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Vertical axis does not start at zero
In the fi rst graph below, the vertical axis starts at 28.
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The percentage preferences are the same in these two graphs, but the fi rst graph has been incorrectly 
drawn. In the fi rst graph, the bar for Wendy’s looks proportionally much smaller (compared with the 
other bars) because the vertical axis does not start at zero.

3D Pie graphs

Wendy’s

MacDonald’s

Subway

Student preference for takeaway meals

The drawing of a 3-D pie graph is not circular, so the proportions of the sectors have been distorted. 
As a consequence, the viewer is deceived into believing that the proportion of students who prefer 
MacDonald’s is comparatively much bigger than the proportion preferring Wendy’s or Subway. 

The angles at the centre of the pie graph are: Wendy’s 100°, MacDonald’s 150° and Subway 110°. 
This means that the percentages for this survey are (to the nearest whole percentage): Wendy’s 28%, 
MacDonald’s 42% and Subway 31%. So, the popularity of Wendy’s and Subway are actually fairly similar 
and, despite the fact that the MacDonald’s sector looks almost twice as big as the Wendy’s sector, 
MacDonald’s is only 50% more popular than Wendy’s.
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4. Two polls (in 2000 and 2004) on whether the Queen should be the New Zealand Head of State or 
whether New Zealand should elect its own Head of State gave the following results:

2000 2004

Queen 47% 53.9%

Elected head 40% 36.4%

Don’t know / no response 9.7%

Number surveyed 756 756

Margin of error ±3.6% ±3.6%

a.  Show that the margin of error for the difference between the percentages wanting the Queen as 
Head of State in the two polls is 5.4%

b.  Comment on the differences in fi ndings between the two polls.

c.  What percentage of those selected to take part in the 2000 survey offered no opinion or did 
‘not know’? What effect could this have on the results?

d.  Suggest a way of addressing the issue of non-respondents in this survey.
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3. Strong evidence that use of electronic devices 
decreases sleep time

NZ Family Forum

Scientists have found strong evidence to suggest that usage of electronic devices has a direct effect 
on the sleep time of teenagers.

Scottish researchers interviewed a total of 120 teenagers in the remote Shetland Islands once over 
a period of 5 weeks in July and August 2018. They were asked how long they had spent using a 
smartphone, tablet, game console or computer the previous day. The results showed that nearly 
half of the students spent 3 or more hours per day using one of these devices. That extrapolates 
to a staggering 21 hours per week. The interviewees were also asked to estimate to the nearest 
15 minutes how long they had slept the previous night.

The authors of the report ‘The effect of electronic devices on the sleeping times of teenagers’ 
expressed concern at the amount of time the students were spending on their readily available 
electronic devices, and the consequences of this on the length of time that teenagers sleep. They 
added that it was well known that lack of sleep in adolescence is associated with a wide range of 
issues, including problems in school performance, mental health, reckless behaviour, substance 
abuse and weight gain.

“The students who spent more time on their electronic devices slept less,” lead researcher 
Dr Napwell, from Werlick University said.

The findings suggest that for every hour extra spent on an electronic device in a day, students tend 
to get half an hour less sleep at night, as shown in the graph below.

a.  Identify the explanatory and response variables for the survey.
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6. Secondary students with part-time jobs neglect their school work
NZED Times, 22 January 2019

The latest survey from Eduwatch confirms 
what teachers have long suspected: that the 
more hours a secondary student works in a 
part-time job, the poorer their grades.

Eduwatch surveyed 2 748 New Zealand 
Year 13 students and found that over 90% 
of students with part-time jobs get less than 
the recommended 8 hours of sleep a night, 
which in itself has a detrimental effect on 
student results.

It also found that the more hours per week 
a student worked when they were in Year 12, 
the more their average GPA (grade point average) declined.

However, the biggest impact of part-time work was on the school grades of girls. For Year 12 girls, 
each additional hour per week of paid employment reduced their final GPA in a subject by 2 points. 
This reduction in GPA was partly caused by girls spending less time studying outside lessons, but 
also because they are more likely to spend the extra cash they earn on risky behaviours like drinking 
or smoking. Girls who have a part-time job in Year 12 work on average six hours per week which 
means their part-time work is likely to reduce their school results significantly.

