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5 (Edexcel (2001) “Coursework guide -
Edexcel GCSE in Science”, UG009871, p.10 )
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6 (Edexcel (2000) “Specification - Edexcel GCSE in Science: Single

& Double Award A -, UG008983, pp.66-69
OCR(Oxford Cambridge and RSA Examinations) (2001) “COURSEWORK GUIDANCE BOOKLET - GCSE
Science” Assessment and Qualifications Alliance (AQA) (2003) “AQA GCSE 3462)
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Science as a context for the Science of Thinking

Philip Adey, Centre for the Advancement of Thinking, King’'s College London

1 Introduction

This paper will describe the origins, structure, and effects of an innovation called Cognitive
Acceleration through Science Education (CASE). Asthe title indicates, CASE is based on the
science of thinking, that is psychological theories of how we think and how our thinking can be
improved, and it uses science in the school curriculum as the vehicle to enhance thinking.

CASE isdesigned as an intervention in the science curriculum of students aged about 11 to
14 years. It is not acomplete curriculum, but its activities replace ‘regular’ science activities
about once every two weeks. It had its originsin work done in the 1970s at Chelsea Collegein
London which showed that many of the concepts included in science curriculain the United
Kingdom (and throughout the world) made demands beyond the intellectual capability of the
students for whom it was intended.

The team at Chelsea College, led by Professor Michael Shayer, took a scientific approach to
the problem of difficulty. On the one hand, we needed an accurate description of the intellectual
profile of the school population and on the other, we needed away of measuring and describing
the level of difficulty of science concepts. The theory of cognitive development which had been
elaborated by Piaget provided us with just the sort of description we needed. Drawing on his
descriptions of types of thinking available at different stages, we (1) developed an instrument
with which curriculum materials could be analysed for the cognitive demands that they made,
and (2) developed group tests of cognitive development (Shayer, Wylam, Kichemann & Adey,
1978) and used them in avery large scale survey to establish the levels of thinking of children at
different ages in the school population of England and Wales. It was shown clearly (Shayer &
Adey, 1981) that the science curriculum made unrealistic demands on the ability of many —
perhaps a mgjority — of the school population.

There are in principle two possible approaches to this problem: make the science curriculum
easier, or raise theintellectual capability of the students. While the former would be relatively
easy, it would inevitably engender academic and political difficulties, and in any case may be
seen as a defeatist solution. Although the prospect of raising al students’ ability to think may
appear daunting, this was precisely the aim of the CASE project, initiated in 1982.



2 TheUnderlying Psychology

By ‘Cognitive Acceleration’ we mean the process of accelerating students' ‘natural’ devel opment
process through different stages of thinking ability, towards the type of abstract, logical, and
multi-variate thinking which Piaget describes as ‘formal operations'. Formal operational thinking
is characterised by the ability to hold a number of variablesin mind at once - for example to be
able to weigh up two sides of an argument, to consider even-handedly the advantages and
disadvantages of a particular course of action, or to be able to see both the separate and combined
effects of a number of input variables (for example, sunlight, carbon dioxide, water) on an
outcome (the production of glucose). Piaget had suggested that this type of thinking becomes
available to children as a process of natural intellectual development around the ages of 14 or 15
years. However our Chelsea survey showed that only 30% of 16 year olds were capable of such
thinking, and this conclusion was supported by work with college freshmen in the US, and
parallel (but smaller scale) surveysin other parts of the world.

Up to the late 1970s, attempts at cognitive acceleration had shown little evidence of success.
However, these studies had adopted a rather short-term and direct instructional approach, asif the
mind’ s ability to process information could be changed by learning anew set of rules. We
believed that such approaches were flawed since the mind’ s processing ability grows slowly, in
response to demand placed upon it by challenging problems. This gives us the first of five
‘pillars’ of CASE theory, Cognitive Conflict. This occurs when a student encounters a problem
which he cannot easily solve for himself but which, with carefully structured help from an adult
or more able peer can either be solved, or will lead to gain in understanding of the nature of the
problem. The principle of cognitive conflict is aso encapsulated within the idea of a*Zone of
Proximal Development’ (ZPD) developed by Vygotsky (1978). The ZPD isthe difference
between what a child can do unaided, and what he can do with the help of an adult. VVygotsky
says ‘... the only good learning is that which isin advance of development’. In other words,
learning tasks which are well within the child's capability do not provide the challenge which
stimulates cognitive growth. CASE activities are designed to be intellectually challenging.

