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Figure 4.1c Feedback focus

Some Key Events

To select a few major currents from the rapid and turbulent flow of human affairs
1s a difficult if not distressing activity. As historians must be painfully aware, what
is represented in a few pen sketches, however long, is but a fraction of what has
gone before us. However, just as science looks for broad and simple outlines,
which are, to some extent, only an approximation, so must anyone attempting to
give a view of the years which have preceded our own.

Although ‘complexity’ as an area of study is a new development, there were
already hints around in physics and mathematics. As long ago as 1908 Henri Poin-
caré wrote, ‘It may happen that small differences in the initial conditions produce
very great ones in the final phenomena. A small error in the former, will produce
an enormous error in the latter. Prediction becomes impossible, and we have the
fortuitous phenomenon’ (cited in Davies, 1987, p. 53). Decades later, notions of
unpredictable systems, non-linear dynamics, cellular automata, emergence, sens-
itivity to initial conditions and all the delights that you can enjoy by reading
Waldrop’s 1992 book on Complexity. the Emerging Science at the Edge of Order
and Chaos are providing a new set of mental models for how we can approach
science, the universe, and everything. How did this transformation occur?

We could divide science into two phases: the first phase could be called the
discovery of simplicity, and the second the understanding of complexity. The first
phase of science is well illustrated by Fourier analysis. French mathematician and
physicist Jean G. Fourier, showed that highly complex signals such as are carried
on the radio or emerge from outer space, although they seem formless and
random, can, if they are periodic, be broken down into a series of sine waves
(simple up and down waves) and all the original complexity can be reconstructed
by simply combining the pure sine waves. This possibility of adding up simple

parts to get complex wholes has made enormous advances in science possible. The
whole as a simple sum of parts applies not only to periodic waves as proved math-
ematically by Fourier, but also to electric and magnetic fields, stresses and strains
In many materials, heat flow, diffusion of gases and liquids, and many other
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henomena (Davies, 1987, p. 94). Social scientists will recognize this ‘ad(_iit;vity
gs underpinning statistical models such as analysis of ;'arlelmce.d STSten}i ngchfj;
i dels, multilevel models or
be decomposed and analysed by linear mo ; el
linear’ models are called linear; in these systems the whole is simply the sum of

arts. . . .
e I?I‘he second phase of science arises with the study of non-linear systems:

In a non-linear system a whole is much more than the sum of its
parts, and it cannot be reduced or analysed in terms of simple sub-
units’acting together. The resulting prop.ertles‘can often be
unexpected, complicated and mathematically intractable

(Davies, 1987, p. 25). .

Mathematically intractable! This seems to, sound the death kpgll fortscitex(;;:)(}a1 eass
haotic, full of discontinuities, catastr :
normally conducted. If systems are ¢ ; : :
unevengess and unpredictability, science cannot constn_mt I.nafchemamcal la}'\]ms tlhfg
will predict the future. Mathematicél modelling meets 11'31111*(1%?1;53I Atretw%tberg t(; '
i i i t we are unable to analyse?” Not at all, bu :
with nothing but a complexity tha ! e
i i delling using computers, a metho
tools of analysis become a kind of mo [ : : il
i i ful previous work in science resting
different from the highly success : o o
i i lling can attempt to simulate events i
ematical equations. Computer mode . et direct
i i rating feedback, rather than by equ
fashion, by rules and procedures, incorpo ‘ pledpe fans
; i i . For example, the universe (scienti
see Tymms in this volume, chapter 6) : : LS ¢
Elothiné if not willing to consider the big questions) is modeiled by g. clgo;zg zgrligr:ﬁ
ich is ti i lls which can interact accordin
away, which is time, and a lattice of ce : _
rulez The lattice defines space. Instead of the compelllfng lfoglc Qf nﬁlmbeizs&; 1;22
elli i ter simulation is sought. If a few simple ru
compelling logic of a compu ‘ ' e oo
i i tions of the cells in the lattice and ¢ :
implemented for the interac _ : 1 e e
i logic that those few rules ar
emerge, then there is a compelling :
prodfce the emergent patterns. This does not mean they are necessarily ‘L;?e 011;11}?/
way to produce the emergent patterns but, since they have done so once, the suffl-
ciency is demonstrated. , .
'lyhese kinds of interactions are called ‘cellular aptomal:a : Qhrls Lgngton, Who
had become interested in computing when undertaking alternative ?gltaﬁ Se:iiz
= . i a
i ital i ticipation in the Vietnam war, did a liter
in a hospital in preference to par n ir : :
search on the key words ‘self-reproduction’. Von Neumaznn; Theorrg; cg" S;g;
) i f work called Cellular Automata by
Reproducing Automata and a piece o : .
Co}(jid (who had invented relational databases) caught his attgntli)n. Lan};}gtg;csz;;
i i her the outcomes were simple or cha
that, in dynamical systems, whet : X b
: i i : the parameter increases, the outc
ften a function of a single parameter; as the . J
gass through a chaotic phase. (This interesting behaylour of non—llmear systems
can be very simply demonstrated on a spreadsheet using the equatu?n.

= p*X(n-lj{l - Xpny)

and putting in the values X,=0.2 and n=1, 2,... 17 anc‘?l fo_r su;cgsgwse gogngu;;—
tion series using these kinds of values for the parameter: p= 1,2, 2. t , 5 .O f,ce.uu_,
3.7, 4 and 5.) Langton set out to look for such a parameter in the slycis bemembOdied
lar automata. Eventually, he hit on a simple parameter which cou e
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Ta.ble_él.l. An Artefact: part of the list dis
(Figures in the margin show that more tha;

cussed by a Senior Management Team
Il one person suggested thig factor)

