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Variations in Primary Teachers’ Responses and
Development during Three Major Science In-
Service Programmes

TiNA JARVIS*, ANTHONY PELL? and PHILIP HINGLEY?

~ This paper reports on how different types of teachers responded
to in-service aimed at developing investigative-based science
education (IBSE) in primary schools, and the extent to which
they applied their new skills in the classroom. Common items
from evaluation questionnaires allowed data to be combined
from three major in-service programmes. Using complete data
sets from 120 teachers, cluster analysis enabled three teacher
types to be identified: a small group of ‘science unsures, with
low attitude scores and little confidence, who showed no re-
sponse to the innovation; ‘holistic improvers, who showed the
largest improvement in science teaching confidence; and ‘high
level, positive progressives, who were very positive to science
teaching throughout and showed gains in confidence in teach-
ing physics and chemistry, as well as in demonstrating the rele-
vance of science to their pupils. Taking account of these teacher
types alongside interviews and observations, nine developmen-
tal stages in how teachers apply their new expertise in the
classroom and the whole school are suggested. Major factors
influencing application in the classroom are the teachers’ initial
science knowledge and pedagogical expertise, and motivating
feedback to teachers when pupils responded positively to the
innovation. Assessing teachers’ initial level of subject knowl-
edge and science pedagogical expertise to inform the approach
and amount of in-service provision is important. Subsequent
mentoring as well as support from the school principal when
teachers first try IBSE with pupils promotes successful imple-

mentation in the classroom.
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Introduction

There is a need to overcome both the shortage of scientists and
technologists in Europe that are able to compete in a world market
and to enable young people to become informed citizens. The Euro-
pean Commission appointed High Level Group (Gago) reported in
2004 that there needs to be an increase of 1.2 million people involved
in research and development in science, engineering and technology
in Europe. Education systems would therefore need to increase their
capacity dramatically. However, generally the European countries did
not show high ratings for pupils’ achievement or attitudes in the 2007
TIMSS report (Martin et al., 2008).

Osborne and Dillon (2008) maintain that the needed increase
in scientists can only be achieved by increasing the quality of the ex-
perience of science education for the majority of school pupils and
broadening its relevance and appeal. They argue that this should start
before pupils reach 14 years old because most students develop their at-
titudes towards science as a subject before that age. This is particularly
important because many latent scientists appear to make early deci-
sions about their careers (Blatchford, 1992; Woolnough, 1990). Indeed,
action needs to be taken in primary schools where generally pupils do
have a positive view of science but there are signs that their enthusiasm
is already declining as they get older (Pell & Jarvis, 2001; Woodward &
Woodward, 1998).

Good and confident science teaching in the primary school is
crucial as there is evidence that there is a relationship between teacher
confidence and attitudes with the attitudes and attainment of their
pupils (den Brook et al., 2005; Germann, 1988). Teachers with low
confidence cope by only teaching the minimum required; focusing on
aspects they feel more confident in, usually biology; using prescriptive
texts; underplaying questioning and discussion; and avoiding practi-
cal work or only doing very simple practical work that uses very basic
equipment. When these coping strategies become the norm, pupils’
attainment will be limited (Harlen & Holroyd, 1997; Lee, 1995, Osborne
& Simon, 1996) and their attitudes are likely to be reduced (She & Fish-
er, 2002).
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Over the past 10 years, three major science in-service pro-
grammes for primary teachers, based on very similar principles, have
been evaluated with respect to how the teachers’ self-confidence in
science knowledge and pedagogy changed over time as well as how
they applied their new expertise in the classroom. The intention was
to identify factors that promoted improved practice in the classroom.

The AstraZeneca Science Teaching Trust in-service pro-
gramme, with 70 primary teachers and focused on developing inves-
tigative skills, was run in Leicester, England between 1999 and 2000
(Jarvis et al., 2003; Jarvis & Pell, 2002, 2004). In the same city, a school-
based in-service programme was provided for all 11 teachers of the Oak
Hill Primary School' (2005-2006). Most recently, Pollen & Seed Cities
for Science, a community approach to the sustainable growth of sci-
ence education in Europe (2007-2009), also set out to develop innova-
tive hands-on investigative primary science. Data were collected from
765 teachers in 10 of the countries involved in Pollen. As the question-
naires used for the evaluation of each project had common items, it
has been possible explore whether there were similarities in teacher
response in all three projects.

The design of the three in-service programmes all took account
of Joyce and Showers (1980) suggested factors of what makes effec-
tive training; namely, that training programmes should have five parts:
theory (such as constructivism and the need for hands-on science);
modelling or demonstration of pedagogy; practice under simulated
conditions to try out a new skill with peers or small groups of chil-
dren; structured feedback through self-study, peers or mentors; and
supported classroom application. The training programmes ran over a
period of at least one year, as a significant amount of research indicates
that short courses have limited impact. A generative and constructivist
approach to learning was taken, whereby learners were given person-
ally relevant material and required to take an active part in the learn-
ing process (Glaserfeld, 1995; Wittrock, 1994). In each programme the
main objective was to develop hands-on Inquiry-Based Science Educa-
tion (IBSE), i.e,, the intentional process of diagnosing problems, criti-
quing experiments and distinguishing alternatives, planning investiga-
tions, researching conjectures, searching for information, constructing
models, debating with peers and forming coherent arguments (Rocard,
2008). The programmes set out to assist teachers to develop all of these

i Pseudonyms are given for individual schools and teachers.
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facets of IBSE, with the fundamental intention of developing science
knowledge and concepts, as advocated by the USA Board of Education
of the National Research Council (Duschl et al., 2007).

