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SYNOPSIS

School performance indicators based on ‘raw results’ are being superseded by those
based on ‘value added’ methods. In Scotland, one Value Added indicator used in
secondary schools measures students’ relative ‘progress’ between Standard and
Higher grade. The average ‘progress’ of a school’s candidates in a particular subject
LVWKDWGHSDUWPHQW·V9DOXH$GGHGLQGLFDWRUEXWWKLVÁXFWXDWHVIURP\HDUWR\HDU7KH
random factors that affect students’ performance (over which schools have little or
QRFRQWURO ZHUHVLPXODWHGRQDFRPSXWHUWRGHWHUPLQHWKHVL]HRIWKLVÁXFWXDWLRQ
,WZDVIRXQGWKDWWKHFRQÀGHQFHLQWHUYDOVIRUPRVWVXEMHFWGHSDUWPHQWVDUHVRZLGH
that it becomes almost impossible to distinguish between them. The conclusion is
that this indicator is an uncertain way of measuring ‘effectiveness’.
WHY ‘VALUE ADDED’?

The grade obtained in a public examination by a particular candidate depends upon
many contributory factors. At one extreme, some factors are completely random and
FDQQRWEHLQÁXHQFHGE\FDQGLGDWHVRUWKHLUVFKRROVIRUH[DPSOHWKHXQFHUWDLQW\
in grading the candidate’s answers in the examination (Nuttall and Willmott, 1972;
Mortimore and Mortimore, 1984). At the other extreme, the factors are wholly
dependent upon the school; such as whether the teacher actually taught a topic in
the syllabus. In between, factors depend partly on candidates and partly on their
teachers, parents, peers and other social circumstances. For purposes of analysis,
it is convenient to divide these factors into two categories, according to whether
they appear to be common to the candidates of a particular subject department in
a school (hereinafter called the ‘School Effect’) or whether they do not (Random
Factors). The ‘School Effect’ is measured by the between school variance in
candidates’ performance, whilst the Random Factors are determined by the within
school variance.
Annually, ‘league tables’ of the public examination performance of candidates
in different schools are published in the national and local press. These are strongly
criticised for being ‘unfair’, because some of the factors that contribute to candidates’
SHUIRUPDQFHDUHQRWXQGHUWKHFRQWURORIWKHVFKRRO IRUH[DPSOHWKHVRFLRHFRQRPLF
status of a candidate’s parents). There has been much criticism of some performance
indicators because they do not take these ‘contextual factors’ into account (Smith
and Tomlinson, 1989; Kendall, 1995; Murphy, 1997), which is why value added
methods are being introduced (Woodhouse and Goldstein, 1996).
In the value added method, allowance is made for contextual factors by using
candidates’ prior performance in a public examination as a covariate, which then
concentrates attention on the ‘progress’ made by each candidate thereafter. Because
all candidates make some progress, it would be more accurate to call it their relative
progress; they are just being compared with the average of all candidates. The
average ‘progress’ made by the school’s candidates in one particular subject is called
the Value Added (VA) indicator of that department and this is “widely regarded as
providing more accurate measures of school effectiveness than the raw results”
(Thomas, et al 6RPHUHVHDUFKHUV )LW]*LEERQD-HVVRQ7KRPDV
0RUWLPRUH UHJDUGVRFLRHFRQRPLFIDFWRUVDVRIPLQRULPSRUWDQFHDIWHU
‘prior performance’ has been taken into account, but others (Gibson and Asthana,
1998a, 1998b) dispute how far it does compensate for the social context of the school
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and there does now seem to be some attempt to include this in the VA indicator as
well (Thomas et al., 1998).
The debate about contextual factors centres on the validity of value added
indicators for measuring school effectiveness. While not denying the extreme
importance of this, the current study is more concerned with the reliability of the
VA indicator. The apparent assumption seems to be that, when the examination
results for a particular subject in a school are aggregated to form its VA indicator,
the Random Factors cancel one another out and only the ‘School Effect’ remains.
The researcher’s background in physics led him to question this assumption and to
investigate the accuracy RIWKH9$ÀJXUHVWKDWVFKRROVZHUHEHLQJJLYHQ
HOW THE VA INDICATOR IS CALCULATED IN SCOTLAND

