverage of both was achieved in the pre- and post-CPD lessons that were observed (Tables 2 to 5). It was noted that lessons later in the sequence of observations appeared to raise the same generic issues as earlier ones, suggesting that data saturation had been achieved by that point. 
TABLE 4 GOES HERE
TABLE 5 GOES HERE
Data were collected using digital audio-recordings of all teacher-whole class discussion and instructions and ethnographic field notes. While these field notes were mostly descriptions of factual events, there were occasions when they included our interpretations too; indeed all ethnography entails some element of interpretation, if only in terms of what to note. However, we ensured that it was clear when our field notes were descriptive and when interpretative. 
In the following sections we consider the impact of the Getting Practical CPD in terms of each of Guskey’s five levels. However, as we did not set out to evaluate, in any detail, participants’ reactions to the CPD, this section (level 1) is relatively brief and is included primarily to provide an overview of the positive manner in which the training was perceived by most of the teachers. We recognise also that we can say little regarding the impact on students’ learning outcomes (level 5). This is not only because the pre- and post-CPD lesson observations did not provide an opportunity to test students’ subject knowledge before and after their teachers had received the CPD, but because, even if it had been possible to obtain such data, we would not have been able, with confidence, to attribute that directly, or even in part, to the CPD. Information relating to impact at levels 2 and 3 was drawn from interviews and discussions with both the teachers who undertook the CPD and, when available, other staff within that department (secondary) or school (primary). Evidence for impact at level 4 was obtained from lesson observations using an analytical matrix framework developed and used by Abrahams and Millar (2008). This framework combines a two-level model of effectiveness (Millar et al., 1999) with a two-domain model of knowledge, comprising a domain of observable objects and events (o) and a domain of ideas (i) (Tiberghien, 2000), to generate a 2x2 effectiveness matrix (Table 6). 
TABLE 6 GOES HERE

This framework was used to categorise the amount of time spent by the teachers in each of these four quadrants and its use has been discussed in detail with regards to the baseline assessment of the pre-CPD lessons (Abrahams & Reiss, 2012). 
Findings and Discussion 
Throughout the remainder of this article we will refer to teachers by a three letter code that identifies their school (Tables 2 and 3) along with a fourth letter – a ‘p’ or an ‘s’ – to indicate whether the school is primary or secondary. So, for example, CANs refers to a secondary teacher at a school identified as CAN. Students are identified using their teacher’s identification code followed by a number so, for example, CANs5, CANs6, and CANs8 would refer to three students in a lesson at the secondary school CAN.
In all of the 20 post-CPD lessons observed (as was the case also in the 30 pre-CPD lessons), teachers focused almost exclusively on the substantive science content of the practical task. As such there was almost no discussion of specific points about scientific enquiry in general, nor any examples of use by the teachers of students’ data to draw out general points about the collection, analysis or interpretation of empirical data. As such, in the discussion that follows, we do not deal with these issues, not because our framework was either unsuitable or excluded these aspects of learning, but rather because the reality of the observed practical work only rarely included these features. 
Teachers’ reactions to the CPD provision – level 1

The first level of Guskey’s hierarchy – teachers’ reactions to the course provision – relates to teachers’ general perceptions about the way in which the CPD was delivered. All twenty teachers in the post-CPD training sample were able, during pre-lesson discussions with the researchers, to comment upon the training they had undertaken. What emerged from their comments, as the following quotes serve to exemplify, was the extent to which the CPD was viewed positively overall by nineteen of the twenty teachers who found it both well presented and useful:
SODs: It was good. The best thing I liked about it was the fact that it just makes you focus on one thing [one learning objective]. 

SWYs: I found it very useful. It was well delivered and it was structured nicely and I took quite a lot from it. 

Whilst there were a few critical reflections, these tended, as the following example illustrates, to relate not to the overall content of the CPD but to what was seen as unrealistic expectations regarding what could be achieved in terms of changing teaching practice in such a relatively short CPD:
SOSp: It was a good day – it did make me look again at how I teach practical science. The only thing I would say is they seemed to be expecting miracles, a reinvention of science teaching from one day’s teaching [training]. 
Another point to emerge, although only one teacher made direct reference to this, was the suggestion that the CPD could have contained more about the academic research that underpinned the Getting Practical project.
The only clearly negative comment about the CPD was expressed by ILDs who was critical of what she felt to be one of the underlying messages of the Getting Practical CPD namely that it was inappropriate to use practical work if the only reason for doing so was that it provided a fun activity. 