‘Student’ Factors

Part-time jobs

‘Unrealistic’ students admitted to courses

Unrealistic parental demands/expectations

(Parents and pupils) lack of real understand
of what A level entails

Too many extra-curricular activities

Insufficient involvement in life of school/
community

Students need to know what they are aiming

for

Casual approach after easy ride to 16+

Marital/family break-ups

Student absence

Attitudes of students to school

Drugs and alcohol

Student, responsibility

Career/joh prospects

Instrumental approach to being a sixth-form
student

Student-teacher relationship

Teachers’ reaction to attendance & punctuality

Social activities in sixth form
Total demand made of students

‘Teaching/Learning‘ Factors

Teaching and learning strategies/range of styles

(some outmoded)
No structured teaching of study skills
(e.g. note-taking)
Quality of teaching
Resources for teaching and learning (see
separate list)
Time for 1:1 discussions (l:eacher/student)
Lack of ‘bridging course’
induction programme
Inadequate concentration on process of
learning
Inconsistent expectations re marked written
work
Lack of exam practice/revision techniques
Impor.tance of homework in students’ eyes
Teaching approaches not responsive enough to
needs of ail students
Teacher-pairs not communicating sufficiently
Students not encouraged to read widely enough
Student self-assessment

Progress not reviewed often enough
Number and use of study periods

Lack of common deadlines within and between
departments

Teacher expectations of students
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GCSE and the Transition to A Level

1 Cu ul € eflects of GCSE y
1 muiativ ff on Studetlts
: stud:

GCSE as preparation for A level 3

ing Transition to A level is difficult
3 Transition to A level needs planning
2 Good GCSE grades give false confidence tg
students
2 Relevance of GCSE teaching strategies
Students used to coursework demands dislike
courses with final exam only
Subjects seen as ‘easy’ or 'difficult’
Choosing subjects which are inappropriate

2
Policy Factors
Open-entry policy
Negotiated time out 6
Paired sharing of classes (= diminished
teacher responsibility) 2
Inadequate range of courses
Po.orfoldlfashioned syllabus - choice which
ignores changes at GCSE
Too many A levels on offer — resources too
thinly stretched
Too many A levels on offer — poor selection of
courses
No credible alternative for the many students who
3 canmanage only two (or even one) A level
Inadequate resourcing of vocational courses
5 (e.g. low staffing priority) leads to too many

choosing A level inappropriately
Homework policy? 3
Quality of information in Y11
2 Quality of guidance in Y11, 12, 13
Approach of subject choice at A level (several
3 gspects of this noted, e.g. ‘wrong' choices,
inappropriate combinations, influence of
teachers on subject choice) 5
Lack of academic emphasis in school develop-
ment

Perceived management indifference to exam
results

School Organization

Structure of school day since 1990

Use of registration and tutorial time

Assemblies

Leave of absence: timing and use of

Ingdequacy of previous pastoral system:
inadequate monitoring

Inadequacy of arrangements when staff miss
lessons 4

Monitoring School Effectiveness

Lack of debate on A-level teaching
Diversion of SMG attention from essentially
curricular matters

Amount or use of 'free’ time
Visits/fieldwork, etc.
Ethos of school

Questions

Is our ‘performance’ as implied by national
statistics distorted by the proportion of those
statistics which emanate from:

Problems
Too many interruptions to a 5-term course
Too much time wasted between June and

September
We have given too much football during lesson = independent sector (massively better

time resourced)?
Staff turnover 2 * sixth-form college sector: not distracted by
Retirements, resignations, illnesses, maternity KS3 and KS4 planning?

leave Are we losing more quality sixth-form students:

- ¢ from the state education altogether?

Total sustained demands on staff time and
* to neighbouring schocls/colleges?

energy in non-academic directions
Instability: many changes since 1988
Complacency: our results seemed OK

r

Resources and Facilities

General teacher demoralization Teaching environment 2
Diversion of teachers'/departments’/school’s Availability (or not) of study areas especially
energy towards 2 silent areas and supervised areas 6
*+ GCSE General decline in funding for teaching
+ National Curriculum materials — inadequate resourcing 3
« LMS Books get (and look) older

Poor, largely book-based, study facilities

* Pastoral reorganization
(library stock; IT resources and facilities) 2

* Appraisal
s Parent’s Charter
¢ ete., etc.

The second illustration of this assertion of the complexity of the system with
which we are dealing is due to Ibrahim (1992) and based on data from the A-Level
Information System (ALIS), supported by many hours of classroom observation
and interviews with teachers and pupils. In Figure 4.2, the Y-axis represents resid-
uals (what is left over after we have taken account of the best single predictor of
achievement at A level — the average achievement score two years earlier). Posi-
tive residuals indicate performance above that which would be expected on the
basis of prior achievement, negative residuals represent achievement below what
would be expected on the basis of the prior-achievement measure. Ibrahim
divided the sample into high and low ability according to their scores on the Inter-
national Test of Developed Abilities (Ottobre and Turnbull, 1987). As can be seen
from the éraph, the amount of individual help given by the teacher was associated
with quite different outcomes, according to the ability category of the pupils. More
able pupils appeared to do better when not receiving individual help, and less able
pupils seemed to need an extensive amount of individual help to achieve at a level
consistent with their prior achievement. Interestingly, in discussion, a number of
able pupils stated explicitly that, in mathematics, if they could work it out, they
liked to work it out for themselves rather than seek help from the teacher because
that way they understood it better and remembered it better (Ibrahim, 1992, p.
298). This is correlational data so the direction of cause (if cause there is) cannot
be assumed from the data. It serves to illustrate, however, that teaching is directed
at individuals and different individuals may need different styles of teaching.
Furthermore each action will have consequences and reactions. Giving help
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Prediction and Feedback

and prosper? Two things icti
... prediction and f
quoted by Waldrop, 1992, p. 282). e feedback Holland,

due to feedback (Parsons, 1974))

Mor}xtoring systems enable schools to make accurate
are posmble and provide a constant flow of feedback
In with the model of 5 school as an evolving comple).c system

SIMPLICITY - TH
PATTERNS IN DaTA > 1O KNOW THE MAJOR

Although it has been argued above that the edy

. system which adequate
can inform the Interpretation of data and

former college vice-principal, draws on his experience to
he. has frequently éncountered: complaints against the
being gnable to predict accurately their pupils’ A.)
blame individual English department staff needs ¢

English department for
evel grades. Anyone thinking to
O recognize that the prediction

cies qf teachers can only be considered in co
Eeacfémg the same subject to similar pupils,
SChOO;gpectt _chfferences are substantial and should not be neglected. Indeed

ffectiveness may need to be reconceptualized, if not Jor eve*ry. subject
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then certainly for broad bands of subjects such as the foreign languages, the
sciences, mathematics, the humanities, practical or vocational subjects. What
applies in one curriculum area may not apply in another.

