





Interpret Data

Balloon Power (1)

Have students say whether the data they collected enabled them to answer
their question/s. For example: Ask them to consider their data about the
balloon-powered cars. Ask: Did the data help you answer the reworked
questions you asked? Did it help you answer your original question? Would
collecting different data help you to better answer your original question?
Canyou now build a car that travels further? What would you do differently
next time? Why? (See Summarise and Represent Data, Key Understanding 5.)

Balloon Power (2)

Extend the previous activity and discuss which type of data display helped
them to seeif there was a relationship between two measures. For example:
Have students compare the ways they displayed the weight of each car with the
distance travelled. Ask: How did you use the display to work out that there was
orwasn’ta relationship between the measures? (See Summarise and Represent
Data, Key Understanding 5.)

Favourite Drinks (1)

Encourage students to see how asking a question in a different way can give
different results. Ask: Which do you prefer—water or lime cordial? Have them
record the result. Now ask students to write down their favourite drink. Ask:
How do the results compare? Draw out that results obtained from a multiple-
choice and an open-ended question will produce different results. (Link to
Collect and Organise, Key Understanding 2.)
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Favourite Drinks (2)
Extend the previous idea. When they are interpreting data, ask students to
consider how a question was asked, by whom and in whose interests the survey
was collected. Ask them to think about the following different conclusions:
* 8 out of 10 children prefer water to cordial
* For those who expressed a preference, 8 out of 10 children preferred water

to cordial

* 8 out of 10 parents said their children prefer water to cordial.
Ask: What is different about these statements? What questions might have
been asked in each case? What effect would the word ‘lime” have in the
question, rather than just‘cordial’? Why would it be in someone’s interest
to ask the question that way?
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Later vv

Relating Data

Have students review data thatis being used toillustrate a particular point,
e.g.a newspaper article on the effect of greenhouse gases on the atmosphere,
or the rate of logging in the Amazon rainforest. Ask them to say how the data
isrelated to theissue. Ask: Can the conclusion drawn in the article be made on
the basis of the data presented? Can we be sure that one event actually causes
the other?

Tables and Graphs

During Technology and Enterprise or Society and Environment activities, when
students have individually produced various tables and graphs to support their
report, have them swap tables and graphs (without the report) with other
students. They study the tables and graphs, and report what they think they
can conclude from the information. Ask: How do these conclusions compare to
the original report made by the designer?

Misleading Representations

Invite students to discuss the effect of misleading representations of data

on the wayinformation isinterpreted. Provide examples from newspapers,
magazines and the Internet of bar graphs or histograms that can be misleading
because of one or more of the following:

* the vertical axis does not start at zero

e the length or width of bars are not proportional to each other
* the horizontal axis is made much narrower

e the values of intervals are not equal.

Ask: What effect might each have on the way you interpret the information?

FIRSTO15 | First steps in Mathematics: Chance and data
© Department of Education WA 2013



CHAPTER 7

Markers of Progress 2

This chapter elaborates on how students progress through:

* Understand Chance
* Collect and Process Data

- Collect and Organise Data

- Summarise and Represent Data
e Interpret Data

£ 4

Understand Chance

Initially students recognise an element of chance in many things thatare a
part of their lives. They understand expressions such as ‘will happen’, ‘won’t
happen’, ‘might happen’, ‘could happen’ and ‘couldn’t happen’ by responding
to and using them. For example, they say: Our new baby might be a girl or

it might be a boy or It might rain tomorrow. They show some understanding
that repetitions of chance actions are likely to produce different results. For
example, when choosing lucky dips, they know that they may get something
different each time they ‘dip’.

As students continue to progress they begin to understand the idea of
‘impossible” and to distinguish impossible things from those that are
possible, even if unlikely, by thinking about the situation. They can tell it is
impossible to get a cube-shaped jelly bean from a pack, because thereisn’t
such a thing. They also distinguish impossible from unlikely events and say
that it is not very likely that they will go to the pool after school, but it
could happen.
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Students understand that of the possible outcomes for daily events, some
are more likely than others. For example, on a warm and cloudless summer’s
day, they say that it is more likely that it won’t rain than that it will. They
also identify possible outcomes for events that are familiar or that they have
observed, sometimes by collecting data. For example, they can say I tried

it out and found the hoop could go over no pegs, one peg or two pegs, but it
couldn’t fit over three because they are too far apart.

