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THE PROBLEM

Samemark. Same learning?

Primary A

Grade 7 maths

65%

Primary B

Grade 7 maths

65%
= ?

If A marks strictly and B generously, the pupil from A knows
more maths, and today nobody can tell.

Every primary school sets andmarks its own exams. Before matric, the school-leaving exam,
no exam is the same for every school: the Annual National Assessments, which tested every
primary school, ended, and TIMSS reaches only a sample of schools. So nobody can compare
learning between primary schools.
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THE PROBLEM

Six people need thesemarks on one scale

A parent
her child’s achievement,
not the school’s marking

A teacher
how her pupils are really

doing

A school
where it stands among

other schools

A province
which schools to support

A department
whether a programme

worked

A researcher
the gap between rich and

poor schools

Can school-set marks be put on one scale, without a new test?
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WHAT THIS RESEARCH DOES

One common scale, no new test

At their new high school, pupils frommany primary schools write the same Grade 8 exam:
comparing how they do shows how strictly each primary school marks, and puts every school’s
marks on one common scale.

1.2 million
pupils’ records
used, from Grade 7
into Grade 8, in six
provinces. No new
test.

72.5%
of Gauteng’s
primary schools
land in a different
fifth once marks are
comparable.

3.5 times
the gap between
Gauteng’s rich and
poor schools, on
comparable marks
against their own.

14 of 14
checks in which
comparable marks
predict matric
results better than
schools’ own
marks.
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HOW ITWORKS

Twomoments matter

Grade 7, end of year Summer holiday Grade 8, second term Grade 12

each primary school
sets andmarks
its own exam

almost every pupil
changes school

each high school gives
all its new pupils
the same exam

matric (the NSC):
the first exam the

same for every school

In between, almost every pupil changes school, so one Grade 8 class mixes pupils frommany
primary schools.
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HOW ITWORKS

1 Same high school, same test

Two pupils with the same 65% from different primary schools score 72% and 58% on one high
school’s test: across many pupils, Primary Bmarksmore generously than Primary A.

Grade 7mark strictness ownmarking Grade 8mark

Primary school High school

Primary A
strict

Primary B
generous

High school 1
reference

65 +7 0 72

65 −7 0 58

Illustrative marks
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HOW ITWORKS

2 Same primary school, two high schools

A pupil from Primary B with the same 65% scores 53% at a second high school, not 58%:High
school 2 marks more strictly than High school 1, so the two high schools can be compared too.

Grade 7mark strictness ownmarking Grade 8mark

Primary school High school

Primary A
strict

Primary B
generous

High school 1
reference

65 +7 0 72

65 −7 0 58

Illustrative marks

High school 2
stricter

65 −7 −5 53
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HOW ITWORKS

3 Link every school

Every pupil whomoves links a primary school to a high school, so two schools that never share a
pupil can still be compared, through the schools in between.

Primary A

Primary B

Primary C

Primary D

Primary E

High school 1

High school 2

High school 3

6
high schools take the pupils of the

typical primary school

10
primary schools feed the typical

Grade 8 class

98.8%
or more of schools are linked into one
network, in every province and year
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HOW ITWORKS

4 One calculation does all of this at once

A standard statistical model, borrowed from research on workers and firms, estimates every
school’s strictness at the same time. In words, it says:

Her Grade
8 mark

her Grade 7
mark, carried

forward

her primary
school’s
strictness

her high
school’s own
marking

luck on
the day= + + +

𝑔8
𝑖𝑗𝑘 𝛽0 + 𝛽1 𝑔7

𝑖𝑗
𝛼𝑗 𝛾𝑘 𝜀𝑖𝑗𝑘

what we need to know

Comparable Grade 7 mark = her Grade 7 mark, carried forward
+ her primary school’s strictness

Comparable marks are marks as the province’s average school would have awarded them.
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The estimating equation → A2

𝑎7
𝑖𝑗 = 𝑔7

𝑖𝑗 + 𝑠𝑗 + 𝜀7
𝑖𝑗

primary 𝑗’s grading offset, > 0 if strict
recordedmark

learning

𝑎8
𝑖𝑗𝑘 = 𝑔8

𝑖𝑗𝑘 + 𝑑𝑘 + 𝜀8
𝑖𝑗𝑘

secondary 𝑘’s grading offset
𝑎8

𝑖𝑗𝑘 = 𝑐 + 𝜆 𝑎7
𝑖𝑗 + 𝜈𝑖𝑗𝑘
persistence

six-month growth

⇓ substitute

𝑔8
𝑖𝑗𝑘 = 𝛽0 + 𝛽1 𝑔7

𝑖𝑗 + 𝛼𝑗 + 𝛾𝑘 + 𝜀𝑖𝑗𝑘
≡ ≡ ≡ ≡

𝑐 𝜆 𝜆𝑠𝑗 −𝑑𝑘
the wedge: how strictly primary 𝑗 grades

(1)

