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Can enquiry
learning

enhance students’ progress?
AISHLING RYAN
Director of Maths

Context
This case study aims to explore whether teaching through fertile questions can enhance student
progress in mathematics. It is divided into four main sections:
l	The Vision: What we mean by ‘fertile questions’ and what we hoped they would

achieve.
l	‘Fertility’ in the Maths Department: The process of developing a mathematics
curriculum centred on fertile questions.
l	Teaching the big ’why?’ Our experience of developing an enquiry classroom.
l	The Results: Students’ reactions, and the discernible impact on their attainment
and progress.

Fertile questions and the vision of our school
A new school offers the opportunity to do something truly special. All the obstacles to change
and innovation are blown away. As a senior team, we talked about the kind of students we wanted
to develop at Ark Academy. Together, we looked at the work of Professor Guy Claxton, and his
idea of a ‘learner profile’. Claxton talks about eight habits of mind1 successful learners need to
develop: they should be curious, courageous, exploratory, experimental, imaginative, reasoned
and disciplined, and sociable and reflective.
To achieve this we knew that a fully integrated approach was necessary. All aspects of the system
– teaching and learning, assessment, staff training, behaviour and rewards etc – needed to pull
in the same direction. This case study is concerned with just one aspect – that of using ‘fertile
questions’ as a framework for planning lessons. I’ll describe what I mean by fertile questions,
and then how we implemented them within the Maths Department.

1

Guy Claxton – Cultivating Positive Learning Dispositions (2008)
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A fertile question is “a planning device for knitting together a sequence of lessons, so that all of
the learning activities – teacher exposition, narrative, source-work, role-play, plenary – all move
toward the resolution of an interesting historical/scientific/mathematical/RE problem by means
of substantial motivating activity at the end.”2 It is a rich, open, engaging question which takes
students on a journey of enquiry, and away from the idea of rote learning.
Studying a fertile question over a period of weeks helps students see the link between the
knowledge they are learning and the key concepts of the subject. Enquiries help students to think
mathematically, think historically, think scientifically, think geographically, and so on. They engage
and motivate students (what is a healthy life?), and help them to see the big ideas in of the
subject (whose story does history tell?).
When I heard about fertile questions as an approach to lesson planning it immediately resonated
with me. Like all great ideas, I didn’t know how I hadn’t thought of it before. Intuitively it made
sense – give students the big picture, teach them to explore the key questions, and then
construct authentic answers. And it wasn’t a total departure from how I’d done things previously.
Questioning is at the heart of effective teaching; this was hardly a revolution. On page one of The
Republic Socrates encourages his students to debate, ‘Is it always better to be just than unjust?’
That’s a fertile question if ever there was one.

From theory to practice
I was excited by the ideas and the possibilities for our students. In many ways, this was the kind
of teaching I had always dreamed of doing. With the other Core Directors and members of the
senior team we thrashed out what enquiry learning would look like in practice – how we would
explain fertile questions to students, deliver them over a series of lessons and help students
formulate their answers. Important to us at this stage was the work of Adam Lefstein, an Institute
of Education researcher whose book about enquiry learning, ‘Communities of Thinking’, had been
taken up by 12 schools in Israel. We attended a Lefstein training session in the summer term. He
said:

“The ability to pose questions to understand ourselves and our world is
at the heart of what it means to be human...[however] questioning has
some paradoxical characteristics that suggest its potentially powerful, yet
problematic, role in pedagogy”.3
Problematic was an understatement. Creating the right fertile questions was extremely
challenging. My first concern was that there was no research on or examples of using an enquiry
approach specifically when teaching mathematics. The sole reference to maths I had come across
2
3