Whilst Ratcliffe et al. (2012) have similarly reported finding that consistently over 95% of participants on the National Network of Science Learning Centre CPD programmes claim to be very satisfied with their experience (Guskey level 1), such comments provide little indication as to what teachers actually learnt and whether that learning has impacted upon their actions in the classroom and through those actions students’ learning. It is to a consideration of Guskey’s level 2 – what teachers learnt – that we now turn.

Participants’ learning – level 2
From discussions with each of the twenty teachers it was found that they had all learnt about, and were able to critically discuss, ideas associated with the Getting Practical programme as a direct result of their training. Whilst the extent and nature of their learning varied, and might have reflected an emphasis that their particular trainer placed on specific features of the CPD, there were a number of common learning outcomes reported by the teachers when asked what they felt they had learnt from the CPD. These included: 
SWYs: ... practical work is all well and good but you need to think about why you’re doing it and what the kids are getting out of it.

UPSs: Trying not to do a whole practical in one lesson.
HEEp: Need to have one clear learning objective and allow more student talk.
HISp: That students need to be engaged actively and need to be thinking through ideas.
The most common learning outcomes mentioned by teachers related to their increased awareness of the need to think more about why they use practical work, a need to reduce the number of learning objectives and to do more to ensure a more equitable balance between ‘hands-on and ‘minds-on’. 
Organisational change – level 3
Organisational change at level 3 was evident and/or reported in only two of the case study schools, both of which were secondary. There appear to be two principal reasons for this. The first was that for primary teachers many of the ideas, such as an equitable balance between ‘hands-on’ and ‘minds-on’, being presented as part of the Getting Practical programme already featured in their teaching (discussed further by Abrahams & Reiss, 2012). Given that those practices were already embedded within their own teaching, as well as that of their colleagues, there was little new to be introduced in terms of changes at an organisational level. 

The second reason was that in secondary schools, other than at school UPS, organisational change was limited by the fact that many of the teachers failed to cascade the information down to colleagues within the department. In one school (CAN) although two teachers, when questioned, could recollect the CPD (this school was atypical in that the CPD had been delivered in the school to most members of the science department so a cascade was not required), they were unable to give an specific example of changes to their own teaching practice other than to claim that they felt that they talked more about practical work than they had previously done. Overall, as can be seen in Tables 7 and 8, the amount and nature of the cascading that took place was very limited.
TABLE 7 GOES HERE
TABLE 8 GOES HERE

The main reason to emerge for the lack of cascading in primary schools was, from discussions with the teachers, that they did not feel that the CPD provided anything new and so, from their perspectives, there was little to cascade down to colleagues. Amongst the secondary teachers the main reason for a lack of widespread cascading was that unless a senior member of the department had undertaken the CPD themselves and saw merit in what they had learnt, there was no driving force within the science department to arrange and implement a cascade. Overall, the picture to emerge was that lasting and substantial organisational change only occurred in one school (UPS) although caution must be exercised in inferring too much from this one example. This school was very atypical in the sense that not only was there sustained active support from the Senior Management Team (SMT) but it was also the Head of Department, a senior member of the school with 18 years experience, who undertook the CPD and drove the changes at a departmental level. Furthermore, the SMT also provided funding to cover the costs associated with changing the departmental bank of lesson plans so that they better reflected the ideas associated with the Getting Practical programme.
Participants’ use of new learning – level 4
This study sought, given that the Getting Practical CPD programme set out to get teachers to “… divide practical lesson time more equitably between ‘doing’ and ‘learning’” (Abrahams & Millar, 2008 p. 1967) to evaluate whether, in terms of impact at Guskey’s level 4, there had been any statistically significant change in the proportion of whole-class lesson time that teachers devoted to ‘minds-on’ and ‘hands-on’ in pre- and post-CPD lessons. Such an approach involved an analysis of the audio-recordings to determine the percentage of whole-class lesson time spent by the teacher, before and after the Getting Practical CPD training, on discussing and/or demonstrating (i) what to do with objects or materials, (ii) ideas and models to be used, as well as (iii) the percentage of lesson time spent by students doing things with objects and materials (Tables 9 and 10). 
TABLE 9 GOES HERE
TABLE 10 GOES HERE
Whilst it is acknowledged that the lessons observed in both the pre- and post-CPD lessons rarely involved the same students or topic, the stated aim of the Getting Practical project was to change teachers’ use of practical work not with regard to a particular year group or topic but in general. It was therefore felt, and the project funders were in agreement with this, that an evaluation that looked at teachers’ use of practical work on a random basis should, if the CPD programme had been effective, generate a change across the sample on the whole, even if not in all individual cases. In addition all of the teachers were asked if the observed practical was atypical of the practical work that they might use either specifically with the year group observed or in terms of their general use of practical work; none of the teachers claimed this to be the case. The percentage of whole-class time spent by primary and secondary teachers pre- and post-CPD was analysed using paired t-tests (Tables 11 and 12). It was found that there was no statistically significant change between the pre- and post-CPD times that either primary or secondary teachers devoted to: (i) discussing or demonstrating what to do with objects or materials; (ii) discussing or demonstrating the ideas and models to be used; or (iii) the time their students actually spent doing things with objects and materials.

