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CHAPTER 11
Data collection

11.1 Overview

LEARNING SEQUENCE
11.1 Overview
11.2 Census and surveys
11.3 Simple survey procedures
11.4 Sources of bias
11.5 Review: exam practice

CONTENT
In this chapter, students will learn to:

• investigate the procedure for conducting a census
• investigate the advantages and disadvantages of conducting a census [complex]
• understand the purpose of sampling to provide an estimate of population values when a census is not used
• investigate the different kinds of samples [complex]
• investigate the advantages and disadvantages of these kinds of samples [complex]
• identify the target population to be surveyed
• investigate questionnaire design principles, including simple language, unambiguous questions,

consideration of number of choices, issues of privacy and ethics, and freedom from bias [complex]
• describe the faults in the process of collecting data
• describe sources of error in surveys, including sampling error and measurement error
• investigate the possible misrepresentation of the results of a survey due to misunderstanding the procedure

or the reliability of generalising the survey findings to the entire population [complex]
• investigate errors and misrepresentation in surveys, including examples of media misrepresentations of

surveys [complex].

Fully worked solutions for this chapter are available in the Resources section of your eBookPLUS at
www.jacplus.com.au.
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11.2 Census and surveys
11.2.1 Data collection

Population

Sample

Data collection is a process in which data is collected to obtain infor-
mation and draw conclusions about issues of concern regarding a
given population. A population consists of a complete group of peo-
ple, objects, events, etc. with at least one common characteristic. Any
subset of a population is called a sample. Data is collected using
either a census of the entire population or a survey of a sample of
the population.

11.2.2 Census
A census is conducted by official bodies at regular time intervals on a
set date. In Australia, a census of the entire population and housing is
conducted by the Australian Bureau of Statistics (ABS) every five
years on census night. The next census in Australia is set to occur in
August 2021.

Procedure for conducting a census
A census consists of three main stages:

• planning, when strategies and methods of conducting the
census are established

• collecting data, when the required information is collected from each member of the population
• producing and releasing results, when the data collected is analysed and the results are released to the

public.

Advantages and disadvantages of conducting a census
The information collected through a census has its advantages and disadvantages.

Advantages
The advantages of the information collected through a census is that it:

• represents a true measure of the entire population
• can be used for further studies
• provides detailed information about minority groups within the entire population.

Disadvantages
The disadvantages of the information collected through a census include the:

• high costs involved
• long period of time required to collect, analyse, produce and release the results
• data can become out of date quite quickly.
For example, a companymanufacturing school shoes wanted to collect data on the shoe size of every student

in the country. This process would be very costly and it would take a long time to collect, analyse and produce
the results. The company should investigate a sample of the student population for a fast and cost-effective
estimate.

WORKED EXAMPLE 1

For each of the following situations state whether the data should be collected using a census or a
sample. Give reasons for your choice.

All students in a school are asked to state their method of travel to and from school.a.
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Data is collected from every third person leaving a shopping centre on the time spent shopping.b.

Data was collected from 500 households regarding their average monthly water usage.c.

THINK WRITE/DRAW

a. 1. Determine whether the group considered represents
an entire population or a sample.

All students in a school represent the
whole student population of the
school.

2. State whether a census or a sample is required. As this represents the entire student
population for the given school, a
census is required.

b. 1. Determine whether the group considered represents
an entire population or a sample.

Only every third person is involved in
the data collection. This represents a
sample of the whole population of
people leaving the shopping centre.

2. State whether a census or a sample is required. As this represents a sample.

c. 1. Determine whether the group considered represents
an entire population or a sample.

Only 500 households are involved in
the data collection, so this represents a
sample of all the households.

2. State whether a census or a sample is required. As this represents a sample.

Interactivity: Collecting data (int-3807)

11.2.3 Surveys and sampling
As already stated in the introduction of this chapter, a sur-
vey of a sample of a given population is considered when
a census cannot be used.

Sampling is the process of selecting a sample of a pop-
ulation to provide an estimate of the entire population. A
sample has to maintain all the characteristics of the popu-
lation it represents. Four methods of sampling will be dis-
cussed in the following section. Regardless of the method
of sampling used, keep in mind that the sample has to be
representative of the population.

Simple random sampling
Simple random sampling is the basic method of selecting a sample. This type of sampling ensures that each
individual of a population has an equal chance of being selected for the sample.

There are some complex formulae to calculate the sample size. For the purpose of this chapter, the sample
size will be calculated using the formula

S =
√
N , where N is the size of the population
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Consider a population of 25 Year 12 Essential Mathematics students and a sample of 5 students. A basic
method of choosing the sample is by assigning each Year 12 student a unique number, writing each number
on a piece of paper, placing all the papers in a box or a bowl, shaking them well and then choosing 5 pieces
of paper. This will be the sample of the Year 12 student population.

1 2 3 4 5

6 7 8 9 10

11 12 13 14 15

16 17 18 19 20

21 22 23 24 25

517 25 316

Sample

Population

Calculators or computer software make the process of selecting a sample a lot easier by using a random
number generator. An Excel worksheet generates random numbers using the RAND( ) or RANDBE-
TWEEN (a,b) command.

The RAND( ) command generates a random number between 0 and 1. Depending on the size of the sample
these generated numbers have to be multiplied by n, where n is the size of the sample.

A B C D E

1

2

3

4

5
6

7

8

9

10

0.433821

0.78391

0.547901

0.892612

0.390466
0.264742

0.690003

0.070899

0.876409

0.976012

RANDBETWEEN(a,b) generates a random number from a to b. For the population of Year 11 Essential
Mathematics students, the sample of five students can be generated by using RANDBETWEEN(1, 25).

A B C D E F

1

2

3

4

5

9

3

25

3

17

WORKED EXAMPLE 2

Select a sample of 12 days between 1 December and 1 February
‘by hand’.a.

using a random number generator.b.

