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Abstract. The paper investigates the potential of Earth sci-
ence for the development of primary school science. The
evaluation from workshops run by the Earth Science Edu-
cation Unit for trainee primary teachers was appraised to as-
sess the effectiveness of the short continuing professional de-
velopment (CPD) programmes over the period 2009–2015.
Trainee teacher comments are analysed using thematic anal-
ysis, which identified points recognised by Guskey (2000)
as being the most important ideas for effective CPD pro-
grammes. Despite these workshops being short, lasting gen-
erally less than 2 h each, the conclusion reached was that they
offered useful teaching ideas, resources and background in-
formation which the trainees could and would apply in the
classroom.

1 Introduction

The Earth Science Education Unit (ESEU) was founded as
a pilot scheme in 1999, and rolled out across the United
Kingdom in 2002, to encourage and enhance Earth science
teaching by both primary and secondary teachers. The unit
was based at Keele University, under the leadership of Chris
King, and was initially sponsored for 15 years by UK Oil and
Gas (2003–2018). Earth Science continuing professional de-
velopment (CPD) sessions, which delivered the requirements
of the national curriculum and beyond, were presented by a
group of trained volunteers, themselves Earth scientists, who
offered enthusiastic and accurate information and methodol-
ogy using low-cost resources. Evaluation of the secondary
programme was carried out in 2009 (Lydon and King, 2009).
The programmes given to trainee primary teachers over the
period 2009–2015 were thoroughly assessed in 2018. The

workshops were revised in 2014 to comply with updates in
the primary science curriculum.

The current primary curriculum in England contains Earth
Science topics scattered within the geography and science
curricula. The topics are not well linked within the primary
curriculum; for example, knowledge of where volcanoes and
earthquakes are located is learnt in geography between ages
7–11 (Key Stage 2) but is not related to forces in the Key
Stage 2 science curriculum. Key stage 2 (KS 2) primary sci-
ence requires knowledge so that rocks to be identified at age
7–8 in addition to knowledge of fossils and some understand-
ing of soil formation. Fossils are looked at again at age 10–11
within evolution, and the basic water cycle is taught in geog-
raphy and mentioned again in science at age 8–9, where it
may be linked with changes in water states, i.e. condensation
and evaporation.

The Office for Standards in Education in England (Of-
sted; 2013, p. 5) stated that where primary science teach-
ers and science leaders had received subject-specific science
CPD sessions, primary science teaching was more effective;
in Ofsted’s words, the teaching was “more likely to be out-
standing”. Australian primary science teachers affirmed that
short (up to 4 h long) CPD workshops increased their self-
efficacy and had a positive influence on their science teach-
ing (McKinnon and Lamberts, 2014). However, previously,
Adey et al. (2004) suggested that the only short CPD courses
that would have any real impact on teaching would need to
be very specific – perhaps on software applications or as-
sessment methods. The Wellcome Trust report (2013) found
that in situations where science subject leaders had received
science CPD they could better help any primary teacher in
their school who was struggling with science. Shallcross et
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al. (2002) suggested there was a need for well-integrated sci-
ence CPD which included background information as well
as specific-subject knowledge and pedagogy. Abrahams and
Reiss (2012) also felt that there was a need for CPD, espe-
cially for practical work, which they thought did not always
have clear objectives but was often used to provide a fun
lesson. They felt there was a need to make practical work
more effective, and their Getting Practical CPD programme
was designed to support practical work in science. There has
been little published research on the effectiveness of primary
science CPD programmes to date. Primary teacher training
establishments concentrate more on the pedagogy of teach-
ing science rather than actual information, which, given that
most primary trainees (and teachers) are non-scientists, is
disappointing (Wellcome Trust, 2013). Discussions with pri-
mary teachers in my county during my research revealed dis-
appointment at the lack of actual science knowledge and ap-
plication available during primary science CPD they had at-
tended (Balmer, 2019).

