Thttps://www.gov.uk/government/uploads/system/uploads/attachment_data/file/593048/UKstatsonwaste_dataset_Dec2016_update_v2_2.xIsx;

2 See UK stats on waste, as above. I've rounded the figures here to the nearest per cent;

What a Waste!

This maths activity is about food packaging waste.
Students calculate averages for different datasets — including grouped
frequency tables — and consider how data and graphs can be misleading.

Age range: 14-16

Introduction

Food packaging waste is a huge problem in the

UK. Less than half of household waste is recycled

in England and Scotland (Wales is an exception,
recycling nearly two-thirds of all household waste)'
and it’'s thought we could run out of landfill space
within a few years if we don’t improve recycling rates?.

In this activity, students explore the issue from a

data perspective. They calculate measures of central
tendency (mean, median and mode) and measures
of dispersion (range) for different datasets, including
grouped frequency tables; consider the limitations of
data; and create some simple graphs.
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What a Waste! has been divided into three parts,
but you can ‘pick and mix’ those lessons or elements
that fit best with your delivery of the curriculum.

Total time: 2-2.5 hours, depending on how much
you complete. You could also incorporate these
lessons into a wider learning topic (e.g. on waste).

Lesson 1: Packaging unwrapped!

Students carry out a practical activity and calculate
measures of central tendency and dispersion for a
range of packaging materials. They develop their
understanding of mean, median, mode and range
further with a fictional example.

There is a homework task at the end of Lesson 1,

which forms the basis of Lesson 2. Both could be
omitted if short on time.
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What a Waste! lesson plan

Lesson 2: Analysing the homework data

This section focuses on interpreting and presenting
the data students have collected in the homework
exercise. There is the option to create some graphs.

Lesson 3: Interpreting diagrams and grouped
frequency tables

Students learn how diagrams can be misleading
and practise interpreting the average from grouped
frequency tables.

This activity can be adapted to suit the individual
requirements and abilities of students. It can be runin
conjunction with some of the other Pod activities for
14-16 year-olds — such as Boxing Clever — to support
learning about recycling as part of a wider topic.

Subjects

England: Mathematics and Statistics
Scotland: Mathematics

Wales: Mathematics — Numeracy

Northern Ireland: Mathematics and Further
Mathematics

Lesson objectives

Calculate measures of central tendency (mode,
median and mean) and measures of dispersion
(range)

Interpret what different measures tell us about
datasets, and any shortcomings

Learn to identify strengths or potential
shortcomings in data and how it’s presented
Collect real-life data and weigh groups of
materials accurately

Draw comparisons between datasets

Create graphs and choose the most suitable type
for purpose (e.g. bar, line, pie chart or pictogram)
Recognise that the way we display and interpret
data can influence the way it’s perceived
Encourage critical thinking when reviewing
datasets

Understand the limitations of graphs and how
they can be misleading

Calculate the mode, median and mean from a
grouped frequency table.
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Resources and preparation

You will need an interactive whiteboard with an
internet connection, so you can access the Pod’s
resources at www.jointhepod.org

Collect lots of examples of empty food packaging
made from a range of different materials (e.g.
glass, plastic, paper, metal) to share with your
class. The week prior to running the activity,

you could ask students to bring in empty food
packets and bottles from home. Include some
items which are either hard to recycle (e.g. drink
carton) or can’t be recycled (e.g. crisp packet).
Use these Guidance Notes to lead the lesson or
to provide additional support to students.

Print the Worksheet and What a Waste
homework audit (both are in the related
resources section) for students. The Worksheet
has been created in Word, so you can edit it to
suit the age and abilities of your group. The What
a Waste homework audit is for the homework
exercise at the end of Lesson 1.

Before starting

How should this activity be organised?

It can be organised during class time or with a group.
It involves whole-class discussions, independent and
group work, and a homework activity.

Is there a good time to run the activity?

You can run the activity at any time, but it might be
particularly effective to link it into a wider learning
topic about waste. The Pod’s national waste-saving
campaign, Waste Week, takes place every March
and gives you an opportunity to look at other aspects
of waste and link up with other schools nearby —
which are also taking part in Waste Week — on any
joint initiatives.

Eco-Schools

Work you do for the Pod can be used towards
Eco-Schools awards in England (and support your
application for Eco-Schools awards outside this region
— see our Eco-Schools page for more details). In your
application you will need to show that environmental
issues have been covered in curriculum work — this
activity is a great place to start.
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What a Waste! lesson plan

Lesson 1 (total time: 45 mins)

Packaging unwrapped!
(30 mins)

Divide the students into groups to sort the empty
food containers and packets onto four different
tables, grouped by the materials they are made of
(e.g. all plastic items on table 1 etc.) Make a separate
(fifth) pile of any packaging which can’t be recycled.

Divide the students into five groups (one for each
category of packaging) and explain that they’re
going to analyse the contents of their category by
calculating the average (mean, median and mode)
and range.

Q1. Ask each group to count and weigh the items
on their table (e.g. all plastic packaging), and to
complete the table in their Worksheet.