THINK WRITE/DRAW

a. 1. Write every member of the
population on a piece of paper.

There are 31 days in December and 31 days in January.
This will require 62 pieces of paper to write down each day.
1/12, 2/12,30/01,… ,31/01
Note: Alternatively, each day could be assigned a number,
in order, from 1 to 62.
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2. Fold all papers and put them in
a box.

Ensure that the papers are folded properly so no number
can be seen.

3. Select the required sample.
A sample of 12 days is required
so randomly choose 12 papers
from the box.

Sample: 15, 9, 41, 12, 1, 7,
36, 13, 26, 5, 50, 48

4. Convert the numbers into the
data represented.

15 represents 15/12, 9 represents 9/12,
41 represents 10/01, 12 represents 12/12,
1 represents 1/12, 7 represents 7/12, 36 represents
5/01, 13 represents 13/12, 26 represents 26/12,
5 represents 5/12, 50 represents 19/01, 48 represents 17/01.

5. State the sample selected. 15/12, 9/12, 10/01, 12/12, 1/12, 7/12, 5/01, 13/12,
26/12, 5/12, 19/01, 17/01.

b. 1. Assign each member of the
population a unique number.

Assign each day a number, in order, from 1 to 62:
1/12 = 1, 2/12 = 2, … , 31/01 = 62.

2. Open a new Excel worksheet
and use the
RANDOMBETWEEN(1, 62)
command to generate the
random numbers required.

A B C D E F

1

2

3

4

12

29

27

17

26

5 4

6 45

7 41

8 25

9 10

10 28

11 16

8

Note: Some of the numbers may be repeated. For this
reason, more than 12 numbers should be generated. Select
the first 12 unique numbers.

3. Convert the numbers into the
data represented.

29 represents 29/12, 27 represents 27/12,
17 represents 17/12, 26 represents 26/12,
4 represents 4/12, 45 represents 14/01, 41 represents
10/01, 25 represents 25/12, 10 represents 10/12,
28 represents 28/12, 16 represents16/12, 8 represents 8/12.

4. State the sample selected. 29/12, 27/12, 17/12, 26/12, 4/12, 14/01, 10/01,
25/12, 10/12, 28/12, 16/12, 8/12.

Interactivity: Random numbers (int-0089)
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Systematic sampling
Systematic sampling or systematic random sampling requires a starting point chosen at random with
members of the population chosen at regular intervals.

For example, if a sample of 5 students out of 30 is needed for a survey, to ensure that each member of the
population has an equal chance of being chosen, divide the whole population by the size of the sample. In this
case, 30 ÷ 5 = 6; so, the starting point will be a random number from 1 to 6 and then, every 6th student will
be chosen.

Consider the case of choosing a sample of 5 students out of a population of 31 students. In this case,
31 ÷ 5 = 6.2; so, should the sample be chosen using every 6th student or every 7th student? If every 6th
student is chosen, the last student will never be chosen. For this reason, the starting point should be between
1 and 7. If the 7th student is chosen, the last chosen student might not exist. For this reason, the starting point
should be between 1 and 3.

The starting point interval is chosen using the formula:

Maximum starting point = N – I(s – 1),
where N is the size of the population
s is the size of the sample

I is the whole number of
N
s

.

Advantages
Advantages of using systematic sampling include

• it is easier to form than a randomly generated sample
• the sample is more evenly spread over the population.

Disadvantage
A disadvantage of using systematic sampling is that the population could have some hidden pattern; for
example, every 6th student in the example discussed is a girl.

WORKED EXAMPLE 3

Using a systematic random sampling method, a researcher wants to choose 8 people from a
population of 59 people. State one such sample.
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THINK WRITE/DRAW

1. Write a list of all the people in
the population.

For the purpose of this example we are going to use the
initials of the people.
GF, AS, TG, YH, ID, BK, CD, YT, UE, OM, LP,
HI, BT, SJ, FR, IV, BX, MN, IT, UM, WK, FA,
FP, ST, VP, AA, AR, BT, OD, PM, LC, RP, PO,
GV, BF, TP, AD, IP, CR, AN, OO, FC, LM, LC,
AF, AK, PY, SF, GH, VS, MR, CB, FJ, RM, CS,
KF, GS, WM, FX

2. Choose an interval.
59
8

= 7.37.

The researcher could choose either every 7th person or
every 8th person.

3. Choose the starting point. Let I = 7
Maximum starting point = N – I(s – 1)

= 59 – 7 × (8 – 1)
= 59 – 49
= 10

The starting point will be a number from 1 to 10. Let this
number be 4.

4. Form the sample. The sample will be formed by the following people:
4th 11th 18th 25th 32nd 39th 46th 53rd
GF, AS, TG, YH, ID, BK, CD, YT, UE, OM, LP,
HI, BT, SJ, FR, IV, BX, MN, IT, UM, WK, FA,
FP, ST, VP, AA, AR, BT, OD, PM, LC, MR , PO,
GV, BF, TP, AD, IP, CR, AN, OO, FC, LM, LC,
AF, AK, PY, SF, GH, VS, RP, CB, FJ, RM, CS,
KF, GS, WM, FX

5. State the sample selected. YH, LP, MN, VP, RP, CR, PY, AK, IV

Self-selected sampling
Self-selected sampling is used when the members of
a population are given the choice to participate in a
research or not. In this type of sampling the researcher
chooses the sampling strategy. Such strategies may
include:

• asking for volunteers to participate in a trial of a
drug

• a website asking customers to answer a short
questionnaire.

Self-selected sampling requires two steps:
• publicising the needs of the study to potential participants

• accepting or rejecting the applicants offering to participate in the study.