In calculating the VA indicator, ‘prior performance’ is measured by the mean grade
obtained by each candidate in his or her Standard grade examinations the previous
\HDUFDOOHGWKH6WDQGDUGJUDGH*3$ JUDGHSRLQWDYHUDJH 5HVHDUFKLQWKHUHVWRI
WKH8.FRQVLVWHQWO\VKRZVWKDWWKH*3$DW*&6(2OHYHOLVWKHEHVWSUHGLFWRURID
FDQGLGDWH·V*&($OHYHOUHVXOWLQDQ\SDUWLFXODUVXEMHFWEHWWHUHYHQWKDQSHUIRUPDQFH
LQWKDWVDPHVXEMHFWDW*&6(2OHYHO .HOO\)LW]*LEERQDQG7\PPV
)LW]*LEERQE*UD\et al, 1995; O’Donaghue, 1997).
To illustrate the methodology of the SOEID, the VA indicator for one particular
subject, Geography, is calculated below. Geography was chosen for this investigation
because it is both an Arts and a Science based Higher subject; it is about average
in terms of the number of its candidates, it has the same GLIÀFXOW\as most other
Higher subjects and its correlation with GPA is similar too. In Scotland, the Standard
JUDGHH[DPLQDWLRQDZDUGVDUHPDGHE\WKH6FRWWLVK4XDOLÀFDWLRQV$JHQF\ 64$ 
in 7 grades. A year or more later, candidates are presented for the Higher grade
examination, which is awarded at grades A, B, C, D and E. This examination is
actually assessed on the numerical scale 1 to 14 (called range scores) which are
then converted to letter grades according to the code: scores 1, 2, 3, 4 and 5 are
Grade A; scores 6 and 7 are Grade B; scores 8 and 9 are Grade C; scores 10 and 11
are Grade D and scores 12, 13 and 14 are Grade E. It should be noted that, for both
examinations, a lower score represents a higher attainment.
It seems unlikely that a simple conversion system is used to turn examination
marks into range scores, but rather that the latter are chosen with some reference
the letter grades. This can seen from the distribution of range scores amongst the
Higher Geography candidates (Figure 1).
Figure 1
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It appears that some candidates at the top of a particular band are ‘promoted’ to the
next band, so that the number of 5s (grade A) is higher than expected from a ‘normal
distribution’ and the number of 6s (grade B) is lower. The same is true for the interface
EHWZHHQJUDGHV&DQG%DQGEHWZHHQJUDGHV'DQG&'HVSLWHWKLVQRQQRUPDOLW\
EHFDXVHUDQJHVFRUHVUHSUHVHQWDÀQHUGLYLVLRQWKH\DUHXVHGLQSODFHRIWKHOHWWHU
grades when calculating VA indicators. The results of this calculation are then halved
WRJLYHÀJXUHVWKDWFDQEHLQWHUSUHWHGLQOHWWHUJUDGHVUDWKHUWKDQUDQJHVFRUHV7KH
MXVWLÀFDWLRQIRUWKLVFRQYHUVLRQLVGXELRXVDOWKRXJKLWPDNHVQRGLIIHUHQFHZKHQ9$
indicators are used to determine whether departments are above or below average.
For this investigation, a full set of results was obtained from the SQA and a
sample of all candidates, who had been presented for Higher Geography in 1997,
was extracted from it. It was necessary to remove from the sample all schools
with fewer than 10 candidates, because it has been found that the VA indicators
of subject departments with fewer than 10 candidates are too inconsistent and the
SOEID does not produce VA indicators for such schools (SOEID, 1993). When this
was done, 199 schools (about half of the secondary schools in Scotland) remained,
(4232 candidates).
To determine the regression line (Figure 2), the actual results that all 1997
Higher grade Geography candidates had achieved were plotted against the same
candidates’ 1996 GPAs.
Figure 2

The best straight line through these points (ordinary least squares regression)
was drawn and used to form the regression equation, which, for these results is
given by Eq. 1.
Predicted range score in Higher Geography of candidatei = 2.20 + 2.76 x GPAi ______Eq. 1

Regression analysis shows that the GPA accounts for 52.4% of the variance in
FDQGLGDWHV· UHVXOWV IURP WKH DGMXVWHG VTXDUH RI WKH FRUUHODWLRQ FRHIÀFLHQW  52).
Thus, although ‘prior performance’ is a very useful predictor of Higher grade success
(probably the best single predictor there is), other factors, including the ‘School
(IIHFW·VWLOOKDYHVRPHLQÁXHQFH²FRQWULEXWLQJWRWKHYDULDQFH
This regression model is used to determine the grade that candidates with a
particular GPA might be expected to achieve in Higher Geography. The difference
between this expectation and the candidate’s actual Higher grade result is called a
residual; however, because higher attainment has a lower range score, the residual
LVGHÀQHGLQUHYHUVHDVIROORZV
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UHVLGXDO SUHGLFWHGUDQJHVFRUHDFWXDOUDQJHVFRUH



BBBBBB(T

This ensures that candidates with positive residuals have done better than other
candidates with an equivalent GPA and candidates with negative residuals have
done worse.
To obtain the VA indicator of a school’s Geography department, the mean residual
of all the Geography candidates in that school is calculated and then halved, so as to
produce an indicator in terms of letter grades. For Higher grade Geography in 1997,
the VA indicators of different departments (Figure 3) were found to range between
 DQG  WKH YDOXH RI  IRU H[DPSOH LQGLFDWLQJ WKDW WKLV GHSDUWPHQW·V
candidates in Geography achieved half a grade better than the national average for
candidates of ‘similar ability’.
Figure 3

This chart shows that candidates of ‘similar ability’ attained an A grade, a B grade
or a C grade depending on which school they attended. Stated in these terms, the
case for publishing ‘performance tables’ is understandable.
THE RELATIONSHIP BETWEEN THE VA INDICATOR AND
DEPARTMENTAL ‘EFFECTIVENESS’.