Some of the questions in the survey included:

1. What is the main reason that you work?

2. Do you need to work part-time in order to buy food or equipment for school?

3.  Would you agree that needing money during last year caused you not to achieve the grades you 
could have?

4. What was your average GPA last year?

5. How many hours did you spend in part-time work each week last year?

6. On average, how many hours sleep did you get per night last year?

Over half the students surveyed said their main reason for working part-time was to get money for 
luxuries such as phones, electronic equipment, music, or to socialise.
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In harder Venn diagram questions there may be three events involved. Think carefully what each region 
of the diagram represents in the context of the problem.

Example
Q.  A survey produced the following information from a study of 68 gardens which grow beans 

and/or peas and/or tomatoes.
 Amongst other vegetables grown:
 48 gardens had peas; 47 gardens had tomatoes; 27 gardens had beans; 12 gardens had peas, 
tomatoes and beans; 15 gardens had beans and peas only; and 20 gardens had tomatoes only.
 Using this information, calculate the probability that any garden chosen at random from those 
surveyed will have peas if it has tomatoes.

A. Three overlapping circles are drawn, labelled
P (for the event ‘garden grows peas’)
T (for the event ‘garden grows tomatoes’)
B (for the event ‘garden grows beans’)
 The fi rst region to be completed (labelled 1) represents the gardens in P and in B and in T. 
These are the gardens which grow all three vegetables – there are 12 such gardens.
 The next area to to be completed (labelled 2) represents the gardens in P and B but outside T. 
These are the gardens which grow peas and beans only – there are 15 such gardens.
 This process continues as shown in the diagram below (follow the numbered explanations).
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6. The total number in 
the P circle is 48, so 
this area is 6.

5. The total number in 
the T circle is 47, so 
this area is 15.

1. This area lies in all three 
circles, so has all three 
vegetables grown (12 in 
this category).

2. This area is in P and B but 
outside T, so is for those who 
grow beans and peas only (15).

4. This area is in T but  
outside the other two 
circles, so is for those who 
grow tomatoes only (20).

3.   Since B has 27 in 
total, the other two 
areas in the B circle 
have 0.

 There are 47 gardens that 
grow tomatoes and of these 
15 + 12 = 27 also grow peas. 

 So the probability a garden has 
peas if it has tomatoes is 27

47
 or 

0.5745.
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3. Michael wanted to get a pair of socks out of his sock drawer in the dark. In the sock drawer there 
were 18 socks (10 black and 8 grey). He selects two socks randomly from the drawer.

a.  What is the probability he took two socks 
out that were the same colour?

b.  What is the probability both socks he took 
out were grey?

c.  Given the socks were of the same colour, 
what is the probability they were both 
black?

4. A packet of broccoli seeds and a packet of caulifl ower seeds have become mixed. Elisabeth knows 
that there were 9 seeds in the broccoli packet and 6 seeds in the caulifl ower packet. She decided to 
plant 4 of the seeds.

a.  What is the probability the planted seeds 
are all of the same vegetable?

b.  What is the probability there are two 
broccoli seeds and two caulifl ower seeds?

c.  What is the probability there were more 
broccoli seeds than caulifl ower seeds?

d.  Given that the seeds were all the same 
vegetable, what is the probability that they 
were all caulifl ower? 
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8. A screening test is carried out to try to identify people with children with a particular disorder. If 
the test is positive, then these children have further diagnostic testing to confi rm or rule out having 
the disorder.
For this disorder:
•  screening identifi es about 17 per 10 000 children as being more likely than others to have this 

disorder
•  subsequent diagnostic testing fi nds around 8% of children identifi ed through screening actually 

have this disorder
•  approximately 8 in 52 500 children actually have this disorder.
If a child actually has this disorder, what is the approximate risk of not being diagnosed with this 
disorder through the screening process?

9. At a fair, a game of chance involves a spinner whose face is divided into three equal sectors 
labelled 0, 1, 2. In the game, the spinner is spun three times and the numbers added. A prize is 
won if the result is 5 or more.
Tim wondered how likely a result of 5 or more would be, so he carried out an experiment with 
60 trials, each time spinning the spinner three times and adding the results.
His results were as follows:

Sum Frequency

0 3

1 8

2 13

3 15

4 14

5 7

6 0

0 1 2 3 4 5 6

0.30

0.25 

0.20 

0.15 

0.10 

0.05 

0.00

Spinner experiment

Sum of three spins
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1. Supreme College is running a fundraising quickfi re raffl e where 20 tickets are sold for $5 each. Prize 
winners are decided using a wheel divided into 20 equal sectors numbered 1 to 20. The wheel 
is spun three times: the fi rst number spun wins $50; the second number wins $20; and the third 
number wins $10.

a.  If G = gain (in dollars) for a person 
buying a ticket, complete the probability 
distribution for G.

g 45 15 5 –5

P(G = g)

b.  What is the expected gain for a person 
buying a ticket?