CHAPTER 11 Data collection 7
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For example, if you were asked to form a sample of 20 students out of 200 Year 11 students, the two steps
would be:

• advertising your study around the school
• accept the Year 11 students that showed an interest in participating in your study and rejecting

any other students who are not in Year 11.

Advantages
Advantages of using self-selected sampling include

• it is less time consuming to generate the sample
• participants would be more committed to the study.

Disadvantages
Disadvantages of using self-selected sampling are that

• it is likely to have some degree of bias
• it may not be representative of the population studied.
Although it does not benefit from the random selection provided by the simple random sampling, the self-

selected sampling is very popular in studies that require comparisons between the mean performances of two
or more groups.

WORKED EXAMPLE 4

A pharmaceutical company wants to trial a new flu vaccine.
The study requires adults aged between 20 and 80 years.
State the steps required to form a self-selected sample
of 100 participants.

THINK WRITE/DRAW

1. State the ways to publicise the study. Possible ways to publicise the study are:
• radio
• TV
• hospitals
• general practitioners.

2. State the characteristics required for accepting or
rejecting the applicants.

Accept adults aged between 20 and
80 years old. Reject any others.

Stratified sampling
Stratified sampling is used when there are variations in the characteristics of a population. This method
requires the population to be divided into sub-groups called strata. For example, if the Year 12 students of
a secondary college were asked about their favourite movie, the preferences could be different for boys and
girls. For this reason, the sample would have to reflect the same proportion of boys and girls as the actual
population.

Sample size for each subgroup =
Sample size

Population size
× Subgroup size
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Once the sample size of each subgroup has been determined, random sampling or systematic sampling can
be used to form the sample required.

WORKED EXAMPLE 5

Calculate the number of female students and male students required to be part of a sample of
25 students if the student population is 652 with 317 male students and 335 female students.

THINK WRITE/DRAW

1. State the formula for
determining the
sample size.

Sample size for each subgroup =
Sample size

Population size
× Subgroup size

2. Calculate the sample
size for each
subgroup.

Sample size for females =
25
652

× 335

= 13

Sample size formales =
25
652

× 317

= 12

3. State the answer. The sample should contain 13 female students and 12 male students.

Exercise 11.2 Census and surveys

1. WE1 For each of the following situations state whether the data should be
collected using a census or a sample. Give reasons for your choice.

a. An online business recorded the time spent by its customers searching for
a product.

b. 50% of the Year 11 students at a secondary college were asked to state their
preference for either online tutorials or face-to-face tutorials.

c. The heights of all the patients at a local hospital were recorded.
2. Which of the following represents a sample and which one represents a

population? Give reasons for your choice.
a. The number of absences of all year 12 students in a school and the number

of absences of all students in the school.
b. The number of passenger airplanes landing at an airport and the total number

of airplanes landing at the same airport.
3. State whether a census or a survey is required to collect the data in the following statistical

investigations. Give reasons for your answer.
a. Water savings in 150 suburbs across the country.
b. Highest educational level of all people in Australia.
c. Roll marking at homeroom in a secondary college.
d. Every fifth person leaving the theatre is asked whether they liked the play or not.
e. Every customer in a car dealership is asked to fill in a questionnaire.

4. WE2 Select a sample of 5 students to participate in a relay from a group of 26 students
‘by hand’.a. using a random number generator.b.

CHAPTER 11 Data collection 9
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5. A small business has 29 employees. The owner of the business has decided to survey 8 employees on
their opinion about working conditions. Select the required sample
a. ‘by hand’.
b. using a random number generator.

6. Calculate the approximate sample size of a population of 23 500 people.
7. Generate a sample of 10 members from a population of 100 people using a random number generator

using an Excel worksheet and the command
a. RAND ( )
b. RANDBETWEEN(0, 100)

8. A car manufacturer wants to test 5 cars from
a lot of 32 cars. Form one possible sample by using a
systematic random sampling method.

9. A quality control officer is conducting a survey of 46
products. She decides to sample 9 products using a
systematic random sampling method. Form two
possible samples by using systematic random sampling
methods.

10. Stratified sampling is used in the following surveys. Calculate the number of members needed from
each subgroup.
a. A school has a population of 127 Year 12 students where 61 students are boys. A sample of 11

students is chosen to represent all the Year 12 students in an interstate competition.
b. The local cinema is running a promotion movie

screening. A sample of 10 people will be chosen to
receive a free pass to the next movie screening.
If the total number of people to attend the promotion
screening is 138 with 112 adults and 26 children, how
many children and how many adults will receive a
free movie pass in order to keep a proportional sampling?

11. The local council is seeking volunteers to participate
in a study on how to improve the local public library. State
the steps required to form a self-selected sample of
50 participants.

12. A gym instructor is conducting a study on the effects of regular physical exercise on the wellbeing of
people. State the steps required to form a self-selected sample of 30 participants.

13. Census At School Australia is a project that collects
information from Australian students using a questionnaire
developed by The Australian Bureau of Statistics. It is not
compulsory for students to participate in this census;
however, students can volunteer to participate. What type
of sampling is used in this project?

14. A farmer has 46 black sheep and 29 white sheep. He wants
to try a new diet on a sample of 10 sheep.
a. What type of sampling is the farmer using?
b. Calculate the number of black sheep and white sheep

required for this trial in order to give a proportional
representation of both types of sheep.
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15. A manufacturing company of mobile phones is testing two
batches of 100 phones each for defects. In the first batch,
every 5th phone is checked while in the second batch,
every 7th phone is checked.

a. What method of sampling is used for this testing?
b. How many phones are being tested for defects in the

two batches?
c. What is the maximum starting point for each batch?

16. Calculate the sample size of the subgroups in a sample
of 33 people from a population of 568 males and 432 females.

17. Calculate the sample size of the subgroups in a sample of
15 cars from a population of 179 white cars and 215 black cars.