The assumption in this value added model is that the mean residual is due to
departmental ‘effectiveness’. When the mean residual is calculated, it is assumed
that any random IDFWRUV ZKLFK PLJKW KDYH LQÁXHQFHG FDQGLGDWHV· UHVXOWV FDQFHO
one another out, so that only those factors that are common to all the department’s
candidates remain (i.e. the ‘School Effect’). On this basis, the mean residual is a
direct measure of departmental effectiveness, untainted by the contextual factors that
LQÁXHQFH¶UDZUHVXOWV·7KLVH[SODLQVZK\WKH9$LQGLFDWRULVVRDSSHDOLQJLWDSSHDUV
to give a VFLHQWLÀFway of categorising schools (Gibson & Asthana, 1998b).
It is true that, in the nation as a whole, the candidates of a particular subject are
OLNHO\WRKDYHGLIIHUHQWOHYHOVRIFHUWDLQLQÁXHQWLDOIDFWRUV IRUH[DPSOHLQWHOOLJHQFH
and motivation) which are randomly distributed and which cancel one another
out when averaged. However, this is less likely to be true within a school subject
department, because of the much smaller number of candidates. One particular Higher
Geography class might have a larger than usual number of ‘intelligent’ pupils in one
particular year, so that it’s VA indicator is enhanced even if the ‘effectiveness’ of its
teachers is identical to previous years. It follows that a department’s VA indicator
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ZLOOÁXFWXDWHIURPRQH\HDUWRWKHQH[WGHSHQGLQJRQZKHWKHULWKDG¶JRRG·RU¶EDG·
students (to use teachers’ own terminology).
This unpredictability can be seen in the Geography results shown in Figure 2,
in which attention is drawn to the student with a range score of 5 (grade A) in the
Higher Geography examination, but who is predicted to obtain a range score of 14
(grade E) because his Standard grade GPA was only 4.25. His residual is thus +4.5
grades (+9 range scores), so if he had been in a small department, his residual would
KDYHKDGDYHU\ODUJHLQÁXHQFHRQWKDWGHSDUWPHQW·V9$LQGLFDWRUUDLVLQJLWE\
nearly half a grade. Although most candidates’ residuals are smaller than 4.5, they
DUHVWLOOVXIÀFLHQWWRFDXVHWKH9$LQGLFDWRUWRÁXFWXDWHZLGHO\IURP\HDUWR\HDU
If the VA indicator does measure the ‘value added’ to a candidate’s Higher grade
examination result after taking into account his or her prior performance, then it
should be possible to improve the regression model by including this indicator as an
additional input variable (SchoolVA), (following ‘model 5’ developed by Aitkin and
Longford, 1986) whereupon we should be able to predict the Higher grade results
with more certainty. When this is done for our Geography results, the following
regression equation is produced.
3UHGLFWHGUDQJHVFRUH [*3$[6FKRRO9$BBB(T

,Q WKLV HTXDWLRQ DOO WKUHH WHUPV ZHUH VLJQLÀFDQW DW WKH  OHYHO WKH QHJDWLYH
FRHIÀFLHQWIRUWKH6FKRRO9$LVEHFDXVHRIWKHZD\WKHUHVLGXDOLVGHÀQHGLQ(T
2). The value of R2 for this equation was 60.4%, showing it to be a more accurate
model than Eq. 1. Analysis of variance showed the GPA term to explain 52.4% of
the variance (exactly as before) and the SchoolVA term an additional 8.0%. In other
words, the SchoolVA term contributes only 17% to the variance in the candidates’
UHVLGXDOV6LPLODUÀJXUHVKDYHEHHQREWDLQHGE\RWKHUVIRU$OHYHOV :LOOPV
Reynolds, 1991; Cuttance, 1991; O’Donoghue et al, 1997).
Figure 4 The variance in candidates’ Higher grade results

This implies that the variance due to our Random Factors (83%) far exceeds that
due to the ‘School Effect’ (17%), which either means that the VA indicator is a
poor measure of the ‘School Effect’ or that schools are not particularly effective.
The latter is a doubtful interpretation, though, because candidates presented for the
Higher examinations have already been in their schools for the four years prior to
6,WZRXOGEHULGLFXORXVWRDVVHUWWKDWWKHVHVFKRROVKDGKDGQRLQÁXHQFHGXULQJ
these years so there is almost certainly some ‘School Effect’ in the candidates’ GPAs,
which does not show up in the residual. Furthermore, the VA indicator only measures
relative effectiveness; if all departments have the same effect on their candidates,
they make no contribution to the variance between candidates.
It is worth noting that even this 17% contribution of the ‘School Effect’ to the
variance in the residuals cannot be wholly attributed to a department, because it
includes contextual factors as well as school factors. This can also be seen from
the correlation between ‘raw’ results (based on the average range score achieved
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in each department by its candidates) and the VA indicators of these departments,
ZKLFK\LHOGVWKHUHODWLYHO\KLJKYDOXHRI QHJDWLYHEHFDXVHRIWKHZD\WKH
UHVLGXDOLVGHÀQHG 
These observations lead to the model shown in Figure 4 to account for the variance
in candidates’ Higher grade results.
It is this enormous contribution of the Random Factors to the candidates’
residuals that renders the VA indicator almost worthless as a measure of departmental
effectiveness.
THE SOEID’S INTERPRETATION OF THE VA INDICATOR