Despite the fact that the programmes were designed to take ac-
count of a great deal of research on factors that make good in-service
training, the experience of the teachers and their pupils varied. This
variation appeared to be partly related to the teachers’ initial self-confi-
dence in teaching science and their attitudes towards science. Teaching
self-confidence might also be described as their efficacy belief (Park &
Oliver, 2007), which is a judgement of teachers’ ability to bring about
the desired outcomes of their pupils’ participation and learning. This
self-efficacy is considered to have important influence on teachers’ be-
haviour and related student achievement and motivation (Bandura,
1977; Tschannen-Moran & Hoy, 2001).

Writers about self-eflicacy point out that teachers pursue ac-
tivities and situations in which they feel competent and avoid those in
which they doubt their ability to perform successfully. Guskey’s (1988)
research indicates that higher teacher efficacy results in a greater will-
ingness to try new teaching strategies, while those who have lower lev-
els of self-efficacy appear to be the least receptive to training and new
ideas. In other words, those needing in-service are the least likely to
want to be involved. Therefore, teachers who volunteered to be part of
programmes such as Pollen may be more likely to respond to training
compared to teachers who were required to join the AstraZeneca and
Oak Hill programmes because they had difficulties teaching science.
Therefore, part of this research explored teachers’ self-confidence in
science knowledge and skills before and after in-service.

Once teachers join an in-service programme there is then an
interactive relationship between success in learning, perceptions of self
and motivation. Achievement fosters a positive view of self, which mo-
tivates and prompts further learning (Stein & Wang, 1988). Taking this
into account, Stein and Wang suggest that in-service needs to foster
teachers’ interest in maintaining innovative school improvement and
their commitment to do so. They write that teachers need monitored
support for the on-going use of new knowledge in the classroom, with
feedback on their progress in order to enhance their self-efficacy. Re-
searchers consider that this feedback is generally provided by in-ser-
vice trainers, school managers and positive results in pupil outcomes.
Guskey (1986) states that change in teachers’ attitudes takes place pri-
marily after in-service and when some change in student learning has
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been evidenced. Consequently another element of this research was to

explore if and how teachers implemented new ideas in their classroom,

introduced during in-service, as well as the extent that school-based
factors influenced change. In summary this research explored:

. How different teachers responded to in-service with respect to
their self-confidence in science knowledge and pedagogy;

. The relationship between implementation in the classroom
and teachers’ self-confidence, science knowledge and
pedagogy; and

. Other related factors that influenced the quality and speed of
implementation of new practice in the classroom.

Method

Sample

The AstraZeneca Project involved 31 schools, 70 teachers and
1878 pupils aged 6-12 in Leicester, England (1999-2000). The schools
had intakes from socially deprived areas and were underperforming in
national science tests and/or were identified in government reports as
having science as a weakness. All of the teachers took a ten-day course
(spread over six months) on developing and assessing investigations.
It covered developing open-ended investigations in the areas of elec-
tricity, melting, evaporation and dissolving, and friction. Teachers and
pupils completed attitude questionnaires before the in-service and af-
terwards, in July 2000.

Eleven teachers from Oak Hill primary school, with over 300
pupils in Leicester, had an in-service programme after the AstraZeneca
Project had finished. The teachers had not taken part in the previous
project. Most of them had very low levels of competence and self-con-
fidence in teaching science. Following paired or individual interviews
to identify personal needs, they were given intensive in-service, in
groups of two to four, aimed at developing pupils’ investigative skills
directly related to the science concepts currently being taught in the
classes. There were 10 two-hour in-service sessions during 2005-2006.
Most of the teachers had two sessions, but a few teachers had three.
Again teachers completed attitude tests before and after the in-service.

During 2007 - 2009 data was collected from 420 teachers from
10 countries: Brussels (Belgium), Leicester (England), Tartu (Estonia),
Saint-Etienne (France), Berlin (Germany), Vac (Hungary), Perugia (It-
aly), Loures-Sacavem (Portugal), Ljubljana (Slovenia) and Stockholm
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(Sweden) who were taking part in the Pollen project. This project in-
volved one ‘seed’ city in each country over 3% years. Every ‘seed’ city
had the aim of promoting practical investigative work while making
use of local organisations, industries and facilities. Teachers were giv-
en several training sessions focused on developing investigative skills.
Most teachers received between 20 and 40 hours of training per year.
Support was also provided by written units of study with guidance for
practical activities. For example, the Portuguese had 22 learning units
of practical ideas and pedagogical advice on a website. In a number of
cases these units were also supported by kit boxes with all of the equip-
ment needed for a class to carry out the activities.

Instruments and research design

Questionnaire items common to all three projects

were used for this research.