18. At Guntawang Secondary College, a survey is conducted to collect information from the 230 students
enrolled.
a. Calculate the appropriate sample size for this population.
b. Explain how the sample could be chosen.

19. Generate a sample of 12 members from a population of 140 people using a random number generator
using an Excel worksheet and the command

RAND( )a. RANDBETWEEN(0, 100)b.

20. For a population of 800 people,
a. calculate the size of the sample required.
b. use the command RAND(0, 100) to generate the sample.

11.3 Simple survey procedures
11.3.1 Surveys
Surveys, if not correctly done, might provide misleading
results or results that are not representative of the whole
population. Therefore the procedures and methods of con-
ducting surveys are of great importance.

In a survey the data is collected from a sample of a given
population. The characteristics of the population are esti-
mated from the characteristics of the sample using statistical
procedures.

Target population
The members of a population could be any entities such as
people, animals, organisations and businesses. A survey is
concerned with two populations: the target population and
the survey population. The target population is the entire
population while the survey population is the sample chosen to be surveyed.

For example, if you were interested in finding the students’ opinion about a school policy, the target pop-
ulation would be all the students in the school. However, if you were interested in finding out the student’s
opinion about learning to drive, the target population would be all the students aged 16 or over.

CHAPTER 11 Data collection 11
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WORKED EXAMPLE 6

A company is conducting three surveys in order to obtain information required to improve its
employees’ work conditions and life style. Define the target population in each of the surveys.

A survey about the time spent by its employees to travel to work.a.

A survey about the amount of money spent weekly on childcare.b.

A survey about the amount of time spent working on a computer.c.

THINK WRITE/DRAW

a. Define the target population. All the company’s employees.

b. Define the target population. All employees with children.

c. Define the target population. All employees required to do work on
a computer.

Questionnaires
Surveys can be administered using paper or elec-
tronic questionnaires, face-to-face interviews or by
telephone. The most common type of survey is
the traditional paper survey in the form of ques-
tionnaires. A questionnaire is a list of questions
used to collect data from the survey’s participants.
Designing questionnaires is probably one of the
most important tasks when administering a survey.

Some general guidelines for wording questions
• Use simple and easy to understand language.
• Avoid abbreviations and jargon. For example,

VCE (Victorian Certificate of Education), ABS (Australian Bureau of Statistics) and HSC (Higher
School Certificate) might be understood by some people but unknown to others.

• Use short sentences. For example, ‘There are many types of movies available in cinemas that people
watch. Which type do you think that most represents your preference?’ Could be replaced by a simple,
straightforward question such as ‘What type of movie do you prefer?’

• Avoid vague or ambiguous questions by asking precise questions.
• Avoid double negatives. For example, ‘Would you say that your mathematics teacher is not

unqualified?’ is an affirmation; however, some people might not be aware of this and the question
might look confusing.

• Ask for one piece of information at a time and avoid double-barrel questions. ‘How satisfied are you
with your job and your boss?’ is a double-barrel question putting two pieces of information together.

• Avoid leading questions. For example, ‘Do you agree with the new school council structure? Yes or
No.’ Could be replaced with a question such as ‘Do you agree or disagree with the new school council
structure? 1. Strongly agree, 2. Agree, 3. Disagree, 4. Strongly disagree.’

• Give consideration to sensitive issues like privacy and ethics. Questions about issues such as income,
religious beliefs, political views and gender orientation are sensitive topics and they have to be stated in
a sensitive manner.

• Avoid or eliminate bias. Consider the question. ‘How would you rate your mathematics textbook:
Excellent, Good or Average?’ The bias is in the absence of a negative option. Questions with ‘always’
and ‘never’ can also bias participants.
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WORKED EXAMPLE 7

Consider the following types of questions and explain why they are
not appropriate for a questionnaire. For every question state
a possible acceptable replacement.

How many TV sets do you own?a.

How many times did you purchase lunch from the school’s
cafeteria last year?

b.

What is your yearly income?c.

THINK WRITE/DRAW

a. 1. State any concerns about the question. The question assumes that all respondents own a
TV set.
Some respondents might have a TV set in their
household but they don’t own it.

2. State a possible replacement question or
questions.

Do you own a TV set?
If yes, how many TV sets do you own?

b. 1. State any concerns about the question. It is hard to understand what period ‘last year’
covers.
The question assumes that all students buy lunch
from the school’s cafeteria.
It is hard to recall the exact number of times.

2. State a possible replacement question or
questions.

Did you buy lunch at the school’s cafeteria last
school year (or over the last 12 months)?
If yes, state the approximate number of times.
Alternatively, provide categories like
0–5, 6–10, 10–15 etc.

c. 1. State any concerns about the question. People usually don’t like to state their exact
income. Broad categories are more likely to be
answered honestly.

2. State a possible replacement question or
questions.

What category best describes your annual
income? Less than $25 000, 25 000–50 000,
25 000–50 000, 50 000–75 000, etc.

Types of questions
Questions have to be designed keeping in mind the relevance to the survey. The data collected has to be clear
and easy to analyse.

There are three main types of questions: open-ended, closed and partially closed.
In open-ended questions the participants have the opportunity to state their responses in their own words.

However, the participants have to spend more time on writing the answer and the responses are harder to
analyse.
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Closed questions provide a list of answers from which the participants have to choose one or more options.
The data collected through closed questions is easier to analyse and less time consuming. However, care has
to be taken that all the possible options have been listed.

Partially closed questions provide a compromise between the open-ended and closed questions. Both
answer choices and an option of creating own responses are provided. This type of question allows participants
to state their own answer if their choice does not fit the options listed.

WORKED EXAMPLE 8

State whether the following questions are open-ended, partially closed or closed.

What mode of transport do you use when travelling to school?a.