The SOEID has been making VA indicators available to schools for several years
and has published guidelines for school boards and head teachers on how they might
properly be interpreted (SOEID, 1993, 1997a, 1997b). The underlying assumption
is that, once ‘prior performance’ has been entered into the regression equation, any
resulting difference between candidates’ residuals must be due to the ‘effect’ of their
VXEMHFWGHSDUWPHQWV7KHJXLGHOLQHVGRQRWVSHFLÀFDOO\GHVFULEHWKH9$LQGLFDWRUDV
showing the effectiveness of the subject department in the school concerned, but rather
that they show whether its candidates are “better or worse than the national average of
candidates with their particular GPA” (SOEID, 1993). Even so, there is an implication
that it does measure something that is due to the subject department itself.
Positive value added indicators suggest that the actual attainment of the
pupils presented for Higher grade was better than would have been predicted
for this group of pupils given what was known about their prior attainment
at Standard grade and the relationship between Standard grade and Higher
grade performance nationally in the year concerned. We can conclude that
this department is doing a better than average job of preparing its pupils for
examination. (emphasis added) (SOEID, 1993, p.8/13).
This interpretation is invalid because there is no indication of the measurement
error LQWKH9$LQGLFDWRU,QRQHFDVHWZRLQGLFDWRUVDUHJLYHQDVDQG
and the guidelines comment:
The value added indicators for English suggest that performance was weak in
1992 and notably weak in 1991. (The difference in performance over the two
years, 0.01, was extremely marginal, however.) (SOEID, 1993, p.8/16)
Only if the measurement error is about 0.01 could such a difference be described as
‘marginal’ and, if the error is greater than 0.01, distinguishing between these two
indicators is invalid. Of course the number 0.25 is bigger than 0.24, but these are
measurements DQGWKH\KDYHDVVRFLDWHGLQDFFXUDF\,IWKHÀJXUHVDUHWREHXVHGWR
infer a school’s effectiveness, then the size of this inaccuracy needs to be stated
before they can properly be interpreted.
In the same guidelines, an example is provided (SOEID, 1993, Table 8.1) of a
subject department that achieved a VA indicator of 0.15. In the commentary it is stated
that “this department is doing a better than average job of preparing its pupils for
examination” (p.8/13). Another example shows a subject department that achieved
D9$LQGLFDWRURI,QWKHFRPPHQWDU\LWLVVWDWHGWKDW´WKLVGHSDUWPHQWLVGRLQJ
a worse than average job of preparing its pupils for examination” (p.8/13). In some
FDVHV9$LQGLFDWRUV IRUH[DPSOHWKRVHDERYHRUEHORZ DUHDVWHULVNHG
and described as “notably better or worse than average” and the commentary on
WKH9$LQGLFDWRUVIRU(QJOLVKTXRWHGDERYHGLVWLQJXLVKHVEHWZHHQ¶ZHDN·  
DQG¶QRWDEO\ZHDN·  VRWKHUHLVVRPHKLQWKHUHRIDFULWHULRQOHYHORIIRU
‘notable’. However this is not given as a measurement error and it is nowhere stated,
IRUH[DPSOHWKDWDEVROXWHYDOXHVEHORZDUHLQVLJQLÀFDQWDQGPD\EHLJQRUHG
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How Good are our Results (SOEID, 1997b) conveys the same message, where an
example is shown of a department’s VA measures over three years. Again, absolute
values exceeding roughly 0.25 are marked as ‘notable’. Interestingly, though, the
ÀJXUHVJLYHQIRUWKHVHVFKRROVIRUWKHRWKHUWZR\HDUVYDULHGE\DWOHDVWWKLVDPRXQW
Surely, if a subject department’s results really are ‘notable’, then they ought to be
DERYHWKHOHYHORIUDQGRPÁXFWXDWLRQ7KHVWDWHPHQWWKDWDGGHGYDOXH´SURYLGHV
a useful method for comparing departments against the national average” (p.2) is
invalid—the comparison of means cannot be made meaningfully without stating
their associated errors.
In the SOEID guidelines on other performance indicators (SOEID, 1991), there
LVDQH[SODQDWLRQRIKRZWKHÀJXUHVIRURelative Ratings (a performance indicator
which compares the results of candidates of different subjects in the same school) are
to be interpreted, which sheds some light on their interpretation of VA indicators.
The extent to which a relative rating differs from zero is a measure of a
department’s relative strength or weakness.
Threshold values DUHLGHQWLÀHG5HODWLYHUDWLQJVEH\RQGWKHVHYDOXHVVXJJHVW
variations in performance which are notable. They are highlighted with an
asterisk for convenience.
The procedure for highlighting relative ratings with an asterisk has an empirical
and a statistical basis. If a relative rating is to be highlighted we must be sure
beyond any reasonable doubt that its deviation from zero is not a random
ÁXFWXDWLRQEXWUHSUHVHQWVDQDFWXDOGHYLDWLRQIURPWKHPHDQ S 
The same guidelines show how their threshold level for a ‘notable’ relative rating
is determined by exactly the same method used by statisticians to determine a 95%
FRQÀGHQFHOHYHO7KHVWDQGDUGGHYLDWLRQRIFDQGLGDWHV·UHODWLYHUDWLQJVLVFDOFXODWHG
and divided by the square root of the number of candidates in the department to
produce a standard error in the department’s relative rating. This is then multiplied
by 1.96, to give the threshold value (SOEID, 1991, p. 7/29).
There is no dispute with this calculation, but only with its subsequent
interpretation. In terms of the VA indicator, it seems that any value is worth
reporting since it indicates whether a department is above or below average. If the
ÀJXUHH[FHHGVLWVWKUHVKROGYDOXHWKHQLWLV¶QRWDEO\·DERYHRUEHORZDYHUDJH7KLV
LVQRWWKRXJKWKHXVXDOZD\RILQWHUSUHWLQJVXFKÀJXUHV7KHVWDWLVWLFDOZD\RI
GHWHUPLQLQJZKHWKHUWKHPHDQRIDVHWRIGDWDLVVLJQLÀFDQWO\GLIIHUHQWIURP]HUR
is to calculate how much greater it is than the standard error in this mean. Suppose
WKDWDGHSDUWPHQW·V9$LQGLFDWRULVPHDVXUHGDVDQGLWVVWDQGDUGHUURULV
Assuming that VA indicators are normally distributed (and Figure 3 suggests that they
are), then this department’s ‘true’ VA indicator has a 19 out of 20 chance of being
LQWKHUDQJHDQG WKHFRQÀGHQFHLQWHUYDOIRUWKLVPHDVXUHPHQW 
That is, the ‘true’ VA indicator could have been zero (which would indicate that this
GHSDUWPHQWLVDERXWDYHUDJH 7KHFRQÀGHQFHLQWHUYDOLVWKHPHDQSOXVRUPLQXV
two (actually 1.96) standard errors and it would be normal practice in statistics to
VD\WKDWDQ\FRQÀGHQFHLQWHUYDOWKDWLQFOXGHG]HURLVQRWVLJQLÀFDQWO\GLIIHUHQWfrom
zero. The guidelines ought to state that departments with VA indicators which are
not asterisked are indistinguishable from the average.
In the more recent Raising standards - setting targets (SOEID, 1997c), there is
DSRVVLEOHFKDQJHRIHPSKDVLV$9$LQGLFDWRURILVQRZGHVFULEHGDV´EURDGO\
LQOLQHZLWKWKHQDWLRQDOH[SHFWDWLRQµ S DQGWZRVXEMHFWGHSDUWPHQWVLGHQWLÀHG
DV´EHWWHUµRU´OHVVZHOOµKDGÀJXUHVRIDQGRIDJUDGHUHVSHFWLYHO\7KHVH
ÀJXUHVDUHODUJHUWKDQLQSUHYLRXVH[DPSOHVDQGLQGLFDWHSHUKDSVDUHYHUVLRQWR
WKHPRUHXVXDOLQWHUSUHWDWLRQRIVWDWLVWLFDOVLJQLÀFDQFH