(2)

(3)

(4)

Latent
model

𝑖 a pupil, 𝑗 her primary school,
𝑘 her secondary school

Estimating
equation
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WHYWE TRUST IT

Strictness is a lasting habit of each school

Each bar is the correlation of a school’s strictness measured twice, on different pupils (0 means no
link, 1 means identical): new pupils, new tests, yet the same schools come out strict.

0 0.5 1

0.88
Two random halves of the same school’s pupils

0.60
Pupils four years apart (2018 and 2022), across COVID-19

The two exams aremonths apart. Themethod needs only that the holiday affects pupils
alike, whatever their primary school; the likeliest ways this could fail, such as poorer pupils
forgetting more over the holiday, were tested, and the results hold.
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WHATWE FOUND

Rawmarks hidemost of the gap between rich and poor schools

Gauteng mean, 56.2

Q1  49.2
Q2  49.5

Q3  53.9
Q4  52.2

Q5  65.3

4.6
marks

16.1
marks

45

50

55

60

65

70

Raw mark Comparable mark
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Each line joins a poverty quintile’s
average ownmark (left) to its average
comparable mark (right): Quintile 5
leads Quintile 1 by 4.6 marks on
schools’ ownmarks and by 16.1 on
comparable marks.

Why: schools in Quintiles 1 to 4 mark
more generously than Gauteng’s
average school, and Quintile 5 schools
more strictly, so their ownmarks make
poorer schools look closer to rich ones
than they are.
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WHATWE FOUND

About three-quarters of schools change quintile

27.0 22.7 22.5 20.1 7.6

22.2 25.3 22.7 20.7 9.1

20.5 21.3 21.5 22.5 14.1

16.7 15.5 18.6 21.9 27.4

13.6 15.2 14.7 14.9 41.6Q5

Q4

Q3

Q2

Q1

Q1
(lowest)

Q2 Q3 Q4 Q5
(highest)

Quintile on comparable marks

Q
ui

nt
ile

 o
n 

ra
w 

m
ar

ks

■ 72.5% of Gauteng primary schools
sit in a different quintile on
comparable marks than on raw
marks.

■ These quintiles are fifths of schools
ranked by their marks, not poverty
quintiles.
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WHATWE FOUND

Comparable marks showwhere Gauteng is strong andwhere it is weak

Each hexagon is an area 4 km across, coloured by its schools’ average Grade 7 mark on one scale
for both maps: on comparable marks the strong and the weak areas separate.

Johannesburg

Tshwane

Ekurhuleni

Sedibeng

West Rand

(A) Raw marks (B) Comparable marks

34
48
50
52
53
55
57
59
61
64
70
99

Average Grade 7 mark of each area's schools (%)
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WHATWE FOUND

At the same Grade 7mark, pupils from strict schools do better in matric

8.7 marks
Strictest third

Most lenient third

20

30

40

50

60

70

40–49 50–59 60–69 70–79 80–89 90–100
Grade 7 Mathematics mark, 2020 (%)

N
SC

 M
at

he
m

at
ics

, 2
02

5 
(%

)

Gauteng pupils in Grade 7 in 2020,
followed to matric in 2025: at a Grade 7
mark of 60–69, those from the strictest
third of primary schools averaged 42.8
in NSC Mathematics and those from
themost generous third 34.1, 8.7
marks apart.
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WHATWE FOUND

Comparable marks predict matric better, in every province

0.2 0.3 0.4 0.5 0.6

Mpumalanga
Eastern Cape

KwaZulu-Natal
Limpopo

North West
Gauteng

All six
ownmark 0.31 comparable 0.39

Correlation of the Grade 7 mark with the matric mathematics mark

Pupils in Grade 7 in 2020, followed to matric in 2025 (70,790 in mathematics, six provinces): the
comparable mark wins all 14 checks, two subjects in each province and in all six together, and the
method was never tuned to matric.
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WHATWE FOUND

At the samemark, pupils from generous schools join weaker classmates

Strict primary

Generous primary

65

65

stronger
Grade 8 class

weaker
Grade 8 class

0.020: no real link
The primary school’s averagemark

0.136
The primary school’s strictness

Howmuch stronger her new classmates are (in standard deviations of Grade 8 marks) for each
step up in her primary school’s average mark or strictness, her ownmark held fixed. Classmates
from her own primary school are left out.

