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This is a story originating in some systems thinking work I was 
commissioned to carry out in 2013 by Ofqual, the regulator of 

school examinations in England.

The most important exams are known as GCSE, as taken by 
16-year-olds, often in 6, 8 or perhaps 10 subjects, and A 
levels, taken by 18-year-olds in, usually, 3 or 4 subjects.

The exams are set and marked by “examination boards”, 
commercial organisations who compete with one another, and 

who are regulated by Ofqual. 

The exams take place each summer, and every August, the 
candidates receive their results, expressed on a grade scale. 

The question explored here is the reliability of those grades...

The following slides are primarily pictures; the “story” is told 
in the notes.
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GCSE certifications  2009 - 2013

Between 2009 and 2013, the number of GCSE certifications (that’s the total number of individual subject grades awarded, across all 
subjects and to all candidates in England, Wales and Northern Ireland) wobbled around a bit, but overall fell from 6,267,900 (2009) 

to 6,021,500 (2013). 

Source: Ofqual Statistical Release, Summer 2013 Exam Series, Tables 1 and 5 
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GCSE appeals  2009 - 2013

In England and Wales, a candidate’s script is marked once, and assigned a single mark, say 58. This marked in then mapped onto a
grade scale, in which, for example, all marks from 55 to 59 inclusive might be designated grade C. A script marked 58 is therefore 

awarded grade C.

Before 2016, if a candidate, or a candidate’s teacher, was (for whatever reason) not happy with the originally awarded grade, an
appeal could be raised, causing the script to be re-marked. This graph shows that, over the period 2009 - 2013, the number of 

appeals for GCSE results almost doubled, from 122,279 (2009) to 234,034 (2013), even though the number of GCSE awards actually 
fell (as shown on slide 3).

Source: Ofqual Statistical Release, Summer 2013 Exam Series, Tables 1 and 5 
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It may be that both the original mark (say, 58) and the re-mark (say, 59) fall within the same grade width (grade C is all marks form 
55 to 59 inclusive), in which case the appeal confirms the originally-awarded grade. It might happen, however, that the re-mark 

(say, 60) is on the other side of a grade boundary as compared to the original mark (58). In this case, the re-mark “wins”, and the 
candidate’s grade is changed accordingly (in this case from a C to a B). This chart shows that the number of re-grades actually 

awarded in the period 2009 - 2013 almost doubled, from 19,820 (2009) to 36,970 (2013), with the number of re-grades consistently
being about 18% of the number of appeals (slide 4). In practice, most appeals relate to scripts whose original marks are just below a 

grade boundary, and so the vast majority (that’s about 99% +) of re-grades are up-grades.

Slide 3 shows that the number of grades actually awarded fell over the period 2009 - 2013, whilst both the number of appeals (slide 
4), and also the number of grade changes (this slide), more or less doubled. What’s going on?

GCSE grade changes  2009 - 2013

Source: Ofqual Statistical Release, Summer 2013 Exam Series, Tables 1 and 5 
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Grade errors
discovered after appeal

If the grade is changed as the result of an appeal, then, from 
the original candidate’s point-of-view, the original grade was 
“wrong”. In fact, the concept of the “wrong” grade is rather 

more complex, since it requires a definition of what the “right” 
grade is, which is rather troublesome. So let’s keep things 
simple, and take the candidate’s, pragmatic, view - if the 

grade is changed after an appeal, the original grade must have 
been wrong. The grade, as originally awarded and as notified to 

the candidate that day in August, must have been in error. 
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Number of
appeals

Grade errors
discovered after appeal

Importantly, the original grade error is discovered only after, 
and as a result of, an appeal: if no appeal is made, no error is 
detected, even if the error is there. The appeals process is 
therefore one of “discovery”, and the more appeals that are 
made, the greater the number of original errors that can be 

discovered...