Additional qualitative data were collected from observations
and interviews of all of the Oak Hill teachers; several classroom obser-
vations of most of the English Pollen teachers; interviews of 33 teachers
from Sweden, Germany and England participating in the Pollen pro-
ject; and interviews of Pollen trainers and coordinators. English pupils
involved in all of the projects also completed pre-attitude and post-
attitude questionnaires at the same time as their teachers. These addi-
tional data provide supportive information and indications of teachers’
development with regard to the application of their new knowledge in
the classroom.

All three project questionnaires were based on an instrument
with a science attitude scale of 49 items with 0.96 overall reliability com-
prising six sub-scales (Pell & Jarvis, 2003). The questionnaires asked for:
. personal information, such as size of class and years of

experience as a teacher;

. responses to a 5-point Likert scale asking for teachers’ self-
confidence in teaching their home language, mathematics,
information technology, as well as science, where a score of
five indicates the teacher feels very confident with no problems
and a score of one indicates the teacher feels that he/she is not
confident at all and needs more help with this.

. A similar 5-point Likert scale probed self-confidence in
teaching biology, chemistry, physics and investigations; and
there were
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. 5-point Likert statements probing attitudes towards various
aspects of teaching science.

All but one of the confidence items were common to all three
projects. One missing item on the Pollen confidence items means that
single rather than composite scores have to be compared. A number of
the attitudinal statements were adapted in the Pollen project to clarify
statements that might have been understood in different ways in dif-
ferent countries. There were also items about working in the science
community, which was an additional focus of the in-service training in
the Pollen project. Once these are removed, there are 28 items that are
common to all three projects with occasional very minor rewording.

Results

Factor analysis of the 28 items provides five coherent scales,
which were built around the 20 strongest loading items that tested
for practical Alpha reliability greater than o.70, (Aron & Aron, 1999;
Youngman, 1979), can be seen in Table 1. The low reliability of the two-
item Testing factor is unsurprising and inferences drawn from scores
should be treated with caution. The remaining 8 unallocated items (see
Table 2) form a further two minor factors but these are too weak for
practical use. The five main factors are:

1 Social dimension to science learning, which indicates teachers’
valuation of pupil collaboration in learning about science in a
wider social context. This unidimensional factor accounts for
67% of the total variance of its items.

2 Continuous teacher professional development, which shows how
much teachers value support for their own professional devel-
opment (69% of the total variance of its items).

3 Testing for assessing the success of lessons and pupils’ learning
has a factor that accounts for 71% of the total variance of its two
items.

4 Quality support to science learners gives a view of how teach-

ers value the importance of strategies for building up science
understanding. A second factor analysis of the scores from just
the seven items in this scale shows that the factor is unidimen-
sional, though weak, accounting for just 41% of the item vari-

ance of its items.
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5 Observational, experimental science focuses on the importance
of developing investigational skills. The factor analysis of the
scores from these four items also shows that the factor is unidi-

mensional. It accounts for 55% of the variance of its items.

Table 1. Factors from the common attitudinal items (n=327)

Questionnaire items: Teachers’ views of how Gzt
Factor . AR Item-Total
important it is to: g
Correlation
Link new science learning to everyday experiences 0.53
Social
dgnenmf) n tg Show pupils how classroom learning relates to the 0.65
science learning | ..o 14 X
Alpha = 0.74
Encourage pupils to learn from each other 0.54
Continuous gharllge learning materials to keep up with latest 0.55
teacher evelopments
professional Take in-service courses on science knowledge 0.72
development
Alpha = 0.76 Take in-service courses on how to teach science 0.53
Design tests to give information on how successful 0.46
Testing the lesson was '
Alpha = 0.62 Use tests that require pupils to use their learning in 0.46
a new situation '
Give each science lesson a clear introduction and 037
conclusion that summarises the learning '
Explain to pupils why their science activity is 0.52
important ’
Quality support . N
. Expect pupils to use scientific words correctly 0.49
for science
learners Provide reference sources for pupils to use 0.51
Alpha =0.75
Encourage and help pupils to write notes 0.41
Relate pupils’ learning to science of the past 0.49
Relate each new idea (concept) to ones that pupils
0.52
have already learnt
Encourage pupils to make careful observations, 047
repeating them if necessary '
Observational,
. Help pupils to generalise from observations 0.54
experimental
science . . . o
Encourage pupils to plan their own investigations 0.55
Alpha = 0.73 uragepupls top wn investig
Help pupils to recognise and control variables inan 0.51
experiment '
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Confidence and attitudinal changes after in-service

When scores are pooled across the three projects, there were

significant gains between pre-tests and post-tests in the teachers’ con-

fidence to teach sciences, information technology and the home lan-

guage. Attitudes to science teaching remain stable with the exception
of an improvement in the rating of the use of information technology

(Table 2).