Vygotsky also provides us with the second ‘pillar’ of CASE: social construction. As agood
Soviet psychologist, Vygotsky was very conscious of the fact that people work together to build
knowledge; it isasocial process. We talk to one another, argue, listen, and gradually build our
understanding through social interaction. CA SE teachers learn to facilitate good social interaction,
creating a classroom atmosphere in which polite disagreement is encouraged, and it is all right to
change one’s mind.

Thethird pillar of CASE theory is the encouragement of Metacognition. Metacognition
means essentially ‘thinking about your own thinking’, although as an extremely fashionable



notion in cognitive psychology the word metacognition has been used in many different ways
(Brown, 1987). We can only help ourselvesto develop higher level thinking if we take some
control of our thinking, that is, become conscious of ourselves as thinkers. In CASE, students are
encouraged to take time to reflect on how they solved a problem, what they found difficult about
it, what sort of reasoning they used, how they sought help and what sort of help they needed. This
istime consuming and quite difficult to do, and teachers and students need alot of help and
encouragement initially to become more metacognitive in their approach.

There are just two more pillars of CASE theory. Oneisthe idea of Concrete Preparation.
Y ou cannot simply present students with a difficult problem and expect the cognitive conflict to
do the wok of cognitive acceleration. There must be a phase of preparation in which the language
of the problem is introduced, along with any apparatus to be used and a context in which the
problem is set. The aim isto ensure that the difficulties encountered are just intellectual, and as
far as possible are not confounded by problems language or context. The final pillar is Bridging,
the linking of ways of thinking developed in the particular context of the CASE activity to other
contexts within the science, mathematics, or other parts of the curriculum and to experiencesin
real life. If it isto become generally available, reasoning devel oped within a special context must
be abstracted, and the student shown how it can be used as a general thinking tool.

Figure 1 illustrates the relationship of these five pillars to one another.

Figure 1: Five'Pillars of CASE Wisdom’

The terms of the problem

Concrete Preparation need to be established

Cognitive Conflict Construction
Thinking developsin Students must construct their

response to cognitive OWn reasoning processes
challenge

Metacognition Reflection on the process of
i problem solving is essential

A 4 Reasoning patterns developed in the CASE
Bridging context must be bridged to other contexts.

The relationship of cognitive conflict to social construction, shown by a spira arrow, is not
straightforward. When faced with a problem, we tend to seek simple solutions. We ‘ short-circuit’
afull analysis of the problem in order to reach an accommodation which will meet the immediate



needs of the situation. For example, in determining what factors cause iron to rust and finding
that nailsin water rust faster than dry nails, the student will be content with the solution ‘rust is
caused by water’ without looking more deeply into the possible effects of air as well. Cognitive
conflict by itself does not automatically lead to re-construction of concepts or to reaching afull
understanding. The cognitive conflict must be maintained and this can only be done by the
teacher through close questioning. This gives a hint about the nature of the pedagogy required for
cognitive acceleration which will be described in alater section on professional development.