[Note that this link - which is not annotated, and is represented 
as a solid arrow - is a positive, ‘S’ link.]
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Number of
appeals

Grade errors
in published results

Grade errors
discovered after appeal

...and the greater the number of errors in the originally-published 
results, the greater the number of errors that can be discovered.
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Quality of original
marking and grading

Number of
appeals

Grade errors
in published results

Grade errors
discovered after appeal

Why are there errors in the originally-published grades?

Fundamentally, this must be due to a quality problem associated either 
with the original marking (the person who marked the script made a 
mistake, such as misreading an answer), or with the way in which the 
original mark was mapped onto the grade (as will be explored later).

[This link, which is shown as a dashed line, is a negative, ‘O’ link. Since 
links are of only two types - either positive, ‘S’, or negative ‘O’ - I find it 
simpler, more informative and less cluttered to distinguish between these 

two categories by using solid and dashed lines.]
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Quality of original
marking and grading

Number of
appeals

Grade errors
in published results

Grade errors
discovered after appeal

Service provider
strategy and values

This asserts that the quality of the original marking and grading is a 
consequence of the examination provider’s strategy and values, capturing 

the idea that a provider with an ethic of integrity is likely to take 
considerable trouble as regards quality, whereas a provider whose 

strategy is more commercial might be seeking to maximise profits by 
cutting costs, with possible adverse consequences as regards quality.

[The ‘arrow plus blob’ symbol represents “influence” rather than 
“directionality”, and so such a link cannot be part of a closed feedback 

loop (or, if it should be, then it is not possible to assign that loop as 
either a reinforcing loop or a balancing loop), but rather must be a 

‘dangle’. This might be avoided by using a variable such as “strength of 
the service provider’s strategy and values as regards maintaining a high 

quality of marking and grading”, but that’s a bit clumsy...]
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Quality of original
marking and grading

Number of
appeals

Grade errors
in published results

Grade errors
discovered after appeal

Number of people who fear they
have been awarded the wrong grade

Service provider
strategy and values

This captures the idea that the greater the number of grade errors discovered as the result of appeals, then the greater the likelihood 
that others might think “well, if [Alex’s] grade was changed after an appeal, maybe I should appeal too?”. In practice, in the English 

examination system, the opportunity for appeals happens just once for each annual examination round, and so, within any one year, such 
thoughts can’t be actioned - if [Sam] didn’t appeal, that’s that. For teachers, however, the situation is rather different. If, in any one 

year, a teacher, and the school, ‘learns’ that there is a reasonable likelihood that an appeal results in an up-grade, then, year-on-year...
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Grade errors
in published results

Grade errors
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have been awarded the wrong grade

Service provider
strategy and values

...more appeals are made.

The closed loop at the bottom is a reinforcing loop, which explains the dynamic behaviours shown in the graphs on slides 4 and 5.

The BIG QUESTION is why this is happening. For many years, the general belief was that, each year, the quality of the original marking was 
getting worse, in that more examination markers were making more mistakes, and so more errors were discovered. This belief was supported 

by, for example, the growing workload of markers, difficulties in recruiting markers, and the increasing numbers of less experienced 
markers.
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Quality of original
marking and grading

Courage to
appeal

Access to, and ease
and low cost of,
appeals process

Number of
appeals

Grade errors
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Grade errors
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Number of people who fear they
have been awarded the wrong grade

Service provider
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The number of appeals is itself influenced by (at 
least) two factors.  Firstly, if the appeals process 
is easy to access, and of very low cost, then more 
appeals will be made; conversely, if the appeals 
process is difficult to access, and if each appeal 
costs a substantial amount, then there will be 
fewer appeals. In fact, there is a cost for an 
appeal (which is refunded only if the grade is 
changed), and this cost barrier is a significant 

disincentive to appeals from state-funded schools 
- the majority of appeals that are made come 
from privately-funded schools, with the cost of 
the appeal being ultimately financed by wealthy 

parents.