Students may not necessarily list systematically all the possibilities of an
experiment, but can list some that satisfy the given criteria. For example,
given two or three ice-cream flavours, they may not identify all of the
possible combinations for a double cone, but can list some of the possible
combinations.

Next, students distinguish certain from uncertain things. They know that
certain events include those that must happen and those that cannot
happen, and uncertain events are those that may or may not happen. By
comparing events within their personal experience, they also describe events
as being more and less likely. For example, they say It is more likely to rain in
Bunbury in July than in January and provide relevant reasons. They can order
events from least likely to most likely and can justify their choice by referring
to past or known information. For example, they say I don’t think my teacher
will come to school tomorrow with green hair—it’s almost impossible, but it is
even less likely tomorrow will be Wednesday because today is Friday, so that’s
impossible.

Students distinguish situations that involve equally likely events from those
that do not. For example, they recognise that a spinner with four equal
differently coloured sectors is equally likely to stop on any of the colours, but
acknowledge that this is not true for another spinner that is coloured in four
unequal sections. They can make informal statements about how one might
influence the chance of an event happening. For example, they say I am less
likely to have an accident if I take the back road because I don’t have to cross
any busy streets.

Students list all possibilities for straightforward situations, such as tossing
two coins or dice, and with prompting can list all possibilities for a simple
experiment. For example, they can list the possible ways of pairing up four
socks in a washing basket.
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As students progress further they understand that the essential nature of
chance processes means that things that are very unlikely are still possible
and that things that are very likely may not happen. They can use the scale
from 0 to 1 informally, placing everyday chance-related expressions such as
‘impossible’, ‘poor chance’, ‘even chance’, ‘good chance” and ‘certainty’ on the
scale. Unprompted, they list systematically all possible outcomes for a one-
step experiment and use this information to work out numerical possibilities.
Therefore they can list all the possibilities when tossing two dice and adding
the result in order to determine which score has most likelihood of occurring.

Students use a range of sources of information to put things in order from
least likely to most likely. For example, they use published data to order towns
from the one most likely to have an earthquake to the one least likely. Given
that red is the winning colour, they could order the following spinners from
the one they'd rather have to the one they’d rather not.

They can design a probability device, such as a die, spinner or bag of

coloured beads, to produce a specified order of probability. For example, they
colour a spinner with eight segments so it would be most likely to stop on red,
least likely to stop on green and have the same chance of stopping on yellow
as blue.

Later, students understand the notion of the randomness of chance events.
For example, by throwing a die 60 times, the numbers don’t occur in order, and
ifa 6 is thrown, it is equally likely that a 6 will occur on the next throw. They
understand that probability is the way in which chance is measured. They know
that when something cannot happen, it is described as having a probability

of 0; when something must happen it is described as having a probability of

1; and that the probability of all other things lies between 0 and 1. By listing
a sample space for one-step events, students are able to allocate a numerical
value to a probability. For example, if one-quarter of a spinneris red and the
rest yellow, the probability of getting red on a spin is one-quarter and yellow is
three-quarters.

Students represent probabilities as fractions, decimals and percentages and
can move freely between these forms. They can rank events using fractional
numbers, decimals or percentages. They use their understanding of
equivalent fractions to judge whether events are equally likely. They can
interpret expressions of probability in general usage, such as “The probability
of rain tomorrow in Perth is 30 per cent” and ‘There’s a fifty-fifty chance of
rain tomorrow in Paris’ to conclude that it is more likely to be rainingin

Paris tomorrow.
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Students use the fact that the sum of the probabilities in any sample space

is 1 to determine the relationship between an event and its complement. For
example, if they determine that the probability of a spinner showing red was
0.3, they can conclude that the probability of not showing red was 0.7. They
determine the probability of an event using the results of an experiment

and can use this to predict the result of a repetition of the experiment.

For example, if they throw a drawing pin 20 times, they can determine the
probability of it landing ‘point down” and use this to predict how many times a
drawing pin would land “point down” in 100 throws.