The ‘Five Pillars provide afoundation for the pedagogy of cognitive acceleration, but by
themselves they specify nothing about the subject matter context. Teaching methods based on the
Piaget-Vygotsky foundation outlined above could be developed in any subject matter. So why
did we choose to work through science rather than, say, mathematics, history, or English? There
was a pragmatic element to the answer - the early Chelsea work which led to the CASE project
was science based and both Michael Shayer and myself had science backgrounds. But there was
also agood theoretical reason for at least starting the work in science. The origina detailed
description of formal operations provided by Inhelder & Piaget (1958) is characterised by a set
of mental ‘ schemata’: control of variables, ratio and proportionality, compensation, equilibrium,
correlation, probability, and the use of formal models. These schemata are immediately
recognisable by scientists and science teachers as descriptive of important types of relationships
between variables, and they are the stuff of experimental design and the elucidation of general
patterns of behaviour in the natural world. Formal operations are a quite general way of
processing data in any intellectual field and the schema of formal operations can be interpreted in
the context of any academic subject area, but their application to science isfairly straightforward.
Science presented itself as a most obvious gateway into the development of high level thinking.

When we started developing activities in 1984 we had not yet fully articulated the theoretical
model outlined above. The schemata of formal operations were established as the framework
about which activities would be structured, the 'pillar' of cognitive conflict was recognised as
central to the process of cognitive acceleration and constructivism had always been amain pillar
of Piaget's account of cognitive development. The need for concrete preparation was a pragmatic
necessity which came from our experience as teachers, and bridging likewise seemed of obvious
importance if the schemawere to be generalised. But our elaboration of the importance of
metacognition grew throughout the project, from being implicit in the type of questioning that we
promoted, to becoming an explicit and very important part of the CASE method. This gradual
evolution of the 'pillars of CASE as a complete theoretical structure underpinning the design and
delivery of activities has since become very important in the process of professional development
of teachers, to be described |ater.



3 Development of the Curriculum Activities

Target population

In line with the origin of CASE described in section 1, we were concerned with a broad range of
ability, the mgjority of the student population for whom science appeared to be rather difficult. In
terms of ability, our target was the middle eighty to ninety percent of students. Now, the
experience of cognitive conflict will depend on an individual’s ability. What provides an
interesting and productive puzzle for one individual may appear trivial to a more able child and
incomprehensible to a less able peer. While careful design of activities and flexible pedagogy can
provide awide range of levels of conflict within a particular activity, we considered it
impracticable to include within out target population either the exceptionally able child, who
would already be using formal operations by the age of 11 years, or those with serious learning
difficultieswho at 11 years may still be preoperational.

Wetargeted the 11 - 14 year age range because for the great majority of students thisisthe
age of preparation for formal operational thinking. There is some evidence (Epstein, 1990) that
there are brain-growth spurts at about 11 in girls and 12 in boys which may be part of a
physiological maturation programme evolved to prepare adolescents for the intellectual demands
of adulthood. Our survey of the population referred to in the introduction showed that only a
small proportion of actual children attained the ages of cognitive development described by
Piaget in his‘ epistemic subject’. The population survey may be read as an indication of a deficit
in the quality of stimulation provided for the majority of children at home and in school. On this
reading, such a deficit should be remediable by appropriately designed stimulation at the right
ages.

Thereis a pragmatic reason also for choosing 11 - 14 years as the age of operation of CASE.
In the UK, 11+ isthe age of transfer from primary school, which have class teachers who teach
all subjects, to secondary school with specialist subject teachers. An intervention set within a
science context would require science teachers who already understood - implicitly if not
explicitly - the nature of the scientific reasoning patterns which form the context of the
intervention.

Armed with the main features of atheoretical model, with the schemata of formal operations
and with our experience as science teachers, the CASE authors (initially Michael Shayer, then
joined by myself and Carolyn Y ates) started to draft activities we thought would be appropriate
for our target population. We discussed the form and practicalities of the activities amongst
oursalves and with other academics and teachers. We ourselves taught each of the drafted
activitiesto classesin London comprehensive schools which represented the age and ability



range of our target population, and the kind of social and ethnic mix typical of inner city schools
in the UK. After ayear of the funded project we had a bank of some twenty activities ready for a
wider trial. Here two of the activities will be described to illustrate the application of the ‘pillars
to practice. The materials are published as ‘ Thinking Science’ (3 edition: Adey, Shayer, and

