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Creating and using a mathematical
environment

/This chapter covers: A

o the features of an early years learning environment with examples of how
they can promote mathematical development and provide links with other
areas of learning

creative materials and resources

mathematical activity in the outdoor teaching and learning area

creating and using mathematical displays .;i

K and Forest School.

Ethos

The environment plays a crucial role in a child’s ability to develop as a self-
regulated learner. A learning environment that encourages the child’s self-esteem,
actively encourages independent learning and positively encourages risk taking
will be more successful in supporting a child’s agency and efficacy. A successful
learning environment is one in which the psychological and physical aspects are
afforded equal consideration (see Chapters 1 and 8).

The physical environment

When planning the physical environment, consideration must be given to:

e appropriate resources to inspire and motivate children

e space to enable interaction with peers and a natural flow from one activity to
another

e time dedicated to exploring the opportunities they present.

If we wish mathematical activity to occur, we must show evidence of it happen-
ing throughout the environment by examining every aspect of continuous
provision for mathematical potential and communicating this to the learning
community.

CREATING AND USING A MATHEMATICAL ENVIRONMENT

Selecting mathematical resources

Natural materials

Often, the best resources tend to be those that are aesthetic, with potential for
creative and cross-cutricular opportunities such as conkers, acorns and shells.
Offered in baskets or boxes, they can be used for many mathematical activities (see
Chapters 4 and 5) and can provide meaningful links with other areas of learning:

o science (growth, materials)

e language (stimulating talk about similarities/differences, descriptive language)

e geography (places of origin, the local environment)

« history (will they always stay the same? What will happen if we plant them?)

e creative (using them for printing with, and as a stimulus for observational draw-
ing and painting).

Numerals, number tracks and number lines

Numerals should be prominently and purposefully displayed. Displaying the sign
‘Three people can work in the graphics area’ alongside the corresponding numeral
and array (see Glossary) reinforces the connection between the written word,
symbol and array.

Number tracks (with numbered spaces representing natural counting numbers)
and number lines (offering possibilities for representing numbers in between
natural numbers — see Glossary) should be available to children and can be pre-
sented in a variety of playful ways (see Chapter 4).

/;‘@:. Creative ideas for good practice

o Supply tactile numeral cards (made out of rough fabric, sandpaper, rope, etc.) and
numeral marble runs.

e« Provide areas in the environment where children can count interesting and aesthetic
objects and label them with the corresponding numeral.

e Provide opportunities for children to see numerals alongside the written word and
corresponding array.

e Display numerals in purposeful contexts (on drawers, pots of pencils, construction
boxes, posters/signs, etc.).

e Ensure that number lines, both numbered and empty, are readily available for children
to refer to and to write on independently.

o Display ‘big’ numbers, including a hundred square, prominently.
Make number games readily available.

K. Display books about number. /

Other mathematical resources
Resources are most successful when they are theme-related and meaningful for the
child, however there are a few essential resources that satisfy basic requirements:

e weighing apparatus — bucket balance, scales
e rulers and tape measures
e jugs and scoops of different sizes
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MATHEMATICS THROUGH PLAY IN THE EARLY YEARS

* mathematical symbol cards/tiles

* construction kits, including sets of wooden blocks
e sets of 2D and 3D shapes

e calculators

* bead bars/strings

e counting sticks.

Use of space

In the early years learning environment, space should be zoned for different areas

of learning. A well-considered environment may all :
: ocate space for th
learning contexts: ot p e following

e play trays

e small worlds

e role play

e graphics area

* construction area

* reading and listening area
e ICT

* modelling/malleable materials and painting area
¢ ‘washing line’.

Not f)nly can these learning contexts provide excellent, creative mathematical
learning opportunities (see Chapters 4-7), they can also act as ‘meeting places’
where children can discuss ideas, collaborate, solve problems and make important
connections between maths and other learning. Pound (2008) argues that offering
such opportunities ‘is to be welcomed because it highlights the links between
mathematics and other aspects of life and learning’. Table 2.1 summarizes mathe-
matical opportunities in these learning contexts.

