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The authors encourage consideration of the where mathematics learning takes place.  
They found that taking students outside engaged them with learning how to add and 
subtract integers and translate linear graphs.
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When thinking about mathematics learning and teaching, 
as teachers we often pay great attention to the what of 
learning (i.e., the mathematical content) and the how of 
learning (i.e., the pedagogy), but often less attention is 
given to the where of learning. Perhaps this is because 
most learning and teaching, particularly in mathematics, 
is undertaken in the classroom. In this article we want to 
provoke some thinking about the physical place of learn-
ing i.e. the site of learning and consider the affordances 
and constraints of undertaking mathematics teaching 
under different physical conditions and arrangements. 
There are not necessarily any clear answers regarding 
what works best, and indeed, this will vary from class to 
class and school to school, but we hope that this article 
promotes some reflection on the material spaces and 
sites that we use for mathematics learning and teaching.

As mathematics teachers we always pay close attention 
in our planning to the content we teach and the way 
we intend to teach it so that the students will develop 
deep learning of the required mathematics concepts. 
This focus on pedagogy and content is important and 
warranted; however, there is more to consider when 
planning and enacting effective mathematics lessons. 
The AAMT (2006) Standards for Excellence in Teaching 
Mathematics, Section 3.1 refers to the “Learning 
Environment” and states:

Excellent teachers of mathematics establish an 
environment that maximizes students’ learning 
opportunities. The psychological, emotional and 
physical needs of the student are addressed …  
they are motivated to improve their understanding 
of mathematics and develop enthusiasm for,  
enjoyment of, and interest in mathematics. (p. 4)

It seems that this reference to the ‘learning environ- 
ment’ largely refers to the emotional and affective dimen-
sion of the classroom climate. We do not want to diminish 
the importance of this, but it is also the case that learning 
always occurs somewhere, i.e., in a physical space, and 
although some schools are investigating online learning 
scenarios, by default this is usually the school classroom. 
In this article we want to draw attention to the material 
conditions and arrangements of learning mathematics  
and hope to provoke thinking and dialogue regarding  
the where of learning mathematics. Specifically, we want 
to explore the learning possibilities of taking mathematics 
lessons outside.

As teachers, we know that in an increasingly crowded 
curriculum, teaching time is precious and thus we strive  
to utilise every second of the time allocated to us to teach 
mathematics. It is perhaps not difficult to accept that 
going outside for a mathematics lesson might be more 
enjoyable for the students; however, we might also worry 
that it is not a good use of our limited time for students to 
learn mathematics, and thus we generally end up teaching 
solely in the classroom. The classroom is often our ‘safe 
zone’: we have our regular general practices and struc-
tures; the space is bounded and defined; the students 
are familiar with rules and routines; behavioural issues are 
more easily managed, and we can depend on the class  
to generally work well. 

As a historical artefact, classrooms have been designed 
to be efficient learning spaces, what might be gained from 
going elsewhere to teach mathematics? There is some 
evidence to support outdoor learning as an effective 
pedagogical space to increase student engagement in 
general (Fägerstam & Samuelson, 2014; Haji, Abdullah, 
Maizora, & Yumiati, 2017; Young & Marroquin, 2008).  
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This increased engagement is important because it can 
build positive mathematical attitudes (thus addressing  
the AAMT standard noted above), but more significantly 
it can lead to deeper and more robust mathematical 
learning (Grootenboer & Marshman, 2017). Therefore, 
the concept of engagement in learning has become 
an increasingly important concern for educators and 
researchers in Australia and internationally in recent  
years (Attard, 2012). 

More specifically, there are concerns regarding how  
to address the long-standing and pernicious issue of 
student disengagement in mathematics learning in  
Junior Secondary School. To this end, improving  
engagement is believed to be a means of ameliorating 
low levels of academic achievement and high levels of 
student boredom (Fredrick, Blumenfeld, & Paris, 2004).

So how might teachers promote mathematical  
engagement? It is suggested that effective mathematical  
engagement occurs when students are enjoying the 
subject, can easily see the relevance that their learning  
has to their own lives and future, and can make meaning- 
ful mathematical connections between the classroom  
and out of school contexts (Attard, 2011; 2012). No doubt  
there are many ways to create mathematics lessons that  
are enjoyable and where the content can be shown to 

be relevant to student life worlds; however, as we have 
already noted, here we want to specifically focus on 
learning mathematical ideas outside the classroom. 
Importantly, this is not just having an enjoyable time 
outside doing something loosely related to mathematics 
education, but rather we mean deep and rich mathemat-
ical learning experiences where students are engaged 
psychologically, emotionally and physically in developing 
an understanding of, and demonstrating recall and 
transfer of, important mathematics concepts. We provide 
two examples below to illustrate this perspective.

Integers

The first example is a lesson where some ‘disengaged’ 
mathematics learners were being taught addition and 
subtraction of integers. The students in this group tended 
to treat every mathematical concept as if it were ‘rocket 
science’ (i.e. difficult to understand) and completely irrel-
evant to their daily lives. Thus, introducing new topics was 
challenging. In these situations, as mathematics teachers, 
we often resort to concrete materials or pictorial rep-
resentations to aid conceptual understanding. A number 
line is a useful representational tool when adding and 
subtracting integers. After half an hour of rainbow jumps 
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Figure 1. Solving the sum in an outdoor activity.