   

c.  How many tickets would need to be sold 
for the school to make $1 000?

   

d. Explain why this game is not fair.

   

e.  How could the price of tickets be adjusted to make the raffl e fair? Complete the following 
probability distribution to help you answer the question (k dollars is the new price of a ticket).

g 50 – k 20 – k 10 – k –k

P(G = g)

2. Tiopira and Jade are playing a game with two spinners, each with a face labelled as shown. 
The spinners are spun and the resulting two numbers added. Find the expected sum of the 
numbers from the two spins.
First complete the probability distribution of T, the sum of the numbers 
from the two spins.

t 2 3 4 5 6 7 8 9 10

P(T = t)

Answers
p.  274

1

2
3

4

5
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4. When a Joyful Christmas cracker is pulled, it will snap open at between 2 and 10 seconds after it is 
fi rst pulled, as shown in the histogram below.
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a.  By applying a suitable distribution model, 
determine the probability that a Joyful 
cracker will snap 3–5 seconds after it is 
pulled.

   

b.  The snap times for fi ve randomly selected 
Joyful crackers are tested. Out of these 
fi ve crackers, what is the probability that 
exactly three of the crackers will snap open 
within 6 seconds or less?

  

5. Every day during summer a family sells lemons at the gate of their house. They have noticed they 
sell between 3 and 8 kilograms per day but most commonly they sell 6 kilograms per day.

a. Sketch a graph of this distribution. b.  Defi ne the probability density function for 
this distribution.
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Answers 
Achievement Standard 91584 (Mathematics and Statistics 3.12)
Evaluate statistically based reports

 Statistically based reports (page 4)

1. Title: Scots slimming down a wee bit

Source of statistically based report: The Scotswatch

Summary of statistically based report:

The population of interest is the Scottish people and the variable of interest is the BMI of each person. The report states that the number 
of Scots of ‘normal’ weight has increased slightly in the past year but it also makes the point that the majority of Scottish people are 
still overweight or obese (>60%). The study stated that the change could have been caused by the depressed economy (meaning 
Scots tended to eat at home rather than eating higher calorie content take-away foods), the Centre of Dietetics’ advertising campaign 
(educating the population about health risks associated with obesity), and the increased availability of fresh fruit and vegetables (with 
import restrictions having been lifted). The report also mentioned that a fl ow-on effect of a downward trend in obesity rates could be a 
decrease in the healthcare costs associated with obesity, which were estimated at $NZ3.39 billion in 2009. 

Purpose of statistically based report:

To show that there is a slight decrease in the number of overweight and obese people in Scotland, to offer a possible reason for this 
and to indicate the effect this trend could have on healthcare costs.

A description of measures and variables representations:

Height and weight to determine BMI

Evaluation:

BMI as a measure of obesity or being overweight is acceptable.

A description of sampling method(s):

Random telephone sample of people aged 18 yrs

Evaluation:

May not account for those people without landlines.

A description of survey method(s):

Telephone interview with self-reported height and weight data

Evaluation:

Measurements may not be accurate if self-reported. 

A description of the sampling and possible non-sampling errors:

Sampling error may be: not everyone in the population was given 
an equal chance of being chosen as the survey sampled from 
people with a landline.

Non-sampling errors may be: people not wishing to participate, 
people not telling the truth, people not being able to be 
contacted, measurement errors.

Evaluation:

A randomly chosen telephone sample (particularly if computer 
generated) is an accepted form of sampling even though it will not 
be without bias. The non-sampling errors will provide the biggest 
issues here, particularly the self-reported height and weight. Were 
the people contacted asked to participate, then measured later or 
were they asked on the fi rst phone call to provide data?

A description of the sample size:

1 583 people aged 18 and older

Evaluation:

A sample that large would be more than adequate.