Y ates, 2001)

TS4: Tubes. Thisisthe fourth activity in the programme. In the previous activities, the ideas
of variable, values of variables, and relationships have been introduced. Students have a box of
small tubes. Questioning in awhole class discussion ensures that they identify the variables and
values: length of tube (short, medium, long); width of tube (wide or narrow); and the material of
the tube (copper or plastic). Thisisthe concrete preparation phase of the activity, familiarising
students with the basic ideas they are going to manipulate and the practical apparatus they are to
use. Now they are asked to tap the tubes, open end against the palm o f their hands, and listen to
the note produced. The question isthis: what affects the note that you get? They have some free
exploration time and are asked, if they think they know what affects the note, to explain to the
teacher or to another student what they think and why they think it. Thereis often aneed, after
some minutes, to call the class together and suggest that they take tubes just two at atime.

Thisisthe phase of cognitive conflict and social construction. A child may come up with the
claim that the width of tube affects the note. * Show me’ says the teacher. The student
demonstrates with two tubes of different width that produce different notes. Looking at the tubes,
teacher points out that they also have different lengths. ‘How do you know whether it isthe
length or the width that affects the note? Here the teacher is establishing some cognitive conflict,
challenging the student to take account of a variable which she had not yet noticed. Typically a
child might answer ‘both width and length that affect the note’. She doesthisasit seemsasimple
way to resolve the conflict, but the teacher perseveres with the questioning, concluding ‘go and
choose another pair of tubes, but thistime try to find a pair that will give us a clear answer’. Note
that the teacher does not direct the student to choose two tubes in which only one variable has
altered. The whole point is that the student must construct for herself this control of variables
strategy.

In amixed ability class of 12 year olds, it is possible that there will be one or two children
who find the whol e task so easy that they do not experience much cognitive conflict. For these
the teacher may suggest a higher level task, such aslooking for interaction between variables.
There may be one or two others who, at the end of the 60 or 70 minute lesson, remain quite
confused by the whole exercise and still fail to see the point of controlling variables. The great
majority, however, will have experienced (through interaction with the apparatus, worksheet
questions, the teacher and with other students) sufficient conflict to have constructed for



themselves at |east the beginning of a control of variables strategy. The full development of this
into an internalised, unconscious, schemawhich is'naturally' brought to bear on all experimental
situations will still take sometime, but essential groundwork has been laid and the concrete
‘change everything and see what happens schema will have been severely shaken, if not broken
up altogether. Even for the least able students who remain confused at the end of the activity
there will have been a struggling with the problem and some doubts cast on the ineffective
concrete strategy. Even a dlight sense of unease at the way in which experimental questions are
approached is of value. It is the cognitive struggle which is critical in the promotion of cognitive
development, so the objective has been reached if every child experiences some cognitive
conflict and goes some way towards finding a resolution satisfactory to her or himself. Toward
the end of the lesson, the teacher asks students to reflect on mistakes they have made, on what
they have learned, and gets them to re-trace their reasoning as they struggled with the control of
variables strategy — thisis the metacognitive work. Finally, they are invited to think of other
topicsin which the general control of variables strategy may be useful, to bridge the thinking
from this lesson to other contexts.

TS 18, Treatments and Effects, istaught in the second year of the programme. Thisis set in
the context of the schema of correlation. The concrete preparation discussion concerns two
researchers who are testing the effect of a new fertiliser on the growth of carrots. Each hasa
treatment and non-treatment set of carrot plants and counts the number of plantsin each set
which show increased yield over a standard. The data is presented to the whole classastwo 2 x 2
tables (treated / untreated and shows effect / no effect) and the discussion emphasises that the
data from the untreated carrots is asimportant as that from the treated carrots (concrete operators
tend to look only at treated carrots, to see if many show increased yield). Each group of students
isnow given aset of 20 cards. Each set of cards shows one organism (rose, wheat, cow, pig, or
sheep), and also shows whether or not the organism has received some treatment (e.g. fertiliser,
pills to make more milk, etc.) and whether the animal or plant demonstrates an effect (by growing
more, producing more milk, meat, etc.). Studentsfirst sort the cards into four piles according to
whether they have:

A not been treated and not shown an effect

B  not been treated but shown the effect anyway
C  been treated but not shown an effect

D  been treated and shown an effect.