Can examination results be fairly contextualized by SES data? Rarely is
socio-economic status a good predictor of achievement in the UK - which is
perhaps a tribute to the UK system of education. SES is not the most important
covariate so that comparisons which rely on SES comparisons will be less fair than
comparisons of pupils’ achievements based on cognitive measures. In general SES
may explain about 9 per cent of the variance whereas any prior achievement
measure would generally explain about four times as much. Furthermore, within
schools the composition of classes varies from year to year and this variation will
itself vary from school to school depending perhaps on the ‘pulling power’ of
various departments (Fitz-Gibbon, 1984). If one inner-city French department had
recruited all the highly able students it would be an error to adjust its results for
the average SES of the school, or even the average achievermnent level of the school.

Are A-level subjects ‘level’ in difficulty? Rhodes Robson is an accountancy
firm. It has written to schools offering to work out residuals for A-level subjects.
How does it compute the predicted/expected grade for a student? By assuming
that all subjects are equally difficult at A level and therefore if your student has
24 UCAS points the ‘predicted’ grade in each of three subjects can be taken as
24/3 or 8. The fact is that A-level subjects differ in difficulty on any reasonable
definition (Fitz-Gibbon, 1988). Consequently the approach suggested will lead to
unfair chastisement of teachers teaching difficult A levels: maths, sciences and
foreign languages. Do trading standards apply in social science?

Table 4.2 shows subjects rank ordered according to their intercept as calcu-
lated using ordinary least squares (OLS) regression. We see physics as having the
lowest intercept. It appears to have been, that year, the most difficult subject and
history was at the other end of the rank order appearing to have been the easiest
subject in the 1989 sample. A second method of calculating difficulty (Kelly—
Lawley adjustments) gave similar results (Kelly, 1976; Fitz-Gibbon, 1991).

Table 4.2 The relative difficulty of the 1989 A-level examinations

Intercept Difficulty Difficulty Lawley N

Srom OLS rank rank correction
Subject regression’ OLS Lawley? Jactors
Physics -9.8 1 1 0.58 867
French -8.5 2 5 0.12 371
Chemistry -8.0 3 4 0.28 853
Maths -T74 4 3 0.31 1,357
General Studies -7.4 5 2 0.36 = 1,087
Biology -8.7 6 9 -0.54 667
Geography -6.0 7 8 -0.66 630
Economics -5.7 8 7 -0.18 606
English -4.6 9 10 -0.75 831
History -4.1 10 6 -0.15 674

! Based on 1989 ALIS data.
% Based on the subset of candidates taking 2 or more subjects.
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Figure 4.1¢ Feedback focus

Some Key Events

To select a few major currents from the rapid and turbulent flow of human affairs
is a difficult if not distressing activity. As historians must be painfully aware, what
Is represented in a few pen sketches, however long, is but a fraction of what has
gone before us. However, just as science looks for broad and simple outlines,
which are, to some extent, only an approximation, so must anyone attempting to
give a view of the years which have preceded our own.

Although ‘complexity’ as an area of study is a new development, there were
already hints around in physics and mathematics. As long ago as 1908 Henri Poin-
caré wrote, ‘It may happen that small differences in the initial conditions produce
very great ones in the final phenomena. A small error in the former, will produce
an enormous error in the latter. Prediction becomes impossible, and we have the
fortuitous phenomenon’ (cited in Davies, 1987, p. 53). Decades later, notions of
unpredictable systems, non-linear dynamics, cellular automata, emergence, sens-
itivity to initial conditions and all the delights that you can enjoy by reading
Waldrop's 1992 book on Complexity: the Emerging Science at the Edge of Order
and Chaos are providing a new set of mental models for how we can approach
science, the universe, and everything. How did this transformation occur?

We could divide science into two phases: the first phase could be called the
discovery of simplicity, and the second the understanding of complexity. The first
phase of science is well illustrated by Fourier analysis. French mathematician and
physicist Jean G. Fourier, showed that highly complex signals such as are carried
on the radio or emerge from outer space, although they seem formless and
random, can, if they are periodic, be broken down into a series of sine waves
(simple up and down waves) and all the original complexity can be reconstructed

by simply combining the pure sine waves. This possibility of adding up simple
parts to get complex wholes has made enormous advances in science possible. The
whole as a simple sum of parts applies not only to periodic waves as proved math-
ematically by Fourier, but also to electric and magnetic fields, stresses and strains
in many materials, heat flow, diffusion of gases and liquids, and many other
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henomena (Davies, 1987, p. 94). Social scientists will recognize this ‘ad@it}ivity’
gs underpinning statistical models such as analysis of v.':u"lalu'lce;:1 Sirsten}ls1 'lefch(i::;}
i dels, multilevel models or ‘hier
decomposed and analysed by linear mo ; del
Eﬁear’ mo%els are called linear; in these systems the whole is simply the sum of

arts. . . -
the l')T‘he second phase of science arises with the study of non-linear systems:

In a non-linear system a whole is much more than the sum of its
parts, and it cannot be reduced or analysed in terms of simple sub-
units,acting together. The resulting propertles. can often be
unexpected, complicated and mathematically intractable

(Davies, 1987, p. 25). -

Mathematically intractable! This seems to.sound the death k.I;.ell fortscitenl(:)(;1 eass
haotic, full of discontinuities, catastro :
mally conducted. If systems are ¢ 1 :