Displays

The fnosF su'ccessful displays are of current investigations which reflect the chil-
dren’s thinking. It is important to display children’s own mathematical graphics
-(see lChegpter 3) as this raises the profile of the children’s own marks and, by
1mp1%cat10n, their thinking and problem solving. Children’s graphics that c;Jm-
municate mathematical symbols also act to provide an ‘environmental model for
children’ (Carruthers and Worthington, 2011).

E Principles into practice

Provihd_e aTgispI"ay board at child height specifically for children’s mathematical

graphics. This allows children to select and display their own work. thus qivi

ownership of the process. il it A R

° A!Iow children to ‘publish’ their own booklets about mathematical concepts and
display these alongside real books about the same maths theme.

° V\fhere the nature of the recorded work is not immediately accessible to others
display explanations of the intended communication alongside. ’

CREATING AND USING A MATHEMATICAL ENVIRONMENT

Table 2.1 Learning contexts
Learning
context Mathematical features Resources
Play trays Offers problem solving involving * acorns
counting, sorting, pattern making, e buttons
mathematical operations, shape and e conkers
measures. (See Table 2.2 for exam- e corn
ples of activities and links with other e cornflour and water (‘gloop”)
areas of the curriculum.) o dog biscuits
e fir/pine cones
« gravel
e leaves
» pasta (dried)
e paste (water and flour, coloured)
¢ porridge oats
* potting compost
e sawdust
e spaghetti (cooked, coloured, sprinkled in oil)
e straw
e twigs/bark
e wood shavings
¢ wood
s wool
Small-world The ‘bird’s eye’ view of play e blue, green, brown, grey fabric/hessian for
dramas stimulates the purposeful use of fields, roads, seas, rivers, etc.
positional and directional language. e plastic/wooden blocks placed beneath the fab-
ric to create undulating landscapes
» natural materials: pine cones; driftwood; bark,
to create shelters/enclosures/fencing
» small animals, play people, houses, vehicles
Role play Structured role play — café, vets’ o address/appointment books and cards
surgery, travel agents, etc. s bucket balance
encourage the writing of lists, bills e calendars and diaries
and receipts and the use of money e calculator
to buy items and give change. (See e cash till
Table 2.3 for mathematical o clocks (digital and analogue with clear numerals)
opportunities in role play.) e coins and credit cards
e dials
e dressing-up clothes
o forms and notebooks
e jugs/containers (of different sizes)
» numeral cards (for numbering patients’ beds
in the hospital etc.)
e price tags
s recipes
s stamps
e tape measures
e ICT equipment (decommissioned), e.g.
telephones, keyboard, laptop, scanner,
monitor, etc.
Unstructured role play - young e plain tabards
children, aged 3-5, benefit most e scarves/lengths of fabric
from unstructured role play using » large wooden blocks/crates/wooden frames for
open-ended resources (see Further den making
reading). This facilitates emerging » cardboard tubes and boxes of varying sizes
social and problem-solving skills. e writing materials
Observations may reveal whether e counting collections (see Chapter 4)
the children are using mathematical e ‘treasure’ (old jewellery/glass beads)
vocabulary with understanding and ¢ bunches of keys
o bowls, plates, cups, tankards in different materials

their preferred schemas.

