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researching the nature of subject-specific
knowledge within the school curriculum and
teacher education, and in promoting and
researching the use of digital technology in
mathematics education.

g e

o
.'I'\. ._T:ft' My
AL =
o= R
i




About Stride

AQA has developed a new
diagnostic assessment for
maths called Stride. This
assessment can be used to

target students at the end

of KS3 who are about to
commence GCSE Maths studies
as well as being suitable for
students retaking the GCSE
maths exams, post-16.

The suite of digital tests support diagnostic
assessment, a type of assessment that
provides opportunities to evaluate a student’s
strengths, weaknesses, and skills. Teachers
use diagnostic assessment because “They

can give useful insights into pupil learning,
although interpreting the information they
produce requires some level of professional
judgment from teachers, as there are many
reasons why pupils might answer a question in
a certain way” (EEF, p.1).

The strength of the Stride tests is that they
assess students’ knowledge and skills, while
also supporting the teacher to interpret and
identify knowledge gaps and misconceptions.
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Each test evaluates students in a specific
mathematical area crucial for success

in learning GCSE Maths, with success
defined as achieving a grade 4 pass in the
GCSE maths examination. Each test will
involve each student being asked 45 to 50
guestions, covering various aspects of the
KS3 mathematics syllabus, sourced from
a question bank of around 200 questions
designed by AQA, and intended to assess
knowledge and skills. The test will analyse
a student’s response and offer the next
question suited to their learning needs.

Key Features of Stride tests

Formative - the strength of these tests lies in
their formative functionality, providing instant
feedback to students, and providing teachers
with an immediate insight into a student’s
understanding at the time of taking the test;
and

Adaptive - following each test, the
individualised reporting generated offers
teachers insights into the potential breakdown
in student’s learning path leading up to an
understanding of the concept tested. This
reporting helps teachers target support

and intervention, and identifies the

most opportune points for intervention.
Understanding the position of students on
their learning path allows teachers to support
the unique needs of individual learners.



What is valuable about these
on-screen maths tests?

In general, diagnostic tests gauge students’
knowledge and skills by assessing whether

or not they are able to ‘do’ some piece of
mathematics at a given point in time. While
these type of tests can be useful for monitoring
progress and selecting likely topics for review
or additional practice, they are not sufficiently
targeted to reveal the underlying reasons for
individual performance.

In line with best practice EEF
recommendations, “It is important that
misconceptions are uncovered and addressed
rather than side-stepped or ignored.” (EEF,
2021 p.11), AQA’s assessments are hence
designed to uncover underlying such

issues that may persist for years unnoticed,
offering thus a more thorough approach to
support a solid foundation for mathematical
understanding.

“Assessment should be used not only to
track pupils’ learning but also to provide
teachers with information about what pupils
do and do not know.” (EEF, 2021, p. 8). AQA’s
suite of digital assessment tests stands
apart by identifying knowledge gaps and
misconceptions, often stemming from prior
weaknesses in mathematical understanding.

Students have reported that they found these
new tests engaging, since they offer rapid
feedback on each question they attempt. In
line with best practice in improving maths in
key stages 2 and 3, the reports can be used by
students and teachers alike to direct further
study through “Selection [should be] guided by
pupil assessment” (EEF, 2021, p. 9).

After the tests, students are offered an
individualised learning experience, directing
them to revisit and practise the knowledge
and skills needed to close the gaps in their
understanding.




Research-informed design
of Stride assessment

At the heart of these assessment tests are the
concept maps (see appendix) crafted by David
McEwan, former maths teacher and subject
lead for Maths at AQA, with support from Dr
Cosette Crisan, a mathematics educator from
UCL with extensive experience and expertise
in teaching mathematics at secondary

and tertiary levels of education. Informed

by research in mathematics education,

these maps illustrate the complex web of
relationships between concepts, knowledge
and skills, represented graphically in the form
of networks, consisting of ‘nodes’ and ‘arrows’
(see Figure 1). They have undergone testing
and refinement through trials involving 18
mathematics teachers and 93 students, across
18 secondary schools.