The primary Earth science workshops I taught were
specifically designed to meet the needs of primary teachers
with non-science backgrounds. Evaluation of the secondary
ESEU workshop data by Lydon and King (2009) showed that
this CPD gave teachers both subject content knowledge and
pedagogical knowledge, increasing their confidence and ef-
fectiveness. Changes to most of these secondary teachers’
teaching methods were long term, as shown by a follow-
up survey carried out a year after the workshop (Lydon and
King, 2009). I analysed the ESEU data collected from the
primary trainee teachers’ evaluation forms, using thematic
coding after the idea proposed by Braun and Clarke (2006).
The themes identified were the participants’ reactions, their
learning and the proposed use of the new skills and knowl-
edge gained from the CPD activities (Guskey, 2000). The
themes related well to Guskey’s (2000) proposals of evalu-
ating levels of CPD outcomes, which are described later.

2 Method of ESEU data collection from CPD primary
workshops held in England, 2009–2015

The ESEU data were collected during trainee teacher work-
shops over the period 2009–2015. The workshops were run
in a wide range of primary teacher training institutions by
their local ESEU-trained facilitator. These various training
institutions throughout England had requested a free primary
Earth science workshop through Keele University. All work-
shop facilitators had been trained by the ESEU and com-
pleted annual updating training to keep them in touch with
new concepts in Earth science and curriculum changes, par-
ticularly with the introduction of the new primary science
curriculum in 2013–2014.

There were no ethical issues involved. Permission was
given by the ESEU to use forms where participants had
signed to say they were happy for their comments to be used.

All photographs used had the permission of the trainees in-
volved.

The primary trainee teachers participating in the ESEU
workshops were from a range of training institutions and
programmes across England. The following four different
teacher training programmes were available during this pe-
riod:

– Teach First – a programme in which participants work
in schools and are fully paid whilst on a 2-year training
course. The trainees, who have a wide range of back-
grounds and experience, are supported by tutors and day
release sessions.

– Post Graduate Certificate in Education (PGCE).

– Bachelor of Education (B.Ed.) courses.

– SCITT courses – school-centred initial teacher training
programmes.

The trainees’ backgrounds and ages varied greatly – some
were British nationals and others were from overseas; these
data do not show the difference. The workshops comprise
a series of low-cost, practical investigations and simulations
which can take place in any classroom and are each about
90 min long. In the workshops, the participants were encour-
aged to work on as many of the investigations or simulations
as they could in order to gain as much experience as pos-
sible during the time available. The facilitator worked with
the trainees, responding to theoretical and practical ques-
tions as they arose. The participants were asked to evaluate
the workshop sessions after they had taken part in them, and
the data and comments from these evaluations, collected by
the ESEU, were made available for analysis. The evaluation
form requested background information about the trainee
teacher’s science and Earth science training since taking
the General Certificate of Secondary Education (GCSE) and
whether the trainee teacher felt confident in teaching Earth
science before the workshop input. Given the large sample
size, the evaluation forms used were the first 25 % of forms
completed for each year, taken from the archive in the order
they had been collected at Keele. This is not necessarily the
order in which the workshops were taught.

After completing the workshop, each participant was given
the resource lists, risk assessments and workshop instruc-
tions for the three primary workshops taught so they could
use the materials in their schools immediately and pass on
the workshop information to their peers. The photograph in
Fig. 1 shows trainee teachers investigating soil.

It was not feasible to examine all the evaluation forms for
the extent of the programme (some 5000+ forms). A sim-
ple, random sample of 25 % of the forms for each year the
workshop programme was taught, from 2009 to 2015, (1395
forms) was analysed. The forms analysed were from teacher
training establishments across England. The ESEU data are
partly in Likert scale form, but the part of the evaluation of
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Figure 1. Trainee teachers investigating soil.

most interest to me was the comments section that was writ-
ten immediately after the workshop. The ESEU evaluation
form requested data in several formats, as follows:

– Background information on trainee teachers.

– A total of 11 questions to be answered, on a Likert scale,
referring to amount of Earth science that trainees may
be teaching (most of these data were not used in this
study).

– Participants’ comments about their workshop experi-
ence (these data have been used for the purpose of this
study).