(Continued)
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Table 2.3 (Continued)

Possible mathematical activities in the Pirates’

Voyage

Possible mathematical activities in the

Health Centre

Possible mathematical activities in the

Flower Shop

Concept/Skill

estimating/comparing weight of treasure

amount of flower bulbs

Weighing

estimating/measuring length of telescopes/

bunting

estimating/measuring length of

bandages

estimating/measuring length of

ribbon

Measuring length

estimating/measuring length of
flower stems
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making/displaying opening and

using clock
closing time signs

Time

time each patient’s appointment

recording times of deliveries

making small flags

applying bandages

wrapping flowers in differently
shaped paper/cellophane

Shape and space

drawing picture maps

« filling boxes with rolls of bandages « filling bags/boxes with treasure

¢ filling paper bags with flower bulbs

Capacity

using doubloons as currency

making amounts
giving change

-

Using money

S

CREATING AND USING A MATHEMATICAL ENVIRONMENT

Good mathematics displays need to be interactive and a mix of 2D and 3D displays,
taking a variety of forms:

o data displaying the contents of the snack basket or lunch preferences

o wall displays involving counting or pattern that can be discussed and changed
daily (see Chapter 5)

e 3D displays of objects for children to manipulate, count, order by specific criteria
or arrange in a pattern (see Chapter 4)

e photographs of mathematical activities in role-play situations, or the outside
environment, accompanied by written descriptions or documentation

¢ themed displays showing connections between mathematics and other areas of
learning.

1¢

/:@- Creative ideas for good practice \

e Use children’s theme-related paintings for pattern making, such as different sized
leaves on a giant beanstalk, garments on a washing line or toy vehicles in a traffic jam.

e During a theme about the garden centre, for example, display baskets of large
seeds, small plastic wallets and mathematical questions alongside. By counting and
bagging the seeds in 10s, a quick and effective display can be made to show what
100 actually looks like.

e Put numerals on objects such as cardboard lighthouses made during technology
sessions to stimulate mathematical opportunities in small-world play (see
Photo 2.1).

e Encourage children to record their mathematical graphics or lunch choices in the
form of a pictogram (see Glossary) on an IWB using a virtual pen to share with

K parents as they come into the setting on a morning (see Chapter 4). /

Display checklist /

Are the children involved in making the display?

e If the display is of completed work, what questions need to be displayed alongside to
encourage reflection and talk?

o What information/types of questions need to be displayed to enable parents/carers and
others to understand and value the child’s work?

o Are all aspects of mathematics displayed over the course of a term?

e What resources or questions could be added to displays from other curriculum areas to
help create a mathematical learning environment?

The outside environment

Learning outdoors has long been considered an important aspect of early years
education; Margaret Macmillan, Friedrich Froebel and Susan Isaacs have all advo-
cated the benefits of outdoor learning. In recent years, there seems to have been a
revival of outdoor learning and the EYFS endorses this as good practice; many set-
tings are now offering outdoor classrooms and Forest School education. The provision
of outdoor learning is considerably more than a consideration of resourcing and
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Photo 2.1 Including numerals and simple artefacts in this technology display stimulates small-
world play with a mathematical content

deployment of staff; indeed Forest School education has a specific pedagogy. It is
not the place of this book to discuss the pedagogical principles here (see Further
reading) but merely to suggest how to provide for an environment that encourages
and supports young children’s mathematical development in playful contexts.
Pratt (2011) argues that in order for children to become effective mathematicians
they should develop a ‘mathematical disposition’. This, he suggests, can be sup-
ported by the doing of maths outdoors, enabling children to develop an aware-
ness that maths is all around them, allowing them to make connections in their
learning and experience natural materials in situ. Knight (2011) suggests that
children will be more creative outdoors where they have freedom to be ‘innova-
tive, flexible and adaptable’ and that this environment will stimulate creative
mathematical thinking. To summarize, exploring mathematics outdoors is benefi-
cial as it will:

e offer a sense of freedom without the ‘constraints’ of the indoor environment

e encourage a ‘mathematical disposition’ and enable children to make useful links
in their learning

¢ be memorable in that it offers mathematical pursuits in a context not normally
associated with mathematical learning

e encourage exploration and risk taking

e support emotional well-being

e contribute to the child’s self-image of themselves as a ‘mathematician’.