About the Concept Maps

The creation of these maps involved
understanding the knowledge, skills, and
insights required by students to develop a
conceptual understanding in mathematics.
They have been based on a subset of the non-
statutory guidance for the National Curriculum
in England document (DfE, 2021). This subset
contains the mathematics that has the biggest
influence on success at GCSE, as determined
by the authors, AQA's subject experts and
informed by discussions with teachers. It is
categorized into five distinct concept maps
titled: Numbers, Algebra, Proportions,
Graphs, Shapes. Each map aims to show the
structure of the acquisition of knowledge and
skills in one concept. The intention is to ensure
that students have grasped the mathematics
needed to now go on and successfully acquire
the higher-order skills needed for success at
GCSE Maths.
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Numbers - the understanding

of place value and powers of ten,
number theory, sequences, and
extension to fractions, decimals and
percentages;

Algebra - the understanding of the
field axioms and their application to
order of operations, expressions and
equations;

Proportions - ratios, scaling and
proportional reasoning and its
applications;

Graphs - linear algebra and the
mathematical interpretation of
graphs, charts and diagrams.

Shapes - mensuration in 2D and
3D space, properties of 2D and 3D
shapes and transformations.

These maps encompass the various
statements regarding ‘knowledge, skills,

and understanding’ found in the guidance
document, which have been reorganized and
presented as maps, a choice driven by the
specific objectives of the assessment tests. It is
crucial to note that the design of these maps
does not adhere to the hierarchical order
typically followed in the teaching of maths
topics. The nodes and arrows in these maps
are dictated by the hierarchical learning path
leading students to an understanding of each
concept.



Successful study of GCSE Maths requires the
learning of new concepts. These must be built
on a robust foundation consisting of various
previous knowledge while guiding the learner
to increased conceptual complexity as learning
progresses. Any gaps or misconceptions in this
learning path can result in weak acquisition of
subsequent knowledge and skills, leading to

misunderstandings, errors, and misconceptions.

These principles informed the design of the
maps. To exemplify, the Numbers conceptual
map excerpt below (Figure 1) was crafted with
the understanding that students may struggle
with operations involving fractions (addition
and multiplication) if they have difficulty
mastering pre-requisites.

For example, an end of year progress test
may include questions about operations with
fractions. If students are unsuccessful with

these questions, then teachers may note this
as an area of weakness and reteach operations
with fractions. However, this may not get

to the underlying problem. In order to be
successful in operations with fractions, students
need to understand equivalent fractions.

This in turn relies on an understanding

of factors and multiples, which relies on
knowledge of multiplication tables. This suite
of assessments is designed to reveal these
underlying requirements and identify gaps and
misconceptions.

Many students are retaught higher-order
concepts many times over their school

career without successfully learning them
because their underlying understanding is
weak or flawed. Opportunities to solidify the
foundational prior knowledge are needed if this
cycle is to be broken.

Multiplication and
division of fractions

Equivalent
Fractions

Addition and
subtraction of fractions
(same denominator)

\

Multiplication
tables

Figure 1: Excerpt from the Number concept map
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How are these
Concept Maps used?

At the beginning of a period of study (e.g.,

at the start of year 10 or the start of a resit
course in year 12), students can take an initial
test. Once the test is automatically marked, an
individualised report is generated, with a score
(e.g., 5 out of 10). Subsequently, students are
prompted to complete a learning task with

the objective of enhancing their performance.
Later other tasks are generated that give
spaced retrieval practice. Once a learner or
their teacher feels that sufficient progress

has been made, the test can be re-taken and
progress can be measured (e.g. a student

may now score 6.3 out of 10). These follow-

on tests are automatically generated by the
Stride system, and their distinctiveness lies in
their formative and adaptive functionalities, as
elaborated below.