A second factor is “courage”: it takes courage to appeal 
against authority.
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This slide captures two further influences. The first 
is knowledge: if you know that something wrong has 

happened, then you have more confidence in 
appealing - to take a trivial example, when you book 
into a hotel room, you know whether the television 
is working or not, and if it isn’t, you complain. But 
when you open the envelope containing your exam 
grade, and see a ‘D’ when you hoped for a ‘C’, you 

have no knowledge as to whether this is right or 
wrong. And most people are more likely to think “Oh 
dear, I didn’t do as well as I had hoped” rather than 

“Stupid marker made a mistake!” . 

This effect is enhanced by belief and 
trust. If you believe that the 

‘system’ is ‘right’ and inherently 
trust it, you are much more likely to 
accept the result and blame yourself, 

rather than blame the ‘system’.
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!!!
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This slide captures the possibility that a large 
number of grade errors might cause trouble for 
the regulator. If, for example, the newspapers 

were to run stories about “huge number of exams 
up-graded on appeal! Why are so many grades 

wrong in the first place?”, or if an MP were to get 
that bee in his or her bonnet, that can be bad 

news for the regulator...
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...for the regulator’s graveyard is full of the tombstones of regulators-past, all of whom lost the confidence of the government of the 
time, and were closed down. This is exactly what happened, for example, to all the financial regulators who were in place at the time of 

the financial crash of 2008 - and even the current exam regulator, Ofqual, was created in 2008, over the grave of its predecessor, the 
QCA, the now-defunct Qualifications and Curriculum Authority (1997 - 2008). 
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The exam regulator therefore has a vested 
interest in minimising the number of grade errors 
discovered after appeal. And so the spinning of 

that reinforcing loop is bad news to the regulator. 
How far might that loop spin? There must be a 

limit, for the number of grade errors discovered 
on appeal cannot exceed the number of errors 
‘latent’ in the published results, which itself is 

determined by the quality of marking and grading. 
But what is the magnitude of that limit?
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For narrative, see page 19
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As mentioned on slide 12, the accepted wisdom, for a long time, was that, year-on-year, the quality of the original marking was 
getting steadily worse, and that’s why progressively more grade errors were actually discovered.

This interpretation is based on a fundamental (and unstated) assumption: a belief that the appeals process is “clever” and discovers 
all the errors present in the population of the annual exam results, so the year-or-year increase in the number of grade errors 

discovered is a measure of the year-on-year increase in the number of errors in the original marking.

There is, however, another explanation: that the number of original errors is about the same year-on-year, and a large number, with 
more and more being discovered as the reinforcing loop spins around year-on-year.

This diagram shows how these two hypotheses can be distinguished: by estimating what I called the “missing number” - the number 
of grade errors that are not discovered by the appeals process, and remain undiscovered, simply because the corresponding appeals 

were not made. If, at the end of any exam round, this number is small, and close to zero, then the appeals process is indeed 
“clever”, and the quality of marking is getting steadily worse. But if the “missing number” is large, then the problem has been there 

for a long time - but no-one has noticed, and no-one has done anything about it.

What, then, is the size of the “missing number”? When I posed this question at Ofqual in 2013, no-one had the remotest idea. 

But now the question was on the table, it caused very considerable concern...
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For narrative, see page 21
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This diagram is a generalisation of the previous diagram, and applies to any service. It includes an additional feature, which caters for 
multiple ‘rounds of appeals’ - that’s the link from ‘service failures as yet undiscovered’ back to ‘service failures’. This link is shown as a 

special type of positive, ‘S’, link (as designated by the small circle near the arrow head), signifying that this link is from the closing 
balance of a stock (as at the end of any given time slice) to the opening balance of the same stock (as at the beginning of the next time 

slice), and is - I think - a concise way of representing opening/closing balances of stocks on a causal loop diagram.

This diagram has very broad applicability. When a service is provided to a community of people who lack knowledge, who have high trust, 
who don’t know how to complain, and are fearful of doing so, the service provider can get away with a terrible level of service, especially 

when the perpetrator makes it increasingly hard to complain. In terms of the diagram, the number of service failures is large, very few 
complaints are made, and the number of service failures as yet undiscovered is also large. 