When analysing these data, I transcribed all the comments
on the sampled evaluation sheets to determine themes and
in order to be able to analyse them using thematic analy-
sis (Braun and Clarke, 2006). The comments were linked to
form themes, which are described later.

3 Results of the ESEU data collection – the data

The background information data were extracted from the
evaluation forms and tabulated so that different years could
be compared, as seen in Table 1.

From Table 1, it can be seen that the number of female
trainees participating in the workshops is much greater than
the number of male participants, who are around one-fifth of
the overall total (22 %), in line with government statistics for
2015 which show that 85 % of primary teachers are female
(Department for Education, DfE, 2015, p. 7).

The number of trainees who stated they had learnt
any Earth science or geology during GCSE was 59 %.
A small amount of Earth science was included in GCSE
physics/chemistry up to 2014, but the respondents may not

Figure 2. Bar graph showing overall trainee teacher confidence in
teaching primary science from 2009–2015.

have appreciated Earth science as a specific topic within the
curriculum. The workshops evaluated mostly took place be-
fore the 2014 changes in the national curriculum, which have
now virtually removed Earth science from the secondary sci-
ence curriculum and placed it in geography, with a more
social emphasis, which means that the next generation of
teacher trainee recruits will probably have studied even less
Earth science, from a science perspective, up to the age of 16.
There is, however, more Earth science in the primary curricu-
lum from 2014. About 10 % of trainees said they had stud-
ied Earth science or geology after their GCSEs, with some
stating that it was a minor part of a degree course (approx-
imately 10 %), while others had studied Earth science as a
larger part of their degree (2.8 %). But, overall, few primary
trainee teachers in my sample have science degrees (Table 2),
although it is not necessarily the case that those who do
are able to teach science better than their colleagues as they
sometimes cannot relate their science studies to the level re-
quired in primary school (PSST, 2016).

Further data from the evaluation form are shown in Ta-
ble 3, which shows the percentage of trainees’ confidence in
teaching primary science. (Note: some teachers were confi-
dent in more than one subject.)

The data in Table 3 show that, between 2009 and 2015,
65 % of the participants stated they were confident in teach-
ing primary biology, but confidence in teaching chemistry,
physics, Earth science and geology (the other sciences in
the primary science curriculum) was much lower at 14 %,
16 %, 4.6 % and 0.85 %, respectively. These data are shown
in Fig. 2.

In 2015, however, confidence in teaching biology within
the sample had fallen from a high in the previous year to
its lowest level, while the same year, 2015, showed an in-
crease in confidence in teaching chemistry and physics. This
difference between chemistry and physics, on the one hand,
and biology, on the other, may relate to the 2014 changes to
the primary curriculum, which reduced the amount of chem-
istry and physics in the curriculum. Overall, though, a much
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Table 1. Compilation background data of primary trainee teachers taken from the data on the ESEU evaluation forms collected during
2009–2015.

2009 2010 2011 2012 2013 2014 2015 Total %

Total number of trainees in workshops in a year 424 452 688 1252 1196 1144 424 5580
No. of evaluation forms used in the study 106 113 172 313 299 286 106 1395 25 %
No. of females in the study 84 101 129 253 217 233 78 1095 78 %
No. of males in the study 22 12 43 60 82 53 28 300 22 %
Earth science studied to age 16 62 73 108 163 149 207 61 823 59 %
Earth science studied to age 16+ 13 9 15 29 21 26 8 121 8.7 %
Earth science as minor part of degree studied 17 8 15 39 26 26 3 134 9.7 %
Earth science as major part of degree studied 9 5 5 4 13 2 1 39 2.8 %

Table 2. Number of trainee teachers with science degrees attending workshops.