Although there is an element of randomness
in the selection of questions for the follow-

on tests from the question bank, the system
‘intelligently’ samples questions. Each question
is selected to answer the problem statement
“What can | ask now that will give me the
greatest understanding about this student’s
mathematics?”

Once this question is answered by the student,
the system interacts with the appropriate
Concept Map, and selects a question aimed

at better the understanding the students’
knowledge, in alighment with the structure

of the Concept Map. Every time a student
responds to a question, the system uses

a combination of this response along with

the problem statement, the structure of the
concept map, and all of the student’s previous
responses to select a new question that is
aimed at better understanding the student’s
knowledge.

These tests provide teachers with a distinct advantage
over traditional summative tests by serving as proxies for
gauging student understanding. Unlike other summative
tests which indicate what students can or cannot do, these
maps enable teachers to pinpoint specific weaknesses

in understanding, such as areas of missing knowledge

or misconceptions. The strength of the reporting lies

in the ability to compare a student’'s knowledge and
comprehension against the structure proposed in the
concept maps.

© 2024 AQA




Questions matter

References

Education Endowment Foundation (2021).
Diagnostic_Assessment_Tool.pdf (d2ticdwvoliusb.cloudfront.net

Department for Education (DfE) & National Centre for Excellence in Teaching Maths (2021).
Mathematics guidance : Key Stage 3 : non-statutory guidance for the national curriculum in England.
Crown Copyright.

Further references that informed the design of the
conceptual maps

Confrey, J. (2012). Better measurement of higher cognitive processes through learning
trajectories and diagnostic assessments in mathematics: The challenge in adolescence.

Afamasaga-Fuata, K. (2009). Concept mapping in mathematics. New York: Springer.

Hart, K. M. (1980). Secondary School Children’s Understanding of Mathematics. A Report of the
Mathematics Component of the Concepts in Secondary Mathematics and Science Programme.

Hart, K. (1981). Hierarchies in Mathematics Education. Educational Studies in Mathematics, 12(2),
205-218.

Kilpatrick, J., Swafford, J. & Findell, B. (2001). Adding it up: Helping children learn mathematics.
Washington, DC: National Academy Press.

Penuel, W. R., Confrey, J., Maloney, A., & Rupp, A. A. (2014). Design decisions in developing
learning trajectories-based assessments in mathematics: A case study. Journal of the Learning
Sciences, 23(1), 47-95.

Suurtamm, C., Thompson, D. R., Kim, R. Y., Moreno, L. D., Sayac, N., Schukajlow, Silver, E.,

Ufer, S., and Vos, P. (2016). Assessment in mathematics education: Large-scale assessment and
classroom assessment. Springer Nature.

Wiliam, D. (2006). Mathematics inside the black box: Assessment for learning in the mathematics
classroom. Granada Learning.


https://d2tic4wvo1iusb.cloudfront.net/production/documents/news/Diagnostic_Assessment_Tool.pdf?v=1705381147

Appendix

Concept maps

The fundamental knowledge that underpins
N u m be rs mathematics is shown as green nodes.

P N34 Simple
N32 Multiplying
and dividingby —» Stendard form N20 Calculations
powers of 10 with fractions,
N35 decimals and
Approximation [PERESHERES

N30
Multiply/divide by
10, 100, 1000

N19 Number bonds
with a mix of fractions
and decimals:
addition/subtraction

N27 Addition and
B subtraction of fractions
(without a common
denominator)

N23 Square
roots and
cube roots

of fractions

N33 Round to
significant

figures N25 Addition and

N26 subtraction of
Multiplication fractions with a
of fractions common denominator

N16 Convert a e N7 @i
decimal to/from b raction
N31 Round to a percentage to/from a to/from a

aglven _ percentage decimal
decimal place A

N22
Square/cube

N7 Decimal number numbers

addition/subtraction

¢ N29 Round to a

N24 Nth terms -

linear sequence
(an +b)

bonds:
addition/subtraction

given place N15 Equivalent N14 Prime
el fractions and factor
N2 Whole number T simplifying decomposition
AN

| <3

N1 Place value

) N8 Fraction
N6 Finding facts.
percentages of an N12 Prime q
amoILtmt‘ basefds‘?n OFEElER N10 Factors —» TSES N11 Multiples
MHEEEET D percentages of an
amount: 20%, — N3 Percentage
25%, 50% etc as a number of N4 Fractions NS
arts per 100 i i
parts p as pictures Multiplication N21 Ide_ntlfy
il simple linear

sequences
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' Alge b ra The main content of Key Stage 3 is shown as red nodes.