Some examples. The care of elderly people in a care home: that elderly person cannot judge the quality of care, and is in a very weak 
position to complain. Those who fell victim of PPI mis-selling: the very large number of victims just accepted the ‘advice’ from the bank 

that this should be purchased. Victims of sexual abuse who are too intimidated to complain, and not believed if they do. And, most 
recently - since the Cardiff conference in fact - the victims of poor medical practice in Northern Ireland (http://www.bbc.co.uk/news/uk-

northern-ireland-43955732), and the Windrush affair (http://www.bbc.co.uk/news/uk-43782241) - in which the !!! outcome did indeed 
happen for former Home Secretary Amber Rudd (http://www.bbc.co.uk/news/uk-politics-43944988).

This diagram is bad news. It represents a significant market failure, which only an external regulator can resolve.

So how might you intervene in the system to make it work much better?
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Returning to the specific case of school examinations, here are two policies that the regulator, Ofqual, might 
adopt...

Firstly, before the grades are published, to audit a sample of about-to-be-published results, check the error rate, 
and not allow publication until the number of errors discovered as a result of the audit are below an agreed 

threshold.

Secondly (and not exclusively), to put pressure on the examination boards to improve the quality of their marking 
and grading, so that grades are first-time-right - even if this might result in a battle with the service providers (after 

all, having these battles is what regulation is all about!).
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In fact, Ofqual did, and continue to, emphasise the importance of the quality of marking.  

But they did something else too.

In June 2016, they announced the “reasonable test”. Before 2016, an appeal could be raised if the candidate (or the 
teacher) had a concern, with the result that the script would be re-marked; the “reasonableness test” introduced a 

policy whereby a re-mark can be requested only if the appellant can demonstrate that the original grade was 
“unreasonable” (see, for example, https://ofqual.blog.gov.uk/2016/06/03/gcse-as-and-a-level-marking-reviews-and-

appeals-10-things-you-need-to-know/).

Given that there is no definition of “reasonable”, this is very hard for any appellant to do.

So Ofqual’s intervention in this system was to make it harder to appeal!!! In Ofqual’s world, no appeals means no grade 
changes, with the dual benefit that this “proves” that the system is working fine - as well as arresting that nasty vicious 

circle. 

Amazing!  In my view, very, very cynical. And bad. The absence of police convictions is not evidence of the absence of 
crime. 
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GCSE grade changes  2009 - 2016

Source: Ofqual Reviews of Marking and Moderation 2017, Tables 1 and 2 

This shows the number of GCSE grade changes since I did my original work in 2013 (compare slide 5). The number of GCSE grade 
changes increased in 2014 (to 54,060) and 2015 (61,840), as the reinforcing loop continued to spin. But, in 2016, after the 

introduction of the “reasonableness” test, the number of grade changes fell (to 50,875) - exactly as Ofqual intended.
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Ofqual took another, important, action too. Remember the “missing number” (see slides 18 and 19)? Ofqual were very worried about
this, and wanted establish its magnitude. So they commissioned a very comprehensive research study, which reported in November 

2016 (just after the introduction of the “reasonableness test”) - see 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/681625/Marking_consistency_m

etrics_-_November_2016.pdf.

This report analyses a huge number (that’s hundred’s of thousands, if not millions) of double-marked exam items, such that one of 
these two marks is the mark as given by the original marker, and the second is a mark given to the same item by a senior examiner, 
whose mark is by definition “right”. This simulates what happens on appeal, where a script is re-marked such that the second mark 
“wins”. Overall, the very large data set simulates what would happen if all the candidates in a subject were to appeal, and so is a 

good measure of the “missing number”.
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Here is Figure 14 from Marking Consistency Metrics. This chart is rather busy, but focus on the small white triangles...
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Source: presentation entitled Quality of marking - confidence and consistency given by Michelle Meadows at the Ofqual Summer Symposium, 29th June 2017, 
https://www.gov.uk/government/news/presentations-from-ofquals-summer-series-symposium-2017

A level and GCSE papers over time

29For narrative, see page 30
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...which correspond to the points on this, much simpler, chart, which comes from a pack presented by Ofqual at a symposium held in in 
June 2017, and which applies to both GCSE and A level.