TABLE 11 GOES HERE

TABLE 12 GOES HERE

In terms of the analytical focus presented in Table 6 what can be seen (Tables 11 and 12) is that both primary and secondary teachers continued to use practical work, at least as far as we have measured it, in much the same way as they did before the CPD programme. For the primary teachers one possible reason for this was the extent to which there was a feeling that the Getting Practical ‘message’ was nothing new and that they had already been doing, in some cases for many years, the same sort of things as were being advocated in the CPD programme. Indeed, the pre-CPD lesson observations (Abrahams & Reiss, 2012) had already found that primary teachers were, in general, already focusing their lessons on only one or two specific learning objectives and explicitly concentrating on key vocabulary associated with relatively short practical tasks embedded within the practical lesson. As one primary teacher explained:

I don’t think that the message that was coming across from what the ASE told us has got any measurable benefits over and above what we’re doing anyway, because a lot of what we were doing, what we do as a school, we were actually ahead of the game anyway, we were already doing better, more often ... (WAEp).
It therefore appears that what the Getting Practical training provided primary teachers with was an opportunity to reinforce and recognise the strengths of an approach to the use of practical work that was already being widely implemented in their schools. As one teacher succinctly put it “It was good to have a refresher of the approaches to take” (WIKp). Overall, whilst the Getting Practical programme was effective in getting primary teachers to re-visit some of the issues relating to the effectiveness of practical work it made, given the existing strengths of primary science teachers’ use of practical work, little impact on their actual practice (level 4).
For secondary teachers whilst there was evidence of impact at level 2 amongst all of the teachers this did not manifest itself in any statistically significant change in their actual teaching practice (other than with UPSs). Furthermore, this absence of any statistically significant change aligns with our overall holistic judgement in terms of how the pre- and post-CPD lessons were experienced by us as observers. It therefore appears, that without sustained input from a senior member of the department and the active support of the school’s SMT, to be overly optimistic for a six-hour training session to bring about lasting change in established teaching practice. 
It is worth noting that in the one school (UPS) in which there was impact at level 4 the teacher was a well-established and respected Head of Department, one of only two in the sample. As a consequence of her seniority she was able to drive the Getting Practical CPD ideas forward within the department and to do so over a sustained period of time in a manner that it has been suggested (Joyce & Showers, 2002; Loucks-Horsley et al., 2010) is necessary if lasting change to teaching practice is to occur rather than seeking only to raise awareness amongst teachers of new ideas. Indeed, Loucks-Horsley et al. (2010) suggest that sustained support would “include 30-100 contact hours over a time period ranging from 6 to 12 months” (p. 123), both of which were achieved by UPSs. One example of such sustained support was her introduction, into the science department’s teaching timetable, of regular peer observations of practical work to facilitate intra-departmental reflection on new effective practice. Certainly, by the time of the post-CPD interview these peer observations had been going on regularly for almost a year. Indeed, in findings similar to those reported by Crawford (2007), it was evident that such on-going support was a significant factor, in the view of UPSs, in helping to transform the ideas about effective practical work that she had learnt on the CPD programme, and in subsequent reading, into actual changes in her own and her colleagues’ teaching practice: “[t]he feedback from peer observations of my practical lessons is part of the learning process that has helped me internalise this new [Getting Practical] approach”.
The school was also atypical within the sample in that the SMT was supportive of the project both in terms of finance and time. The Science department was allocated funds to produce new schemes of work that drew on materials developed for the Getting Practical project (ASE, 2009) and time to cascade the Getting Practical ideas down not only to all members of the department but also to science coordinators from the school’s feeder primary schools. 