Eﬁfevenr{ess and unpredictability, science cannot constrgct ma.thergjmcal l?;:vs t??;
i i : tical modelling meets its limits. Are we then le
will predict the future. Mathema ! o then et

i i : unable to analyse? Not at all, bu
ith nothing but a complexity that we are . it th
:Zlols of anal%zsis become a kind of modelling using co‘mput.ers, a mthod Whlcht 1113
different from the highly successful previous work in §c1e_rllce resLlr;g.on (I;Ffec;;
i i delling can attempt to simulate events in a di
matical equations. Computer mo | ’
?ashion by rules and procedures, incorporating feedback, rather than by quatlons
(see Ty?mms in this volurne, chapter 6). For example, the universe (scxentls_tsque
nothing if not willing to consider the big questions) is modelled by a clock tic tlr}g
away, which is time, and a lattice of cells which can interact agcordmg to cer a}lln
rule.?; The lattice defines space. Instead of the compelling logic o_f numbelrs, the
comp.elling logic of a computer simulation is sought. If a fev&(ri smut)lg ru iie?;(;
; : 4
i i tions of the cells in the lattice and certain Dz
implemented for the interac : . 1 e B
i logic that those few rules are
merge, then there is a compelling .
erodfce the emergent patterns. This does not mean they are necessarily thhe orf1f1_y
Evay to produce the emergent patterns but, since they have done so once, the suffi-
iency is demonstrated. ‘ o .
¢ 'ghese kinds of interactions are called ‘cellular gutomdta . Qhrls Lgngton, Who
had become interested in computing when undertaking alternative ?élhtaﬁ ser;n(;:
i ital i icipation in the Vietnam war, did a literatu
n a hospital in preference to participa n i : -
lsearch opn the key words ‘self-reproduction’. Von Neumann's Theorzt; Qg S;ZJ;
; i f work called Cellular Automata by Te
Reproducing Automata and a piece 0 : ;
Co}c)id (who had invented relational databases) caught his attgnLlon. Langton. knew
that, in dynamical systems, whether the outcomes were simple or htzhaoilc was
: i i - as the parameter increases, the outcomes
ften a function of a single parameter; as . ‘ .
gass through a chaotic phase. (This interesting beha\_nour of non-l.mear systems
can be very simply demonstrated on a spreadsheet using the equatl?n.

b e D*X(M)[l g X(m)i

and putting in the values X,=0.2 and n=1, 2, ... 17 anc.i fo_r su;cgs;w; gogngu;-
tion series using these kinds of values for the parameter: p= 1,22, g . .Df, céuuj
3.7, 4 and 5.) Langton set out to look for such a parameter in the sys, l;ems et
lar ’automata. Eventually, he hit on a simple parameter which could be em
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in the rules for the computer program, the probability that any given cell would
be alive in the next generation. Exploring values of this parameter, he found, for
low values, simple frozen patterns or periodic repeating patterns. With slightly
larger values there was a transition phase and then, with even larger values, there
was chaos. Langton was aware of the work of a British mathematician, John
Conway, who had created, on computers, a program called the Game of Life. 1t
too was a ‘cellular automaton’ program simulating evolution. With a few simple
rules the program would run and create successful species, predator species,
extinctions, patterns which were pictured on the screen as coloured cells and
which mimicked biological evolution. Langton recognized the Game of Life as
being in the transition part between the frozen, periodie, ordered phase and the
completely chaotic phase. It seems that life emerges, self-reproduction occurs,
patterns evolve, compete, cooperate and behave in a lifelike manner on the edge
of chaos, in a region of ‘complexity’.

The ideas of the evolution of effectiveness in open interacting systems are
now being applied in many fields: economics, biology, archaeology and specula-
tions on the stock market. Perhaps we are seeing the development of newly
discovered laws of nature, laws about how complex systems manage to develop
effectiveness — survival, success. One message is that the systems are often locally
organized. They are not told what to do but they do get regular feedback. Can
these ideas apply to schools?

In 1979, in an article entitled ‘Policy for the unpredictable’, Gene Glass ( 1979)
suggested that it might not be possible to evaluate schools or create widely applic-
able research findings. Education was $0 complex that we might simply have to
be content with ‘fire-fighting’: having monitoring systems in place which could
alert us when untoward events were happening. This was a prescient article and
fits well with modern theories of complexity,

SCHOOLS AS COMPLEX SYSTEMS

Schools are nothing if not complex systems subject to feedback such as examina-
tion results and enrolment patterns. They are very likely, then, to show the kind
of behaviours to be expected in complexity. Furthermore, they contain within
themselves further self-organizing units such as departments and classrooms.
The flow of information plays a key role in any complex system. However, it
Is important to note that in all the writings on complex systems scientists do not
seem to be considering the possibility of disinformation as opposed to valid
information. This is quite understandable in that in the evolution of cells in
response to the availability of food sources, light, other cells etc., the feedback to
the cell is veridical, uncorrupted, actual. The light is there where the light intens-
ity is greatest; the organism that is eaten provides nourishment, or if it poisons,
that poison feeds back into the survival mechanism. There is little in natural
systems as clearly corrupted as in human information systems; a point to which
we shall return later in asking how schools as complex systems can be effective.
There is a reason why the information flow back to humans or to groups of
humans in complex systems is not as accurate as that in the natural systems which
have been subject to the greatest amounts of modelling and investigation. The
feedback which is needed from a complex activity may be very difficult to acquire,
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Take teaching as an example, the teacher gets immediate feedbat;lltl frlom plélp;SS
; t their levels of enjoyment and cooperation, and teachers. generally ears a8
5 OErol with practice. The immediacy of the feedback and its lack ofham ;gcecg
fr?;ke it useful for the teachers’ learning. But some fegdback, such_ as TE?;; e
wely they have enabled pupils to learn, is very al!zfﬁcult. to acquire. sdEd a
;U alylearning level can be measured, but a vital piece of mfprmatmn '118 1;12 coed I
t;'Lnis final level is to be interpreted: what would it have bfaen if the pupl1 s 1ad beer
taught some other way? If teachers were always a551gned randomly oo bé
raufesentative groups of pupils then the simple end achievement ielve s WI?Ot L
ir?ferpretable by simple comparisons between teacht;:rs. Buft schoo sh agfher e
i dingly different from eac J
achers face classes which are excee .
Fhi;eTgame subject, even, possibly, in the same school. (Vagug notions ofdgeggrfﬂ
1(:I:)rrection factors as suggested by the politicians angl thehOff;ce of Star;) ﬂa;akmg
i ple. in one inner-city school, every pu
tion make no sense. For example, : X
Eiuszl 1rnathernatics was highly able and from a professional home back?ol&mm
S-I(1e ols are not homogeneous and classes within schools can vary substag taby;i »
tl(’:ei?" intake.) Only pupil-by-pupil information interpreted agallnst aIlar%Ie1 a ‘jords
: er )
i Its should be expected from a class. In o rd:
can sort out what kind of resu ER 3 dgerh el
milar pupils in other sc ;
i ccess to data on the performance of si : .
Z;z};zgnEIgly difficult for teachers to evaluate how effectwefthey ha';e besélr}lgll;s(
i ; information is typical of many of our
f clear, unambiguous, accurate 1 is ty] : ]
13‘2;3 systems. Until recently this has been an inevitable situation bu{t1 n;)rvg tllgi
:iowth of computing has finally made the management of very large and comp
onomically feasible. . . -
daee I;?et Save; moving into an era in which information can be made fpasifrilf
in great detail at every level of complex systems: The lmpact of 'suc 11'111 ;bﬂity
t'og needs investigating, but first the quality of the m_forr_natlon and 1t%€;ather s
1 ds to be developed. In other words, we need momtorln_g lsystems. e e
I-leelooking at sentencing policies for juveniles, welfare pohmgs, reward s;ru?t Eror
?Ie directors of companies, productivity, truancy, satlsfa.ct{on levels, }ea‘ -
s(cﬁmol effectiveness, extensive monitoring is needed and is indeed developing
of activity. N _ _
maﬂ%:‘l;: iffsould set their face against the provision of mfgrmation although vtvhe f}?é
me researchers more concerned with the second dechlmal place tha.r.n Wlunder-
?r?ethod of collection of the data. What I am arguing here 1? thaﬁthe gric;\;n;gizes o
ing i i f how complex systems function e
standing in the hard sciences 0 : anet e
i tem. With new insights pro
d for the flow of feedback into the sys : L
ir;eioming to be called ‘complexity theory’, our men_tal models ofpkzce)\;f t;l;a‘;?i i
1 ' In short, education is a complex,
nctions need some adjustment. 1, Satlpud 53 | |
izstem which can probably become self-improving if given better data