What mode of transport do you use to travel to school?
1. Walk 2. Bus 3. Tram 4. Bike 5. Car

b.

What mode of transport do you use to travel to school?

1. Walk 2. Bus 3. Tram 4. Bike 5. Car 6. Other

c.

THINK WRITE/DRAW

a. 1. Consider if a written answer is required
or possible options are available.

The question requires a written answer.

2. State the type of the question. Open-ended

b. 1. Consider if a written answer is required
or possible options are available.

The question has possible options available.
However, it does not exhaust all possible options.

2. State the type of the question. Closed

c. 1. Consider if a written answer is required
or possible options are available.

The question has possible options available.
However, it does allow the participant to write
their own option.

2. State the type of the question. Partially closed

Interactivity: Planning a questionnaire (int-3810)

Interactivity: Questionnaires (int-3809)

Digital doc: SkillSHEET Determining suitability of questions for a survey (doc-5337)

Digital doc: Investigation Collecting data for surveys and questionnaires (doc-2167)
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Exercise 11.3 Simple survey procedures

1. WE6 Define the target population in the following surveys:

a. The time spent by the Year 12 students in your school completing homework.
b. The time spent by the students in your school completing homework.
c. The time spent by the students in Australia completing homework.

2. Define the target population of the following samples:
a. A dairy farm has selected a sample of 20 bottles of milk to test for quality.
b. An internet provider has selected a sample of 150 people to survey about the

quality of their Internet service.
3. Maya is conducting a survey on the preferred way of doing research for statistical

investigations. State the target population if she decides to survey
a. a sample of 20 year 11 students.
b. a sample of 30 students from years 11 and 12.
c. a sample of 50 students from the whole school.

4. WE7 Consider the following types of questions and explain why they are not appropriate for a
questionnaire. For every question state a possible acceptable replacement.
a. What brand of mobile phone do you have?
b. Do you agree or disagree that drinking alcohol on the beach is not permitted but smoking is

permitted?
c. What church do you attend on Sundays?

5. Consider the following types of questions and explain why they are not appropriate for a questionnaire.
For every question state a possible acceptable replacement.
a. Do you like pizza, pasta or both?
b. Are your parents not unclear in their expectations of you?

6. WE8 State whether the following questions are
open-ended or closed.

a. How would you rate the quality of the meat bought
from our supermarket?
1. Excellent, 2. Good, 3. Average, 4. Poor

b. What is your favourite brand of cereal?
c. Can you improve your grades in mathematics?

Yes or No.
d. What steps have you taken to improve your

Mathematics grades?
1. Completing more homework.
2. Asking the teacher for assistance more often.
3. Spending more time understanding the concepts.
4. Other.
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7. Write one question of the following types.
Open-endeda. Closedb. Partially closedc.

8. Design an open-ended question, a partially closed question and a closed question for a questionnaire
surveying the Internet search engine used by the students in your year level.

9. The following questions are not properly worded for a questionnaire. State the reasoning behind this
statement and rewrite them using the guidelines required.
a. Do you catch a bus to work or a tram?
b. Which of these is the most important issue facing teenagers today? Circle one answer.

The environment, Binge drinking, Teenage pregnancy.
c. Do you feel better now that you have stopped smoking?
d. How much money do you earn per week?

10. State if the following questions are open-ended, partially closed or closed.
a. What is your country of birth?

□ Australia □ Other __________________________
b. Do you have an account on a social networking site?

□ Yes □ No
c. What is your preferred way of spending weekends?

11. The ABS conducts a census every five years. To monitor changes that might occur between these times,
surveys are conducted on samples of the population. The ABS selects a representative sample of the
population and interviewers are allocated particular households. It is important that no substitutes occur
in the sampling. The interviewer must persevere until the selected household supplies the information
requested. It is a legal requirement that selected households cooperate.

The following questionnaire is reproduced from the ABS website www.abs.gov.au. It illustrates the
format and types of questions asked by an interviewer collecting data regarding employment from a
sample.

Q.1. I WOULD LIKE TO ASK ABOUT LAST WEEK, THAT IS, THE
WEEK STARTING MONDAY THE ... AND ENDING (LAST SUNDAY
THE .../YESTERDAY).

Q.2. LAST WEEK DID ... DO ANY WORK AT ALL IN A JOB. BUSINESS OR FARM?
Yes □ Go to Q.5
No □
Permanently unable to work □ No More Questions
Permanently not intending to work (if aged 65+ only) □ No More Questions

Q.3. LASTWEEKDID ... DO ANYWORKWITHOUT PAY IN A FAMILY BUSINESS?
Yes □ Go to Q.5
No □
Permanently not intending to work (if aged 65+ only) □ No More Questions

Q.4. DID ... HAVE A JOB, BUSINESS OR FARM THAT ... WAS AWAY FROM
BECAUSE OF HOLIDAYS, SICKNESS OR ANY OTHER REASON?

Yes □
No □ Go to Q.13
Permanently not intending to work (if aged 65+ only) □ No More Questions

Q.5. DID … HAVE MORE THAN ONE JOB OR BUSINESS LAST WEEK?
Yes □
No □ Go to Q.7
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Q.6. THE NEXT FEW QUESTIONS ARE ABOUT THE JOB OR BUSINESS
IN WHICH ... USUALLY WORKS THE MOST HOURS.

Q.7. DOES ... WORK FOR AN EMPLOYER, OR IN ... OWN BUSINESS?

Employer □
Own business □ Go to Q.10

Other/Uncertain □ Go to Q.9

Q.8. IS ... PAID A WAGE OR SALARY, OR SOME OTHER FORM OF
PAYMENT?

Wage/Salary □ Go to Q.12

Other/Uncertain □
Q.9. WHAT ARE ... (WORKING/PAYMENT) ARRANGEMENTS?