27

7KH62(,'LVQRWLJQRUDQWRIWKHHIIHFWRIUDQGRPÁXFWXDWLRQRQWKH9$LQGLFDWRU
DVWKHUHODWLYHUDWLQJVTXRWDWLRQDERYHUHYHDOV 7KHÀJXUHVVHQWWRVFKRROVVKRZ
three successive years at a time, to give some indication of the annual variation in
WKHÀJXUHV 6(%62(,'D 7KHUHDUHDOVRUHSHDWHGZDUQLQJVWKDWWKH
ÀJXUHVVKRXOGRQO\EHLQWHUSUHWHGLQWKHOLJKWRIWKHVFKRRO·VRZQSDUWLFXODUVLWXDWLRQ
2XUFULWLFLVPLVRIWKHLUIDLOXUHWRVSHFLI\DFRQÀGHQFHLQWHUYDO6LPLODUFULWLFLVPV
have been made of the DfEE (Goldstein, 1998a).
…it is now accepted practice, when publishing value added scores (or bands)
WRLQFOXGH¶FRQÀGHQFHLQWHUYDOV·VRWKDWLQVWHDGRIDVLQJOHQXPEHUDUDQJH
of plausible values is given. The government is fully aware of this issue
yet chooses not to even mention it. In so doing it is withholding crucial
information from readers to the point of actually misleading people.
STANDARD ERROR IN THE VA INDICATOR