Q2. a) Can you calculate the mode, range, median
and mean weight for the items in your table?

NB: if the datasets are too small for each category
(e.g. there are 4 items in the plastic category) you
could combine the results from the four recyclables
categories and analyse the measures of central
tendency and dispersion across the whole dataset.

a)
Mode is the value (weight) that occurs most
frequently among the results. You could ask the
students if any weights reoccur.
Median is the middle value of the dataset when
arranged in order (they need to remember to
order the weights in ascending order!). For
example, if there are 17 values in the data set, it is
the 9th value. If there are an even number of values
(e.g. 18), it's the mean of the two middle values
(values number 9 and 10).
Mean is the total of all values, divided by the
number of values.
Range is the difference between the highest and
lowest values, for example a high of 230g and
low of 12g would give a range of 218.
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b) Discuss the results: what do the mode, median,
range and mean tell us about the data?

b) If there’s large variation, mode may not be useful,
but it might highlight if multiple manufacturers are
using the same package e.g. the same style of
plastic bottle is used for water and juice.

Range gives us a good idea of the variety in a
specific category, but a single very light or very
heavy item could make the range misleading.
Median could be quite different from mean; if the two
differ greatly, it could indicate a dataset skewed by a
few very heavy or very light items.

Q3. Looking at the data you’ve gathered, what type
of graph(s) might best represent this?

A3. Students might consider using separate or
combined pie charts to show the proportions by both
weight and number; or, a bar chart.

Extension activity: mean, median
and mode (15 mins)

The students at ACME Academy have expanded their
waste survey across 200 households to represent their
year group. The table below shows the mean, median
and range of their results for all five material groups.

Paper/ | Non-
card recyclables

Mean  276g 19g 23g
Median 277g 19g 15g &g 25¢g
Range 90g 27g 49g 18g 28g

Q1. Compare the mean, median and range. How
close are the mean and median figures in each
case? Which material stands out, and what can we
infer from the two figures?

A1. Metal stands out as the only group where there’s
a significant difference between mean and median.
The fact that mean is greater than the median
suggests there may be many light items, and a

few significantly heavier ones that skew the mean
upwards. If the mean were lower than the median, it
would suggest the opposite.
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Q2. Now consider the values for range — particularly
with reference to the mean and median weights. Do
any materials stand out, and why?

A2. Glass has a low range when compared to

its average weights. This suggests comparative
uniformity amongst glass packaging. Metals again
stand out, with a high range when compared to the
average weights. This suggests a wider spread of
weights within the category.

Homework activity

How much packaging do you use
at home?

Distribute copies of the What a Waste homework
audit and explain that students need to keep a
record of what food packaging their family throws
away or recycles over a week — focusing on the four
main materials they’ve learned about in class: plastic,
metal, card/paper, glass. (Alternatively, you could
give students just one material type to focus on for
the week).

There are four rows to fill in for each packaging type.
The first row is the tally of the number of different
items thrown away or recycled each day. The second
row is the total figure for both tallies. You could
demonstrate on the whiteboard how they fill in a
sample day.

To fill in column three, students will need to use
kitchen scales to weigh the items they collect. For
column 4, they need to work out the average weight
(the mean is the best average to use in this instance).
Remind them to base this average on each day and
packaging type, NOT the total for the week or the
total quantity for all packaging types.

Suggest that students stick the table somewhere
near the rubbish or recycling bin, so they remember
to log each item of food packaging. Finally, don’t
forget health and safety: remind them to get
permission to look in the rubbish or recycling bins,
and to be very careful when handling any items.
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Lesson 2 (total time:
45-60 mins)

Discussion (15 mins)

Back in school, students share their audits.
Encourage the students to ask questions and share
any patterns they noticed in their individual results.

Steer the discussion toward the limitations in
individuals’ data. Could we use their results as an
example of what packaging the UK recycles? What
types of issues are there, and is there a simple way
to address some of them?

For instance, one limitation is that our data is
gathered only from households. Other, more subtle
issues might include the fact that all the households
we’re surveying include at least one young person
and are in the same area. Other factors might be
the weather or the time of year — all of these could
influence buying habits, skew our data, and place
limits on the conclusions we can draw.

How could we improve our dataset? One way

would be to combine everyone’s results to form one
bigger dataset. This would give us a bigger dataset
from which to analyse the recycling behaviour of
households. But if we do this, is it best to try and
preserve day-of-the-week differences, or just combine
everything to get grand totals for each material type?

Preserving the differences over days of the week
might reveal wider trends, such as a peak in
recycling on bin day, but combining our data would
give us the biggest totals and, in theory, the most
representative results.

Class data (30-45 mins)

Ask one group of volunteers to re-draw the table
from the What a Waste homework audit on the
class whiteboard. Ask other groups to total up the
numbers for plastic, paper and so on for the whole
class’ results. Add the totals to the table and discuss
this bigger dataset.