A30 Solving equations A31 Expand and A28 Expand and A25 Order of A26 Writin,
(x on both sides and simplify with double ~ <«—  simplify with single operations with s uationsg
expand brackets) brackets brackets powers 4

A29 Solving equations A27 Solving equations A22 Collecting AS Function
(x on both sides) 2 b machines
¢ J (x on one side) ferms —
Al4 Inverse

A21 Order of operations
A16 Equivalence operations A24 Forming
(no powers) A13 Multiplication/ expressions
division with
negative numbers

A7 Powers as
repeated
multiplication
A18 Commutativity A20 Distributivity A12 Addition/ A9 Addition as the A11 Multiplication
of multiplication with double subtraction with inverse of as the inverse of

e ES negative numbers subtraction division

A8 Additive
A3 Multiplication as inverse
repeated addition A17 Commutativity
of addition A19 Distributivity -
with single A2 Identity
brackets element for
addition

A10 Multiplicative
inverse

A4 |dentity
element for
multiplication

A1 Addition as bars A15 Multiplication A6 ReciPrOcaI
as area fractions
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Proportions H!

P24 Convey
metric mi

P16 Direct
proportion using
single multipliers

P10 Direct

Desirable knowledge for GCSE mathematics is
shown as blue nodes.

P17 Be able

to divide a
quantity into

a given ratio

‘ given the other quantity
and their ratio

Calculating

P18 Find a P14 Calculating
percentage of fractional increases /

aratio table

P9 Identify the P7 Given a ratio,
multiplier within express one part a:
aratio fraction of the other

P8 Ratios in the
form 1
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amount decreases

,
v
\ el

P11 Convert
from a ratio to a
proportion

Each assessment bounces around the knowledge space, understanding
the strengths and areas for development of your learners.

G14 Interpret scatter
diagrams (including
comparison)

7 Find the G12 Understanding

G18 Lines parallel
to the axes
G16 Identify the
k f

G8 Plot from a

G7 Read and plot
coordinates in

data table
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4 quadrants

gradient and interpreting keys

[GELEES]
conversion graphs

G11 Read and G10 Read compare
compare pie charts bar and line charts




Shapes [¢]

$32 Circumference

S19 Volumes: 3
of circles

prisms and cylinders
| I
531 Area
of circles

S14 Perimeter
of rectilinear
compound
shapes

530
Properties of
circles

S12 Perimeter
of rectangles

59 Triangles

516 Volumes:
Cubes, cuboids

513 Area of
rectangles/squares

S1 Dimensions: S4 Area b
SsVolumeby € Unitsoflength, ——> countingy
Y area and volume squares

S17 Area of
compound
shapes

S15 Area of
triangles

The teacher analytics provide important information about where
your learners’ gaps exist, so that you can develop the knowledge
essential for GCSE study.

529 Similarity:

scale factors

and simple integer
scale factors

528 Enlargement
from a centre

T

527 Conservation of
properties of shapes
post transformation

S18 Areas of
trapezia and
parallelograms

S11 Interior and
exterior angles

$26 Enlargement

S25 Translation

510 Quadrilaterals
S24 Rotation

23 Reflection

S8 Polygons S22 Congruence,
similarity and
corresponding

features

S7 Angles on
parallel lines

6 Angles on a line
and at a point

S3 Angle Facts

S21 Rotation
symmetry
within a
shape

520 Reflection
symmetry
within a shape

S2 Shapes

counting cubes

<
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