7KHQRUPDOZD\RIFDOFXODWLQJLWVFRQÀGHQFHLQWHUYDOZRXOGEHWRPHDVXUHD9$
indicator over a number of years and to determine its standard deviation, although
departments and examination courses are rarely consistent enough for this to be
satisfactory. Goldstein and Spiegelhalter (1996) and Goldstein (1998b) did this for
various performance indicators, both ‘value added’ and ‘raw results’, and found that
WKHLUFRQÀGHQFHLQWHUYDOVZHUHODUJHUWKDQWKHGLIIHUHQFHVEHWZHHQPRVWVFKRROV
ZKLFKPHDQWWKDWWKHSXEOLVKHGÀJXUHVZHUHRIOLWWOHYDOXHIRUWKHLULQWHQGHGSXUSRVH
Other research has also shown that VA measures are not consistent within a single
department from year to year, particularly when the number of candidates is small
7\PPVDQG)LW]*LEERQ)LW]*LEERQ1XWWDOOet al, 1989); they vary
markedly from one subject to another and are quite different for different groups of
SXSLOVLQWKHVDPHVFKRRO )LW]*LEERQ :HVKRZHGDERYHWKDWPRVW  
RIWKHIDFWRUVWKDWLQÁXHQFHDFDQGLGDWH·VUHVLGXDODUHXQH[SODLQHGDQGUDQGRP
$QDWWHPSWZDVPDGHWRGHWHUPLQHWKHVL]HRIWKHDQQXDOÁXFWXDWLRQLQWKH9$
indicator in just this traditional way. A sample of about 250 schools was obtained
from the SOEID with their value added indicators listed for the three years 1996,
1997 and 1998 for each of the subjects for which candidates were presented. The
Geography candidates were selected from this list and departments with fewer than
10 presentations were eliminated, which produced three value added indicators for
HDFKRI*HRJUDSK\GHSDUWPHQWV LQGLFDWRUVRYHUDOO ,QFRQÀUPDWLRQRIWKH
model shown in Figure 4 and the research described above, the VA indicators were
not consistent. The standard deviation was determined for each of the departments
and their (root mean square) average value was 0.20. Six departments had all three
LQGLFDWRUVVLJQLÀFDQWO\DERYHDYHUDJHDQGÀYHGHSDUWPHQWVZHUHFRQVLVWHQWO\DQG
VLJQLÀFDQWO\EHORZDYHUDJHZKLFKVXJJHVWVWKDW¶6FKRRO(IIHFWV·ZHUHSUREDEO\
DOVR LQÁXHQWLDO LQ D IHZ LQVWDQFHV +RZHYHU VLQFH WKH QXPEHU RI FDQGLGDWHV LQ
these departments was not known, it was not possible to pursue this investigation
further. In any case it is not very informative with only three sets of data for each
department.
Standard grades only became the norm by 1994 and Higher grades may not be
WKHVDPHDIWHUVRWKHSURVSHFWRIHYHUREWDLQLQJVXIÀFLHQWGDWDWRFDUU\RXWWKLV
analysis is unlikely. In any case, departments do change from year to year (principal
teachers retire or are appointed all the time) and it would be impossible to distinguish
EHWZHHQÁXFWXDWLRQVFDXVHGE\FKDQJHVLQWKH¶6FKRRO(IIHFW·DQGWKRVHSURGXFHG
by random changes in the candidates. What is needed is a set of departments which
remain unchanged over many years.
Tymms (1996) has investigated models, which give a mathematical description of
the chaotic processes that appear to be involved in candidates’ examination results.
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+HQRWHGWKHXQSUHGLFWDELOLW\RI$OHYHOUHVXOWVDQGLQGLFDWHGZKDWHIIHFWWKLVPLJKW
have on a school’s performance indicators:
the simulation models would suggest that even if it were possible to arrange
for exactly the same class to have exactly the same teacher for two years
in the same classroom living through the same two years that the outcomes
would not be the same. (p. 133)
This pointed to one possible approach – the simulation of 25 years of VA indicators
for each of the 199 schools in our sample, using the model constructed in Figure
4, where the candidates’ GPAs and the ‘School Effect’ were identical from year to
year.
To do this, it was decided to create a set of simulated Higher Geography results
that was as accurate as possible. Some researchers use a curvilinear regression model
to make their calculations of the VA indicator more precise (O’Donaghue, et al,
 DOWKRXJK)LW]*LEERQ E PDLQWDLQVWKDWIRUGHWHUPLQLQJDVXEMHFW
department’s VA indicator, the linear model is nearly as accurate as the curvilinear
PRGHODQGLVYHU\PXFKVLPSOHUIRUQRQVWDWLVWLFLDQVWRXQGHUVWDQG
Since we were aiming for the greatest accuracy in our simulated results, it was
decided to use the curvilinear model to create them. Many equations were tried, but
the best was found to be as follows:
3UHGLFWHGUDQJHVFRUH [*3$[*3$2[6FKRRO9$BB(T

This regression equation accounted for 61.5% of the variance, an improvement
RIRQO\RYHUDOOJLYLQJVRPHVXSSRUWWR)LW]*LEERQ·VYLHZWKDWWKHFXUYLOLQHDU
model has no great advantages for calculating the VA indicator.
The simulated data set based on this equation assigned to each Higher Geography
candidate the same Standard grade GPA that they had obtained in reality and assigned
to their departments the same SchoolVA that they had actually obtained in 1997, so
that the range score in Higher Geography of candidatei was given by
5DQJHVFRUH [*3$i[*3$i2[6FKRRO9$Ei __Eq. 5