Impact on students – level 5
Impact on students was extremely difficult to ascertain and would be difficult to attribute with any degree of certainty to the Getting Practical CPD. What did emerge, from the comments made by teachers and students, was that there appeared to be no discernible difference in students’ attitudes to practical work as a consequence of their teachers having undertaken the training. 
In terms of impact on conceptual development we would, tentatively, suggest that students in the post-training lesson at only one school (UPS) appeared, when questioned about the practical work that they were undertaking, to understand the science and the reasons for undertaking the task substantially better than they did in the pre-CPD training lesson observation. In the post-CPD observation in this school, the focus of the lesson was on a few, clearly identified learning objectives, and the lesson was clearly both ‘hands-on’ and ‘minds-on’. Indeed, rather than taking up almost the entire lesson, as was quite often the case on the secondary lessons we observed, the practical component was, in the post-training lesson, only started after the students had engaged with the ideas that would enable them to understand their observations. As the following extract shows, the students were able to explain the scientific ideas and use vocabulary appropriately prior to commencing the embedded practical component to the lesson:

Researcher: Do you know what, what an enzyme is?

UPSs2: It’s a type of thing that’s in your saliva and it just helps break down all the larger molecules into smaller molecules so when they go down into the intestine all the villi absorb all the goodness and take it into your blood.

UPSs6: So if that goes into there the product of it at the end is just these little bits, starch molecules and it’s called maltose.

Researcher: Maltose?

UPSs6: Yep.

Researcher: Where did you learn all these words, here?

UPSs6: Yep, here in the lessons.

However, it must be emphasised that this change between the pre- and post-CPD lesson observation might have been due to factors other than the CPD programme such as, for example, the topic being different and/or the practical lesson in the second observation coming at a later point in the teaching sequence. 

Summary and Implications

Whilst this relatively short Getting Practical CPD programme had an effect on teachers’ ideas, such impact did not – other than in one atypical school – manifest itself in subsequent changes to actual teaching practice. Indeed, this study found no statistically significant change in the average amount of time teachers devoted, pre- and post-CPD training, to different aspects of their lessons, as would be expected if teachers had altered their practice to reflect their new ideas about effective practical work.

What also emerged was the fact that the impact of the CPD programme amongst primary teachers, compared to their secondary colleagues, was less noticeable. This was not, and we emphasise this point strongly, due to any failure on the part of the primary teachers to engage with the CPD programme nor, as has been previously reported by Barak and Pearlman-Avnion (1999), because they saw no need for the CPD. Rather, it was because much of what research has shown to be good practice, in terms of the effective use of practical work (Abrahams & Millar, 2008), was already taking place in primary science lessons (Abrahams & Reiss, 2012).
At one level, the implications of these findings are that whilst the Getting Practical CPD programme had the potential to enhance the overall effectiveness of practical work, its main impact was in getting teachers to think about, and question, the value and role of practical work in their lessons. If this improved awareness is to stand a better chance of being translated into lasting changes in actual teaching practice there is a need for sustained support (Joyce & Showers, 2002; Loucks-Horsley et al., 2010) over an extended period of time – a time that far exceeds the six hours allocated to the CPD programme. 

However, this study has also found that a relatively short CPD programme, such as that delivered in the context of Getting Practical project, can in some situations be effective in terms of changing actual teaching practice. Indeed, in the case of one school (UPS) it was found that not only was there clear evidence of impact across Guskey’s levels 1-4, but that the training had been effectively cascaded down to all members of the science department. What this finding suggests is that short-term CPD programmes that employ relatively low cost cascade models of delivery can bring about change actual teaching practice – a finding that stands in contrast to other research findings (e.g. Joyce & Showers, 2002; Kudenko et al., 2011). Our findings suggest that for short-duration cascade models of CPD delivery to be effective in terms of impact at Guskey’s level 4, those undertaking the initial training within a school are senior members of a science department, are themselves fully committed to the training and subsequent cascading and implementation of that CPD within their department and have the active support of the school’s SMT to provide sustained support over an extended period of time. 