Two lllustrations of Complexity R
Since the complexity of education is not strongly questioned, jus

will be giv e e bv just one school for one lunch-
i i cali vy just s 1 for |

i given. One is an artefact: a list, drawn up ! scho

t'mue meeting, of factors which might be affecting their exammatulm resultsf. tMore
1 : were which are shown in Table 4.1. None of these

i f whi i

han 100 factors were listed, most o . .
1f:actors could be ruled out as unimportant for some students in some classes
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Table 4.1 An Artefact: part of the list disc
(Figures in the margin show that more than

ussed by a Senior Management Team
One person suggested this factor)

‘Student’ Factors

Part-time jobs

‘Unrealistic’ students admitted to courses
Unrealistic parental demands/expectations

(Parents and pupils) lack of real understanding

of what A level entails
Too many extra-curricular activities
Insufficient involvement in life of school/
community
Students need to know what they are aiming
for
Casual approach after easy ride to 16+
Marital/family break-ups
Student absence
Attitudes of students to school
Drugs and alcohol
Student responsibility
Career/job prospects
Instrumental approach to being a sixth-form
student
Student—teacher relationship
Teachers’ reaction to attendance & punctuality
Social activities in sixth form
Total demand made of students

‘TeachingfLearning’ Factors

Teaching and learning strategies/range of styles
(some ocutmoded)

No structured teaching of study skills

(e.g. note-taking) 5

Quality of teaching

Resources for teaching and learning (see
separate list)

Time for 1:1 discussions (teacher/student) 2

Lack of ‘bridging course’

induction programme 3

Inadequate concentration on process of
learning

Inconsistent expectations re marked written
work

Lack of exam practice/revision techniques

Importance of homework in students’ eyes

Teaching approaches not responsive enough to
needs of all students

Teacher-pairs not communicating sufficiently

Students not encouraged to read widely enough
Student self-assessment

Progress not reviewed often enough
Number and use of study periods

Lack of common deadlines within ang between
departments

Teacher expectations of students
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GCSE and the Transition to A Leve]

11 Cumulative effects of GCSE on students’ study
habits

Transition to A leve] is difficult
3 Transition to A leve] needs planning
2 Good GCSE grades give false confidence to
students
2 Relevance of GCSE teaching strategies
Students used to coursework demands dislike
courses with final exam only
Subjects seen as ‘easy’ or ‘difficult’
Choosing subjects which are inappropriate

Policy Factors
Open-entry policy

Negotiated time out 6
Paired sharing of classes (= diminished
teacher responsibility) 2

Inadequate range of courses
Poor/old-fashioned syllabus — choice which
ignores changes at GOSE
Too many A levels on offer - resources too
thinly stretched
Too many A levels on offer — poor selection of
courses
No credible alternative for the many students who
3 canmanage only two (or even one) A leve]
Inadequate resourcing of vocational courses
(e.g. low staffing priority) leads to too many
choosing A level Inappropriately
Homework policy? 3
Quality of information inYll
Quality of guidance in Y11, 12..13
Approach of subject choice at A level (several
aspects of this noted, €.8. 'wrong’ choices,
inappropriate combinations, influence of
teachers on subject choice) 5
Lack of academic emphasis in school develop-
ment

Perceived management indifference to exam
results

School Organization

Structure of school day since 1990

Use of registration and tutorial time

Assemblies

Leave of absence: timing and use of

Inadequacy of previous pastoral system:
inadequate monitoring

Inadequacy of arrangements when staff miss
lessons 4

GCSE as preparation for A level 3

Monitoring School Effectiveness

Lack of debate on A-level teaching .
Diversion of SMG attention from essentially
curricular matters

Amount or use of ‘free’ time
Visits/fieldwork, etc.
Ethos of school

Questions . -

Is our ‘performance’ as implied by gatxon
statistics distorted by the proportion of those
statistics which emanate from:

Problems
Too many interruptions to a 5-term course

Too much time wasted between June and

September . * independent sector (massively better
: 1 during lesson
We have given too much footbal g vesanmesilh -
time ) + sixth-form college sector: not distracted by

Staff turnover . .

Retirements, resignations, illnesses, maternity
leave .