Table 2. Overall confidence and attitude pre-test and post-test results

for the three projects
Pre-test Post-test

xs:; Std. n :;Iz:en/ Std. n

item dev. item dev.
Confidence in teaching
Home language 414 | 075 | 170 | 4.25° | 0.81 | 170
Mathematics 4.21 0.81 | 167 4.31 0.71 167
Science 3.52 0.94 | 177 | 3.98™ | 0.78 | 177
Information technology 3.03 | 1.20 | 163 | 3.29* | 1.10 | 163
Biology 3.80 | 0.85 | 172 | 4.05* | 0.81 | 172
Chemistry 3.21 1.07 | 170 | 3.69™ | 0.91 170
Physics 3.09 1.07 | 169 | 3.54* 1.05 | 169
Attitudinal scales
Social dimension to science learning 454 | 0.54 | 189 4.60 0.48 | 189
(Cileo\ztlion;;:;tteacher professional 432 | 064 | 185 | 435 | 0.60 | 185
Testing 3.77 | 0.79 | 184 3.85 0.77 | 184
Quality support to science learners 4.06 | 0.54 | 173 4.12 0.44 | 173
Observational, experimental science 432 | 051 | 186 4.39 0.49 | 186
Unallocated attitude items: Views of the importance of
f;;:f;&’ii: demonstrate 431 | 079 | 193 | 421 | 0.84 | 193
f;l:;t};e:eging pupils to guess and 467 | 059 | 193 | 472 | 057 | 193
Using a range of questioning skills 430 | 0.75 | 180 | 4.39 0.70 | 180
;:Z;‘Sging for pupils to work in 426 | 085 | 192 | 424 | 083 | 192
Frequently revising earlier learning 422 | 074 | 190 | 4.27 0.75 | 190
Using information technology 3.70 | 090 | 178 | 3.92* | 0.83 | 178
ff;l;lﬁi Srirszltﬁi: are enough 450 | 0.68 | 186 | 450 | 0.67 | 186
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Evaluating science books and
resources

3.77 | 0.85 | 182 3.82 093 | 182

mm Sig gain on post-test, p<1%, Wilcoxon matched pairs, medium effect size
** Sig gain on post-test, p<1%, Wilcoxon pairs, small effect size

* Sig gain on post-test, p<5%, Wilcoxon pairs, small effect size

The AstraZeneca sample differs from the overall pattern in
that there was an insignificant change in the confidence in teaching
English. Similarly, when examined alone the Pollen sample of teach-
ers showed no significant change in teaching their home language.
In addition, the Pollen teachers’ confidence in teaching biology did
not show a significant change. The Oak Hill sample is very small (n=6
or 7 for test/re-test) and shows no significant changes apart from the
item about encouraging pupils to guess and speculate, which increased
from 3.57 to 4.43 (std.dev.0.54 and n=7, p<5%, large effect size).

Teacher types

The overall pattern masks the fact that individual teachers re-
sponded to the in-service in very different ways. Using 120 teachers
with complete data sets, cluster analysis separated the teachers into
relatively homogeneous types who differed significantly on the vari-
ables relating to confidence in teaching science and attitudes. Three
main types were identified:

1. Science unsures

2. Holistic improvers

3. High level, positive progressives
1 Science unsures

There is only a small group of seven teachers in the first type.
Their mean scores are below those of other teachers in all of the vari-
ables. They had very low initial confidence in physics and chemistry,
differing from the means for the other teachers with large effect sizes,
which showed no significant improvement by the time of the post-test.
Their initial low attitude scores (though still positive) on the Social
dimension to science learning, Quality professional support to science
learners and Observational, experimental science also show no signifi-
cant change by post-test and remain below the average (Table 3). There
were significant deteriorations in the mean scores for the importance of
individual items ‘Being able to demonstrate experiments’ and ‘Encour-
aging pupils to guess and speculate’. Their view was that the in-service
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was not successful, as their attitudes to Continuous teacher professional
development dropped significantly below average after the projects.

Five of the seven Unsures were part of the Pollen project and
two came from the AstraZeneca Project. The one German teacher in
this group was interviewed. She had never taught science before de-
spite having taught for more than 30 years. She only took part in two
in-service sessions and found the in-service handbooks a little con-
fusing in parts. When she was interviewed she gave the impression
that teaching science was a burden to her, as it required extra input
from her that she was unwilling to give. The other four Pollen teach-
ers came from Belgium, where teachers are mainly non-graduates in a
wide range of schools, with varying philosophies and status, so that it
is not possible to impose strict curriculum guidelines that might give
structure. Therefore, it appears that in a few cases this in-service did
not have any impact because it did not last long enough to overcome
both weaknesses in science teaching and science knowledge.

Table 3. Science unsures (n=y) pre-test and post-test changes in
confidence and attitudinal scale scores

Pre-test Post-test
Mean | Std.dev. | Mean Std. dev.
Attitude scale/item

score/ score/

item item
Confidence in teaching
Home language 4.43 0.79 4.43 0.98
Mathematics 4.00 1.00 4.00 1.00
Science 2.71 1.11 2.57 0.54
Information technology 2.86 0.35 3.29 1.11
Biology 3.00 0.82 3.43 0.79
Chemistry 1.86 0.90 2.29 1.11
Physics 2.14 1.22 2.14 1.22
Attitudinal scales
Social dimension to science learning 3.67 0.51 37.6 0.76
Continuous teacher professional
development 4.00 0.47 3.86 0.33
Testing 3.57 0.9 3.43 0.53
Quality support to science learners 3.49 0.61 3.41 0.5
Observational, experimental science 3.82 0.49 3.57 0.4

2. Holistic improvers

This group of 41 teachers generally had initial attitude scores
above the mid-points of the scales, although their scores are below
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average in comparison with the whole group. While their attitudes at
post-test show no significant change, they show a significant increase
in teaching confidence on all of the confidence scales (Table 4). In
all three sciences the improvements in confidence for these teachers
are much greater than those for High level progressive teachers. The
growth in all-round confidence points towards a holistic improvement
in classroom performance. Participation in the in-service appears to
have had a positive effect on all of their teaching.