2009 2010 2011 2012 2013 2014 2015 Totals % of total

Number of trainees participating 106 113 172 313 299 286 106 1395
Degree in biology 7 3 1 2 10 2 0 25 1.8 %
Degree in chemistry 0 1 0 1 1 2 0 5 0.4 %
Degree in physics 1 1 1 1 2 0 0 6 0.43 %
Degree in Earth science 1 1 3 4 1 0 0 10 0.72 %
Degree in geology 0 0 0 0 0 0 0 0 0 %

Figure 3. Percentage of teacher trainee participants at ESEU work-
shops stating they had no confidence in teaching primary science
prior to participating in the workshop.

higher percentage of teachers had no confidence in teach-
ing primary science in 2015 (25 %), which is a huge increase
compared to previous years, as seen in Fig. 3. If teachers are
not confident in their ability to teach a subject, this can of-
ten affect their enthusiasm and ability to enthuse their pupils
(Aalderen-Smeets and van der Molden, 2013). Across the
2009–2015 period, only 1.1 % of the trainees stated that they
were confident in teaching all of primary science.

Confidence in teaching geology and Earth science was low
(averaging 5.7 % across the 2009–2015 period) before the
workshop, as stated by the trainees on the evaluation form
(Fig. 3).

One worrying feature is that the graph suggests an increas-
ing percentage of primary trainees who state that they have
no confidence in teaching primary science (Fig. 3). Since the

major increase occurs after the implementation of the new
national curriculum, it may be that trainees feel less confident
with the new programmes and their assessment procedures.

A Likert scale was used in the CPD evaluation form to as-
certain whether the respondents felt that the workshop had
increased their confidence. All participants (n = 1395) indi-
cated that their confidence had increased, and many of the
comments used in the later analysis stated that their knowl-
edge and understanding had improved.

4 Trainee comments written on the ESEU evaluation
forms

The trainees were asked to comment on their workshop ex-
perience on the evaluation form. There were 2365 comments
from the 1395 participants; these were transcribed and clas-
sified into six themes in the following manner, as described
by Braun and Clarke (2006). A list was made of all the com-
ments, and these were initially grouped under headings (Ta-
ble 4) which were then categorised to form themes. These
themes were identified as the main benefits the trainees had
identified from the workshop.

In the following, the themes are described below, and the
information shown in Table 4 is mentioned.

– Theme 1 (practical) – 705 comments relating to the
effectiveness of the practical activities and investiga-
tions, and the usefulness of the CPD in the classroom.
For example, “very hands-on workshop providing valu-
able information” and “effective interactive investiga-
tions shown”.
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Table 3. Percentage of trainee teachers who felt confident in teaching particular science subjects.

2009 2010 2011 2012 2013 2014 2015 Average %

Number of trainees participating 106 113 172 313 299 286 106
Teaching confidence in biology 59 64 66 67 62 81 54 65 %
Teaching confidence in chemistry 15 14 12 8 11 13 28 14 %
Teaching confidence in physics 20 16 16 15 13 12 21 16 %
Teaching confidence in Earth science 3 2 6 5 6 4 6 4.6 %
Teaching confidence in geology 2 0 0 0 0 3 1 0.85 %
Teaching confidence in all science 1 0 2 1 1 1 2 1.1 %
No confidence 0 2 2 3 6 3 25 5.9 %

– Theme 2 (engaging) – 578 participants’ comments
about how workshops would be received by primary
children and learning points which could be made.
Example comments include, “inspiring activities” and
“relevant local issues could be used”.

– Theme 3 (teaching) – 856 comments about the ease of
delivery, use of good vocabulary, differentiation in use,
level of approach and the clarity of the explanations,
i.e. “simple explanations of correct vocabulary” and a
“range of practical work to suit all levels”.

– Theme 4 (resources) – 155 comments relating to the
simplicity, availability and inexpensive use of everyday
items for the investigations and simulations. Comments
included those such as “no need for laboratory equip-
ment” and “use of empty plastic bottles and yoghurt
cups a good idea”.

– Theme 5 – 30 positive comments, including ones on the
length and timing of the CPD workshop and how the
participants felt about teaching Earth science after the
workshops. Points made included comments like “no
overload of ideas” and “just right length of CPD”.

– Theme 6 – 41 negative comments, including those from
participants who did not intend to use the exercises in
their classes. One comment suggested that the workshop
was too slow and too long.