This chart is important, and contains key information for each of the six subjects shown.

Firstly, the points answer the question “If 100 scripts in, say, physics, were appealed, how many would have their original grades 
confirmed?”. Physics is the top, light blue, line, giving the answer (about) 85. That means that, if all physics scripts were appealed, 

about 85 in every 100 scripts would have their original grades confirmed, whilst about 15 in every 100 would have their original grades 
changed. These changes go both ways - up-grades and down-grades - in about equal numbers. As noted on slide 5, the actual appeals 

process is biased towards up-grades in that appeals are made primarily on behalf of those candidates whose scripts received marks just 
below a grade boundary; this chart is therefore more general, showing what would happen if all scripts were to be re-marked, as if on 

appeal, regardless of the original mark, and with no bias towards up-grades (or indeed down-grades).

For English language, about 30% of scripts would have their grades changed on appeal; for history, about 40%.

In the language used earlier on, for physics, about 15% of grades are wrong; for English language, about 30%; for history, about 40%.

You might like to read those numbers again. And think about what they mean.

There is no number for the average across all subjects. But it’s most unlikely that this would be ‘better’ than physics (fewer then 15% of 
grades wrong), or - we pray - worse than history (more than 40% of grades wrong). It will be somewhere between the two - say 25%.

Hence the statement made in the title of this presentation - about 1 in 4 of all grades, at both GCSE and A level - is “wrong”, in the 
sense that about 1 in 4 of all grades awarded would be changed on appeal.
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To make that real. In the summer of  2017, in England

• 5,135,075  GCSE grades were awarded
• 1,461,030  A level grades were awarded

If about 1 in 4 of these are wrong, then about

• 1,280,000   GCSE grades were wrong, and would have been changed on appeal (half up, half down)
• 360,000    A level grades were wrong, and would have been changed on appeal (half up, half down)

According to official Ofqual data, as a result of the 2017 appeals process

• 73,840   GCSE grades were in fact changed on appeal (73,300 up, 540 down)
• 14,665   A level grades were in fact changed on appeal (14,565 up, 100 down)

The total number of changes that ‘should’ have been made is therefore about 1,640,000; in fact, 88,505 changes were actually 
made. That’s about 5% of the eligible total.

The “missing number” is therefore huge: in 2017, for GCSE, the number of grade errors remaining undiscovered after the appeals 
process had finished was about 1,200,000. Read than number again. It’s over a million. Expressed rather differently, 95% of the 

scripts that would have been awarded a grade change weren’t appealed. And even if we consider only up-grades, the numbers are 
still very big: about 560,000 scripts that would have received an up-grade weren’t appealed, and so the corresponding candidates

are stuck - for life - with the lower grade.

Hence “the perfect crime” - a crime, committed every year, in which some 95% of the victims don’t even know it has happened, 
so they don’t complain.

And a crime that is being covered up by the body that should be defending the victims. Rather than solving the crime, Ofqual’s 
”reasonable test” is deliberately designed to make the crime harder to detect, so making the “crime figures” look even “better”.
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A second inference from this figure is that no action taken over the last four years, either by the regulator Ofqual, or by the 
examination boards, has improved the situation. The best that can be said is that any actions that have been taken have stopped 

matters getting worse.

And a third inference is really important. For it identifies the fundamental cause of the problem. The “flatness” of the lines, and 
the correlation by subject, shows that the problem is not attributable to “poor marking” - why would markers of physics scripts 

be more conscientious, year-on-year, as compared to markers of history scripts? And for this to happen in exactly the same way for 
both GCSE and A level exams?  No; the problem cannot be attributable to the markers of the subject; it must be attributable to an 

intrinsic feature of the subject itself.

What might that be?