How is this big dataset an improvement on the
individual ones? Does it still have limitations?
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(

By combining everyone’s data we’ve got the biggest
sample size possible, which should minimise the
effect of errors such as mis-counting, or the impact
of atypical data (such as a household that doesn’t
recycle at all). But it still has some limitations: it

only includes household data, for example, and

our sample is based in one geographical area and
biased toward houses containing young people.

Using the class data set for reference, ask students if
they recycled more food packaging than they threw
away. Looking at individual packaging types, did they
recycle more of one type of material than others?
Ask them why they think that is.

Did the amount they recycle or throw away remain
steady across the week or change depending on
whether it was a week day or weekend? Was there
a noticeable peak over the week? If so, what might
have caused this (e.g. bin day)?

National figures suggest that paper, cardboard and
glass tend to be the most recycled materials. Does
the data reflect this?

~N

Why might these be the most recycled? Possible
reasons include that these materials are easy to
separate, and that they have long been recycled so
we’re used to doing so.

OPTIONAL: Ask students to graph the combined
data. What's the best type of graph for the job? If the
students preserved day-of-the-week differences,
might they need to simplify the data for graphing?

The example below represents an example of

a graph they could produce: this is a bar graph
comparing the number of items students recycled for
each packaging type over five days. Another option
would be to add up the total amount recycled per
day for all packaging types and plot this for each
day. This would more clearly reveal day-of-the week
trends, discussed above.

Alternatively, students could create a pictogram
using images of bottles and cans etc. to represent
the data instead of bars.

Sample bar graph comparing the types of packaging material recycled
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Lesson 3 (total time: 40 mins)

Interpreting diagrams (10 mins)

Non-recyclables

9.5%—1

Paper/card
19%

Q1. This pie chart shows the total items per
category from the teachers’ table. Can you use it to
work out which material weighed the most?

This is a trick question: the pie chart shows item
numbers and not weight!

Use this to lead a discussion with the class about
why this chart could be misleading.

The chief problem is that it’s not labelled to make

it clear it shows the number of items per category,
rather than their weight. Also, taken out of context
it's not clear that it refers to a small sample set, rather
than class-wide figures or even national data.

Compounding this is the use of percentages, rather
than simple numbers. This disguises the size of the
underlying data set; in this case, labelling with the
data itself (e.g. Metal: 3) would show that the sample
size is only 21.

.

~N

Grouped frequency tables
(30 mins)

Back at ACME Academy, students have weighed the
plastic waste they’ve collected, and presented their
results in the following grouped frequency table:

Weight

Frequency | Mid-interval | Frequency x

(w, grams) mid-interval
value
O<w<10 7 5 35
10<w<20 23 15 345
20<w<30 28 25 700
30<w<40 22 35 770
40<w<50 3 45 1,395
50<w<60 17 55 935
60<w<70 M 65 715
70<w<80 3 75 225
80<w<90 8 85 680
Total 150 5,800

Ask students to run through the following questions
in their Worksheet.

Q1. What is the modal class for the table?
A1. The one with the greatest frequency:
40<w<50

Q2. Which class contains the median?

A2. The median is in position (n+1) / 2, where n is the
total number of items weighed. In this example there
are 150 items: (150+1) / 2 is 75.5. Counting from the
beginning, both the 75th and 76th value are in the
fourth class, 30 <w < 40.

Q3. Why can’t we give the exact range of weights
measured? Can you estimate one instead?

A3. We can’t give the exact range because we don'’t
have the actual weight measurements: we don’t know
the heaviest and lightest items recorded.

We can estimate the range by subtracting the lowest
class boundary (0g) from the highest (90g) for a range
of 90. The real range could be slightly smaller if, say,
the lightest item weighed 1g and the heaviest 84g.

J
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Q4. Can you estimate a mean weight from the Plenary

information in this table? How?

A4. We don’t know the weight of individual items Discuss with the class what this activity has taught

so we can’t calculate an exact mean, but we can them about data and how it can be presented. Will
estimate one by taking the mid-point of each they look at graphs and statistical claims in the media
category, weighting it for frequency, then calculating  more critically in future? Perhaps they could bring in
the mean of the results. some examples they’ve found in the real world or

online in any publications.
So in the third column of their tables, students will
need to add the mid-interval value for each class. For If they want to explore the topic further, why not take

example, for class O <w <10 the mid-interval value a look at this TED talk from Dr Ben Goldacre who
is 5. They then need to complete their fourth column  works at the University of Oxford and has written a
and calculate the frequency multiplied by the mid- book called Bad Science about the use and misuse
interval value. For example, 7 x 5 = 35. Finally, sum of statistics.

all the values in the fourth column (5,800), and divide

them by the number of items weighed (150). Our You could also encourage students to spread the
estimated mean is, therefore, 38.7 grams. message about food packaging waste and the

importance of recycling. They could re-run the What
a Waste homework audit two weeks later to see if
what they’ve learnt and shared with their families has
resulted in them recycling more. If not, why do they
think this is?

If you enjoyed this, why not learn more about

packaging waste in our D&T activity, Boxing Clever?

\_ J
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