In the practical theme, the trainees’ comments stated that
the workshop sessions provided “effective simulations and
hands-on practical investigations” that were both interac-
tive and investigative. Trainees felt that these investigations
would appeal to the children’s imaginations and that pupils
would identify with the concepts from the investigations,
thus dispelling alternative conceptions, evoking curiosity and
improving thinking skills and knowledge and understanding.
This can be seen as effective pedagogy, which enables learn-
ing. The workshops gave ideas for making a simple water
cycle model, for using practical activities to show how soil
erosion could be curtailed by vegetation and for using a piece
of guttering to replicate a river’s flow, simulating relevant ex-
periences that children may experience in their local area.

Figure 4. Workshop theme analysis.

The engaging theme brought together the trainees’ com-
ments about their feelings of working on the Earth science
investigations, and how they thought these investigations and
simulations would run in their primary classroom. They also
commented that “the investigations would provoke discus-
sions and the asking of many questions”, again invoking ef-
fective learning pedagogy as the children would recall the
practical side of the investigations and working together.

The teaching theme included points about the use of ap-
propriate and relevant vocabulary, the ease of delivery and
the fact that the experiments could be differentiated for dif-
fering abilities. Using scientific language in an appropriate
setting was an important point made; children could visibly
see evaporation and condensation in the water cycle simu-
lation, and permeability could be measured in the rock and
soil investigations. Trainees stated that “they could use the
workshop materials in their own teaching and use them for
cross-curricular purposes as well”.

The resources theme recognised that these investigations
could be carried out using simple equipment made from ev-
eryday items, for example, lemonade bottles and coffee fil-
ters. Trainees also acknowledged the usefulness of the CDs
which contained all the necessary investigative ideas and risk
assessments.

Some of the positive points raised were the clear expla-
nations given by facilitators, and the fact that the materials
could easily be differentiated for different abilities and also
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Table 4. Composite table of comments and themes from participants about ESEU CPD workshops 2009–2015.

Comments from evaluation forms Theme 2009 2010 2011 2012 2013 2014 2015 Total

Practical and hands-on 1 46 38 67 81 77 87 24 420
Models 1 0 4 0 0 1 1 0 6
Good experiments 1 2 4 4 20 19 14 20 83
Interactive and investigative 1 2 1 9 17 15 10 2 57
Useful, valuable and effective 1 10 0 18 40 20 50 1 139
Interesting; good background 2 15 4 12 40 16 0 18 105
Engaging, enjoyable and fun 2 23 12 36 39 42 27 9 188
Fantastic, brilliant and excellent 2 13 17 9 11 23 0 18 91
Creative and inspiring 2 0 6 0 2 0 5 0 13
Presentation and ambience 2 0 0 1 1 0 1 0 3
Presenter’s knowledge 2 0 0 5 14 33 30 10 92
Discussion, informal and experiences 2 4 4 6 3 3 5 1 26
Enthusiasm and passion for Earth science 2 0 2 8 14 8 6 4 42
Answered participants’ questions 2 0 1 2 5 2 6 2 18
Great teaching ideas 3 16 19 29 62 86 65 20 297
Good information and concepts 3 12 8 13 30 24 23 14 124
Useful in class and lesson plans 3 0 19 5 26 35 32 18 135
Relevant to curriculum 3 0 7 23 13 7 22 6 78
Right level and easy instructions 3 0 3 6 2 12 4 2 29
Extensions 3 0 0 1 1 0 0 0 2
Adaptable 3 0 1 1 4 2 0 0 8
Differentiation 3 0 0 0 2 4 0 0 6
Good for special education needs 3 0 0 0 0 1 0 0 1
Fits own teaching 3 3 0 2 6 1 4 0 16
Easy delivery 3 8 0 1 2 0 0 0 11
Useful vocabulary 3 2 1 1 0 0 2 0 6
Gives confidence and is deliverable 3 2 9 3 18 11 8 5 56
Cross-curricula links 3 3 0 1 0 2 3 0 9
Misconceptions 3 0 0 0 2 0 0 0 2
Relates to real world 3 0 0 0 0 4 3 3 10
Correlates life skills 3 2 1 0 0 0 0 1 4
Improves thinking skills 3 2 1 0 1 2 1 0 7
Evokes curiosity and is insightful 3 0 0 2 1 0 4 0 7
Improves understanding 3 0 0 5 4 0 18 6 33
Improves own knowledge 3 10 0 0 0 0 4 1 15
Useful resources 4 18 15 9 14 27 26 11 120
Good CDs 4 0 0 5 0 1 5 13 24
Clear explanations 4 6 0 0 0 0 3 0 9
Knowledge giving and good information 4 2 0 0 0 0 0 0 2
Not overloaded 5 3 0 1 4 0 2 0 10
Too short 5 1 0 3 16 1 7 2 30