We all know. It’s not about the marker, but about the fact that different markers can legitimately give rather different marks to 
the same question, and this “intrinsic fuzziness” is likely to be larger for subjects such as history and art than it is for subjects 

such as physics and maths.

So this chart shows that there is no particular problem with marking. Rather there is a (very understandable) problem with 
grading - or, rather, with how an inevitably “fuzzy” mark is mapped onto a necessarily hard-edged grade boundary.

To make that real. Suppose that a grade C is awarded to scripts with marks 55 - 59 inclusive, and grade B to scripts marked 60 - 64 
inclusive.

A script is marked once, and given 58 marks, corresponding to grade C. On appeal, the script is re-marked 56, and the C is 
confirmed.  But suppose that the re-mark is 60 - this would result in an up-grade from C to B, and the candidate will feel  -

legitimately - that the original grade C was wrong. 

Importantly, all three marks 58, 56 and 60 are valid; all are ‘right’; none is wrong. Rather, each is within the range 58 � 2, where 
the � 2 is a measure of the “intrinsic fuzziness” of the corresponding subject.
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In general, all marks are of the form m � f , where the “fuzziness” parameter f depends on the subject, with f being a smaller 
number for a subject such as physics or maths, and a larger number for a subject such as English language or history.

For any script, if the range of marks m � f  lies completely within the same grade width, then the grade specified by the single 
mark m is robust, and would not be changed on appeal. But if the range m � f  straddles at least one grade boundary, then there is 

a problem: the grade might be changed on appeal, implying that the first-awarded grade is unreliable, arbitrary and unfair. And 
the larger the value of the “fuzziness” parameter f , and the narrower the width of any grade, the greater the likelihood that 

grade boundaries are straddled, and so the greater the number of grades that will be changed on appeal, as illustrated on pages 
34, 35, 36 and 37.

This explains everything. So the problem to solve is not about making marking “better”, but how best to map inevitably “fuzzy” 
marks onto necessarily hard-edged grade boundaries.

To which the best solution is to throw the grade boundaries away, and award each candidate their original mark m, whilst also 
showing on the certificate the value of f for each subject (which is quite easy to measure by re-marking a suitably-sized sample). 
And, at the same time, we need to change the appeals process too. Yes, it should be easy to appeal,  and appeals should be free.
But the rule should be that if the re-mark m*  is within the range m � f , the original mark m is confirmed; but if the re-mark m* is 
less than m - f or greater than m +  f , then the original mark m is changed to the new mark m* (as associated with the same value 

of f , which is a property of the examination subject, and not a property of an individual script).

This idea has been suggested to Ofqual, but they are very resistant...

33



X

X

X
X

X

A*ABCDEFGU

This is a picture of five candidates’ originally-awarded marks, and the corresponding grades. 

If, for each of these candidates, a fair re-mark gives exactly the same result as the original mark, then these grades are reliable...
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...but this is much more realistic, where, for any original mark X, the representation �−� indicates the range of possible re-
marks, this being a measure of the examination’s “fuzziness”.

In this case, 4 of the 5 grades awarded on the basis of an “exact X” are reliable, and 1 is unreliable.
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But if the “fuzziness” of the subject is rather greater, then 4 of the 5 grades are unreliable...
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...and if the original marks are even more “fuzzy”, then all grades are unreliable...

...and, in particular, one candidate originally awarded a C could, on appeal, jump two grades to an A.
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Thank you for reading this far.

This is an important story, for tens of thousands of young people 
are awarded the “wrong” grade every summer.

This happens at all grade boundaries, but it is of particular 
significance at the C/D boundary (or 4/3 boundary for those 

subjects with numeric grades) for this is the boundary regarded 
by many as pass/fail. So to be awarded a D (or a 3) can deny a 

young person life-changing opportunities, such as an 
apprenticeship or access to more education.

If you have an interest in this, or would like further 
information, perhaps to clarify something, perhaps to enquire 

as to how to help put pressure on Ofqual to fix the grade-
boundary-straddling problem, please do contact me on 
07715-047947 or at dennis@silverbulletmachine.com.
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