Ark Academy Teaching and Learning policy
Lefstein & Harpaz , Communities of Thinking (2000)
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during our training was the charged and controversial question: ‘Is Beauty Mathematical?’ It’s
a great question, and I could see how it would help develop students’ mathematical creativity –
combining their understanding of transformational geometry and proportional relationships – but
how to extrapolate a whole curriculum map from just that one example wasn’t obvious.
For a while I thought maybe the KS3 and KS4 curricula were just too varied, and the assessment
foci too distinct to be drawn together using enquiries. But then I questioned myself. This resistance
to fertile questions, to overhauling everything that we’d done before as teachers in order to create
something new, was felt by every curriculum leader at Ark Academy at some point. We all hit the fertile
questions ‘wall’, so to speak. But the process of thinking our way around this wall was actually
the most valuable thing we could have done. The intellectual challenge of reshaping KS3 into a
series of enquiries led to a thorough understanding of what we wanted to teach, and how we
wanted to teach it. It made a big difference to the quality of our planning and teaching.
In maths, for example, I had to deconstruct all the content of the curriculum – the mathematical
concepts I wanted to cover, the knowledge and skills I wanted students to have – and then build
it back up again, organised around these guiding questions that would filter the content down and
present it in a more memorable, relevant, engaging form. It was a big task, stimulating and challenging
in equal measure, and it took a lot of time. In a sense I was limited by what I had learnt during teacher
training, or by my previous experience of teaching maths, or even by my own memories of being
a pupil. But even at the very beginning, when I couldn’t see the specifics of how fertile questions
would work in my subject, I had an intuitive sense that they would increase students’ engagement
and deepen their conceptual understanding. So we began planning in earnest…
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‘Fertility’ in the Maths Department: Structuring our curriculum
around fertile questions.
The best planning starts with thinking about the endgame. For us, that was the GCSE maths
examination. We needed a Year 7 curriculum that would maximise the chances of Year 11
success. I quickly discovered that there is a tension in planning with fertile questions. If you’re
not careful you can let a great enquiry lead you down a particular curriculum path, and away from
the breadth of coverage you need. Fertile questions can be seductive – you find one that is so
rich, so engaging, so likely to yield high level conceptual debate and discussion, that you end up
missing out basic topics which are less readily attached to an enquiry.
To ensure that this didn’t happen, I began my planning with a GCSE maths inventory – detailing
the knowledge, skills and conceptual development students needed in order to succeed in KS4.
Number and algebra
a.
real numbers, their properties & their different representations
b. 	rules of arithmetic applied to calculations & manipulations with real numbers,
including standard index form & surds
c. 	proportional reasoning, direct & inverse proportion, proportional change &
exponential growth
d.
upper and lower bounds
e.
linear, quadratic & other expressions & equations
f.
graphs of exponential & trigonometric functions
g.
transformation of functions
h.
graphs of simple loci.
Geometry and measures
a.
properties and mensuration of 2D and 3D shapes
b.
circle theorems
c.
trigonometrical relationships
d.
properties and combinations of transformations
e.
3D coordinate systems
f.
vectors in two dimensions
g.
conversions between measures and compound measures.
Statistics
a.
the handling data cycle
b. 	presentation and analysis of large sets of grouped and ungrouped data, including box
plots and histograms, lines of best fit & their interpretation
c.
measures of central tendency & spread
d.
experimental and theoretical probabilities of single & combined events.
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Although the KS4 topics were grouped into three conventional areas, they needed to be
sequenced so there was a logical progression between each subtopic and across the three
areas; logical both in terms of gradually increasing the level of complexity, and making the
learning age related. In maths, many new topics require a pre-existing body of knowledge: for
example, you can’t tackle transformations of functions until you understand both the properties
of transformations and graphs of linear, quadratic, exponential and trigonometric functions.
Another example might be probability – students need to be able to manipulate, order and convert
between fractions and decimals before they learn how to calculate the probability of different
events. Breaking down the curriculum like this, and then sequencing it backwards, gave us a solid
platform on which to build our fertile questions.
We wanted students to have a taste of all areas of the mathematics curriculum over the course
of the year. To get a bit technical for a second, at the heart of mathematics are certain core
concepts: equivalence, proportional thinking, algebraic structure, relationships, axiomatic
systems, symbolic representation, proof, operations and their inverses. Exposure to every concept
would help our students understand the bigger picture (or ‘whole game’4) of the subject, and aid
recall and understanding of new topics in Year 8 and beyond.
Identifying the curriculum inventory and then mapping it backwards was easy compared to the next
part – developing the fertile questions which would guide students’ learning. I wanted questions
which would elucidate the key concepts in each topic, as opposed to just the skills or knowledge
they encompassed. Questions that introduced the language of the subject, the forms of thinking
and discussion that mathematicians use. Questions that allowed students to see things from
multiple perspectives, and to approach mathematical problems with flexibility and confidence.
Using the topics I had roughly structured in the first draft of my curriculum map, I brainstormed
idea after idea – and hit brick wall after brick wall. I looked for inspiration in smaller enquiries and
investigations, for example those found on the Nrich website or the Nuffield Foundation’s Application
of Mathematical Processes. One example is the Nrich task ‘Can they be equal?’ where students
consider the relationship between area and perimeter and are challenged to engage in some
sophisticated mathematical thinking. We adjusted the question and added some depth, centring
a year 7 unit of work on the fertile question ‘Can the perimeter and area of a shape ever be the
same?’ Throughout this planning period, I was reminded of the challenge of ensuring all exciting
activities and questions served my learning objectives, and not the other way around.
Each time I came up with a question, I asked myself four more questions:
l
l
l
l
4

What is different about this question?
What kind of a response will it provoke in students?
What might happen in the first lesson?
How might the enquiry develop, and what does the outcome look like?