Total sustained demands on staff time and
energy in non-academic directions

Instability: many changes since 1988

Complacency: our results seemed OK

KS3 and KS4 planning?
Are we losing more quality sixth-form students:
. s from the state education altogether?
* to neighbouring schools/colleges?

Resources and Facilities

i 2
izatl Teaching environment ‘

General teacher dem?f'ahzat;?;lents’/school’s Availability (or not) of stl}dy areas especially ;
e 2 silent areas and supervised areas A

o General decline in funding for tegchmg 5

e i materials — inadequate resourcing

i Books get (and look) older

« LMS

Poor, largely book-based, study facilities

* Pastoral reorganization (library stock; IT resources and facilities) 2

Appraisal
Parent’s Charter
etc., etc.

. th
illustration of this assertion of the complexity of the systerr_l wi

hi r{mheeszfg Iziif;}ing is due to Ibrahim (1992) and based on data from t}t;ee}?—v E(ta;f)(i

}Arjmfrla(ll’m::ion System (ALIS), supported by many h;);rst }?f ;:las_ssr;)g;ezeits aion
i i ils. In Figure 4.2, the Y-axi

s iﬂteWI?WIS gltr\;gf z(}?eerriinﬁaigptlie? acfount of the best single prfedictor Qf
uals’ . i Aolevel — the average achievement score two years earlier). PO;].-
a'Chleve'menf ¢ dicate performance above that which would be expected on ; ez
tNe‘ TeSldU_a : mh'evermem: negative residuals represent achievement below w a
e I e é d on ti"le basis of the prior-achievement measure. Ibrahim
W’m'lld & expecls into high and low ability according to their scores on the Inter-
le{ded t’kIl‘e Sfm;"'mDeveloped Abilities (Ottobre and Turnbull, 1987). As can be .seez

e S IC’JI the amount of individual help given by the teacher was asgomate
fr?m th? 81'3_% : t outcomes, according to the ability category of the pupils. M(nie
i qmt.e o eremed to do bet:ter when not receiving individual help,. and less ab e1
able’ e a%p: al;leed an extensive amount of individual help to g.chleve at a levef
p;lr?éliztseerirr;:ith ?:heir prior achievement. Interestingly,hin disc*ilgsmn,kaitngflntbet; é)y

: i ici i ematics, if they could wor :

?ﬁledlzglivﬂf;ritg;teoitef}égl‘zflletgste}igsI?at?zﬁhan seek help from th(ei- tEea;her ll)gggui}e
- i and remembered it better (Ibra in, o7
e “Thi theY i&ixﬁf&ﬁ éggezgetrhe direction of cause (if cause th.ere llS) .can?oci
328£§s€$2cllsfrcom the data. It serves to illustrate, howev.er, that tea?hmiflstzl;rce}i neg.

indivi ls and different individuals may need different s'.cy es X i
;z;&%:lrr?;lrz each action will have consequences and reactions. Giving p
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Apparent effects of help from the teacher-: mathematics A-level

0.2 [—
otr Never Sometimes Frequently
0 ; ; —

-0.1
-0.2 [~
-0.3 -
0.4
05 L —e— Low ability
el —o— High ability
-0.7 L

Figure 4.2 Residuals associated with vari

ous amounts of help from the teacher (after
Ibrahim, 1992)

contains the message that help is needed - a message of incompetence. Help can
be harmful. Whether or not it is may depend upon many subtle factors of inter-
pretation, style of help, personalities. Here, in Ibrahim’s work, we see the effect
of help apparently dependent upon the ability of the student.

In summary, even if we confine our attention to just one simple, central
outcome of education, namely pupils’ cognitive achievement, the numerous
factors affecting this outcome, and the contingencies in patterns of interactions,
are possibly so locally determined as to be unamenable to much in the way of
general rules which say ‘this is good practice’. The specification of good practice
may be as difficult to catch hold of as the end of the rainbow

It is not just the presence of many factors which makes the discovery of rules
for action unlikely. If the factors acted consistently, in a linear, additive fashion, and
could all be measured, the mathematical modelling and the normal procedures for
establishing ‘research has shown'-type findings could yield results. We might manage
to ‘explain’ more variance simply by measuring more factors. It is the feedback loops
(the non-linearity) in the system which make for predictable unpredictability.

COMPLEXITY - HOW DO WE RESPOND?

How then, if we cannot pursue research as normal and locate the principles of
good practice and pass on these rules to teachers, can we improve the complex
system of education?
The question that we must ask in pursuit of school improvement is how do
complex adaptive systems become most effective? Not an easy question, but it is
the essential question at the heart of trying to influence a social system as complex
as education. To answer this question requires that we return to the sea changes
taking place in science and social science disciplines, driven forward by the fascina-
tion with computers as a tool for the simulation of complex information processing.
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ink 1 ther than
) ; ; think in terms of systems ra
the first thing to learn is to. ' to
j Pemocgsp@'ecjers of a system. To think in terms of gettu?g the WgOletS);S;iI:me
e t all at once, not in some distant future when we finally unders a d some
;’Vor;( ; nontal laws V,Vhat can we do now, for the entire educational system,
undame y

improve its effectiveness?

e ity and
CE)I::‘ :aTseg\.'ant construct is that of emergence — the emergence of complexity

Many of the studies in complexity have been concgrned \jV'lt.h the nalt)tze E(;f
qrder: ahy teristics and its emergence. The work is getting very ¢ e
e on & to how disordered systems can become self—orgamzmg in loca
eXplanatl_OHSl Eisal laws with feedback, selection, adaptation, conflict an;l coope}i?—
g'reasll‘llllznzﬁngfgence of organization when there are simple 1locall1 lawr; ;izekgi ng

o i lex systems are locally o
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t%lieiiiﬁeti?rstes bemoaned by management but, it would seem from complexity
1
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Chapter 4

Monitoring School Effectiveness:
Simplicity and Complexity

Carol Fitz-Gibbon

INTRODUCTION

Educational research has been too ready to leap from correlation to causation, too
ready to neglect, after the epidemiology, the necessary clinical trials. The hope has
been that finding ‘the correlates of effectiveness’, i.e. features common to ‘effective

schools’, would enable researchers to guide ‘ineffective schools’ towards
improvement (Figure 4.1a).