Students begin to explore the notion of simulations using chance equipment
through games. For example, they can simulate the result of the quarter-finals
in tennis by tossing a die to determine the winner of each game in each round
to the finals. Tossing a 1, 2 or 3 could result in the higher ranking of the two
players winning; 4 or 5 could result in the lower-ranked player winning and a 6
could be ignored and the die thrown again. They appreciate that repeating the
simulation a number of times could increase the validity of the results.
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Collect and Process Data
Collect and Organise Data

Initially students participate in class discussions that draw out simple
questions about objects or pictures. For example, when prompted to suggest
what they could find out about the fruit they have brought to school,
students might pose simple questions, such as What type of fruit is there most
of on the table? or Which fruit needs to be peeled before we can eat it? They
participate in class discussions about how they might find out the answers to
these questions.

Students offer suggestions as to which objects they could collect or make to
produce the data needed to answer simple questions posed by the teacher.
For example, they select from a set of pictures the type of fruit they like best,
and suggest how they can answer questions about their collections.

Students apply familiar and unambiguous criteria to classify and sequence
data consistently. They can classify leaves according to length and/or colour
and can then sequence the leaves according to length. They can also describe
the likeness (or the difference) between several things. For example, ‘The
trees and the pencils are alike because they are long and round’, or ‘Some are
leaves but some aren't’.

As students continue to progress they offer some appropriate data-oriented
questions in class discussions. For example, having gone on a ‘shape walk’,
they might ask what shapes occur most often in built things. They realise
that they can answer some questions for themselves by collecting data. They
can make predictions of what is likely to be shown by their questioning or
surveys. For example, they think that the most popular type of fast food is
pizza before they have carried out the survey.

Students participate in group discussions, suggesting ways of collecting
objects or information and what data to collect for a survey. For example,
they suggest asking each person in the class to draw a picture of her or

his favourite fast food, and then collect the responses. They also offer
suggestions about how to classify objects or information into categories
they have created. For example, having asked class members what fast food
they like most, they may classify foods such as noodles, sweet and sour,
and satay under the heading ‘Asian foods'. Students understand that once
data is collected, some sorting or organising will be needed, and contribute

suggestions on how to do this. They work in groups or pairs and follow a plan.

For example, they order the favourite fast foods from most to least popular
by placing the collected pictures in piles and then sequencing the piles.
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Next, students investigate some situations that extend beyond their
immediate class group or families. For example, they suggest information
to collect to answer particular questions, such as to describe the insect
population in the school.

When prompted, students recognise the need to clarify and refine their
questions to decide what data to collect, and attempt to do so. For example,
they think about whether for ‘most popular pet’, they mean the most-liked
pet or the most-common pet, and decide whether an aquarium of six fish
counts as six votes for fish or one. They are also reasonably careful in their
data collection. For example, in measuring arm lengths, they think about
where to measure to and from and take care to do the same each time. In
making tallies they are careful not to miss any responses.

Students think about how to organise data so that it is helpful for answering
a particular question, such as which insects are most common. They suggest
a suitable way to classify data and thus may sort insects into groups, or
categories, such as beetles, butterflies and ants. Further, they may improve
their descriptions of categories to clarify what the category includes or
excludes so that when classifying insects into ‘alive” and ‘not alive’, they
have to decide where cocoons belong.

With prompting, students reorganise data to answer a new question, such

as whether some insects occur more in certain parts of the school ground or
at certain times of the day. They organise their data in tables and diagrams
that show frequencies for different categories, using simple formats based
on tallies or organised lists. For example, they show the number of insects
seen in a two-way table, with insect types one way and parts of the school
grounds the other way, or they may keep a tally of the results of tossing a die
60 times. Students can record data at regular time intervals, e.g. example
they record lengths at half-hourly intervals to show the change on length of
a shadow.