3 + -4

3  + -4  (Starting point)

3  + -4  (+ means to face the positive direction)

3  + -4  (– means to negate)

3  + -4   (Walk four step in the direction)

3  + -4 = -1   (Answer)
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dancing forwards and backwards over the whiteboard 
number line, no progress was apparent in either engaging 
the students or improving their knowledge of integers. 
As an alternative approach, the students were taken 
outside during their next class. The lesson was taught on 
a basketball court where masking tape was used to create 
a large number line. Instead of relying on the students to 
gain conceptual understanding from their usual classroom 
lesson, now the students physically ‘became’ the integers 
and were required to walk up and down the basketball 
court sized number line to represent addition and subtrac-
tion examples. It was firstly demonstrated to them how  
to determine the answer to 3+- 4  by using these prompts:

• The first integer determines where on the number
line you initially stand

• The + or – symbol determines which way you face
(right for positive and left for negative)

• The second symbol (+ or –) confirms or negates
the operation

• To negate means to cause something to lose effect
or value. In this case the negative symbol in front of
the number negates the direction that the operation
has suggested to go in. Students also benefit from
making the language connections between negative
and negate.

Figure 1 shows a visual representation of how this sum 
would be solved in the outdoor activity. 

The first integer (3) indicates where to stand on the 
number line. The operation determined which way to face 
(+ or –). In this case it was towards the positive (right) side. 
The second symbol confirms or negates the direction that 
the operation symbol indicates. In this example we are 
facing the positive side but the negative symbol in front 
of the four negates that which means we turn around. We 
are now facing the negative direction and take four steps 
in the new direction we are facing and thus come to a 
stop on -1. A student asked at this stage why we don’t see 
a positive symbol in front of the initial integer (i.e. +3 ). It 
was indicated that by convention we don’t use the positive 
symbol and that the integer +3 is just written as 3.

This method of using motion helps students to 
understand that the operation symbol doesn’t determine 
whether you are moving in the positive or negative direc-
tion of the number line; rather it is the positive or negative 
value of the second integer that ultimately either confirms 
or negates the direction. To demonstrate, the following 
subtraction example 4 – -5  was solved. A student stood 
on the integer 4 on the number line. The subtraction 
operation indicated that she needed to face the negative 
direction of the number line. The second symbol (the 
negative in front of the 5) negates this instruction so the 
student turned around and took four steps in the positive 
direction of the number line and ended at positive 9 on 
the number line. 

Suddenly this difficult concept became something 
that seemed to be as attainable as their normal addition 
and subtraction operations. It was found that taking the 
students outside helped them to separate their anxieties 
from mathematics as they were more eager to engage 
in the unconventional lesson in a new and relaxed 
environment. Students could then recall how the positive 
and negative integers worked as they could visualise the 
process of them walking on the number line. In subse-
quent examples in the classroom it was noticed that the 
students would, when solving these types of questions, 
use physical gestures of their head and hands that 
mimicked the physical movements they had performed 
when learning the concepts. 

Translations of graphs

This is an activity which originally came from the 
Mathematics Curriculum Teaching Program (MCTP) 
resources (Lovitt & Clarke, 1992). In the school where 
this episode took place, the classroom learning space 
was located on the second floor and looked out over 
an asphalted area. Chalk was used to mark out a large 
Cartesian plane that was about 10 metres by 16 metres 
with about one metre between the integers. Half of the 
class were sent down to the axes outside and the others 
watched and took notes from the second-story windows. 
Later these positions were switched. The students 
below were all given an ‘x  coordinate’ (i.e., from -5 to 5),
and then were asked to “walk to their y  coordinate” in 
response to a function (e.g., y=x ), and the students held a 
rope so the shape of the graph could be seen. The  
students upstairs then just sketched what they saw and 
noted any patterns. This activity was used in a range 
of ways to show how the graphs of functions changed. 
For example, in one set it was done; y=x . then y=x+2, 
y=x+3, y=x–1, etc. After drawing each function, a 
discussion was had on the impact of the constant on the 
graph. Similar activities were undertaken by changing 
other aspects of the equation of the line (e.g., y=2 x ), and 
indeed with the graphs of other functions (e.g. y=x 2).

The conceptual ideas developed through these 
activities could have readily been undertaken inside the 
classroom using ‘pencil and paper’ or using simple graph-
ing software, so the reader may be wondering why bother 
taking the activity outside? Firstly, the students generally 
seemed to enjoy being in a different environment and 
engaging in a mathematical idea kinaesthetically. Indeed, 
there was a sense of novelty about “acting out” the 
graphs as an alternative to the normal classroom routine. 
Secondly, the activity allowed the students to quickly 
see the impact of the various changes to the equation 
of the function. This was quickly and readily seen, and 
so they were able to efficiently and effectively learn the 
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mathematical ideas. Of course, this quickly observable 
feature is also available using appropriate electronic 
technologies (e.g., computer, iPad, graphing calculator), 
but going outside also added a physical and novel 
dimension. Thirdly, not only was this a more effective and 
efficient pedagogy to promote mathematical conceptual 
development than other methods in this case, but also the 
students clearly recalled the mathematics learning later in 
the semester. The outdoor activity provided a rich sensory 
experience that served as a memory aid and thus aided in 
recall at a later time.

Concluding comments

We have included these activities not because they are 
particularly “outdoorsy”, but rather to show how changing 
the physical conditions of learning an idea can facilitate 
deeper and more efficient mathematical learning.  
Of course, there are many activities such as orienteering 
that clearly involve mathematics and can be good for 
teaching, learning, and applying a range of mathematical 
concepts. However, deep learning can occur by simply 
changing the context without necessarily involving the  
use of complicated activities such as orienteering or 
geocaching. Hopefully, the ideas presented here have 
encouraged you to think about where your students  
might learn mathematics.
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