Research on

l

School effectiveness School improvement

A

will lead to

The old
hope
model

Figure 4.1a Effectiveness focus

But correlations only generate hypotheses which then need testing, ideally by well-
designed multi-site field trials, the sort of replicated experiments which provided
evidence for the effectiveness of pre-school education in highly deprived inner cities
in the USA (Lazar and Darlington, 1982). Furthermore a correlate such as ‘a safe
and orderly environment’ is of little use. There are few campaigners for unsafe and
disorderly environments and the question which faces schools is how to create the
safe and orderly environment. What actions are needed? This requires experimen-
tal efforts at school improvement. Indeed, it is likely that careful monitoring of
school improvement efforts would be a faster route to a knowledge of effective
actions than further surveys attempting to find correlates of effectiveness by
comparing schools deemed effective or ineffective (Figure 4.1b). To know which
actions work it is actions which must be studied.
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will ;ﬁfoﬁde ewdence for

l

School effectiveness “ School improvement

Start here

The better
science
model

Figure 4.1b Improvement focus

Yet either approach — testing and validating hypotheses or collecting ev1c_1enci
of effective school improvement efforts — would tzllke years of researé:h to all"lril(\:fﬁ ?S
reliable, generalizable findings and Would requlrel:a level of fun,mg wursumg
unlikely. Furthermore after adopting this approach of ‘normal smencel,d lfhp e
valid research strategies to find strong nomothetic rules, there wou ;II I? >
the problems of dissemination and uptak'e, both of them fraugh.t and le ge Oyf
processes. Set against this long time horlz(?n we have tq recognize a i(?nslarl
urgency which is based on perceptions of serious problems in .schoo S (pal;: 1cuway
in the USA more so than in the UK). If children feel afraid, fail to learn, s jafy a 13
from school, disrupt when they are in school, then teachers cgnnot Wallt or Vato
dated research findings to seek improvements‘; theyicannot wait for ev:z1 uato.rs 1
find the dream programme which applies to their particular patch of the educationa
pasmﬁiz;;her major problem with the ‘science as normal’ RD&D (rfasearch,
development and dissemination) approach tp school effectlvgnesls ;s dmore
fundamental; there may be very few nomothetlg rgles or generahzah e 1}1: 11r1,glg,Tslj
very few ‘laws’ which are locally applicable. ThlS.IS pot to a;sert that p‘;no "
enology rules and we must all retregt Ainto quahtapve stud%es Sling Wi ! obe
one-legged friends, the illogical negativists. The point here is lt1 at we Cri?c tya e
dealing with a system which is so complex as to be fundamgnta y unpre e
in a way which is only just beginning to be understood in lsmenci pgopeh. v
this is the case we have to rethink how to approach the vital task of scho

improvement.

THE EMERGING SCIENCE OF COMPLEXITY NP
Science itself is currently undergoing a sea change, possibly e'ven a paradlg;n 3 tlh 2
P. C. W. Davies, the famous cosmologist and professqr of physics l'.las. descxf'l e e:
change as ‘nothing less than a brand new start in the de§cr1pt10n 0 natutr;
(Davies, 1987, p. 23). In the next few paragraphs an attempt is made to _tra;e e
ideas which have led to the present mix of models and beliefs reflected in Figure

4.1c.
s,
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Prediction and Feedback

An i.j;/j}?ptive agent is constantly playing a game with its environment
at actually has to happen to game-playing agents to survive l

and prosper? Two things icti
... prediction and feedb
quoted by Waldrop, 1992, p. 282). FSafotens,

In orQer to make effective decisions for
know in which directions we wish to mov
of chaos, the system needs

adequately informed, local unit

(Indeed the Hawthorne Effect ha
S been reanalysed
due to feedback (Parsons, 1974)) yediosn
Monitoring systems enabl

In with the model of a school as an evolving complex system.

SIMPLICITY - TH
PATTERNS 1R DA'IE'ANEED TO KNOW THE MAJOR

. s
ti);ﬁmju}lne of 3 'non linear, open system, determined by the laws of physics but essen-
¥ unpredictable — and yet the climate is a fairly reliable guide to the range of

system which adequate

former ice-princi i
college vice principal, draws on his experience to portray a scenario which

teachmg the same subject to similar pupils.
SChO;S;Jl;)fectz .dlfferences are substantial and should not be neglected. Indeed

ffectiveness may need to be reconceptualized, of not _for every subject
84
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school improvement we need values (to
e.) and information. To thrive on the edge
thg capacity to act in multiple self-organizing
5, L.e. the capacity to act on the basis of feedback.,
Ow it to have been largely

e schools to make accurate predictions where these
nstant flow of feedback. Thus monitoring systems fit
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then certainly for broad bands of subjects such as the foreign languages, the
sciences, mathematics, the humanities, practical or vocational subjects. What
applies in one curriculum area may not apply in another.

Can examination results be fairly contextualized by SES data? Rarely is
socio-economic status a good predictor of achievement in the UK — which is
perhaps a tribute to the UK system of education. SES is not the most important
covariate so that comparisons which rely on SES comparisons will be less fair than
comparisons of pupils’ achievements based on cognitive measures. In general SES
may explain about 9 per cent of the variance whereas any prior achievement
measure would generally explain about four times as much. Furthermore, within
schools the composition of classes varies from year to year and this variation will
itself vary from school to school depending perhaps on the ‘pulling power’ of
various departments (Fitz-Gibbon, 1984). If one inner-city French department had
recruited all the highly able students it would be an error to adjust its results for
the average SES of the school, or even the average achievement level of the school.

Are A-level subjects ‘level’ in difficulty? Rhodes Robson is an accountancy
firm. It has written to schools offering to work out residuals for A-level subjects.
How does it compute the predicted/expected grade for a student? By assuming
that all subjects are equally difficult at A level and therefore if your student has
24 UCAS points the ‘predicted’ grade in each of three subjects can be taken as
24/3 or 8. The fact is that A-level subjects differ in difficulty on any reasonable
definition (Fitz-Gibbon, 1988). Consequently the approach suggested will lead to
unfair chastisement of teachers teaching difficult A levels: maths, sciences and
foreign languages. Do trading standards apply in social science?