It is important, however, to consider the outdoor and indoor environments as com-
plementary spaces that are linked by their capacity to support children’s interests
and extend their learning. Some children will of course prefer one environment to

CREATING AND USING A MATHEMATICAL ENVIRONMENT

the other because of the different opportunities and atmospheres each affords.
Adults should be clear about their role outdoors: are adults there to lead guided
work or to support children’s own initiated activity? Indeed, Forest School activities
would not be true to their principles if they were heavily practitioner-directed.

There are several types of outdoor provision and Bilton (2010) offers definitions.
Considered here are two broad types: (1) the dedicated outside teaching and learn-
ing area - an enclosed, supervised outdoor space, where children will have free-flow
access between indoors and outdoors, and (2) the Forest School experience.

Outdoor teaching and learning area

This outside space should support the seven areas of learning in the EYFS which are
Communicating and language (CL); Physical development (PD); Personal, social
and emotional development (PSED); Literacy (L); Mathematics (M); Understanding
the world (UW) and Expressive arts and design (EAD). These areas may more easily
be planned and provided for if the outdoor area can be organized into zones that
complement one another. When considering provision in this space practitioners
should consider the following points:

e ensure continuity of management strategies and ethos between inside and
outside

o give equal status to the teaching and learning of mathematics in each environ-
ment

¢ plan to ensure meaningful links between inside and outside themes and learning
areas

¢ plan for appropriate access for all children

o provide quality and appropriate resources

¢ provide dedicated time and space for mathematical activity

e allow free-flow access between the environments where this is physically possi-
ble, and where it is not, ensuring that children have good ‘chunks’ of the day
outside

¢ plan for assessment and evaluation of mathematics inside and outside.

E Principles into practice

During a theme on ‘clothes’, practitioners might plan:

» launderette role play inside, while outside there may be washing lines, streets of
clothes shops built out of blocks, ride-on ‘delivery vans’ delivering ‘dry-cleaning’,
numbered parking spaces, etc.

o that all practitioners working in the team spend time in both environments,
ensuring that children do not perceive practitioners as ‘the inside one’ or ‘the
outside one’

o that a balance of focused teaching and independent activity is carried out and
assessed in each environment

e to display photographs of mathematical activities and recorded work from both
environments.
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Table 2.4 Mathematical opportunities outside

Area of learning Features stimulating mathematical activity

Expressive arts and (In addition to role-play resources [ist)
design o dressing-up clothes on numbered hangers
¢ signposts
road signs
numbered and labelled construction kits/trolleys
wooden planks/bamboo/tubing/guttering of different lengths and widths
diggers/ride-on toys with number plates
road signs illustrating speeds, distances
frames to encourage tessellating unit blocks, such as a plywood ‘roof’ with rim

L ]

Understanding the
world (construction)

(science) ¢ laminated labels indicating dates of planting/order of planting - 1st, 2nd, 3rd
e equipment, including clipboard, for measurement and recording
s tubs/flower pots of graduated size
* buckets/watering cans of different capacities
e funnels of graduated size
¢ laminated questions such as, ‘How many ladybirds can you find today?’
¢ play tray activities
* aselection of natural materials presented in such a way as to encourage pattern
making
(Icn e a camera for filming the mathematical activity
» control technology toys to program movement around a course made by
wooden blocks etc.
e recording equipment to record ‘mathematical stories’/measurements made in
the garden area etc.
e Apple TV
Physical development e numbered ladders and A-frames
(large scale) e equipment laid out in an identifiable sequence or pattern, straight or curved lines
+ tunnels of different lengths
(small scale) * equipment stored in bags of 2s, 5s, 10s

* numbered cones
« access to games/targets that encourage numeral recognition/shape recognition/
counting
¢ sand timers to mark start/stop for specific games
Maths/communication e number mat
and language/Literacy ~ » books depicting number and mathematical skills and concepts (see Resources)
e mathematical rhymes and story CDs/recordings

Table 2.4 suggests how mathematical opportunities can be planned for in the out-
door teaching and learning area.