As students progress further they investigate a wide range of practical
problems that may not be obviously mathematical, but for which
mathematics might help. They suggest what data is to be collected to help
estimate numbers or quantities. For example, in planning an apple-eating
competition for the school fete, they organise the overall task into a series
of sub-tasks, some of which require mathematics. As one part of their
preparation, they may need to decide how high to hang the apples and how
long to cut the strings. They do not solely rely on guessing or opinion but,
unprompted, will think of collecting some data.
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Students construct and use their own categories to answer specific
questions. Therefore, for a project on animals in their area, they ask how
different animals move and decide to classify animals by their ability to
walk, fly, wriggle or swim. They also suggest indirect ways, such as using a
database or reworking existing data when direct data are unavailable. They
are aware that different classifications may be necessary to answer different
questions and can suggest how to improve a classification strategy to better
suit the purpose. They attempt to reframe a simple survey question to make
it less ambiguous, or to make responses easier to interpret. They begin with
‘Which of these colours do you like?” and, after trialling, revise to ‘Which pair
of colours would you like best for our logo?’ Or they revise a survey question
so it can be answered by ‘yes/no’ or a simple multiple choice.

They are prepared to experiment with how best to organise data into a
form that is helpful for answering particular questions, and will vary their
classifications to answer different questions.

Students design a test of their predictions about a probability device they
have designed, such as a spinner that will come up red most often. They can
also devise methods to collect and record data to show how data changes
with time. Thus they choose half-hourly intervals when collecting data to
show how the length of a shadow changes with time or how much water is
collected from a dripping tap at hourly intervals.

Later, students work in small groups to survey people and collect data.

For example, they sample people about their musical preferences or

take measurements of their pulse rate after exercise. In doing this, they
collaborate to develop and trial short sets of questions and plan how to
collect and record accurate measurements or frequency counts. They also
consider refining the processes of gathering data, from clarifying terms to
improving the accuracy and consistency by asking the planned questions in
the same way, measuring the same body part to the same degree of accuracy,
and so on.

Students use some systematic strategies for organising their data, including
grouping them into class intervals and entering them into databases,
although they may need help with the classes or fields. They check and
refine their recording of data by making and refining data collection sheets
involving lists, tables or scales. They differentiate between data collected
from a sample to data collected from an entire population and can choose a
fair sample from a given population.

FIRSTO15 | First steps in Mathematics: Chance and data
© Department of Education WA 2013



First Steps in Mathematics: Chance and Data

Summarise and Represent Data

Initially students group collections of objects either physically or by using
pictures. They compare the size of their classified groups by lining up collected
objects into rows to compare the groups directly, by using one-to-one
correspondence, or by counting how many are in each group and comparing the
numbers. They explain: At first we thought there were about the same number of
pears and strawberries, but we lined them up and there were more strawberries, or
There are eight strawberries, seven pears and four bunches of grapes.

Students work with other children or an adult to classify things they have
collected, if the criteria are familiar. For example, they could sort clothes

into ‘summer” and ‘winter’ groups, if the distinctions are reasonably
straightforward. They also sequence small collections of things. For example,
placing pictures of family members or friends in order from the youngest to the
oldest.

Students display their data and the results of their thinking by showing their
collections physically or by drawing pictures of what they have done. For
example, they can draw a picture of the ‘graph’ they made with actual pieces of
fruit, or make a physical block graph using interlocking cubes with a different
colour to represent walking, catching a bus or riding in a car to show how they
came to school.

As students continue to progress they use a variety of ways to summarise
and display what they have found. For example, they use coloured buttons

to represent children’s snack preferences and arrange buttons in one-to-one
correspondence, or draw pictures to represent each snack and underneath
record the names of children who preferred this snack. They count accurately
and efficiently to describe how many there are in a number of different
categories. They also use organised lists or one-way tables to arrange
information. For example, they draw a picture of each fast food type, list
underneath the names of the people preferring it and count how many names
arein each list.

Students make graphs and plots using one-to-one correspondence between
‘real’ data and a representation. For example, they draw a picture of the
fast food types and ask the class to line up in front of the pictures, choose a
particular colour counter for each snack type and use the counters to make
block graphs, or produce a simple block graph by colouring in one square for
each person who made a particular choice. They understand the need for a
baseline and space blocks regularly (in provided grids) to allow comparisons
to be made. They place direct measurement data in sensible sequences using
the baseline. For example, cutting paper strips to fit around their heads,
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writing names on the tapes and making a bar (column) graph by lining up the
bottoms of strips. They also compare heights (or lengths) of the columnsin a
block graph to place categories in order. For example, they say This shows more
children have a digital watch than one with hands and The fewest have no watch.