Unpaid voluntary work □ Go to Q.13

Contractor/Subcontractor □
Own business/Partnership □
Commission only □
Commission with retainer □ Go to Q.12

In a family business without pay □ Go to Q.12

Payment in kind □ Go to Q.12

Paid by the piece/item produced □ Go to Q.12

Wage/salary earner □ Go to Q.12

Other □ Go to Q.12

Q.10. DOES ... HAVE EMPLOYEES (IN THAT BUSINESS)?

Yes □
No □

Q.11. IS THAT BUSINESS INCORPORATED?

Yes □
No □

Q.12. HOWMANYHOURSDOES … USUALLYWORKEACHWEEK
IN (THAT JOB/THAT BUSINESS/ALL … JOBS)?

1 hours or more □ No More Questions

Less than 1 hours/no hours □
Insert occupation questions if required

Insert industry questions if required

Q.13. AT ANY TIME DURING THE LAST 4 WEEKS HAS … BEEN
LOOKING FOR FULL-TIME OR PART-TIME WORK?

Yes, full-time work □
Yes, part-time work □
No □ No More Questions
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Q.14. AT ANY TIME IN THE LAST 4 WEEKS
HAS …

Written, phoned or applied in person to an employer for work? □
Answered an advertisement for a job? □
Looked in newspapers? □
Yes □
No □

Checked factory notice boards, or used the touchscreens at
Centrelink offices?

AT ANY TIME IN THE LAST 4 WEEKS HAS …
Been registered with Centrelink as a jobseeker? □
Checked or registered with an employment agency? □
Done anything else to find a job? □
Advertised or tendered for work □
Contacted friends/relatives □
Other □ No More Questions

Only looked in newspapers □ No More Questions

None of these □ No More Questions

Q.15. IF … HAD FOUNDA JOB COULD … HAVE STARTEDWORK
LAST WEEK?

Yes □
No □
Don’t know □

Remaining questions are only required if Duration of Unemploy-
ment is needed for output or to derive the long-term unemployed.

Q.16. WHEN DID … BEGIN LOOKING FOR WORK?

Enter Date … ../ … .../ … ...

Less than 2 years ago DD MM YY

2 years or more ago … ../ … .../ … ...

DD MM YY

5 years or more ago … ../ … .../ … ...

DD MM YY

Did not look for work □
Q.17. WHEN DID … LAST WORK FOR TWO WEEKS OR MORE?

Enter Date … ../ … .../ … ...

Less than 2 years ago DD MM YY

… ../ … .../ … ...

2 years or more ago DD MM YY

… ../ … .../ … ...

5 years or more ago DD MM YY

Has never worked (for two weeks or more) □ No More Questions
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Reading the questionnaire carefully you will note that, although the questions are labelled 1 to 17, there are
only questions requiring answers (two are introductory statements to be read by the interviewer). Because of
directions to forward questions, no individual would be asked all 15 questions.

a. How many questions would be asked of those who have a job?
b. How many questions would unemployed individuals answer?
c. How many questions apply to those not in the labour force?

Choose a topic of interest to you and conduct a survey
12. a. Design an interview questionnaire of a similar format to the ABS survey, using directions to forward

questions.
b. Decide on a technique to select a representative sample of the students in your class.
c. Administer your questionnaire to this sample.
d. Collate your results.
e. Draw conclusions from your results.
f. Prepare a report which details the:

i. aim of your survey
ii. design of the survey
iii. sample selection technique
iv. results of the survey collated in table format
v. conclusions.

11.4 Sources of bias
11.4.1 Bias
Bias is a distortion that occurs during the data collection process which produces results that are not repre-
sentative of the population. It can occur in different forms and at various stages during the process. Care has
to be taken when planning for a survey to avoid and possibly eliminate bias.

Accurate data collection is essential in maintaining the integrity of any statistical study because its results
are often used in decision making.

Sources of bias include:
• the sample is not representative of the population being studied
• questions that do not respect the guidelines required.

11.4.2 Sources of error
When forming a sample from the population, there are two main errors to look for: sampling error and
measurement error.

Sampling error
This type of error is probably the most common type of error that happens in a survey. Sampling errors
occurs due to the fact that surveys are conducted on one sample out of the large number of possible survey
samples.

Some sampling errors occur when:
• the sample is too small
• subgroups of the population are unrepresented or overrepresented
• the sample was not selected at random.
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The ‘margin of error’ is the range of values that result when using a sample of a population. For example,
if 60% of the people in a sample answered ‘Yes’ to a question then, it is assumed that, for a 5% margin of
error, between 57.8% and 62.5% of the population answered ‘Yes’ to that question. The margins of error are
calculated using the formula:

Lower margin = x% –
e%
2

and Upper margin = x%+ e%
2

where x% is the percentage of the sample considered,
e% is the percentage error

The confidence level is used to find the percentage of results that will not fall within the margin of error
stated. If the confidence level for the situation described above is 95%, it means that there is a 5% risk that the
results will not fall between 57.8% and 62.5%.

Risk = 100% –Confidence level

This table provides recommended sample sizes for two different margins of error.

Population size
Sample size
+5%      10%

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95

100
125
150
175
200
225
250

Source: Isaac and Michael, 1981; Smith, M. F, 1983.

Population size
275
300
325
350
375
400
425
450
475
500

1000
2000
3000
4000
5000
6000
7000
8000
9000

10 000
15 000
20 000
25 000
50 000

100 000

10
14
19
24
28
32
36
40
44
48
52
56
59
63
66
70
73
76
81
96

110
122
134
144
154

Sample size
 5%    10%
163
172
180
187
194
201
207
212
218
222
286
333
353
364
370
375
378
381
383
385
390
392
394
397
398

74
76
77
78
80
81
82
82
83
83
91
95
97
98
98
98
99
99
99
99
99

100
100
100
100

51
56
61
64
67
70
72

WORKED EXAMPLE 9

Calculate the lower and upper margins for a 10% margin of error if 24% of the members of a
sample were found to be blue eyed.

a.