Pupils sort as if someone knew which schools mark generously, though this is published nowhere.
The data cannot say who does the sorting.
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Where this could go wrong, and whatmovedwhen I checked

Threat Check Whatmoved

Sorting on unobservables Simulated sorting and endogenous
mobility

Levels stretch or shrink; ranks hold at
0.897 or better → A4

Differential decay by
achievement or poverty

Grade 7 slope by achievement and by
poverty quintile; Grade 8 anchor
moved from Term 1 to Term 4

No-fee gap keeps 99–101% of its size;
Term 1 and Term 4 wedges correlate 0.90
→ A5

Leniency changes with the
mark

Separate slopes for strict and lenient
primaries, within secondary

Holds in level, not in slope; ranks 0.996
→ A3

Thin network,
limited-mobility bias

Connectivity against the
Jochmans–Weidner benchmark

Nothing: connectivity is 14 (2018) and 12
(2022) times the benchmark → A1

Functional form or estimator
misspecified

Quadratic, piecewise-linear,
empirical-Bayes, cross-classified

Wedges correlate 0.987–0.998 with the
baseline → A6

Second stage runs on a noisy
estimated wedge

Paired cluster bootstrap, wedge
re-estimated per replicate

Interval widths within 7% of the naive
→ A12
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WHY IT MATTERS

The bottom line

South Africa already records a maths mark for almost every Grade 7 pupil. This
research turns those marks into what the system has lacked since the Annual
National Assessments ended: a way to compare learning at every primary school.
The next step is a tool that provinces and districts can use every year.

Where the work goes next

DONE
Method built and tested
Maths marks of 1.2 million
pupils in six provinces,
checked against matric
five years later.

NEXT PHASE
Scale up and confirm
All nine provinces, every
year. A second group of
pupils followed to matric.
More subjects.

GOAL
A routine tool
A yearly report of
comparable learning for
provinces and districts,
from records already held.
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Why this matters for South Africa

Support can go to the wrong schools.
Poorer schools mark more generously, so
their marks make their pupils look stronger
than they are.

Rankings built onmarksmislead.
About three-quarters of Gauteng’s primary
schools move to a different fifth of the
ranking once marks are comparable.

Families choose high schools on
marks that mean different things.
A 65% is worth more at some primary
schools than at others, and nothing
published tells parents which.

Testing helps only where results can
be compared.
Assessment raises learning where results
are compared between schools. This
method gives South Africa comparable
results frommarks it already collects.
Bergbauer, Hanushek and Woessmann 2024
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WHATWE FOUND

About three-quarters of schools change fifth

27.5% 34.4% 38.1%

stay in the
same fifth

move one
fifth

move two or
more fifths

72.5% change fifth

41.6%
of schools that look like
the top fifth on their own
marks really are in the top
fifth.

27.0%
of schools that look like
the bottom fifth on their
own marks really are in the
bottom fifth.

Gauteng’s primary schools, ranked by their ownmarks and then by comparable marks: rankings,
league tables and targeting built on schools’ ownmarks put most schools in the wrong group.
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Validation: five years later, the NSC

45
°: n
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ain

(A) Grade 7 mark (B) Grade 8 mark

0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
0.2
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Correlation of raw mark with NSC
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Mathematics Mathematical Literacy
■ Cohort: Grade 7 in 2020, six provinces.

Outcome: their NSCmark in 2025, five
years later

■ Calibrated learning (the comparablemark)
predicts it better than rawmarks in 14 of
14 fits (two subjects, six provinces and
pooled), at Grade 7 and again at Grade 8

■ Grade 7: adding the primary school’s
grading wedge raises the correlation from
0.31 to 0.39

■ Grade 8: removing the high school’s offset
raises it from 0.29 to 0.36

■ The weights come from the Grade 8
calibration and were never fitted to the
NSC

Each point is one subject × province correlation with the NSCmark; filled points are the six provinces pooled.
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Institutional setting

Grade 7, Term 4 Summer Grade 8, Term 2 Grade 12

own paper, ownmarking;
decides promotion

almost every pupil
changes school

the whole grade sits one
exam, at once, in a hall

matric, the first
external exam

■ Promotion cut-offs at 30, 40 and 50%. Parents, the department and the cost of
holding pupils back all push marks up.

