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The 1995 and1999 GCSE results for students who used CASE three years previously follow
asimilar pattern. It isanalysed in exactly the same way as the KS3 data, except that the measure
used for a school’ s mean success at GCSE is the percentage of students attaining grades A, B, or
C at GCSE, on ascaewhich runsfrom A to G plus 'fail'. Grades A - C are generally considered a
‘good’ pass at GCSE and a basis for continuing education in that subject area. Figures 3a- ¢
summarise the results for the 1999 GCSE. It is clear that the CASE intervention has
systematically added greater academic value to students of agiven starting cognitive level than is
normal for non-CASE schools, and that the effect is on a general function of students which
transfers beyond the science context in which the cognitive intervention programme is delivered.
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Figure 3a: GCSE grades 1999: Science
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Figure 3b: GCSE grades 1999: M athematics
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Figure 3c: GCSE grades 1999: English
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5 CASE and the Professional Development of Teachers

It will be clear that teaching children to think is a subtle, complex process which cannot be
reduced to a set of specific activities for teachers to follow. The reason that there can be no such
thing as a 'teacher-proof curriculum' is that the process of teaching is an essentially human social
enterprise involving myriad types of interaction between teacher and pupils. For teaching to be
effective, each teacher hasto find her or his own way of working with the great variety of
personalities and intelligences which they meet every day.

If these principles are true for teaching in general, they are even more important when
applied to teaching for the devel opment of reasoning. We have to consider what the teacher of
thinking needs to be able to do, what normal training and experience have prepared them for, and
how the gap between the two might be closed. Teaching for the development of reasoning in
children is the antithesis of teaching for the recall of factual content. The development of critical
thinking, or higher level reasoning, in children requires by definition that children be given an
opportunity to exercise their own minds, to engagein critical appraisal, to risk opinionsin a
sympathetic atmosphere and then have the opinions challenged in arational but respectful
manner. This means the creation in the classroom of avery specia sort of atmosphere whichis
intellectually rigorous but at the same time friendly and safe - in the sense that all children should
feel confident in taking cognitive risks. To create such an atmosphere, the teacher needsto have:

. clear objectives in terms of the type of reasoning being developed in a particular thinking
lesson;

. some familiarity with the underlying theory of cognitive acceleration;

. an intimate understanding of the range of reasoning and arguments displayed by his or her
pupils, if not of the particular levels of argument employed by each individual pupil;

. mastery of arange of techniques such as leading questioning, suspension of judgement,
setting challenges appropriate to particular children, and the ability to interpret children's
utterances in terms of the type of thinking they are using.

The 'needs list' may be seen as something of a specialisation of the requirements placed on any
teacher, rather than aradically different type of teaching. It is, or at least should be, part of every
good teachers' repertoire to be clear about objectives, familiar with teaching materials, sensitive
to children’ s needs, and in command of questioning and other techniques. But for the
development of reasoning in children, each of these requirementsis raised to a higher degree, or
applied to rather particular methods and materials different from the normal content-oriented
curriculum.
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The development in teachers of the pedagogical skills required to teach for cognitive
acceleration will depend on continuing professional development through inservice courses for
teachers. There may be formidable problems associated with motivating teachers to participate in
such programmes, with funding them, and with accrediting them, but in this monograph | will
concentrate only on the underlying theory and the practice we have developed within the CASE
project.

Research on effective inservice practices.

A great deal of research has been undertaken into factors which impinge on the effectiveness of
inservice courses in changing teachers' classroom practice. Joyce & Showers (1980, 1988)
undertook a meta-analysis of nearly 200 studies of the effect of Staff Development. They state
their conclusions strongly, summarised in table 3. The messageis clear: for inservice courses to
be effective, the occasional day spent in a university or professional development centre will
have no effect, however well-structured and organised it may be. Coaching work by the tutorsin
schoolsis essential. Such research evidence supports the experience of inservice providers who
often hear teachers say ‘Well your ideas seem well and good in this nice university setting, but
they wouldn't work in my school / with my students/ etc.” Many teachers, quite reasonably, need
to be convinced that the theory can be put into practicein their own schools, and the only way to
do thisisto work with the teachersin their classes, supporting them there in the implementation
of the teaching of thinking.

Table 3: Mean effect sizesin standard deviation units of different Staff Development
procedureson possible INSET outcomes.

Outcome: development of teachers...

Feature of course knowledge skill practice
give information 0.63 0.35 0.00
+ demonstrate 1.65 0.26 0.00
+ opportunity to practice 0.72 0.00
+ feedback 131 1.18 0.39
+ coaching in school 2.71 1.25 1.68

after Joyce and Showers 1988 p. 71
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The structure of CASE Professional Devel opment

The inservice Professional Development programme we devised to introduce CASE to schools
takes Joyce and Showers' findings seriously, and includes elements of theory, practice, and in-
school coaching. It also includes elements concerned with the management if change in schools.

As described above, CASE methods are rooted in Piagetian ideas of cognitive conflict and
equilibration, and in Vygotskyan ideas of socia construction and metacognitive reflection on the
development of one's own thinking. Thus the methods which teachers are to implement, although
described in print, are rooted in theory which it is essential to understand for effective
deployment of the necessary skills. No teachers guide, however comprehensive, can ever convey
the richness of a classroom practice which is required to raise permanently students general
levels of thinking. Some understanding of the learning process is essential for any successful
teacher development, but it is especially important in interventionist teaching aimed at the
development of thinking. The construction for oneself of intervention methodsis related to the
sense of ownership that teachers build in taking on the new methods. Until one has taken
ownership of amethod with one's own idiosyncratic interpretation and colouring by personality
and the particular school environment, it will remain and ‘add-on' skill which iseasily lost when
the external stimulus of the inservice programme is removed. The curriculum in the classroom is
created and managed by the teacher. Ownership of a method for teaching thinking enablesit to be
built in naturally to this classroom curriculum.