The Holistic improvers are dominated by 26 AstraZeneca teach-
ers and 4 from Oak Hill Primary, all of whom came from schools that
were identified as having poor science results. Therefore, it might be
expected that these teachers would have poorer attitudes compared to
the majority of Pollen teachers, who typically volunteered to take part
in the innovative European project. This group of Holistic improvers
appears to represent an early developmental stage in how teachers re-
spond to in-service.

In addition, 7 of the 11 Pollen teachers in this group came from
England. It was noticeable that England was one of the Pollen countries
where there were generally poorer overall attitudes. This appeared to
be related to a closely controlled and demanding science curriculum,
where pupils were tested and teachers inspected. Typically one English
teacher said “I think [the Pollen project] has a massive impact. Of all
of the professional opportunities I've had, it’s been about the best. It’s
changed my view of what I am doing in the classroom and had a mas-
sive influence on my teaching... I felt my class weren't as motivated,
but that’s nothing to do with the Pollen project, that’s to do with other
issues... we're so desperate to get our SATs (national tests for pupils)
up, and the kids have kind of picked up on that and it’s less motivating
to work under those conditions” The teachers’ ability to apply their
new ideas in the classroom is clearly influenced by a number of factors
that relate not only to the educational system they are working in but
also to their personal motivation and that of their pupils.
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Table 4. Holistic Improvers (n= 41) pre-test and post-test changes in
confidence and attitudinal scale scores (n=41)

Pre-test Post-test
Attitude scale/item Mean Mean

score/item | Std. dev. | score/item | Std. dev.

Confidence in teaching

Home language 3.76 0.54 4.07% 0.52
Mathematics 3.83 0.92 4.12° 0.60
Science 3.20 0.93 3.95" 0.71
Information technology 2.59 1.31 3.00m™ 1.05
Biology 3.59 0.77 4.05m™ 0.59
Chemistry 3.29 0.84 3.85" 0.76
Physics 3.20 0.84 3.71mm 0.93
Attitudinal scales
Social dimension to science learning 4.32 0.38 4.39 0.41
Continuous teacher professional

3.89 0.63 3.95 0.50
development
Testing 3.57 0.5 3.57 0.53
Quality support to science learners 3.82 0.35 3.90 0.33
Observational, experimental science 4.15 0.46 4.20 0.40

I'Sig gain on post-test, p<1%, Wilcoxon pairs, large effect size
mm Sig gain on post-test, p<1%, Wilcoxon pairs, medium effect size
* Sig gain on post-test, p<5%, Wilcoxon pairs, small effect size

** Sig gain on post-test, p<1%, Wilcoxon pairs, small effect size

3. High level, positive progressives

64 teachers were in the third group based on the cluster analy-
sis. 58 of these teachers were from the Pollen project, 4 from AstraZen-
eca and 2 from Oak Hill Primary. They had above average (for the sur-
vey sample) initial science confidence and were more confident with
regard to mathematics and information technology than the other two
groups. The in-service appeared to boost their confidence in physics
and chemistry but not biology, in which their confidence was already
relatively high (Table 5). They also had significantly above-average at-
titude scores on all five attitude scales at both pre-test and post-test.
Following in-service there is a significant improvement on the Social
dimension to science learning scale.

While further cluster analysis of the Holistic improvers primari-
ly relates to variations of increased confidence in teaching one or more
science subjects, additional cluster analysis of High level, positive pro-
gressives indicates more complex variations with respect to confidence
and/or attitudes. This latter type can be split into three subgroups:
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. One subset had significantly higher confidence scores in
teaching all three sciences and information technology.
Confidence scores remained high but did not show
improvement as the others caught up. These teachers
appeared to consolidate their pedagogical learning as they
showed significantly higher attitude changes with regard to
Observational, experimental science.

. The second subgroup showed significantly high stable attitudes
while their science teaching confidence was only average. They
also scored highly on unallocated items that broadly express
attributes of good pedagogical practice. Their results indicate
that they were well motivated towards science but lacked high
subject expertise.