Ark Academy Teaching and Learning policy
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I began to think more creatively. I realised that I should be open to questions which required
making connections unusual to maths lessons. A good example is the question Lefstein had used
in his training – ‘Is beauty mathematical?’ As a starting point for the unit, I planned for students
to investigate physical beauty using the golden ratio (also known as the divine proportion, golden
mean, or golden section). It’s a number often encountered when taking the ratios of distances in
simple geometric figures such as the pentagon, pentagram, decagon and dodecahedron.
The investigation progressed to dissecting Islamic geometry patterns, allowing students to learn
about the transformations used to create beautiful patterns, and angle rules to develop their
understanding of how and why tessellations work. It is unusual for students to make connections
between ‘number’ topics and ‘geometry and measures’ topics, and even sub topics within these
areas like tessellations and angles, because students are normally taught one ‘conventional’
subject area at a time. Furthermore, curriculum planning is often focused on the teaching a skill
(like tessellating) and not on the mathematical concepts behind the skill (how angle rules can
explain why certain regular polygons will/won’t tessellate).This emphasis on teaching concepts is
indicative of our approach to all subjects at Ark Academy, as detailed in the figure below. The third
column is where you want to be.

Content
(awareness of facts/
circumstances)

Skill
(competence in
performance of a task)

Concept (an idea
formed by combining
characteristics of facts
and knowledge)

Tessellation is a
pattern of shapes that
fit together

I can tessellate
these shapes

Angle rules explain
why certain polygons
will or will not
tessellate

There are 3 metaphors
in this poem

I can write a
paragraph analysing
this poem

Metaphor is about
the substitution of
meaning

The French Revolution
happened in 1789

I can research the
reasons behind a
revolution

Some historians
see revolutions as a
consequence of class
struggle
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To assess the ‘fertility’ of a draft question I used the criteria for a successful fertile question from
our Teaching and Learning handbook. I’ve listed these below, with an example of a fertile question
from maths after each one:
l
l
l
l
l
l

Open questions have several competing answers
“Does speaking a different language mean that we count differently?”
Undermining questions challenge an orthodox view
“Can the area and perimeter of a shape ever be equal?”
Rich questions embody key conceptual knowledge
“Are there equations with no solutions?”
Connected questions are relevant to learners
“How can you create a fair game?”
Charged questions get you intellectually fired up!
“What is the price of money?”
Practical questions are linked to learners’ context
“Is life fairer because of maths?”

E xc E l l E n c E

66

AR K AC A D E M Y C A S E STUDY

We were beginning to make progress. Once we had an established approach to formulating
questions things sped up – below is the full plan for Fertile Questions across Year 7 and 8:

Subject

Year 7 Fertile Questions

Year 8 Fertile Questions

Autumn 1

Does speaking a different language
mean that we count differently?

Is your guess as good as mine?

Can the perimeter and area of a shape
ever be equal?

Autumn 2

Spring 1

Is life fairer because of maths?

What is the price of money?

Could a world without algebra survive?

Can you always predict the next term in
a sequence?

Is beauty mathematical?

What’s so special about congruent
shapes?

What’s in your bowl…Can maths help
you figure out your food choices?

Spring 2

Are there different ways to represent the
same number?
How do we use 2D shapes to
understand 3D shapes?

Summer 1

Does enlargement affect length, area
and volume in the same way?

Are there numbers big enough and small
enough to measure everything?

Does jail work?

What does simple mean in maths?
How do you decide where to put a fire
escape?

Is it possible to draw a journey?
What are the chances of winning at 21?

How can you create a fair game?

Summer 2

Are there equations with no solutions?
How is a geometry problem
constructed?

How many ways are there to solve an
equation?
Is there always a connection between
the side lengths of a shape and the
angles inside?
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Teaching the big WHY?
Our experience of developing an enquiry classroom.
The next stage was to think about how we would enhance our students’ learning through the
enquiries. How would we design lesson activities that would break down the question for
students, and allow them to start to build their answers? How would we generate the necessary
independence and enthusiasm students would need to be able to puzzle their way through the
enquiries?
In this regard we were helped massively by being a start up school – our first Year 7 intake arrived
with no fixed idea of how secondary learning will be structured, and no older cohort of students
to influence their attitudes. They were open, inquisitive and enthusiastic about what lay ahead of
them, and we were able to leverage that enthusiasm to great effect.
We decided to induct year 7 into an enquiry-based mathematics classroom through a ‘Welcome
to Mathematics’ assembly and a separate induction lesson during their first week. Our objectives
were to ensure learners understood:
l	What being a mathematician is all about – and the link between this and enquiry

learning and fertile questions
l	How important ‘talk in maths’ is
l	The structure of a fertile question
We highlighted what mathematicians do when they become interested in a problem:
l
l
l
l
l
l
l