Students then address the question of whether any effect seenislikely to be the result of the
treatment or not. For example, IF the treatment cause the effect, in which of the four pilesA, B, C,
and D would you expect to find large numbers? This generates considerable cognitive conflict
and discussion in groups (social construction) leads to the conclusion that you would expect piles
A and D to belarge, and B and C to be small. In the discussion of these results the terms positive
correlation, negative correlation, and no correlation are introduced to help students think about
what sorts of relationships exist between treatments and effects. This activity models at asimple
level the type of experimental evaluation of treatments which is at the heart of much medical,
agricultural, and other research. Without an understanding of correlation and associated
probabilistic relationships, the mgjority of popular science reportsin newspapers are
incomprehensible. Again, a metacognitive discussion explores the difficulties that students
encountered, and they are encouraged the bridge the idea of correlation to topics outside the
science classroom..

In none of these ‘ Thinking Science’ lessons do students complete notes of ‘ conclusions
reached’ or ‘knowledge captured’. There may be no written product at al, as the worksheets are
used just to record data which forms the raw material for thinking about relationships. This again
highlights a difference between the CASE intervention activities and the regular science
curriculum, a difference which some teachersinitially find hard to accept.

Fitting it into the curriculum

CASE does not offer a compl ete aternative science curriculum. Indeed, the pedagogic difficulty
of managing intervention lessons and the fact that no science content is explicitly covered make it
unsuitable as a substitute for regular science teaching. Furthermore, while the uncertainty with
which students are sometimes | eft at the end of CASE lessons is productive in moderate amounts,
it might well become demotivating if it were a permanent feature of science lessons. CASE is
described as an ‘intervention’ both because it is a process of intervention in ‘normal’ cognitive
development, but also because it is an intervention in the regular science curriculum. CASE
activities are taught instead of regular science activities once every two weeks which might
represent about twenty percent of the time allocated to science. Teachers sometimes say ‘it
sounds like a good idea but we do not have the time for it’. Thisis an understandable position,
but the reality isthat very little timeisactually ‘lost’ to the curriculum content material. Thisis
partly because CASE already covers some of the process objectives of the curriculum, but mostly
because as the students’ thinking devel ops so they are able to understand and make sense of the
regular curriculum material more efficiently, in lesstime. Luckily we have very good evidence to



support this claim, and this evidence generally persuades teachers that the risk of ‘losing’ so
much curriculum time is worth taking, at least on a trial basis.

4 Trialsand Evaluation

The effect of the CASE intervention on students’ cognitive development and academic
achievement determined from our original research project has now been widely reported - see
for example Adey & Shayer (1993, 1994); Shayer & Adey (1992a, 1992b) . A summary of that
work will be given here before considering more recent evidence.

THE 1984-87 EXPERIMENT.

The results which will be described here are for the ten experimental classes in seven schools that
continued with the programme for a period of two years. In each of these schools, one or two
classes were designated as ‘ experimental’, and from September 1985 started to use the Thinking
Science activities once every two weeks for two years. Four of the experimental groups had
children aged about 11+ years, and six had children aged about 12+ years. In each school also
parallel ‘control’ classes were identified which were matched with the experimental classes for
age and ability. The control classes were taught their regular science curriculum without loss of
time for the CASE intervention.