On a final note what has emerged from this study is a noticeable disparity between teachers’ self-reported claims regarding the impact of the CPD programme on their practice, which tended to be very positive, and quantitative data regarding how time was spent in lessons, which suggest that the CPD programme was, other than in one atypical example (UPS), relatively ineffective in bringing about any such change. As such we would suggest that whilst personal reflection is a useful means of ascertaining impact in terms of Guskey’s levels 1, 2 and 3, objective outcomes, measured by a third party, are a more reliable and valid measure of ascertaining impact at higher levels. 
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Table 1. Guskey’s five levels and the methods of data collection
	Level of impact
	Focus of evaluation
	Data collection method

	1
	Teachers’ reactions to the course provision
	Interviews with teachers

	2
	Teachers’ learning
	Interviews with teachers

	3
	Organisational (i.e., school or department) change
	Interviews with teachers, other members of the department and/or members of the senior management team

	4
	Teachers’ use of new learning
	Field notes and timings from lesson observations

	5
	Student learning outcomes
	Field notes, interviews with teachers and lesson observations


Table 2. Primary schools: Teacher experience, specialism and student age range in first and second observation
	Primary school
code
	Teachers’

experience

(years)
	Teachers’

subject

specialism
	Student age range (years) 1st observation
	Student age range (years)

2nd observation

	BRM
	10
	Maths 
	9-11
	7-9

	WIK
	9
	Biology
	7-9 
	6-7

	HEE
	10
	Education
	4-7
	6-7

	HIS
	10
	English
	7-8
	7-8

	MIL
	4
	Maths 
	10-11
	Withdrew

	SOS
	17
	History
	9-10
	9-10

	SWS
	3
	Business Studies
	7-9
	7-9

	UPL
	1
	French
	8-9
	9-10

	WAE
	4
	Science
	9-11
	8-10

	WEE
	4
	History
	7-9
	Withdrew


Note: Prior to the post-CPD observation the teacher at WIK was at COD

Table 3. Secondary schools: Teacher experience, specialism and student age range in first and second observation
	Secondary school
code
	Teachers’

experience

(years)
	Teachers’

subject

specialism
	Student age range (years) 1st observation
	Student age range (years) 

2nd observation

	ALY 
	28
	Chemistry
	13-14
	Withdrew

	ANO
	7
	Physics
	17-18
	12-13

	ARE
	9
	Chemistry
	16-17
	13-14

	CAN
	9
	Biochemistry
	13-14
	16-17

	TOE
	11
	Biology
	12-13
	11-12

	COE
	14
	Psychology
	13-14
	Withdrew

	CRN
	16
	Psychology
	12-13
	12-13

	EAK
	25
	Chemistry
	14-15
	Withdrew

	GLS
	1
	Forensic Science
	11-12
	Withdrew

	SFH
	2
	Physics
	13-14
	12-13

	ILD
	10
	Biology
	16-17
	16-17

	LAY
	7
	Biology
	13-14
	Withdrew

	MOT
	16
	Zoology
	12-13
	11-12

	NOY
	2
	Biology
	13-14
	Withdrew

	SOD
	3
	Biology
	11-12
	12-13

	SOS
	6
	Biology
	11-12
	12-13

	SAS
	4
	Pharmacology
	15-16
	Withdrew

	SWY
	1
	Chemistry
	12-13
	14-15

	UPS
	18
	Biology
	14-15
	12-13

	WEY
	24
	Biology
	15-16
	Withdrew


Note: Prior to the post-CPD observation the teachers at TOE, SFH and SOD were at CHS, HAN and SHS respectively

Table 4. Primary schools: Practical tasks observed
	Primary school
code
	Practical task content

1st observation
	Practical task content

2nd observation

	BRM
	Dissolving: comparing solvents
	Friction: comparing surfaces

	WIK
	Insulation: properties of materials
	Leg length vs jump height

	HEE
	Keeping healthy: comparing soaps
	Forces: what they do to objects

	HIS
	Materials: properties
	Teeth: numbers of and shapes

	MIL
	Friction: comparing surfaces
	Withdrew

	SOS
	Moon craters: factors affecting size
	Pendula: rate of oscillation

	SWS
	Measuring arms: body growth 
	Insulation: properties of materials

	UPL
	Friction: comparing surfaces
	Keeping healthy

	WAE
	Variables: bicarbonate boats
	Sound and vibration

	WEE
	States of matter: their properties
	Withdrew


Table 5. Secondary schools: Practical tasks observed 
	Secondary school
code
	Practical task content