which is the curvilinear regression line determined above (Eq. 4) with the addition
of Ei to represent the Random Factors. Ei was a normally distributed random number
with a mean of 0.00 and standard deviation of 1.65, produced by adding up a set of
UDQGRPQXPEHUVHDFKEHWZHHQDQG,WZDVGHYLVHGWRFRQWULEXWH
the remaining 40% to the variance in the range scores (once the variance due to the
GPA and the ‘School Effect’ had been taken into account), and to ensure that Eq. 5
reproduced the original actual Higher Geography scores as closely as possible (i.e.
with the same mean, standard deviation and distribution, even taking into account
WKHSUHGRPLQDQFHRIRGGQXPEHUHGVFRUHVRYHUHYHQQXPEHUHGDVVKRZQLQ)LJXUH
1). Each range score was rounded to its nearest whole number, with the numbers 6, 8
and 10 being rounded down to 5, 7 and 9 slightly more generously, so as to replicate
the distribution of the actual examination range scores. This equation was applied to
each of the 4232 candidates in each of the 199 schools of the original sample.
The success of the simulation model is shown in Table 1, which compares the
PHDQV DQG VWDQGDUG GHYLDWLRQV DQG WKHLU 3HDUVRQ FRUUHODWLRQ FRHIÀFLHQWV ZLWK
candidates’ GPAs) for the simulated data and for the actual data, and also in Figure
5, which compares their distributions.
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Table 1. Comparison between the actual and the simulated
Geography range scores

Figure 5

Linear regression analysis was applied to the simulated results in the same way as
with the actual results. The regression equation was found to be
3UHGLFWHGUDQJHVFRUHLQ+LJKHU*HRJUDSK\ [*3$[6FKRRO9$

which may be compared with Eq. 3. The candidate’s GPA was found to contribute
50.7% of the variance in the candidates’ simulated range scores (actual results 52.4%),
the school’s VA indicator contributed 10.0% (actual results 8.0%) with the overall
model explaining 60.7% of the variance (actual results 60.4%). The simulated VA
indicators of the departments were very highly correlated (0.99) with the actual VA
LQGLFDWRUV7KHVLPXODWHGUHVXOWVWKXVVKRZHGVXIÀFLHQWUHVHPEODQFHWRWKHDFWXDO
UHVXOWVWKDWWKHJHQHUDWLQJHTXDWLRQ (T FRXOGEHFRQÀGHQWO\XVHGWRVLPXODWH
25 successive years with the ‘same’ pupils and teachers.
7KHVHVHWVRIVLPXODWHGUHVXOWVUHYHDOHGDÁXFWXDWLRQLQHDFKGHSDUWPHQW·V
VA indicator (the values being reported in grades). The VA indicators of the ‘least
HIIHFWLYH·GHSDUWPHQWYDULHGIURPWRDUDQJHRIDQGWKH¶PRVWHIIHFWLYH·
school varied from +0.6 to +1.2, a range of 0.6. The standard deviations of each
school’s set of VA indicators varied from 0.07 to 0.28, with a root mean square
DYHUDJHRIJLYLQJDFRQÀGHQFHOHYHORIJUDGHV&RQVLGHULQJWKDWWKH
standard deviation of the actual VA indicators across the Geography departments in
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the sample (Figure 3) was 0.35, this suggests that a school’s position in any ‘Value
$GGHGOHDJXHWDEOH·LVOLNHO\WRÁXFWXDWHPDUNHGO\IURP\HDUWR\HDUVROHO\EHFDXVH
of random factors over which it has no control.
:KHQWKHFRQÀGHQFHOHYHO VWDQGDUGGHYLDWLRQV LQDVXEMHFWGHSDUWPHQW·V
VLPXODWHG9$LQGLFDWRULVSORWWHGDJDLQVWWKHQXPEHURILWVFDQGLGDWHVWKHLQÁXHQFH
of randomness on small departments is particularly apparent (Figure 6).
Figure 6