. The third subset is exclusively Pollen teachers and showed a
significant improvement on the Social dimension to science
learning scale. They appeared to have expertise in mathematics
and information technology initially and gained confidence
teaching physics and chemistry. While their attitudes were
average for High level positive progressives, this subgroup were
strong believers in group work and in encouraging pupils to
predict and speculate. They responded well to the specific
Pollen foci on developing pupils’ investigative skills and
showing how science relates to everyday life. They appear to
have had sufficient science knowledge and investigative skills
to branch out to be more creative. One Swedish teacher in
this group illustrated her ability to make links beyond the
classroom when she said ‘When we grow seeds we go out
into the woods and parks to look for things. When we are
working with chemistry we discuss what they do in their own
kitchen... and when we work with electricity we help them
look for things at home’

Nine countries involved in Pollen have representatives in the
High level progressives group. The interviews of this group confirm the
generally high initial confidence and positive response to the in-service
and the subset analysis. The one English teacher and most of the seven
German teachers of this type who were interviewed were originally
secondary science teachers who were now teaching science to primary
aged pupils. They knew that while much of their science knowledge
was good, they needed to develop better pedagogical skills suitable for
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younger pupils. In contrast, other German teachers were talented pri-
mary teachers but needed support in their science knowledge. Unlike
the Science unsures, these teachers had expertise that gave them con-
fidence, or efficacy, to build on either science or mathematical knowl-
edge, or pedagogical expertise. To make the most of an in-service pro-
gramme requiring considerable application in the classroom teachers
need initial self-efficacy or self-confidence in their basic skills.

Table 5. High Level, Positive Progressives (n=64) pre-test and post-

test changes in confidence and attitudinal scale scores

Pre-test Post-test
Attitude scale/item Mean Std. Mean Std.
score/item dev. score/item | dev.

Confidence in teaching

Home language 4.17 0.81 4.14 0.89
Mathematics 4.48 0.50 4.41 0.71
Science 3.88 0.85 4.13° 0.75
Information technology 3.45 1.01 3.55 1.11
Biology 4.09 0.77 4.11 0.88
Chemistry 3.35 1.10 3.71% 0.99
Physics 3.24 1.07 3.56% 1.05
Attitudinal scales
Social dimension to science learning 4.71 0.37 4.82 0.28
Continuous teacher professional

4.48 0.47 4.56 0.46
development
Testing 4.03 0.7 4.08 0.70
Quality support to science learners 427 0.41 4.28 0.39
Observational, experimental science 441 0.48 4.52 0.47

* Sig gain on post-test, p<5%, Wilcoxon pairs, small effect size

* Sig gain on post-test, p<1%, Wilcoxon pairs, small effect size

Developmental stages of teachers’

changing practice following in-service

It can be seen from the above account that there were major
differences in initial teachers’ attitudes and efficacy/self-confidence be-
fore the in-service and in their subsequent development. The observa-
tions and interviews enable us to relate these and to suggest possible
stages of impact in the classroom. These stages extend Joyce and Show-
erss (1980) developmental levels of impact that might be expected
during in-service. Their first three levels primarily focus on teachers’
personal skills and conceptual knowledge, while the fourth focuses on
classroom practice. Their stages are:
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L. Awareness — where the learner realises the importance of
an area and begins to focus on it. For example, the teacher
recognises the value of a structure for supporting pupils’
investigative skills.

2. Concepts and organised knowledge, which involves both
content knowledge and an appreciation of how learners
develop cognitive knowledge.

3. Principles and skills that provide the tools for action, such as
the pedagogy required to help pupils to collect and organise
data, and to build and test concepts.

4. Application and problem solving, when the teacher is able to
transfer their new expertise to the classroom, where the new
teaching strategy is integrated into the teachers’ repertoire and

style.

Many Science unsures include teachers who are still at Joyce and
Showers’s first three stages. They need substantial and sustained in-
service focusing on their personal science knowledge and investigative
skills. However, there is also a group of Science unsures teachers who
appear to have the basic science knowledge and skills but are not mo-
tivated to apply them. The Holistic improvers have some confidence,
which needs to be built up to a level where the teacher is motivated to
change his/her practice. Although this motivation might be supported
by school managers, colleagues and trainers, positive pupils’ reactions
appear to be a major factor in development. The High level, positive pro-
gressives have the advantage of initial high levels of confidence in either
science knowledge or pedagogy. This generally allows them to be more
creative in the classroom. However, despite the teacher becoming even
more positive, if their pedagogical skills do not reach a stage where
pupils are intellectually stimulated improvement in the classroom will
be slow. Harlen (1997) states that teachers need pedagogical strategies
for handling children’s questions and turning them to the advantage
of investigative learning at their finger tips, but they also need sources
of information and a level of general understanding that facilitates the
quick and effective use of these sources.

Taking account of these teacher types, as well as interviews and
observations, nine developmental stages overlapping and extending
Joyce and Showers’s fourth step are suggested:
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Lacks the motivation to apply the knowledge and expertise to
the classroom. For example, Margaret from Oak Hill, while
being proud that she had carried out two investigations in her
class, did not like the feeling of losing control. Consequently,
she avoided doing all of the practical work herself and asked
a classroom assistant to do it with small groups outside her
classroom area. Margaret was about to retire so had little

reason to change her practice.