1st observation
	Practical task content

2nd observation

	ALY 
	Fermentation: testing for alcohol
	Withdrew

	ANO
	Electric motors: role of parts
	Moments: turning effects

	ARE
	Thermal decomposition: gas production
	Rates of reaction: temperature

	CAN
	Reaction times: the fastest sense
	Reducing sugars: Benedict’s test

	TOE
	Eyes: structure by dissection
	Density: mass/volume

	COE
	Starch production: factors that affect
	Withdrew

	CRN
	Soil samples: comparing absorbency
	Oxidation of Mg: mass change

	EAK
	Absorbency: comparing materials
	Withdrew

	GLS
	Absorbency: comparing materials
	Withdrew

	SFH
	Levers and pivots: F x d
	Cells: structure

	ILD
	Stomata: structure
	Enzymes: effect on reaction

	LAY
	Friction: factors affecting
	Withdrew

	MOT
	Insulation: properties of materials
	pH scale: different substances

	NOY
	Reactivity of metals: word equations
	Withdrew

	SOD
	Starch production: factors that affect
	Respiration and photosynthesis

	SOS
	Energy in food: Joule heating tests
	Reflection: angles i = r

	SAS
	Chromatography: separation of inks
	Withdrew

	SWY
	Magnetic permeability of materials
	Salts: properties

	UPS
	DNA: extraction from cheek cells
	pH: effect on enzyme action

	WEY
	Leaf structure: stomata 
	Withdrew


Table 6. A 2x2 effectiveness matrix for practical work
	A task is effective
	in the domain of observables

(Domain o)
	in the domain of ideas

(Domain i)

	at level 1

(what students do)
	If students can set up the equipment and operate it in such a manner as to undertake what the teacher intended.
	If students can think about the task using the ideas and scientific vocabulary intended by the teacher.

	at level 2

(what students learn)
	If students can discover patterns within their observations/data and describe these; describe the procedure used and in future set up and operate similar equipment.
	If students understand their observations/data by being able to link them, using the ideas and vocabulary intended by the teacher, with the correct scientific theory.


Table 7. Primary schools: Teacher role, occurrence and nature of cascade
	Primary school
code
	Teacher’s

role*
	Did a cascade 

take place?
	Nature of cascade as reported by the teacher who undertook the PD

	BRM
	T
	No
	

	WIK
	T
	No
	

	HEE
	T
	No
	

	HIS
	T
	Yes
	Talked briefly to two colleagues

	SOS
	T
	Yes
	Mentioned briefly in a staff meeting

	SWS
	T
	No
	

	UPL
	T
	No
	

	WAE
	T
	No
	


 * T = teacher, HoS = Head of Subject, HoD = Head of Department

Note: In England, HoD is more senior as a science department may contain a Head of
Biology, a Head of Chemistry and a Head of Physics, with a single Head of Department over
these – or one of the three HoS may also be the HoD
Table 8. Secondary schools: Teacher role, occurrence and nature of cascade
	Secondary school
code
	Teacher’s

role*
	Did a cascade 

take place?
	Nature of cascade

	ANO
	T
	No
	

	ARE
	T
	No
	

	CAN
	T
	CPD delivered at CAN
	

	TOE
	T
	No
	

	CRN
	HoS
	Yes
	Spoke to one colleague

	SFH
	T
	No
	

	ILD
	HoS
	No
	Felt the CPD message was inappropriate

	MOT
	HoD
	No
	

	SOD
	T
	No
	

	SOS
	T
	No
	

	SWY
	HoS
	Yes
	Mentioned it briefly: 15 minutes

	UPS
	HoD
	Yes
	Hours spent on cascading it down to staff and science teachers in feeder primary schools. Schemes of work changed to reflect Getting Practical ideas. Peer observation of colleagues’ practical lessons to observe and give feedback on best practice 


* T = teacher, HoS = Head of Subject, HoD = Head of Department
Table 9. Primary schools: Allocation of whole class time to different aspects of the lesson 