If the confidence level is 85%, what is the risk of the results falling outside the margins calculated
in part a?

b.
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THINK WRITE/DRAW

a. 1. Write the formula for the lower margin. Lowermargin = x% –
e%
2

2. Substitute the known values and simplify. = 24% –
10%
2

= 24% – 5%
= 19%

3. Write the formula for the upper margin. Uppermargin = x% +
e%
2

4. Substitute the known values and simplify. = 24% +
10%
2

= 24% + 5%
= 29%

5. State the answer. Between 19% and 29% of the
population is blue eyed.

b. 1. Calculate the risk. Risk = 100% –Confidence level
= 100% – 85%
= 15%

2. State the answer. There is a 15% risk that the blue eyed
members will fall outside the interval
19% – 29%.

Measurement error
This type of error is probably the secondmost common type of error that happens in a survey. A measurement
error is, in general, the difference between the measured value and the real value. In statistics this error occurs
when there are imperfections in the process of data collection. A poorly designed questionnaire is the most
common type of measurement error.

11.4.3 Misinterpretation and misunderstanding
A misrepresentation of the results of a survey is an untrue statement that does not reflect the characteristics
of the population. Sometimes the media misrepresents the results of a survey by stating conclusions that
contradict a survey’s report or by failing to mention the sponsors of the survey.

CHAPTER 11 Data collection 21

WORKED EXAMPLE 10

Consider the following excerpt from an article that reviews a survey conducted by the
Environment Committee of the Association of Professional Engineers, Geologists and
Geophysicists of Alberta, Canada, (APEGGA). The survey was conducted on the members of
APEGGA ‘to assess their beliefs and values about climate change’.

Peer-reviewed survey finds majority of scientists
skeptical of global warming crisis
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Don’t look now, but maybe a scientific consensus exists concerning global warming after all.
Only 36 percent of geoscientists and engineers believe that humans are creating a global warming
crisis, according to a survey reported in the peer-reviewed Organization Studies. By contrast, a
strong majority of the 1077 respondents believe that nature is the primary cause of recent global
warming and/or that future global warming will not be a very serious problem.1

The actual survey, Science or science fiction? professional’ discursive construction of climate
chage 2

suggests [a 3.1%error] that responses may be generalizable to the membership as a whole.’ and
‘27.4% believe it is caused by primarily natural factors (natural variation, volcanoes, sunspots,
lithosphere motions, etc.), 25.7% believe it is caused by primarily human factors (burning fossil
fuels, changing land use, enhanced water evaporation due to irrigation), and 45.2%believe that
climate change is caused by both human and natural factors’.3

State any misinterpretations or misunderstandings found in the article when discussing the survey.

1 . Source: Forbes, http://www.forbes.com/sites/jamestaylor/2013/02/13/peer-reviewed-survey-
finds-majority-of-scientists-skeptical-of-global-warming-crisis/
2. Lianne M. Lefsrud, University of Alberta, Canada; Renate E. Meyer, Vienna University of
Economics and Business, Austria and Copenhagen Business School, Denmark.
3. Source: SAGE journals, Organization studies, http://oss.sagepub.com/content/33/11/1477.full

THINK WRITE/DRAW

a. 1. Start with the title of the article
and check the survey to check its
reliability.

‘Peer-reviewed survey finds majority of scientists
skeptical of global warming crisis’
The title generalises the findings of the survey to all
scientists.
The survey states ‘… generalizable to the membership
as a whole.’

2. Comment on the
misrepresentation of the results.

As only members of an organisation were surveyed the
results can be generalised only to the organisation’s
scientific population and not all scientists.

b. 1. Check each sentence and
compare with the results stated in
the survey.

Article:
‘By contrast, a strong majority of the 1077 respondents
believe that nature is the primary cause of recent global
warming and/or that future global warming will not be a
very serious problem.’
Survey:
‘27.4%believe it is caused by primarily natural factors
(natural variation, volcanoes, sunspots, lithosphere
motions, etc.), 25.7% believe it is caused by primarily
human factors (burning fossil fuels, changing land use,
enhanced water evaporation due to irrigation), and
45.2% believe that climate change is caused by both
human and natural factors.’

It is becoming clear that not only do many scientists dispute the asserted global warming crisis,
but these skeptical scientists may indeed form a scientific consensus.

‘
’.

States that ‘Given the similarity of the survey respondents to APEGGA’s general membership,
this
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2. Comment on the
misrepresentation or
misunderstanding of the results.

According to the survey only 27.4% of the respondents
believe that global warming is caused primarily by
natural factors, while the article states that ‘… a strong
majority of the1077respondents believe that nature is the
primary cause of recent global warming … ’

It is clear this article is presenting a biased view.

11.4.4 Statistical interpretation bias
Once the data have been collected, collated and subjected to statistical calculations, bias may still occur in the
interpretation of the results.
Misleading graphs can be drawn, leading to a biased interpretation of the data. Graphical representations

of a set of data can give a visual impression of ‘little change’ or ‘major change’ depending on the scales used
on the axes (we learned about misleading graphs in Year 11).
The use of terms such as ‘majority’, ‘almost all’ and ‘most’ are open to interpretation. When we consider

that 50.1% ‘for’ and 49.9% ‘against’ represents a ‘majority for’ an issue, the true figures have been hidden
behind words with very broad meanings. Although we would probably not learn the real facts, we should be
wary of statistical issues quoted in such terms.