■ Marks go to the department. Teachers capture them; the principal signs off.
■ Parents see only their own child’s marks and a high school’s matric results.
■ Mathematics only. English failed the reliability screen.
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The data

■ SA-SAMS, South Africa’s school administration system,
holds each pupil’s records, linked across years by a
learner identifier. Termmarks are graded from 0 to 100,
with assessments set and graded at the school level.

■ SA-SAMS records school-based assessments (SBAs),
which teachers capture at the school; it is the system that
produces every pupil’s report card.

■ The NSC is the National Senior Certificate, the high-school
completion assessment, set and graded nationally.

■ The primary analysis cohorts began Grade 7 in 2018 and
2022, followed one year on into Grade 8 in 2019 and 2023
respectively.

■ The analysis from Grade 7 to the NSC follows the 2020
Grade 7 cohort until it writes the NSC in 2025.

EC

GP

KZN

LP

MPNW

The extract covers six provinces.
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Data and attrition

2018 cohort 2022 cohort

Step N % N %

Total Grade 7 enrolment in SA-SAMS 796,928 866,679
With valid Grade 7 Term 4maths mark 708,659 88.9 804,654 92.8
Successfully linked to a Grade 8 record 544,233 68.3 674,557 77.8

Not linked: repeated Grade 7 the next year — 27,339 3.2
Final analysis sample 532,295 66.8 665,019 76.7

Sample: national 2018 and 2022 cohorts; each percentage is of the cohort’s total Grade 7 enrolment in SA-SAMS, the
schools’ administration system; the repeaters count exists for 2022 only (—); the Gauteng estimation sample is roughly 5
times smaller.

■ Linkage is close to orthogonal to the school measure: the correlation with the
calibrated level is 0.021, and an inverse-linkage-probability estimator shifts the mean
by −0.005 marks.
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Related literature

■ Comparable marks need a test set outside the school: a central exam at the end of secondary,
or a researcher’s own test of a sample of pupils.Here the outside test already exists: each
secondary school’s own Grade 8 exam.
Schwerdt and Woessmann 2017; Woessmann 2003; Singh 2015; Araujo et al. 2016; Bau and Das 2020;
Andrabi et al. 2011

■ The estimator comes frommatched employer–employee methods and its uses in education.
Its usual concerns, connectedness and limited-mobility bias, bind less here: most of the
cohort changes school. → A1
Abowd et al. 1999; Mansfield 2015; Andrews et al. 2008; Kline et al. 2020

■ Grading distortions are studied at thresholds, as marks piled just above a cut-off. A school’s
strictness shifts everymark it awards, not only those near a cut-off.
Diamond and Persson 2016; Dee et al. 2019

■ Households respond to published test scores, and choose schools for their peers rather than
their effectiveness. Below the school-leaving exam nothing is published, yet households
sort as if on the calibrated scale.
Hastings and Weinstein 2008; Abdulkadiroğlu et al. 2020
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Identifying assumptions

The assumption: pupils with the same learning at the end of primary get the same Grade 8 mark
at the same secondary, whatever their primary. Plausible, because the marks are months apart.

Breaks it if In the data

Leniency is a shift A primary moves its strong and
weak leavers’ marks by different
amounts.

Holds in level, not in slope: the gap
widens with the mark. Allowing for it,
ranks correlate 0.996. → A3

A single scale per
secondary

A secondary marks some
primaries’ entrants differently, or a
primary teaches to its tests.

Small where testable: net of noise, a pair
of schools departs from their sum by
0.08 SD. Teaching to the test is
maintained.

No sorting on growth Leavers on the samemark pick a
secondary by howmuch they will
grow: summer loss, early Grade 8
learning.

Maintained. Simulated sorting 2.3 times
what the data showwould bias the
wedge’s variance by 5%. → A4

It also needs every school linked into one network: the next frame.
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The transition network

A representative region of primary (LHS) to secondary (RHS)
transitions

6
secondary schools receive the leavers of the

median primary

10
primary schools feed the median Grade 8 class

98.8%
of schools sit in the connected set in the
weakest province-cohort cell, andmore in

every other

■ Limitedmobility does not bind.With no pupil fixed effect, all of a primary’s linked leavers
identify its wedge: 40 at the median primary.