7KH  FRQÀGHQFH LQWHUYDO IRU WKH 9$ LQGLFDWRU RI VXEMHFW GHSDUWPHQWV ZLWK
21 candidates (the national average) was 0.34 but for departments with just 10
FDQGLGDWHV URVH WR QHDUO\  7KLV SKHQRPHQRQ FRQÀUPV WKH LQYHVWLJDWLRQV RI
7\PPVDQG)LW]*LEERQ  LQWRWKHVWDELOLW\RIWKH9$LQGLFDWRUIRU$GYDQFHG
level Mathematics, where they noted that its reliability was very dependent upon the
number of candidates in the department. The decision of the SOEID not to produce VA
LQGLFDWRUVIRUGHSDUWPHQWVZLWKIHZHUWKDQWHQFDQGLGDWHVLVWKXVIXOO\MXVWLÀHG
:LWK WKLV  FRQÀGHQFH LQWHUYDO WZR DYHUDJHVL]HG GHSDUWPHQWV ZLWK 9$
LQGLFDWRUVFORVHUWKDQFDQQRWEHFRQVLGHUHG¶GLIIHUHQW·DQGIURPRXUÀJXUHV
it is therefore impossible to distinguish between more than half the schools in the
FRXQWU\7KLVLVQRWDQHZGLVFRYHU\LWFRQÀUPVWKHREVHUYDWLRQVPDGHE\PRVW
RWKHUUHVHDUFKHUVLQWKLVÀHOG*ROGVWHLQ E VWDWHV
Up to a point these models also allow us to identify the contribution from
individual schools—their so called ‘value added scores’. Yet we now know
from a number of studies that estimates of these contributions have so much
statistical uncertainty attaching to them that it is impossible reliably to make
valid comparisons between most schools… schools can only be separated
statistically if their intervals do not overlap… (p. 7)
Thomas and Mortimore (1996), in an investigation of value added measures, used
DFRQÀGHQFHLQWHUYDOZLWKRYHUVFKRROVEXWIRXQGRQO\DIHZWKDWGLIIHUHG
from each other by more than the expected amount. They commented
,QFRPSDULQJWKHFRQÀGHQFHLQWHUYDOVIRUDQ\WZRVFKRROV«LWFDQEHVHHQ
WKDWWKHPDMRULW\RYHUODS7KLVLQGLFDWHVWKDWRQHFDQQRWVDIHO\RUFRQÀGHQWO\
differentiate between the performance of these schools. As a ‘conservative’
JXLGHRQO\WKRVHVFKRROVZLWKQRQRYHUODSSLQJUDQJHVKDYHFOHDUO\GLIIHUHQW
results (p.14)
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Finally, Gray (1996) comments:
The main substantive conclusion to be drawn from the analyses which have
been conducted to date is that the considerable majority of schools achieve
precisely the sort of results one would predict from knowledge of their
intakes. A few may do substantially better while a similarly small number
may do substantially worse… The recent use of procedures for estimating
WKH ´XQFHUWDLQW\µ DWWDFKHG WR WKH HVWLPDWHV RI ´HIIHFWLYHQHVVµ IRU VSHFLÀF
schools has reinforced the view that a school’s effectiveness is not a precisely
estimable quantity… Where such “bands” (of ‘uncertainty’) have been
FRQVWUXFWHGWKH\WHQGWRVKRZWKDWWKHSHUIRUPDQFHVRIVRPHWZRWKLUGVWR
WKUHHTXDUWHUVRIVFKRROVFDQQRWSURSHUO\EHGLVWLQJXLVKHGIURPRQHDQRWKHU
S 
THE CONFIDENCE INTERVAL

The purpose of this investigation was to determine the uncertainty in a subject
GHSDUWPHQW·V9$LQGLFDWRUVRWKDWZKHQGHSDUWPHQWVORRNDWWKHÀJXUHVVXSSOLHG
to them by the SOEID, they might better be able to judge whether they need to be
concerned with their quality. Our study of three sets of real VA indicators suggests
D  FRQÀGHQFH OHYHO RI DURXQG SOXV RU PLQXV  JUDGHV 7KH VLPXODWLRQ
suggests plus or minus 0.34 grades for an average department, but ranging from
0.6 for a department with ten candidates to 0.15 for a department with more than
60 candidates.
There is, though, an unresolved argument about what percentage level of
FRQÀGHQFHVKRXOGEHDGRSWHG7KH62(,'XVHVDFRQÀGHQFHLQWHUYDOZKLFK
means that there is a 1 in 20 chance that a department’s VA indicator will be marked
as ‘notable’, even when that department is exactly in line with the national average.
With over 400 schools and at least 5000 departments, this means that about 100
departments could be unfairly designated as ‘notably’ below average, when they are
not. If this designation were to be published in the national press, the damage done
to the departments’ reputations and their teachers’ self esteem could be enormous
(yet completely undeserved).
For regression analysis to work properly, the dependent variable (in this case, the
candidate’s Higher grade range score) should be based on an interval scale (with the
same ‘distance’ between range scores 1 and 2 as between 6 and 7, which is unlikely).
Grades and range scores are not continuous either, with the result that candidates with
GPAs less than 4.5 must necessarily achieve positive residuals if they sit any Higher
examinations at all; they can never do worse than fail! There is a ‘ceiling’ to the GPA
which also produces ‘unusual’ residuals (any candidate with a range score of 1, 2,
3 or 4 must gain a positive residual, whatever their GPA). Finally, there is the use
of a linear regression equation, when a curvilinear one gives more accurate results.
None of these restrictions invalidates the method of calculating the VA indicator,
EXWWKH\GRVXJJHVWWKDWDFRQÀGHQFHOHYHOPD\EHUDWKHUWRRORZ
We could reduce the chance of unfairly designating a satisfactory department
DV ¶EHORZ DYHUDJH· E\ VHWWLQJ WKH FRQÀGHQFH OHYHO KLJKHU DW VD\  RU 
(three standard deviations), but this increases the possibility that an unsatisfactory
department will be designated as ‘average’. There does not seem to be any way of
resolving this problem, which itself suggests that the VA indicator is a poor way to
determine a department’s effectiveness.
CONCLUSION

$Q DYHUDJH VL]HG VXEMHFW GHSDUWPHQW ZLWK D 9$ LQGLFDWRU EHORZ  ZLOO QRW
know whether this is because they are “doing a worse than average job of preparing
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their pupils for examination” or because they happen to have had a “bad” set of
candidates. Smaller departments require even larger negative values before becoming
concerned with their performance. Furthermore, a department’s VA indicator still
contains a large proportion of ‘contextual factors’, so the department could only
EHLGHQWLÀHGDV¶LQHIIHFWLYH·LILWZDVNQRZQKRZWKHVFKRRO·VVRFLDOFRQWH[WKDG
affected its value.
Precisely what does the VA indicator indicate?
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