Self-confidence increases so that the teachers improve their
attitude to science but appear to make limited effective change
in their class. Grace and Wendy are examples of teachers who
have either expertise in pedagogy or science knowledge but
not both. It is only when both are established that change is
seen in the classroom. Before the in-service, Grace, a Holistic
Improver at Oak Hill, said that she did not enjoy science

at all because she felt inadequate. She took an active part

in the in-service, which had a very positive effect on her
self-confidence and attitudes. However, she did not do any
‘pure’ investigations. She did include some science concepts
alongside her literacy-based story-telling activities. Language
was her strength and this provided the beginning of a basis
to build up her confidence to teach science. In contrast, as a
secondary science teacher Wendy (Pollen) was scientifically
knowledgeable. She also noticeably enjoyed the social and
intellectual stimulation of the in-service, with the effect that
her improved confidence and attitudinal scores classified her
as a High Level Progressive. However, while she applied her
new ideas in the classroom, the activities were too easy for the
pupils, resulting in her pupils showing significant attitudinal
falls with regard to liking science in school. (In the year since
the administration of the questionnaires, in-service continued
and Wendy improved her pedagogical skills and is now

consistently providing stimulating investigative activities.)

Teachers replicate activities shown in in-service sessions. During

the in-service programme, the teachers were rather cautious at
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first and tended to be fairly directive with the pupils because
the activities were new to them. Usually the children reacted
with increased interest and behaved well, proving that they
could respond well to this approach. The pupils’ positive
response increased the teachers’ self-confidence and desire

to continue with the new approach. The close relationship
between the type of activity and the pupils’ response was seen
in Louise’s (Pollen) class. Louise tried out several activities
that involved the community but she did not develop as many
practical investigative activities as she might have. Her pupils’
attitudes to science’s value in society increased significantly,
but their views about doing investigations did not. This
indicated that they were only responding positively to this new
rather narrow focus. As pupils became enthusiastic, Louise’s

confidence in teaching science showed a strong improvement.

4. Activities are repeated and adjusted to cater for individual
children’s needs and/or the situation in the class. Angela, a
Holistic improver from Oak Hill, lacked confidence and
actively disliked science. She had avoided teaching any
science by taking colleagues’ physical education classes, as
she had very poor science knowledge. She was initially very
reluctant to participate in the first in-service session, but was
drawn into the practical nature of the activities. She did two
of the activities from this first in-service in her class and was
pleasantly surprised by the children’s response, and by the fact
that it had been easy for her. After this initial success, Angela
was keener to use the in-service to plan lessons, and started to
creatively adapt each activity to fit the needs of the pupils. As
the teachers received positive reactions from the pupils they
became more daring and took greater risks, thus starting to
add and develop ideas from the in-service within the same
topic. As their confidence increased they moved towards a
greater partnership with the pupils, who were given more

independence and say in the activities.

5. The principles shown in the in-service are applied in a new

topic/age group. One Pollen teacher, Tamara from Broadside
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School, applied in-service ideas to the whole school age range.
The visiting tutor reported that she had observed lessons

for 5-year-olds to 11-year-olds where Tamara had skilfully
adapted the basic principles from the in-service to meet

the objectives of all or the age groups, such as enabling the
11-year-olds to do investigations about light so that they could
teach 6-year-olds using appropriate language for the younger

pupils.

There is an increased sharing of work within the school with
other colleagues. Towards the end of the in-service programme,
the two Holistic improvers and Tamara from Broadside
collaborated to promote the Pollen ideas in their classes, as
well as at whole-school assemblies and staff meetings. These
whole school activities showed that children could respond
well to independent investigative work. Tamara persuaded
other teachers who had not attended the in-service to let her
plan and demonstrate lessons that they had been reluctant to
try as they felt the children would find the work too difficult.
When they saw Pollen-type lessons in action and witnessed
the benefits first-hand, they were encouraged to continue

this approach. The three teachers taking the in-service were
not deterred by the strong initial resistance and eventually
managed to get other staff members interested. It was clearly
advantageous that the group of three teachers had attended
the in-service together and were able to give each other moral

support.

Changes are seen in whole-school planning. Year groups and
classes make partial changes to include the new approach.
Observers noted that in a few English Pollen schools at the end
of the three years of the Pollen project, course participants had
started to make changes in collaborative planning affecting
several teachers. For example, in one school the traditional
topics were rearranged so that logical links could be made
more easily between science and other subjects in order to

show how science is relevant in many situations.
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8. Whole-school change of approach. None of the English schools
in the Pollen project had, after three years, changed their
whole-school plans to optimise a cross-curricular hands-on
investigative approach, although some were getting close to
that stage. The majority of the teachers in the school, including
those who had not attended the in-service programme, needed
to be confident and able to teach investigative science. It was
clear that there would also need to be changes in timetabling,
which would affect other subjects. In addition, changes in
organisation were often required to ensure the availability
of equipment. Furthermore, the possibility for such a major
change only occurs once a year when major planning for the

next academic year takes place.

Conclusion

Teacher questionnaire results were combined and compared
across three projects that have taken place in Leicester, England and
other European countries over the past ten years. At the broad project
level, there were few differences between the AstraZeneca, Oak Hill Pri-
mary and Pollen samples. Overall, there were significant gains in the
confidence of teaching sciences, information technology and the home
language. Attitudes to science teaching remained stable with the excep-
tion of an improvement in the rating of information technology use.

However, the overall evaluation of an in-service programme
can only give a superficial view, as results are made up of a variety
of responses. Using cluster analysis, three major teacher types were
identified:

. Science unsures, a small group with low attitude scores and
little confidence, who showed no response to the innovation;
. Holistic improvers, who showed the largest improvement

in science teaching confidence as well as becoming more

confident across the curriculum. Their average attitudes to

science teaching remained stable throughout; and
. High level, positive progressives, who were the largest group.