Play with the problem and collect and organise data about it
Discuss and record notes and diagrams
Seek and see patterns or connections in the organised data
Make and test hypotheses based on the patterns or connections
Look in their strategy toolbox for mathematical skills which could help
Check their answer and think about what they can learn from it
Publish their results

We taught students specific strategies for discussion in the classroom, focusing on developing
‘exploratory talk’. This can be defined as ‘consisting of critical and constructive exchanges, where
challenges are justified and alternative ideas are offered’5. Students discussed the Improving
Standards Unit ‘Discussion in Mathematics’ guidance, a copy of which was later added to each
student’s maths book for easy reference during lessons. We also designed ‘Discussion in
Mathematics’ displays in each classroom.
5

Mercer, N. – The guided construction of knowledge (1995)
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We developed a set of questions that groups of students would use in the first lesson of each
fertile question, to help them to see the challenges and possibilities that lay ahead.
Identify the most important words in this question.
l
Do you already know anything that will help you answer this question?
l
What do you need to find to be able to answer this question?
l	Suggest some maths you think you might use or learn about during this
investigation.
l

In the final lesson of each fertile question, we deliberately returned to these questions as part of
the students’ reflection on their learning during the enquiry.
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Results and impact
From the first lesson, students’ reactions were exceptionally positive. Our level of student
engagement was high in those first weeks, and this was maintained throughout the year.
Students’ passion for maths was evident early on from their participation in discussions on our
Fronter page (Virtual Learning Platform). Their enthusiasm was further evidenced by the uptake of
mathematics enrichment activities, participation in the House Mathematics competitions and the
participation in online Mathematics gaming, such as ‘Mathletics’.
Students made exceptional progress in mathematics in the first year of Ark Academy. On average,
students made 2.63 sublevels of progress, well above the national average of 1.3 sublevels6.
53% of the year group made 3 sublevels of progress – one whole level. In terms of attainment,
67% of students were working at level 5 or above by the end of the year. Only 26% had been at
this level when they joined us7.
Perhaps the most insightful data comes from the surveys completed at the end of year 1. 98% of
students’ surveyed enjoyed learning maths through fertile questions. The main reason they gave
was that learning maths in this way was simply ‘fun’, and the second most popular reason was
that fertile questions ‘made me think more’.

6
7

Guidance provided to Ofsted Inspectors on judging attainment and progress – www.ofsted.gov.uk
These results have been validated by Ofsted and through the ARK network.
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Other memorable quotes included:

‘All the questions are difficult and it’s a
mystery of finding out the answer’
‘Because there were different ways of being
taught apart from just answering questions’
‘Because you got to see the different
mathematical problems and solutions in the world’
‘There was a mix of opinions’
‘Because we knew what we were going to learn about’
‘Yes because it was different.
And it made us want to find the answer’
‘My primary school maths was nothing
compared to secondary school’
‘In maths we have fertile questions and we know
what we are learning. We also have to use more
energy because the activities are more exciting’
Throughout the year we had many visitors, including Ofsted and ARK Schools, who observed our
lessons and fed back positively about teaching and learning in maths. We have shared good
practice outside of the academy, including at network events and during a course run with the
Prince’s Teaching Institute. Of the mathematics lessons formally observed during year 1:
l
l

56% were graded Outstanding
84% were graded Good or better

As a department, we felt a real sense of achievement at the end of last year. It’s clear to us
now that organising curriculum content around enquires is at the heart of effective mathematics
teaching. As well as facilitating high levels of engagement and effectively developing students’
conceptual understanding, teaching through fertile questions also succeeds in making teachers
and students partners in learning. As students develop intellectual flexibility and a questioning,
logical mind, an unknown and demanding problem (including in an exam situation) becomes a
familiar and welcome challenge – to be embraced, not avoided.
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We believe that teaching through fertile questions has developed confidence and a love of maths
in every student, and that this will support them in mastering GCSE mathematics and beyond. I
will leave you with a quote from one student who entered Ark Academy on a level 3A, and finished
the year on a level 5C:

‘My name is Ronnie and yes I do love maths
because when I am really sad all I have to do is think of
maths and then I am joyful and spectacular’

Persistence
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