used for teaching pupils with special educational needs. The
subject knowledge input was appreciated, as was the discus-
sion which arose during the workshop, as all the facilitators
would endeavour to explain the scientific concepts behind
some of the practical investigations and simulations. Nega-
tive points that were made by trainees were on the length of
the CPD (“too short”) and regarded “the need for more Key
Stage (KS) 1 and Early Years Foundation Stage (EYFS) re-
sources”, despite the CPD being advertised for KS 2 trainees.

Overall, the feedback was positive, with few negative
comments. The comments received from the trainees about
the ESEU workshop were very encouraging and show what

a well-designed short CPD session can achieve. Trainee
teacher comments on how they will use their newly gained
knowledge are shown in Fig. 5.

5 Identifiable pedagogy within the ESEU workshops

CPD of this nature can greatly enhance a trainee’s pedagogi-
cal content knowledge by providing ideas on how to teach
concepts, increasing the trainees’ self-efficacy and, hence,
the likelihood that they would use the material in their teach-
ing. Various anecdotal comments from participants after a
workshop have been along the lines of, “Oh good, I have to
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Figure 5. Comments on how the CPD will be used.

teach soils and rocks in my next teaching practice, so now
I know what to do”, and “I wish we had had this workshop
before my last teaching practice as I had to teach about rocks
and soils and really did not understand it, but I do now”.

The workshops offer opportunities for discussion and
questioning and for pupils to develop the investigative ideas
offered in different ways in order to answer their own queries.
For example, using the investigation simulating coastal ero-
sion, pupils can change the wave direction and strength, the
size of material being moved by the waves and the cliff ma-
terial composition (more clayey, sandy or gravelly). These
different simulations can be linked to real-life examples hap-
pening around the British coastline, making them very rele-
vant to where the children live or go for their holidays. Learn-
ing becomes more accessible (Balmer, 2019) and connected
through pupils noticing the changes in a practical manner,
and children can explain the erosion concepts from their ob-
served understanding. Children give verbal feedback from
their visual experiences, and playing with sand and water
has a “wow” effect which may well be remembered. All the
investigations offered in the ESEU CPDs enable a range of
concepts to be examined and taught, which, when investi-
gated at a simple level that is applicable to the age of the
participants, provides a motivating and, therefore, hopefully
lasting impression.

Trainees commented that providing concrete experiences
using local resources would benefit their teaching, as sug-
gested by Fitzgerald (2012). The workshops continually pro-
moted the use of local soils, rocks and fossils and examples
relating to the “real world”. The simulations offered models
to help understand concepts such as the water cycle, which
is a difficult idea for children to grasp. The CPD provides ef-
fective teaching and learning and opportunities to assess the
children’s progress through their oral or written understand-
ing.

The trainees identified ways that they would use their CPD
session when at school. A number believed they would be
able to use the material directly, during teaching practice.
Some also stated that they would have liked to have had
the resources and ideas earlier so they could have used them

during their teaching practice. Other trainees felt they could
modify the ideas to fit their teaching programmes, while
some said they would share these ideas and use them for
planning future work.