Next, students understand that lengths in bar graphs can be used to represent
measurements they have made at equal intervals over a period of time, such

as the weekly mass of the class’s baby guinea pig or the length of a shadow at
hourly intervals. The lengths may also represent other measures such as time.
For example, they mark paper strips to show the 24 hours of the day, shade the
time between going to bed and getting up, cut shaded parts and make a graph
of the times in bed. In their graphs, they use squares or pictures to represent
more than one unit. For example, one square might be coloured for each five
children.

Students report numerically on the results of making conventional tallies. They
may use a conventional tally method to record the number of times a thumb
tack falls on its side or on its top, and summarise the results by counting

the tally for each location. They use Venn diagrams involving overlapping
categories and can place information into the correct location in simple
two-way tables. Thus they place name cards in appropriate sections of their
diagram or table. They also summarise data in diagrams and tables that show
frequencies for different categories. For example, the category may be “type of
food” and frequency may be “the number of children” who chose that type. The
names of children recorded in a Venn diagram may be replaced by the count of
how many were in that category.

They use simple scales and labels on the axes of graphs. For example, they can
produce (vertical and horizontal) bar graphs from frequency data, where one
axis shows the whole numbers (0, 1, 2, 3, ...).

As students progress further they make working graphs in order to explore
data. For example, they may use sticky notes with food choices written on
them to make quick block graphs based on different ways of classifying the
foods. They understand that it is sometimes helpful to group data and, with
assistance, can group data involving whole numbers into class intervals. For
example, having estimated the number of sweets in a jar, students can organise
the estimates in intervals such as 41-45, 46-50, 51-55, 56-60, in order

to compare estimates with the true amount. They appreciate that grouped
measurement data may be treated as categories.
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Students display data in bar graphs where the axis is labelled with discrete
categories including separate numbers, such as 25, 30, 35, ..., multiples
such as 0, 5, 10, 15, ..., or they can group data into intervals, such as
21-25, 26-30, 31-35. They can extend the interval boundaries by half a
unit either side to ensure that there are no gaps in the resulting histogram.
Given a horizontal axis showing the progression of time, they can produce
a graph using the vertical scale to help them plot data points. They can also
represent data, including grouped data, using Venn diagrams and two-way
tables with confidence and can construct tree (arrow) diagrams.

Students find the mean where there is sufficient data to make summarising
sensible, such as the average height of the girls in class is 149 cm. They can
use a mean to get an estimate of a number. For example, they count the
number of sultanas in 25 boxes to estimate the mean number of sultanas in
a box. They may use fractions to summarise data, saying that about of the
children said that they like to play tennis; or about of Year 2 students ride
to school, walk, and the rest come by car. They also examine the spread

of the data by determining the lowest, highest and middle ten scores and
use these, together with the mean, to summarise what their data show. For
example, while the mean distance around heads was 55 cm, they varied from
49 cm to 60 cm. They could suggest why average head size may not be helpful
for designing hats.

Later, students display and summarise data in tables with provided class
intervals and with frequencies. They sort data using a calculator or computer
to compare groups. They use appropriate graphs, including circle graphs, and
summary statistics to represent such data, generating some graphs with the
assistance of a graphic calculator or computer.

Students use fractions and percentages to describe and compare their
results. For example, in a survey, 32 out of 40 parents and 35 out of 60
students agreed with the statement ‘Teenagers should earn their pocket
money’. They convert each proportion to a percentage to make comparison
easier.

Students use the measures of central tendency—mean, mode and median—
to summarise data. They can perform the calculations in written form

or by using a calculator or computer. They understand the advantages

and disadvantages of these ‘averages’ and can determine which is most
appropriate to a given set of data.
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Students use a range of graphs such as line plots and scatter plots for
bi-variate data and dot frequency plots, stem (stem and leaf) plots, bar
graphs, compound column graphs and histograms for uni-variate data. They
sketch graphs informally that give a ‘feel for” how familiar things change
over time without recourse to careful data collection or point plotting.