All classes were given a pre-test of cognitive development and then at the end of the two year
intervention period, post-tests of cognitive development and a test of science achievement. This
was the end of the intervention programme, but one year later we revisited the schools to collect
information on all of the students' science achievement. One further year later, in July 1989,
those classes which had started the CASE intervention in their Y ear 8 took their General
Certificate of Secondary Education (GCSE) examinations. Thisisthe national public
examination taken at 16 years by all studentsin schoolsin England and Wales. For al of the
students who had previously been in classes designated as experimental and control we collected
the grades attained in science, mathematics, and English. One year on again (July 1990), those
who had started in Year 7 sat their GCSEs and again we collected their grades. We thus had the
data which allowed us to compare (a) cognitive growth and (b) academic achievement over a
long period of initially matched students some of whom had experienced the CASE intervention
and some of whom had simply followed their regular science courses.



Table 1: Residualised gain scor es on successive tests after completion of two year CASE
intervention, based on pre-cognitive tests September 1984

Mean Standard Signifi- Effect
Group  Number gain deviation cance, p< size(s.d.)

Immediate post 11+ boys 29 -0.21 0.95 - -
cognitive test 11+ girls 27 0.08 1.10 - -
July 1987 12+ boys 65 0.70 1.00 .001 0.75
12+ girls 52 0.03 0.98 - -
1 year delayed science 11+ boys 37 2.72 15.45 - -
achievement 11+ girls 31 7.02 12.76 .025 0.60
July 1988 12+ boys 41 10.46 16.6 .005 0.72
12+ qgirls 36 4.18 14.41 - -
GCSE 1989 Science 12+ boys 48 1.03 1.34 .005 0.96
12+ girls 45 0.19 1.38 - -
Maths 12+ boys 56 0.55 1.23 .005 0.50
12+ girls 54 0.14 1.27 - -
English 12+ boys 56 0.38 1.27 .05 0.32
12+ qgirls 57 0.41 0.96 01 0.44
GCSE 1990 Science 11+ boys 35 -0.23 1.46 - -
11+ girls 29 0.67 1.36 025 0.67
Maths 11+ boys 33 -0.21 1.59 - -
11+ girls 29 0.94 1.26 .005 0.72
English 11+ boys 36 0.26 1.65 - -
11+ girls 27 0.74 1.32 025 0.69

All results will be reported in terms of residualised gain (r.g.) scores, determined from the
regression of any post test on to the initial pre-test. Note that r.g. scores build in comparison to
controls and that by definition the mean r.g. score of a control group must be zero. Table 1
summarises results for boys and girls at different ages of starting. There are a number of striking
features of these results:
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. The immediate effects seem to be rather limited, but (1) more recent immediate effects
obtained on cognitive development have been much larger (see below) and (2) thereisa
strong correlation on an individual student basis between cognitive gains over the two year
intervention programme and subsequent gains in GCSE scores.

. Thereisalong term, and apparently growing, effect of the intervention of students
academic achievement. The effect of the raised cognitive levels will be, starting at the end
of the intervention, to improve student’ s ability to benefit from normal classroom
instruction. Such improvement islikely to be cumulative as better understood conceptual
learning provides a sounder platform for further learning, and so on.

. Thereisastrong 'far transfer’ effect. An intervention programme set in a scientific context
effects students' achievement in mathematics and in English literature. Such transfer
implies that CASE has tapped into and influenced a deep-seated function of the mind which
has a broad effect on students' intellect.

. There seems to be an age/gender interaction effect, in that the intervention is most effective
with younger girls and with older boys. Although this notion fits neatly with amodel of a
cognitive window of opportunity for the promotion of formal operations, which in line with
their generally earlier maturity at this age comes earlier for girls than it doesfor boys, we
must be very careful before drawing such a conclusion. For one thing, the 11+ group was
actually more able overall than the 12+ group, both age groups starting the intervention at
about the same mean level of cognitive development. For another, more recent data does
not show anything like the same gender effect.

MORE RECENT RESULTS

In the original research experiment we were able to measure effects on experimental classes
against well-matched controls. However, the numbers were relatively small, we ourselves were
still in the process of inventing the method for training the teachers, and the teachers themselves
were working on the project in isolation within their schools.