The themes categorised by the trainee teachers relate
closely to those identified by Guskey (2000) as being impor-
tant outcomes for an effective CPD. Guskey suggested that
the CPD can be evaluated at the following five levels of out-
comes:

– Level one – participant reactions.

– Level two – participant learning.

– Level three – organisational support and change.

– Level four – participants’ use of new knowledge and
skills.

– Level five – student learning outcomes.

Levels one, two and four are applicable here.
Level one, participant reactions, can be identified through

all the positive and negative statements made by the partic-
ipants after the CPD (Table 4). Of the 49 different points
identified, only four are negative, showing that the statements
made over the 2009–2015 period indicate positive reactions.

Level two, participant learning, is indicated within the
themes in a number of places and not just under “knowledge
giving”. For example, comments such as “good information
given”, “answered participants’ questions”, and “discussion
and informal experiences” all suggest learning.

Level four, participants’ use of new knowledge and skills,
has been graphed in Fig. 5 and identifies how the participants
say they will use the CPD information.

Since these were only trainee teachers participating in the
CPD, they had no way of influencing their organisations
(level three) or of knowing the student outcomes (level five)
at the time.

At the end of the workshop, each primary trainee was
given a USB stick, which held a complete set of the mate-
rials and instructions used in the workshop, linked to refer-
ences in KS2 primary science curriculum. This gave rise to
the following comments: the instructions had “clear expla-
nations”, the activities were “instantly available to use in the
classroom because of the ease of obtaining resources”, and
they gave “good knowledge in a format useful for children
and trainees”.

6 Discussion of the ESEU CPD results

The results from the analysis of the comments show that par-
ticipants’ feelings towards the workshops were overwhelm-
ingly positive, with very few negative comments (1.7 %). The
CPD provided subject content knowledge (SCK) and peda-
gogical content knowledge (PCK) for teaching Earth science
for trainees with little or no science background, enabling
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them to use scientific ideas confidently. Trainees stated that
the provision of resource materials, such as the CPD which
contained all the investigations and risk assessments, would
be very useful when teaching this section of the primary sci-
ence curriculum. Informal discussions revealed that trainees
were thinking further than the given ideas, and in fact using
the CPD as a starting point for other topics in the primary
curriculum; for example, the simulations of coastal erosion,
river processes and the water cycle can be linked to geogra-
phy, history, biology, design and technology. This makes the
time spent on one CPD time well used.

The main themes identified by the participants – practi-
cal, engaging, teaching and resources – all relate to sound
pedagogical practices as identified in the 10 Teaching and
Learning Research Programme (TLRP) principles of effec-
tive pedagogy (James and Pollard, 2011). The theme “practi-
cal” embraces interactive, investigative practices, which are
valuable and effective. The trainee teachers were motivated
and stated under the engaging theme that there was scope for
questioning and discussion, leading to higher order thinking
and critical thinking. The “teaching” theme entailed identify-
ing misconceptions, using appropriate vocabulary and adapt-
ing and differentiating activities to evoke curiosity and in-
sight and make the activities suitable for planning and later
assessment.

As already suggested, the workshop reflects with those
points identified by Guskey (2000) as being effective CPD
outcome levels. The CPD is therefore seen to be an effective
teaching strategy in its design and delivery by its participants,
meaning that, when using Guskey’s (2000) criteria, an appli-
cable short workshop is being provided.

A further piece of research which looked at the impact of
focused CPD on teachers’ subject and pedagogical knowl-
edge was undertaken by Scott et al. (2010). These researchers
stated that, where CPD was domain-specific and teachers
were able to focus on learning, teachers found the CPD ef-
fective and useful. Many respondents in this survey said that
they would use the pedagogical ideas in their teaching, and
that the CPD had provided additional subject content knowl-
edge they could use. Scott et al. (2010) looked specifically
at secondary physics and chemistry short CPD provision be-
cause of the shortage of secondary physical science teachers.
King and Thomas (2012) evaluated short Earth science CPD
intervention workshops for secondary teachers with similar
conclusions. My research suggests that these primary Earth
science CPD workshops were as effective as these secondary
workshops in providing both pedagogical and subject content
knowledge.