Table 4.2 shows subjects rank ordered according to their intercept as calcu-
lated using ordinary least squares (OLS) regression. We see physics as having the
lowest intercept. It appears to have been, that year, the most difficult subject and
history was at the other end of the rank order appearing to have been the easiest
subject in the 1989 sample. A second method of calculating difficulty (Kelly—
Lawley adjustments) gave similar results (Kelly, 1976; Fitz-Gibbon, 1991).

Table 4.2 The relative difficulty of the 1989 A-level examinations

Intercept Difficulty Difficulty Lawley N

Sfrom OLS rank rank correction
Subject regression! OLS Lawley? Sfactors
Physics -9.8 1 1 0.58 867
French -8.5 2 5 0.12 371
Chemistry -8.0 3 4 0.28 853
Maths ~7.4 4 3 0.31 1,357
General Studies -7.4 5 2 (.36 - 1,087
Biology -6.7 6 9 -0.54 667
Geography -6.0 T 8 -0.66 630
Economics 5.7 8 7 -0.18 606
English : -4.6 9 10 -0.75 831
History -4.1 10 6 -0.15 674

I Based on 1989 ALIS data.
2 Based on the subset of candidates taking 2 or more subjects.
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comparing the grades pupils achieve in
Such €rrors can demoralize teachers or e
jobs.
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e qugscéi}';aﬁments dzﬁ‘efentmlly effective to a substantive degree? Note that
. posed above is not ‘Are departments differentially effective to a

f:{flg:is};ethi;o}f %uartel'" and the bottom quarter and plot the regression lines
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generally obtained substantially better grades in biology than pupils of similar
prior achievement in departments in the bottom quarter. What are we to make of
these differences? Are they just noise or can they be altered? Only repeated efforts
to alter the residuals will inform us as to whether they are alterable or just noise
or features of particular student bodies, or schools, in ways that we have not
measured. In other words, we can only establish what is or is not alterable by
monitoring the outcomes of attempts at alteration, preferably in the framework of
an experimental design (Campbell and Stanley, 1966). As Willms (1992) has
pointed out, experimentation is greatly facilitated by being set up in the frame-

work of a monitoring system.

SUMMARY AND PROPOSALS

We argue frequently by metaphor and with underlying mental models. I have tried
to give some flavour of the sea change taking place in science as physicists, mathe-
maticians and those who can follow in their footsteps tackle not the simple,
predictable systems of stars and galaxies (not so simple and not always
predictable), but complex systems of economies, living organisms and the
complexities of organizations. One can certainly draw the conclusion from much
recent work on complexity that the number of connections in a system (who talks
to whom, where information flows, how many people receive the information, the
amount and quality of information) have to be crucial variables in the functioning
of any system, and are probably the variables which should be manipulated in
order to improve the functioning of the system, although in what direction and by
how much will be a matter of trial-and-error learning. These are not answers we
can dream up; we have to run the programs and see what happens.

As already noted, current writing on complex systems seems to pay no atten-
tion to the effects of feedback which is false. I would like to suggest the hypothesis
that an important way to improve education is to increase the amount of valid
feedback and to decrease the amount of misleading feedback, increase fair
comparisons and decrease disinformation such as the overinterpreted gener-
alizations and opinions qQffered by inspection and the disinformation of
inadequate models, illustrated by the offer from an accountancy firm.

The validity of the judgements made by inspectors has been called into ques-
tion many times (Bennett, 1978; Gray and Hannon, 1986; Fitz-Gibbon, 1994) yet
it appears that the system which has operated for more than 100 years has made
no effort to have independent checks made on its reliability or validity, let alone
value for money.

In this chapter an attempt has been made to show that monitoring in a complex
system like post-16 education can draw attention to some broad, simplifying
features in the data and that lack of knowledge of these features can leave people

open to unjust criticisms and can mislead people into trying to take actions on the
basis of inadequate information. Misinformation can cause pain and can distract
the system from working towards the outcomes it values.

The setting up of systems of monitoring with feedback is the most vital task
of the next decade — and we have only just begun. Whilst we must increase the
amount and quality of feedback, all the while monitoring the effect of feedback -
monitoring the monitoring — we also need to be concerned to eliminate from the
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system false feedback, misinformation, distraction from the critical task of focus-

ing on outcomes.
The questions, then, are:

What are the outcomes of concern? What do we value enough to
measure? What kind of feedback is required? Which variables?
How measured? And how frequently measured? And which
covariates are needed to make fair comparisons? (i.e. what
predicts the outcomes of concern?).

How should feedback be provided? What level of aggregation
should be used? What degree of confidentiality must be provided
at every level of the system? (i.e. who gets to know what?) What
kind of feedback is understood with or without additional training?

Are there process variables which relate to the outcomes of
concern? i.e. are there ‘alterable variables’, things people might
choose to do which might make a difference and should therefore
be monitored? Can these be measured without raising false hopes

of easy answers or risking widespread misinterpretation of
correlation as causation?

Thus may we improve the flow of valid information into the system and integrate
the old-style search for simplicity with the newly developing mental models of
complex systems. We can set up monitoring systems which have a role in €Xpos-
ing both the complexity of the system and its simplicity.

Note

1. The A-Level Information System, the ALIS project, has been based on collaho-
ration between researchers (previously at Newcastle University and now at
Durham) and schools and colleges, supported in many instances by local educa-

tion authorities and training and enterprise councils. Data are collected relating
to:

pupils’ achievement in examinations at age 16 (General Certificate
of Secondary Education (GCSE)) and at age 18 (A levels);

pupils’ attitudes to each subject studied for the examinations at
age 18;

*

pupils’ attitudes to their school or college and the facilities and
resources provided;

pupils’ aspirations for further education:

pupils’ participation in extramural activities (as a ‘quality of life’
indicator);

* demographic factors;

process data in the form of classroom teaching and learning
activities, and school organizational factors.

The data are specially collected, by representatives of the university directly from

pupils, schools and colleges. Reports are prepared for each A-level subject depart-
ment and fed back promptly to each department.
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