Following the publication of the long-term effects on GCSE scoresin May 1991, there was a
great demand from schools for the materials and methods that would enable them to replicate the
results. Since then, we have been running a series of two-year inservice teacher education courses
to introduce the methods. This professional training will be described in more detail in Section 5.
Although we are now collecting much new data, an important difference between this and the
origina experiment is that now we have a method which we believe works, we cannot ethically
deny it to any classjust to provide an experimental control. One way of analysing new dataisto
compare gains made by CA SE schools with the national norms established in the Chelsea survey
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(Shayer and Adey 1981, and see Section 2). From the first cohort of schools participating in the
CASE training programme, we were able to collect pre- and post-test data on levels of cognitive
development for sixty-three classesin eight schools. Some of these classes made aYear 7 (aged
11+ years) start on the intervention, some a Y ear 8 (12+) start, and one school started the
intervention in both years. A summary of the effect sizes of the school mean residualised gain
scores compared with national norms is shown in table 2.

Table 2: Effect sizes of cognitive development: residualised gain scoresin eight schools
which participated in CASE training, 1991-93

School Start age  Effect size
(o units)

1 11+ 0.67
1 12+ 0.76
2 11+ 0.69
3 11+ 1.12
4 11+ 1.12
5 12+ 0.80
6 11+ 1.0

7 12+ 0.29
8 12+ 1.26

* by comparison with previous year 9 group, questionable.

Of the sixty-three classes, there was a significant negative effect in one class, possibly dueto
some error in the administration of the pre-test. In four others there were insignificant negative
effects. In three classes there were positive effects of less than 0.3c. In al of the remaining fifty-
five classes there were significant positive effects of the CASE intervention on children’ s rate of
cognitive development. As we have shown previously, cognitive gains attained over the
intervention period are related to subsequent academic gains.

In 1995 and 1996 we were able to collect data on academic achievement of CASE schools,
compared with non-CASE schools, for the *Key Stage 3 National Curriculum Test” (KS3 NCT),
aswell asfor GCSE grades of students who had used CASE in 1991 — 93 and those who did
CASE in 1994-96. | will present the KS3 results first and then the 1999 GCSE data. In the UK,
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the government has instituted a series of nationally moderated tests to be given in various subject
areas at the end of each ‘Key Stage’ of education, which means at the ends of years 2, 6, and 9
when children are about 7, 11, and 14 years old respectively. For schools which use Thinking
Sciencein years 7 and 8, the KS3 NCT given at the end of year 9 provides a convenient measure
of academic achievement one year after the end of the intervention.

In figures 2a, 2b, 2c each point represents one school. The horizontal, x, axisis the mean
score of the school’ s students at the beginning of Y ear 7 (secondary school entry) on measures of
levels of cognitive development, expressed as a percentile of the national average. Thisisa
measure of the school’ sintake ability, which is areflection of factors such as the socio-economic
conditions in the school’ s environs and whether there are selective schoolsin the areawhich
cream off the more able students. It so happens that almost all of the schools for which we have
data at present are in the lower half of the intake ability range. The vertical, y, axisis a measure
of successin the KS3 NCT. These tests are scored for National Curriculum levels, which fall on a
range from 1 to 10 (or more recently 1 to ‘8 and over’). The percentage of students attaining level
6 and above at Key Stage 3 is commonly taken as a measure of the success of the school. In order
to make the plot linear, all scores have been transformed into logits: In(%/100-%). Thisiswhy
the axis scales are not equal-interval.

These figures show, not surprisingly, that success on the Key Stage 3 testsis strongly related
to the intake ability of the school’ s pupils. What is striking isthat CASE schools all lie above -
often far above - the regression line for control schools. This means that whatever the intake level
of the school, CASE schools are adding significantly more academic value to their students than
non-CASE schools. The effect is equivalent to an addition of about 30 percentile points to school
mean academic achievements.
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Figure 2: relationship between school entry cognitive levelsand NCT K S3 test performance
at end of year 9 for CASE (X) and non-CASE (O) schools.
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