Resources that support outdoor mathematical development include:

e big number tiles, digit cards and numbered cones

e cones numbered in multiples of 10s — this is particularly useful if the children are
engaged in counting large numbers of interesting leaves or stones that they have
collected

e permanent ground markings, such as parking spaces, number lines, number
snakes and decision trees. If these are left unnumbered, the children can number
them themselves using number cones or tiles

e containers that can be labelled and numbered to provide further opportunities
for sorting, counting and numeral recognition. These also create links with
inside management (Bilton, 2010)

e a portable graphics area, such as a tool box containing mark-making resources, num-
ber lines, digit cards, etc.
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Table 2.5 Mathematical activities for Sukkot

Activity Environment Opportunities for mathematics
Making biscuits for a Inside ¢ weighing ingredients
‘celebratory’ meal. Counting e counting in 1s and groups of 10s
10 biscuits on each plate e measuring capacity

¢ using related mathematics vocabulary
Collecting natural materials Outside « discussion of shapes and sizes of leaves
(branches, ivy, leaves) for roof » comparison of lengths of leaves and branches
construction ¢ discussion of patterns on leaves

¢ use of mathematical vocabulary
Construction of three-sided Outside ¢ discussion of optimum size and position
structure for sukkah using o tessellation of blocks and exploration of

properties of shapes

e measurement of height, depth, width

» exploration of symmetry

s problem solving — will it be big enough for
us?

hollow wooden blocks/crates

Outside or inside e constructing paper chains in a colour pattern,
such as blue, red, blue, red

Decorating sukkah by
constructing paper chains and

making celebratory posters « incorporating 2D shapes and numerals into
posters

Pouring drinks for a celebratory  Inside or outside o using mathematical vocabulary of volume
meal and capacity

s measuring capacity

e counting

+ equal shares
Developing role play using a Outside e sharing biscuits and drinks fairly
celebratory meal and previous e ‘reading’ mathematical posters
discussions about Sukkot as a e addressing/reading invitations to a
stimulus celebratory meal

e counting/setting places for a celebratory meal

Table 2.5 illustrates how natural links between the inside and outside environ-
ments can be used effectively in the teaching and learning of mathematics in
mixed-age classes. It illustrates mathematical opportunities based on the Jewish
festival Sukkot (see Glossary).

Forest School

Forest School education provides children with a ‘wild’ context where they are
presented with risks and challenges. It is underpinned by truly inclusive princi-
ples with great emphasis on personal, social and emotional development, and
with an overriding aim to support children in understanding their own capa-
bilities and relationships within their group in the ‘forest’ environment. The
wild and natural environment offered by Forest School encourages a creative
freedom that the indoor environment cannot and it is here where children are
more likely to be innovative (Knight, 2011). Activity undertaken in Forest School
by young children may not necessarily sit comfortably in one curriculum area,
but may fluctuate between several. Children will develop their own line of
enquiry to satisfy their curiosity and will often find themselves deeply involved
in purposeful mathematical investigations. The practitioner’s skilful observation
will identify mathematical activity when it occurs and sensitive prompts and
open questioning can support the creative mathematics as it unfolds. This is
illustrated in the following case studies.
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Case study: Measuring ‘worms’ — Foundation Stage
(Reception) (4-5 years)

The Reception children prepared for their first Forest School session. The Forest
School practitioners’ primary aims for the session were to introduce health and
safety routines for this and all future sessions, and to set a simple, achievable task
enabling all children to succeed. In order to encourage the children to explore
the site safely and to facilitate their careful observation, the Forest School prac-
titioners had placed string ‘worms’ around a designated area. The children were
invited to look for the ‘worms’ and gather up what they found. Working alone,
or with others, they began to investigate this new environment and seek out
their ‘worms’. This simple task gave the practitioners the opportunity to observe
the children as they interacted with the environment and with one another. Two
girls worked together and, satisfied with their ‘worm’ collection, sat on a log and
lay their discoveries in a line along the log's length. They spontaneously began
to compare the worms’ lengths, picking up individual worms and laying them
alongside others as they discussed their observations and conclusions. The chil-
dren were highly involved in their exploration, spending an extended period of
time comparing the ‘worms’ using mathematical language. The unobtrusive
observation by a practitioner enabled her to notice that:

¢ the girls were able to develop their self-initiated mathematical enquiry in a
collaborative and playful context

¢ both girls displayed an understanding of comparison as a means of measuring
length

e the girls used such language as ‘longest’, ‘shortest’, ‘shorter than’, ‘longer
than’, ‘biggest’, ‘smallest” with understanding

= the girls may be displaying signs of a trajectory schema which could be con-
firmed by further observations, both indoors and out, and, if confirmed,
could then be planned for and extended.

Case study: Estimating numbers and measures — Years 1 and
2 (6 and 7 years)

The children had spent the morning whittling willow to make puppets. They had
gathered together for their drink and snack and were enjoying this social time.
Two boys spontaneously began to gather sticks around them. One of the boys
began to hammer a stick into a small earthy area beside him. The second boy
joined him, enquiring how many sticks they might need to fill this space. The boys
began to work collaboratively and as they worked they talked continuously about
the number of sticks they would need to completely fill the space. As she observed
the boys' activity, it became clear to the Forest School practitioner that the boys
had devised their own rule for the way in which the sticks should be hammered
into the ground. The boys had decided that they must place each stick exactly the
same distance from the next one and did so without the use of any uniform unit
to measure, merely estimating by sight. As they continued to hammer the sticks,
they revised their earlier estimates of the number of sticks needed, now estimating
in multiples of 10. Finally, their work was complete. They had hammered 35 sticks
and were confident that the sticks were placed at equal intervals. The boys were
eager to talk about their activity with the other children and this gave the Forest
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School practitioner the opportunity to ask the children how they were certain that
the sticks were placed equal distances apart. This prompted discussion in the
group about the use of standard units of measurement. Without a standard meas-
ure to hand, some children suggested using a short stick as a unit of measurement.
The boys were happy to adopt this uniform non-standard measure and, using a
short stick, readjusted some of their arrangement, ensuring that it was accurate.
While some children in the group began to count the sticks in ones, other children
began counting in twos. This spontaneous, playful activity of gathering and ham-
mering sticks gave rise to a lively discussion about the use and application of
mathematics and provided a real and immediate context for exploring estimation,
uniform measures and counting in different units.

Photo 2.2 Children estimating equal distances between sticks

/
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Encourage a positive ethos in the learning environment which enables children to
perceive themselves as competent and enthusiastic mathematicians.

Provide interactive displays, labels and signs that support mathematical thinking
and activity.

Establish creative, well-planned contexts for play which promote the use of math-
ematical vocabulary and for which there are clearly identified learning intentions.
Ensure all areas of the learning environment provide rich mathematical opportuni-
ties in order to facilitate good quality child-initiated mathematical learning.
Provide dedicated time and space for children to use the learning environment for
both practitioner-initiated and child-initiated play, and use the environment to show
how these are valued.

Give equal status to the teaching and learning of mathematics in both outside and

@} Creative ideas for good practice

inside environments. J
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Glossary

Array: an ordered collection of objects or numbers, often presented in rows or col-
umrns.

ICT: information and communication technology.
IWB: interactive whiteboard.

Natural numbers: the number 1 and any other number derived by adding 1 to it
repeatedly.

Ordinal: a number denoting the perdition in a sequence, such as 1st, 2nd, 31d, etc.

Pictogram: a visual representation of data using pictures to denote the nature of
the information it represents.

Schema: repeated patterns of behaviour in young children.

Sukkot: a Jewish autumn festival during which families build a three-sided shelter
(sukkah) with a roof made of branches and greenery in their garden. It reminds
them of the Jews’ journey from Egypt to Israel.
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