An overall evaluation of the effectiveness of the statistically based report:

The heading of ‘Scots slimming down a wee bit’ cannot be justifi ed. The margin of error has been given as ±2.5%. In 2011, 36.8% 
of Scots were of normal weight and in 2012, 37.9% of Scots were of normal weight. The percentage of normal weight Scots in 2011 
would probably have been contained in the interval (34.3%, 39.3%) and in 2012 the percentage would have been contained in the 
interval (35.4%, 40.4%). Whether there has actually been a decrease is too close to call as the intervals overlap. This is similar for the 
overweight and obese percentages. There is also a real issue with self-reported measurements as people may not be able to measure 
themselves accurately; it is highly like there will be a variance in measurement equipment; also some people may be disinclined to 
report accurately if they are embarrassed by their weight.

2. Answers will vary.

 Defi nitions and terminology (page 11)
 1. a.  Lurking variables could be: the time of the afternoon of the lesson (students may behave worse at the end of the afternoon when they 

are tired); or the subject being taught (some subjects may be perceived to be more boring than others); or the level of interest the 
students have generally in school; or whether the composition of the class is different on a Friday afternoon, etc.

b. A lurking variable could be the socio-economic status of the person (a person who drinks red wine may be more likely to earn more and 
look after their health better); also wine may be consumed with meals, and is less likely to be part of a binge-drinking culture, etc.

c. Expensive cars are usually owned by older people, and older people have fewer accidents.

d. Confounding variables could be that the person wears lenses which irritate; or that they stay up very late and so have not had enough 
sleep; or that they get up early for outdoor pursuits or some activity which irritates their eyes, etc.
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  Formulae and tables
Permutations and combinations
nPr = n!

(n – r)! (nr ) = nCr = n!
(n – r)! r!

Mean and variance of a discrete random variable
μ = E(X) 2 = Var(X)

 = x.P(X = x)  = SD(X)

   = (x – μ)2.P(X = x)

   = E(X2) – [E(X)]2

Expectation algebra
E[aX + b] = aE[X] + b

Var[aX + b] = a2 Var[X ]

E[aX + bY ] = aE[X] + bE[Y ]

Var[aX + bY ] = a2 Var[X ] + b2 Var[Y ],

 if X, Y are independent

Probability
P(A B) = P(A) + P(B) – P(A B)

P(A | B) = P(A  B)
P(B)

Continuous uniform distribution
The probability density function, f(x), for a continuous uniform distribution is defi ned as:

f(x) = 
1

b – a , for a x b

0, elsewhere

Triangular distribution
The probability density function, f(x), for a triangular distribution is defi ned as:

x

f(x)

a c b

2
b – a

Area of a triangle = 1
2
 base × height

f(x) = 

 0 x < a
2(x – a)

(b – a)(c – a)  a x c

2(b – x)
(b – a)(b – c)  c x b

 0 x > b
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 Index
3-D pie graphs 14

analysis 36
AND (intersection of events) 80, 131
arrangement 103
assumptions 243

bar graph 74
baseline risk 115
Bernoulli trials 165
bias 9
binomial distribution 165, 229, 284

categorical data 9
causal 10
causation 10
certain event 69
cluster sampling 16
combinations of random variables 159
complement (of an event) 70, 80
complementary events 70, 131
computer-assisted telephone interviewing 

(CATI) 17
conclusion 36
conditional probability 97, 131
confi dence interval 20
confounding variables  10
continuity correction 197, 198, 231
continuous probability distributions 185, 209
continuous random variable 145, 185
continuous uniform distribution 209, 282
control group 13
convenience sampling  16
correlation 10
cumulative probabilities 167

data 36
dependent variable 10, 13
discrete probability distribution 145, 165
discrete random variable 145
disjoint (mutually exclusive) events 91

estimate (of mean or standard deviation) 230
event 69
expectation algebra 156, 282
expected value  145, 152, 156, 167
experiment 13
experimental design principles 13
experimental distribution 74
experimental estimate (of probability) 229, 241
experimental probability 69
experimental probability distributions 149
explanatory variable 10, 13

factorial (n!) 103
fair game 152

gain 152

impossible event 69
independent events 94, 131
independent variable 10, 13
inference 20
intersection (of events) 80
interval (of values) 185
inverse normal  202
inverse Poisson 181

limitations 243
linear combination (of random variables) 160, 

191
long-run relative frequency 69, 241
lurking variables 9

margin of error 20
margin of error for difference between two 

proportions 24
mean 145, 185, 282
media-reported margin of error 24
misleading claims 33
misleading graphs 14, 15
mode 213
model estimates of probability 241
multiplication principle 103
mutually exclusive (disjoint) events 91, 131