■ Nor does a thin network. Gauteng’s algebraic connectivity is 14 (2018) and 12 (2022) times
the Jochmans–Weidner weak-connectivity benchmark.
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The wedge and destination effect distributions

2018

2022

2018
2022

0: average school
(A) Primary schools: grading wedge (B) Secondary schools: destination effect

−2 −1 0 1 2 3 −2 −1 0 1 2 3
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𝛼 is relative: zero is the average primary school in the province and cohort.
Sample: Gautengmathematics, 2018 and 2022; 1,424 and 1,479 primary, 901 and 839 secondary schools.
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Comparable marks showwhere Gauteng is strong andwhere it is weak

Johannesburg

Tshwane

Ekurhuleni

Sedibeng

West Rand

(A) Raw marks (B) Comparable marks

under 29 83 or more
29 35 41 47 53 59 65 71 77 83

Mean Grade 7 mark of the hex's schools (%); white = 53–59

■ Comparable mark: a school’s
calibrated learning level, stated as the
Grade 7 mark Gauteng’s average
school would have given.

■ Each hexagon is a 4 km cell, coloured
by its schools’ average mark in bands
of 6 marks; white is 53–59, around
Gauteng’s 56.2.

■ Rawmarks: 356 of 406 cells sit
between 47 and 65. Almost every area
looks average.

■ Comparable marks: that falls to 260;
15 cells reach 83 or more. South-east
Tshwane and north-east
Johannesburg rise; south-west
Johannesburg, north-west Tshwane
and the West Rand fall.

■ For a district office: rawmarks hide
where the weak areas are.
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The wedge is a property of a school, not a learner cohort

Two random halves of each school, 2018
Correlation 0.88 45°: same

wedge
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Half A wedge (SD)
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Two cohorts, four years apart

Correlation 0.60
(rank 0.60)
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2018 wedge (SD)

20
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D
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New pupils, new tests, no link between the years: what persists belongs to the
school.
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A no-fee school’s 60%matches a fee-charging Quintile 5 school’s 46%

0 100

0 100

Typical no-fee school

Typical fee-charging
Quintile 5 school

40 50 60 70 80

26 36 46 56 66

Each line joins marks for the same achievement

Grade 7 Mathematics mark awarded by the school (%)

In Gauteng the gap between the two grew from 9.4 marks in 2018 to 14.0 in 2022.
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Targeting the weakest fifth on rawmarksmostly reaches the wrong schools

Flagged on raw marks: 296 schools

Not flagged on raw marks

85 among the weakest fifth
on comparable marks
211 not among the weakest fifth
on comparable marks

Missed: 211 of the weakest fifth
on comparable marks

Gauteng primary schools, 2022: of the 296 a raw-mark rule picks, 211 are not among the
weakest fifth on comparable marks, and 211 of the weakest go without.
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Does lenient grading buy a better secondary school?

■ Primary A marks strictly, Primary B leniently. A pupil leaves each with 65.

■ If secondary schools read 65 at face value, both join equally strong classes. If the
lenient 65 is discounted, B’s pupil joins weaker ones.

■ The test. Hold her ownmark fixed: does her primary’s wedge predict how her new
classmates do in Grade 8? Classmates from her own primary are left out.

■ Scope: this is not a causal estimate of what generates the observed sorting. → A10
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At the samemark, pupils from lenient primaries end up amongweaker classmates

■ Her new classmates’ Grade 8 achievement, her ownmark held fixed, regressed on her
primary’s raw Grade 7mean (row 1) or its grading wedge (row 2). LOFO drops classmates
from her own primary.

Her new classmates’
Grade 8 achievement

Origin signal Full LOFO

Raw Grade 7 mean 0.023 (1.6) 0.020 (1.4)
Grading wedge ̂𝛼𝑗 0.165∗∗∗ (9.2) 0.136∗∗∗ (7.4)

Raw average: 0.020
On their own, her primary’s rawmarks
do not predict how strong her
classmates are.

Grading wedge: 0.136∗∗∗

A primary one SDmore lenient:
classmates 0.136 SD weaker, none from
her own primary. → A9
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Value added: the calibratedmark as an intake

Value added: how far a school’s students finish above what their intake predicts

𝑦12
𝑖𝑘 = 𝜃𝑘 + 𝛿 ( ̂𝛽1 𝑔7

𝑖𝑗 + ̂𝛼𝑗) + 𝜀𝑖𝑘

primary 𝑗’s wedge: puts the intake on the common scale
Grade 7 mark, set by primary 𝑗 on its own scale

high school 𝑘’s value added
school-leaving (NSC) mark, Grade 12

Without the wedge, a high school gets credit for its feeders’ strict grading.
40% of high schools change quintile of value added when the intake is calibrated.
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The impact of threshold pushing

40: the maths
promotion mark Smooth refit

Shaded:
redrawn

(B) Grade 8 marks, 2022

(A) Grade 7 marks, 2022

0 20 40 60 80 100

0

10,000

20,000

0

10,000

20,000

Mark (%)