	
	Percentage (%) of whole-class lesson time spent by teacher on discussing and/or demonstrating
	Percentage (%) of lesson time spent by students

	Primary School
	What to do with objects or materials
	Ideas and models to be used
	Doing things with objects and materials

	
	Pre-

CPD
	Post-CPD
	Pre-

CPD
	Post-CPD
	Pre-CPD
	Post-

CPD

	BRM
	13
	10
	30
	45
	30
	17

	COD
	10
	17
	25
	15
	45
	24

	HEE
	17
	15
	27
	21
	27
	24

	HIS
	8
	9
	32
	11
	25
	31

	MIL
	20
	w
	25
	w
	32
	w

	SOS
	13
	8
	22
	24
	32
	28

	SWS
	11
	23
	26
	21
	20
	21

	UPL
	17
	14
	19
	20
	33
	8

	WAE
	7
	9
	21
	16
	9
	33

	WEE
	9
	w
	26
	w
	41
	w

	Average
	13
	13
	25
	22
	29
	23


Note: w signifies that the school withdrew from the evaluation before the second observation
Table 10. Secondary schools: Allocation of whole class time to different aspects of the lesson 

	
	Percentage (%) of whole-class lesson time spent by teacher on discussing and/or demonstrating
	Percentage (%) of lesson time spent by students

	Primary School
	What to do with objects or materials
	Ideas and models to be used
	Doing things with objects and materials

	
	Pre-

CPD
	Post-CPD
	Pre-

CPD
	Post-CPD
	Pre-CPD
	Post-

CPD

	ALY 
	26
	w
	4
	w
	55
	w

	ANO
	5
	12
	25
	38
	54
	20

	ARE
	2
	31
	0
	0
	39
	65

	CAN
	10
	12
	3
	0
	39
	88

	TOE
	19
	41
	15
	13
	42
	18

	COE
	23
	w
	3
	w
	33
	w

	CRN
	17
	18
	6
	16
	47
	38

	EAK
	32
	w
	10
	w
	52
	w

	GLS
	15
	w
	17
	w
	36
	w

	SFH
	15
	8
	17
	47
	33
	32

	ILD
	15
	18
	8
	4
	60
	56

	LAY
	21
	w
	20
	w
	40
	w

	MOT
	26
	25
	10
	13
	36
	30

	NOY
	13
	w
	17
	w
	43
	w

	SOD
	14
	15
	11
	4
	47
	44

	SOS
	16
	20
	19
	12
	31
	30

	SAS
	20
	w
	7
	w
	30
	w

	SWY
	10
	15
	12
	12
	24
	42

	UPS
	17
	15
	7
	13
	49
	55

	WEY
	20
	w
	14
	w
	45
	w

	Average
	17
	19
	11
	14
	42
	43


Note: w signifies that the school withdrew from the evaluation before the second observation

Table 11. Primary teachers: t-test analysis results
	
	
	
	Primary teachers
	
	
	

	
	
	Pre-CPD
	Post-CPD
	t
	df
	p

	Percentage of whole-class lesson time spent by the teacher on discussing and/or demonstrating:
	What to do with objects or materials
	12.00
(3.74)
	13.13
(5.17)
	0.55
	7
	0.60

	
	Ideas and models to be used
	25.25
(4.46)
	21.63
(10.31)
	0.99
	7
	0.36

	
	
	
	
	
	
	

	Percentage of whole-class lesson time spent by students:
	Doing things with objects and materials
	28.25
(10.98)
	33.25
(8.07)
	0.85
	7
	0.43


Note: Standard deviations appear in parentheses below means.
Table 12. Secondary teachers: t-test analysis results
	
	
	
	Secondary teachers
	
	
	

	
	
	Pre-CPD
	Post-CPD
	t
	df
	p

	Percentage of whole-class lesson time spent by the teacher on discussing and/or demonstrating:
	What to do with objects or materials
	13.83

(6.39)
	19.17

(9.21)
	1.81
	11
	0.10

	
	Ideas and models to be used
	11.08

(7.06)
	14.33

(14.37)
	1.07
	11
	0.31

	
	
	
	
	
	
	

	Percentage of whole-class lesson time spent by students:
	Doing things with objects and materials
	41.75

(10.21)
	43.17

(20.14)
	0.22
	11
	0.83


Note: Standard deviations appear in parentheses below means.
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