The ESEU primary teacher trainee evaluation forms had
not previously been investigated, although analysis of the
CPD impact on secondary science teachers and science
trainee teachers had been undertaken (Lydon and King,
2009). That analysis of the secondary CPD showed that even
though some of the research literature concludes that short-
term CPD is not effective, the ESEU CPD led to increases in

knowledge and understanding, at least as stated by the par-
ticipants. Furthermore, a follow-up postal survey of partic-
ipating secondary teachers carried out 1 year after the CPD
indicated that teacher practices had changed, indicating long-
term benefits from these short CPD workshops (Lydon and
King, 2009).

The findings from the primary evaluation forms indicate
that the workshops given to primary teacher trainees were
well received. Comments suggest that the trainee teachers
intended to use Earth science in their primary science work
because they saw it as being relevant to their pupils’ every-
day lives. King and Thomas (2012) calculated the impact
secondary ESEU short CPD workshops had on the number
of trainee teachers, teachers and, using a multiplier gauge,
number of students. My research shows how the primary ed-
ucation sector benefitted too as some 700 primary teachers,
who attended workshops between 2008–2011 (ESEU data),
could influence some 18 000 primary pupils annually. The
total number of trainee teachers who had attended the work-
shops between 2009 and 2015 was 5580 (ESEU data). The
majority of these trainees would be teaching pupils in the
coming years, adding to the number benefitting from the
CPD.

The trainee primary teachers said that the materials fitted
in well with their approach to teaching and were relevant to
the curriculum. Harlen and Elstgeest (1992) stated that it is
important that teachers have their own understanding of a
subject before they teach it or explain it to their colleagues.
These workshops provide that understanding at an appropri-
ate level for primary science. Unfortunately, it was not possi-
ble to follow up with a postal survey of the trainees’ teaching
practices, as was done for the secondary workshops, since the
trainees completed the activities while not in permanent em-
ployment in schools, meaning that the time that has elapsed
since the training took place is too great, and contact details
are not available.

Overall, the evaluation from these workshops suggests that
the trainee teachers will use the materials to the benefit of
their primary pupils with confidence. This evaluation shows
that the workshops are fulfilling a need by offering relevant
subject and pedagogical knowledge, and that they do increase
confidence in teaching primary science. The trainees were
devising their own plans for implementing these investiga-
tions, which will surely enrich their teaching, not just in Earth
science but also by relating the concepts they had learnt to the
overall science curriculum.

7 Potential of Earth science for the development of
primary science

It is interesting that in the data the only science subject that
many of the primary teacher trainees felt confident about
teaching, before participating in the CPD workshops, was bi-
ology. Perhaps biology is as close as primary and secondary
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school science comes to looking at science which is rele-
vant to young people? Everyone has some understanding of
their own biology, but we rarely develop the science that is
around us all the time. The physics strand of the primary sci-
ence curriculum is often seen as difficult by trainee teachers,
who feel less confident when having to teach it (McCrory and
Worthington, 2018). Earth science can be used to introduce
physics concepts such as forces, using children’s relevant ex-
periences of wind and its effects. King (2012) suggested that
Earth science should not only form a significant part of pri-
mary children’s science curriculum but for all children up to
age 16. Although the present primary science curriculum has
included more Earth science, the linkages are unclear and,
as with the rest of this curriculum, topics are isolated where
they could be so easily integrated. Why are we not making
greater use of everyday Earth science materials and events in
our primary science teaching as these are available resources
of which we all have experience?

Every child needs to understand their own surroundings
and how soils, rocks, weather plants and habitats work to-
gether. Surely a better understanding of our own Earth sci-
ence would encourage an appreciation of the importance of
local changes on a global scale. Now is the time to ensure that
the next generation have this knowledge and understanding.

Data availability. Data are logged in UK Data Archive at the Uni-
versity of Essex (https://ukdataservice.ac.uk/, last access: October
2020) reshare@ukdataservice.ac.uk; Record 854373: An evaluation
of short Earth science CPD for trainee primary teachers.
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