Pu
pi

ls

■ Marks pile up at 40, the maths
promotion mark: eight times as many
Grade 7 pupils on 40 as on 39

■ Aggressive by design:marks within two
points of 30, 40 or 50 are redrawn from
the curve, 25% of Grade 7 and 31% of
Grade 8. Not the true distribution

■ The wedge does not move: refitted and
raw wedges correlate at 0.997 or more in
every province and cohort

■ The pushers are not the lenient
schools: the strictest fifth put 2.1–3.4
times as manymarks on the thresholds
as the most lenient fifth (Gauteng)
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Appendix index

Identification and sorting
■ A1 Network density and limited-mobility bias
■ A2 The latent model in full
■ A3 Leniency shifts the level, and the slope differs too
■ A4 Sorting on growth: the simulated bound and its limit
■ A5 Differential decay: the no-fee gap holds its size
■ A6 Four other specifications give the same wedges
■ A13Where does pupil ability enter?

Sample andmeasurement
■ A7 The 𝜆𝜌 decomposition

The sorting test’s own robustness
■ A8 Joint specification and six-province panel
■ A9 The sorting result survives every de-leaking
■ A10 The geography bound

Downstream and comparative
■ A11What the wedge is made of
■ A12 All eight coefficients, raw and calibrated



A1 · Network density and limited-mobility bias

■ Harmonic-mean weighted degree 202.9; the giant component covers 99.6% of schools
pooled across the whole network.

■ Algebraic connectivity 𝜆2 = 0.0537 (2018) and 0.0474 (2022), about 14 and 12 times
the Jochmans–Weidner weak-connectivity benchmark of 0.0039 at which fixed-effect
standard errors become severely understated.

■ School networks are denser than matched employer-employee panels for a structural
reason: primaries outnumber secondaries, and every pupil moves in the same year.

■ Answers “is this AKM?”. The leave-out correction of Kline, Saggio and Sølvsten puts
estimation noise at about 5% of the wedge’s variance: small, not nil.

■ Nominimum link size. Dropping links under five pupils adds noise (3.6% to 16.6% of
the variance, 2018); net of it, ranks hold (0.95, 2018; 0.99, 2022).

← Appendix index
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A2 · The latent model in full

𝑎7
𝑖𝑗 = 𝑔7

𝑖𝑗 + 𝑠𝑗 + 𝜀7
𝑖𝑗

𝑎8
𝑖𝑗𝑘 = 𝑔8

𝑖𝑗𝑘 + 𝑑𝑘 + 𝜀8
𝑖𝑗𝑘

𝑎8
𝑖𝑗𝑘 = 𝑐 + 𝜆𝑎7

𝑖𝑗 + 𝜈𝑖𝑗𝑘

Substituting and relabelling the structural
composites gives

𝑔8
𝑖𝑗𝑘 = 𝛽0 + 𝛽1𝑔7

𝑖𝑗 + 𝛼𝑗 + 𝛾𝑘 + 𝜀𝑖𝑗𝑘

with 𝛽0 ≡ 𝑐, 𝛼𝑗 ≡ 𝜆𝑠𝑗, 𝛾𝑘 ≡ −𝑑𝑘, 𝛽1 ≡ 𝜆.
That 𝛽1 is structural. The estimated one is
𝜆𝜌, and only if the first line is read as
measurement error in themark:

𝑔7
𝑖𝑗 = 𝑎7

𝑖𝑗 − 𝑠𝑗 − 𝜀7
𝑖𝑗, 𝜀7

𝑖𝑗 ⟂ 𝑎7
𝑖𝑗

so 𝜀7 sits inside the regressor and
𝜌 = Var( ̃𝑎7)/Var( ̃𝑔7) is the mark’s
reliability.

■ 𝑠𝑗 and 𝑑𝑘 are the same object, an additive
school-set offset between true learning and the
recordedmark. A positive offset means the
mark sits below true learning, so 𝑠𝑗 > 0 is a
strict origin.

■ They enter asymmetrically for one reason:
position in time. The origin offset is scaled by
persistence because it distorts the Grade 7mark
on the right-hand side; the destination offset
distorts the outcome directly.

■ Measurement error in 𝑔7 puts the slope’s
probability limit at 𝜆𝜌, so 𝜆 and 𝜌 are not
separately identified from the cross-section,
and each is bounded below by the estimated
slope.