They were very positive towards science teaching throughout

and showed gains in confidence in teaching physics and

chemistry, as well as in ways of making links between their
science activities and everyday social activities.



C-E-P-S Journal | Vol.1 | N°1 | Year 2011

At a more precise level of analysis, the second and third teacher
types were found to comprise sub-types that differ significantly from
one another, indicating that the AstraZenca and Pollen projects had
drawn on different teacher-type profiles at the outset. Observations
and interviews provided an opportunity to build on the cluster types
in order to develop a possible developmental model that teachers go
though before new practice is established first in the classroom and
then in the whole school.

Cluster analysis found that the teachers’ starting point of de-
velopment was strongly affected by their attitudes to science, as well as
by their efficacy or self-confidence in their science knowledge and sci-
entific pedagogical skills. While it is not surprising that inexperienced
teachers need a longer in-service programme and many opportunities
to practice their new skills, the speed of each teacher’s development
during the in-service did not depend entirely on where they started.
While initial self-confidence was important, motivation prompted
by personal success and a positive response from the pupils were key
factors. This finding generally supports the view of researchers into
teacher efficacy that feedback about success in applying new skills af-
ter in-service is very important (e.g., Guskey, 1986). However, while a
positive response from peers and management, as well as results of at-
tainment, do partly provide this feedback, these researchers do not ap-
pear to have recognised pupil enthusiasm as also being very important.

Initial self-confidence in both science knowledge and the peda-
gogy of teaching science are major factors. Without both, improve-
ments in the classroom may not occur or may even have a negative
effect. Once the teachers had enough confidence and ability to success-
fully apply their new knowledge and skills in the classroom the pupils’
response was very important. If the teachers were able to present the
lesson satisfactorily the children usually reacted with increased inter-
est and behaved well. This motivated teachers to continue the new
approach. Providing sufficiently demanding tasks by encouraging in-
dependence and making conceptual challenges appears important in
improving pupils’ attitudes. This relates to Pell and Jarvis’s (2001) find-
ing that pupils’ enthusiasm for science declines if they perceive it to be
too easy.

Once having overcome the first hurdle of introducing the new
activities successfully, the teachers continued to replicate activities
demonstrated in the in-service. This process was again usually en-
couraged by the response of their pupils, but also by the response of
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colleagues and managers in the school. Some teachers increasingly be-
came more daring and took greater risks to add/develop ideas from
the in-service. As they gained greater confidence they moved towards
a greater partnership with the pupils, who were given more independ-
ence. It was clear that a feedback cycle needed to be in place: the pro-
vision of stimulating hands-on science that excited pupils increased
teachers’ efficacy to prompt more demanding and stimulating tasks for
pupils and so on.

Development was initially focused on individual teachers’
classrooms. Teachers did not involve other colleagues in their school
until they felt confident in themselves and their pupils. Once this stage
was achieved teachers were keen to share their new skills with col-
leagues and in so doing gained further kudos and confidence. Gener-
ally effective whole-school dissemination did not appear to be feasible
until this point. Of course, colleagues in their school also needed to
go through a developmental process. This was supported in a variety
of ways, such as informal peer mentoring, internally run staff in-ser-
vice sessions, visits by project tutors and trial whole-school activities.
For example, some English Pollen schools tried ‘Creative Days’ or one
‘Creative Unit’ a year alongside more standard science units. To enable
a whole school to change will take several years, particularly as major
planning changes are only made once a year.

When designing new in-service programmes it is important
to assess teachers’ initial level of self-confidence in both science sub-
ject knowledge and science pedagogy, such as Inquiry-Based Science
Education (IBSE) skills. These need to be addressed first by teachers
doing investigations for themselves and having time to understand
the underlying science concepts. In all three projects teachers valued
trying and extending the investigations that they would later give to
the pupils. This stage may take some considerable time if the teachers’
original expertise is low.

Encouraging teachers to try out new activities in the classroom
is a major challenge, but it is essential in order to trigger the feedback
loop of teacher and pupil motivation. Strategies that have been found
to work in these three projects include having two or three teachers
from the same school taking the in-service together so that they give
each other peer support, as well as enabling trainers or mentors to visit
classrooms to participate and to support the teacher, not to assess him/
her. Teachers found it difficult not to try the activities when they were
visited by their mentor. The mentors were also able to give some advice
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on ensuring that the level of difficulty was appropriate. In England, the
visiting mentors also wrote short reports from each visit, illustrated
with photographs, in order to produce high quality glossy booklets
(www.scicentre.org.uk) to show the teachers that their work was val-
ued. The booklets were also designed to keep school principals and
governors informed about the project, as in-service was also most ef-
fective in schools where senior managers fully understood its potential
for raising standards and were committed to using it as a key driver for
school improvement (OFSTED, 2006).

Funding for this research originally came from AstraZeneca
Science Teaching Trust and the European Commission Pollen Seed
Cities: A Community Approach for a Sustainable Growth of Science
Education in Europe.
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