The CASE Professional Development (PD) programme runs over two-yearsin parallel with a
school’ sinitial implementation of the two year Thinking Science programme. Over the two years,
there are seven days when teachers attend our inservice centre and a further four or five half days
when we work with the teachers in the school. The amount of time devoted, in particular, to the
coaching visits by expert CASE trainers makes these rather expensive programmes. Typical fees
for the two year programme are about £3,000 per school. Inservice education in the UK now is
funded by monies which are devolved to individual schools, so each school hasits own inservice
budget. Schools often see investment in the CASE inservice course as worthwhile in terms of the
general professional development of teachers as well as raising student achievement.

We do not work with individual teachers, but only with whole school science departments. It
isessential that all science teachers participate in the programme. However enthusiastic
individuals may be, the difficulties of maintaining a distinctly different and novel teaching
method in a school surrounded by others who continue with mainstream curriculum teaching are
formidable. By insisting on working with a whole department, it becomes far more likely to make
the new teaching goals and methods part of the culture of that department and that school.
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Sinceit is not practical for aschool to release all of its science teachers for the Centre-based
days, which are held on normal school days, a school will usually send two teachers. One may be
the * CASE co-ordinator’ in the school, and the other may rotate, with a different person coming
to each occasion. This provides a balance between continuity and exposure of as many of the
department as possible to the PD programme. In addition to our own inputsin the schools, CASE
co-ordinators are encouraged to devel op implementation plans which include in-school PD
sessions which the co-ordinator runs. We use part of our school visit time to support the co-
ordinator in his’her PD sessions in the schools.

We also run aparalel programme for the training of CASE Trainers. Trainers may be drawn
from university departments of education, from local government advisory services, from
freelance consultants, or from schools themselves. Some Head teachers see an advantage in
having their school become atraining centre for CASE. Trainers attend many of the same
sessions as the teachers from schools, but they aso have sessions of their own devoted to
management of change in schools, to research data on effective Professional Development, and to
the writing of action plansfor the training programmes they propose to run.

Researching Professional Devel opment

There isageneral way in which the effectiveness of the professional development programmeis
evaluated by the academic gains made by students in schools which participate in the programme,
described in section 4 above. But making a more specific link between the professional
development course, the devel opment of teachers’ practice, and cognitive gains made by students
isamore difficult form of evaluation to establish. We have now amassed a considerable amount
of datarelated to factors which make professional development effective. Space does not allow
me to describe this research in detail, but it isfully described in Adey et. al. 2004, where we have
set our own datain the context of the extensive literature on effective professional development,
and developed amodel of the key factors (figure 4).

The ‘bottom line’ in the model is change in students. The whole point of an innovationin a
school isto change the students in some way, for example to improve their achievement of
behaviour. If a professional development programme is effective, it should lead to such schange
in students. There are four main elements in the model:

1 The nature of the innovation. To be effective, an innovation needs a sound theory base,
some evidence of effect on students, and print or other materials which teachers find useful.

2 The quality of the professional development, which generally need to be sufficiently long
and intensive and to include an element of in-class coaching.
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3 Theschool’sprincipa (head teacher) must support the innovation, allow the time for its
implementation, and consider its maintenance when, for example, an individual teacher
leaves the school and is replaced.

4 Collegiality amongst teachers. For radical innovations, teachers in a school need to work
together in a sharing and mutually supportive environment.

It isafeature of thismodel that all four of these elements need to be set in the ‘ positive’ mode for
the PD to be effective. If any one of themis ‘negative’, the PD will fail.

Figure4: A comprehensive model of effective professional development of teachers
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6. Widening theimpact of Cognitive Acceleration

Sinceitsinception in the early 1980s, Cognitive Acceleration has spread widely and in many
ways. The original CASE materials have been extensivelt revised through three editions, and are
now used very widely in schoolsin the United Kingdom. They have been translated into many
languages have been trialled in at least 10 countries that | know about. The principles have been
applied to mathematics (CAME, Adhami, Johnson, & Shayer, 1998), technology (CATE,
Hamaker, 2003) and the expressive arts (ARTS, Gouge & Y ates, 2003). We also now have
cognitive acceleration programmes for much younger students: Let’s Think! for 5 year olds
(Adey, Robertson, & Venville, 2001) and Let’s Think Through Science! for 7 year olds (Adey,
Nagy, Robertson, Serret, & Wadsworth, 2003).

7. Conclusion

| hope that | have shown that Cognitive Acceleration through Science Education is an effective
way to raise educational achievement by addressing directly students general ability to process
information — their general intelligence. It is along term approach to raising general intellectual
capability in the population of young adolescents. It islong term in itsimplementation since it
requires two years of curriculum intervention, and it is even longer term in its evaluation, since
the effects are tracked up to three years after the end of the intervention. It is therefore inevitable
that the adoption of CASE into the pedagogy of schoolsisaslow process but some 20 years after
itsoriginal design, its use continues to grow. We may attribute the success of CASE to two
general features: the interplay of theory and practice in its design and implementation, and the
view of ‘curriculum’ as encompassing both printed material and teacher professional
development. | believe that any successful approach to improving the quality of our students
education must be rooted in sound learning theory, and that theory must be shared to some extent
with the teachers, and also that no successfully innovation can be ‘ canned’ and handed to
teachers as a finished product. The teachers have to make it for themselves, with our help.
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