■ It reaches ̂𝛼𝑗 too: with ̂𝛼𝑗 ≈ 𝑔8
𝑗 − 𝛽1𝑔7

𝑗, fitting
𝛽1 at 𝜆𝜌 leaves ̂𝛼𝑗 carrying a term in the
school’s ownmean Grade 7 mark. The
contamination is correlated with the raw
mark, not shrinkage toward zero.

← The estimating equation
A2



A3 · Leniency shifts the level, and the slope differs too

parallel to the lenient line

Strict primaries
slope 0.54

Lenient primaries
slope 0.43

Strict primaries
slope 0.51

Lenient primaries
slope 0.44

(A) Own cohort's wedge (B) 2018 wedge, 2022 leavers
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← Appendix index
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A4 · Sorting on growth: the simulated bound and its limit

■ What breaks the wedge. Leavers of one primary, on one Grade 7 mark, reaching different
secondaries because of what they will learn next. Sorting on the mark, a primary’s wedge or a
secondary’s quality is absorbed by ̂𝛽1𝑔7

𝑖𝑗 and the fixed effects.
■ The simulation.Within each primary, pupils of higher unobserved ability reach better

secondaries, at strength 𝜓; each draw is fitted with the paper’s two-way regression.
■ The footprint in the data.Within a primary, a leaver’s Grade 7 mark and her secondary’s

effect correlate at 0.021: in the simulation, 𝜓 ≈ 0.05, which moves the wedge’s variance by 2.3
percentage points.

■ The threshold. A 5-point move needs a footprint of 0.048, 2.3 times the data’s. At 𝜓 = 2, far
past it, ranks still correlate 0.897 with the truth while the variance shrinks to 0.73 of its true
size.

■ What it cannot see. Sorting on growth unrelated to the mark leaves no footprint. The
assumption is maintained; the simulation sizes only sorting that travels with the mark.

← Appendix index
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A5 · Differential decay: the no-fee gap holds its size

■ The threat. If learning faded faster over the holiday for poorer or weaker pupils, their
primaries would book as lenient graders.

■ A slope for each group (Gauteng, paper appendix H.8). Re-estimating the wedge with a Grade
7 slope for each poverty quintile, or for each quintile of the school’s mean Grade 7 mark,
leaves the no-fee gap at 0.99–1.01 of its single-slope size.

■ A later anchor. Ongoing fade would widen the gap as the Grade 8 anchor moves later in the
year. Anchored on Terms 2, 3 and 4, it is 0.50, 0.48 and 0.51 of the wedge’s SD.

■ Term 1 against Term 4 (national extract). Wedges anchored on the two terms correlate 0.90,
precision-weighted, over 6,676 primaries.

■ What it cannot remove.Within a secondary, no-fee pupils’ Grade 8 marks rise less with their
Grade 7 mark: the interaction is −0.149, about 0.27 of the fee-school slope. That is A3’s slope
component; the design cannot say whether it is grading or learning.

←Where this could go wrong
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A6 · Four other specifications give the samewedges

Specification What changes Correlation

Quadratic Adds the squared Grade 7 mark 0.994
Piecewise linear A kink at the median Grade 7 mark 0.998
Empirical Bayes Shrinks each wedge to the cohort mean 0.998
Cross-classified Crossed random intercepts for both schools 0.987

The correlation is with the baseline wedge. Each specification changes the common Grade 7 to
Grade 8 relation or the estimator and keeps one offset per school, so none can test the shift; A3
does.

←Where this could go wrong
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A7 · The 𝜆𝜌 decomposition

■ The slope bounds both persistence and reliability from below: each lies in (0, 1] and
their product is the estimated slope, so persistence is at least 0.59 and the Grade 7
mark is at least 59% signal in both cohorts.

■ A test-retest and instrumental-variables decomposition brackets the 2018 cohort at
reliability 𝜌 ≈ 0.70 to 0.71 and persistence 𝜆 ≈ 0.75 to 0.85, so attenuation likely
dominates.

■ Nothing in the paper’s strategy depends on the split. What matters is the direction:
with 𝜌 < 1 the wedge is attenuated toward zero, so every reported magnitude is a
floor.

← Appendix index

A7



A8 · Joint specification and the six-province panel

Province n Full LOFO 𝑡

EC 162,355 0.068 0.013 0.8
GT 220,973 0.166 0.135 7.2
LP 182,360 0.107 0.043 2.5
MP 106,955 0.144 0.091 4.3
NW 91,119 0.117 0.047 2.4
ZN 254,501 0.068 0.013 0.8
POOLED6 1,018,263 0.117 0.064 8.4

■ The Gauteng focus is a precision choice, made for
the network-density reason given in the data
section, not a result-shopping one. The magnitude
roughly halves when the six provinces pool and
stays clearly positive.