Students display information in tables involving provided class intervals and
can use quite complex scales on axes to produce the full range of graphs
required. They plot available time data using more complex scales, where
each time may not be represented on the horizontal axis. They can represent
grouped uni-variate data in frequency histograms.
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Interpret Data

Initially students reach simple conclusions based on counting and one-to-
one correspondence. For example, having counted eight strawberries, seven
pears and four bunches of grapes, they say There are more strawberries, and
hence draw the conclusion that strawberries are the fruit brought to school
by most children.

Students interpret results collaboratively collected in a table. For example,
they conclude that There are more dogs shown in our table, so more people
have dogs as pets.

As students continue to progress they not only describe what their own data
collection shows, but also read and listen to other students’ reports. These
reports can be oral or written. For example, they say Delia’s graph shows that
most people she asked liked chicken best, but almost as many liked pizza and
That isn’t the same as I found, but it is pretty close, or they may write a few
sentences to describe the results of their data collection.

Students extract frequencies from lists and one-way tables and use them to
compare frequencies. For example, they say This shows that four people like
apples and six like bananas. They can interpret block graphs produced by
others. For example, they say Their graph shows that most children they asked
like pasta better than pizza. They also describe how their graph shows the
results of their data collection. For example, they say We spun the spinner ten
times. These three squares on our graph show the three times we got yellow,
these (pointing) show we got red six times and green once. Blue didn’t come

up.

Next, students interpret tables, diagrams, bar graphs and pictographs
produced by themselves and others, including their peers, drawing sensible
conclusions. They can read a tally, extract data from simple one- and two-
way tables and determine frequencies from a pictograph or a bar graph in
which each unit is marked on the axis. For example, they say This shows that
of the 17 berries, ten were green and edible, seven were green and not edible
or Their graph shows that 11 of the people asked said they preferred frozen
yoghurt.

Students explain what their displays show and comment on their predictions
in the light of their collected data. For example, they say We thought there
would be more butterflies in the vegetable garden than near the roses, but
there weren’t and We thought that the average number of black jelly beans in a
packet would come out least and we were right.
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As students progress further they make sensible comments about how well I
their collected data answer their original questions. For example, after
surveying fellow students about their food preferences, they say We thought
asking people what food they liked would help us to plan the camp, but we
didn’t ask it very well and so we couldn’t classify it. Next time we would ...

Students describe information from diagrams, including tree (arrow)

diagrams, Venn diagrams or Carroll diagrams. For example, they say This

shows that six people like pizza but not hamburgers, eight like hamburgers

but not pizza, two don't like either and 14 like both. They can read the

information provided on axes of bar and line graphs, including where all

calibrations on the scale may not be labelled. They read frequency and other

types of information from a range of tables, histograms and bar graphs

(including instances in which data have been grouped). For example, waist

measurements may be grouped into intervals to reflect tracksuit pants i
sizes. They can interpret and report on information provided in line graphs,

describing trends in the data informally. For example, This shows that we

raised more money each week until the last two weeks when ... They also '
interpret fractions representing proportions from a set of data and means,

commenting informally on their findings.

Later, students interpret a variety of graphs, including frequency histograms
for grouped data, where the scales on the axes must be read between
calibrations.

Students describe the results of their data collection, talking informally
about relationships they see in the data. For example, they may note that
faster readers also seem to read the most, but cannot state that one causes
the other. They also comment on the quality of their data collection and
handling processes, and suggest how these might be improved both before
and after interpretation. By checking the accuracy of the data, students can
refine their procedures and improve the accuracy of the data collected.

Students distinguish between different ‘averages’ in their interpretation

of data. They can state: The mean height of the students in the class has
increased over the semester and the median height hasn’t changed. This would
probably mean that half the class hasn’t grown any taller but that some of the
taller students have grown. They are able to extract information from a variety
of descriptions, tables, diagrams and graphs produced by others, including
informal graphs showing the relationships between two quantities.

Students present written or oral reports on the information gathered in
their surveys, describing the questions, data collection and conclusions, and
commenting on the scope for improvement. They can also present reports on

the information displayed in a range of tables and graphs.
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