■ The panel is six provinces rather than nine because
the extract covers six; a move into the remaining
three is recorded as attrition.

■ Entering all three origin signals jointly is a
bad-control exercise: the raw Grade 8 mean
contains the wedge by construction, so the joint fit
splits one object across two regressors and the
wedge’s coefficient flips. Fitted without it, the raw
Grade 7 mean and the wedge both predict stronger
classmates, in the ratio sorting on the calibrated
scale implies.

← Appendix index
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A9 · The sorting result survives every de-leaking

Zero: the signal predicts no sorting

     Grade 8 achievement, own feeders dropped

     Grade 7 intake, own feeders dropped

     Grade 8 achievement, own feeders kept

     Grade 7 intake, own feeders kept

Placebo: raw Grade 7 mean as predictor

     Grade 8 achievement

     Grade 7 intake

Cross-cohort × LOFO

     Grade 8 achievement

     Grade 7 intake

Leave-own-feeder-out (LOFO)

     Grade 8 achievement

     Grade 7 intake

Headline

−0.1 0.0 0.1 0.2 0.3
Coefficient (SD of the destination margin per 1 SD of the predictor)

■ Substituting the wedge estimated on the
other cohort, which severs estimation
overlap, holds the achievement margin at
+0.108; cross-cohort with the own-feeder
cut at +0.095; netting out destination
leniency through 𝛾𝑘 as well, all three
severed at once, at +0.136.

■ The rawmark predicts intake strongly and
achievement not at all. The placebo dots
are not all at zero: the raw Grade 7 mark on
Grade 7 peers is the largest point on the
chart. Only the Grade 8-outcome placebos sit
at zero.

← At the samemark
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A10 · The geography bound

■ Among cross-ward switchers the achievement margin holds at 0.143 (𝑡 = 7.7); among
cross-municipality switchers at 0.082 (𝑡 = 3.0). 64.1% of movers cross a ward and
5.7% cross a municipality.

■ The distance interaction is −0.203 (𝑝 < 0.01): the margin attenuates with distance
moved, but stays positive across the range.

■ What this does not settle: residential relocation stays observationally equivalent to
school choice. The paper claims only that enrolment tracks the wedge.

←Does lenient grading buy a better secondary school?
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A11 · What the wedge is made of

Family Share of joint 𝑅2

F6 Downstreammarket 38.3%
F3 Resources and structure 28.8%
F7 Accountability exposure 28.4%
F8 Pupil composition and churn 2.6%
F4 Historical legacy 1.8%

■ Three families carry 96% of the joint 𝑅2 of 37.1%, and
downstreammarket leads without commanding.

■ No-fee schools grade about 0.47 within-province SDmore
leniently than fee-charging schools; no-fee status and the school’s
own poverty quintile are the only resource measures surviving
Romano–Wolf.

■ Each 1 SD of destination-market concentration associates with
0.033 SD stricter grading, own SES held fixed.

■ Every association here is descriptive. Four readings fit the
market result equally well: precision mechanics, reverse
causation, common cause, and repeated-game accountability.
The design separates none of them.

← Appendix index
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A12 · All eight coefficients, raw and calibrated

Zero: no association with school quality

Over-age rate *

Pupil-teacher ratio

Log class size *

Log school size *

Quintile 5 (vs. Q1) *

Quintile 4 (vs. Q1) *

Quintile 3 (vs. Q1)

Quintile 2 (vs. Q1)

−1.0 −0.5 0.0 0.5
Coefficient (within-province SD of school quality)

Raw school-based assessment

Calibrated, naive standard error

Calibrated, paired cluster bootstrap

An asterisk on a rowmarks a termwhose raw and calibrated coefficients differ at 5%.
← Appendix index
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A13 · Where does pupil ability enter?

■ Through the Grade 7mark. It stands in for the pupil’s own effect, and every linked
leaver identifies the primary’s wedge whichever way ability is modelled.

■ A pupil effect from all eight termmarks orders primaries as the wedge built on the
average of the four Grade 7 terms does: Spearman 0.97 in 2018 and 0.96 in 2022.

■ It departs from the Term 4wedge in 2018 only. Every term’s mark has a part of its
own at each primary, about 0.43 SD for the 2018 Term 4mark; the 2022 Term 4mark is
in effect a year mark, so its own part is 0.16 SD.

← Appendix index
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