WORKED EXAMPLE 11

Discuss why the following selected samples could provide bias in the statistics collected.
In order to determine the extent of unemployment in a community, a committee phoned two
households (randomly selected) from each screen of the local telephone directory during the day.

a.

A newspaper ran a feature article on the use of animals to test cosmetics. A form beneath the
article invited responses to the article.

b.

THINK WRITE

a. 1. Consider phone book selection. a. Phoning two randomly selected
households per page of the telephone
directory is possibly a representative
sample.

2. Consider those with no phone contact. However, those without a home phone
and those with unlisted numbers could
not form part of the sample.

3. Consider the hours of contact. An unanswered call during the day
would not necessarily imply that the
resident was at work.

b. 1. Consider the newspaper circulation. b. Selecting a sample from a circulated
newspaper excludes those who do not
have access to the paper.

2. Consider the urge to respond. In emotive issues such as these, only
those with strong views will bother to
respond, so the sample will represent
extreme points of view.
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Interactivity: biased samples (int-3812)

Digital document: Investigation Bias (doc-2473)

Exercise 11.4 Sources of bias

1. WE9 a. Calculate the lower and upper margins for a 5% margin of error if 11% of the members of a
sample were found to be batteries with defects.

b. If the confidence level is 95%, what is the risk of the results falling outside the margins calculated in
part a?

2. a. Calculate the lower and upper margins for a 4% margin of error if 96% of the members of a sample
were found to be Year 12 students.

b. If the confidence level is 92%, what is the risk of the results falling outside the margins calculated in
part a?

3. WE10 In the same survey discussed in Worked example 10, the authors of the study state that ‘The
petroleum industry — through oil and gas companies, related industrial services, and consulting
services — is the largest employer, either directly or indirectly, of professional engineers and
geoscientists in Alberta…These professionals and their organizations are regulated by a single
professional self-regulatory authority –APEGGA.’ This fact is not stated in the article. Why do you
think that the author of the article did not mention this fact?

4. The manager of a local supermarket asked
10 customers ‘Do you like to shop at our
supermarket?’. Eight customers replied ‘Yes’.
Once he collected this data, the manager placed a
poster stating that ‘80% of people like to do
their shopping in our supermarket.’ Is
this correct?

5. Calculate the confidence level of a survey if 2.5%
of its results do not fall within a given margin of
error.

6. Calculate the lower and upper margins for
a. a 3% margin of error if 20% of the members of a sample were found to be people over 40 years old.
b. a 5% margin of error if 70% of the cars in a sample were found to be sedans.

7. If the confidence level for the samples in question 8 is 96%, calculate the percentage of results that will
not fall within the margins of error calculated.

8. A manufacturing company of mobile phones is testing two batches of 100 phones each for defects. In
the first batch every 5th phone is checked while in the second batch every 7th phone is checked.
a. What method of sampling is used for this testing?
b. How many phones are being tested for defects in the two batches?
c. What is the maximum starting point for each batch?

9. Rewrite the following questions, removing any elements or words that might contribute to bias in
responses.
a. The poor homeless people, through no fault of their own, experience great hardship during the

freezing winter months. Would you contribute to a fund to build a shelter to house our homeless?
b. Most people think that, since we’ve developed as a nation in our own right and broken many ties with

Great Britain, we should adopt our own national flag. You’d agree with this, wouldn’t you?
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c. You’d know that our Australian 50 cent coin is in the shape of a dodecagon, wouldn’t you?
d. Many in the workforce toil long hours for low wages. By comparison, politicians seem to get life

pretty easy when you take into account that they only work for part of the year and they receive all
those perks and allowances. You’d agree, wouldn’t you?

10. Rewrite parts a to d in question 9 so that the expected response is reversed.

11.5 Review: exam practice
11.5.1 Data collection: summary
Census and surveys

• The Australian Bureau of Statistics (ABS) is the official body which conducts the census in Australia.
• A census is the process of collecting, analysing and presenting information collected from the entire

population.
• Census night is the night when information is collected for the census. In Australia, census night occurs

every five years.
• Data collection is a process in which data is collected to obtain information and draw conclusions about

issues of concern regarding a given population.
• A population consists of a complete group of people, objects, events, etc. with at least one common

characteristic.
• In an Excel worksheet, the RAND( ) command generates a random number between 0 and 1.
• RANDBETWEEN(a,b) is an Excel worksheet command which generates a random number from

a to b, where a is the lowest number required and b is the highest number required.
• A random number generator is a calculator or computer software function which produces random

numbers.
• A sample is any subset of a population. Any sample of a population has to maintain all the

characteristics of the entire population.
• Sampling is the process of selecting a sample of a population to provide an estimate of the entire

population.
• Simple random sampling is the basic method of selecting a sample. This type of sampling ensures that

each individual of a population has an equal chance of being selected for the sample.
• Generally, the sample size is

√
N , where N is the size of the population.

• Systematic sampling or systematic random sampling requires a starting point chosen at random with
members of the population chosen at regular intervals.

• Maximum starting point = N – I(s – 1),
⬩ where N is the size of the population

s is the size of the sample

I is the whole number of
N
s

• Self-selected sampling is used when the members of a population are given the choice to participate in
a research or not.

• Stratified sampling is used when there are variations in the characteristics of a population. This method
requires the population to be divided into sub-groups called strata.
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Simple survey procedures
• The target population is the entire population from which a sample is chosen to be surveyed.
• A survey population is the sample from a population chosen to be surveyed.
• A questionnaire is a list of questions used to collect data from the survey’s participants.
• In open-ended questions the participants have the opportunity of stating their responses in their own

words.
• Closed questions provide a list of answers from which the participants have to choose one or more

options.
• Partially closed questions provide both answer choices and an option of creating own responses.

Sources of bias
• Bias is a distortion that occurs during the data collection process which produces results that are not

representative of the population.
• Sampling errors occur due to the fact that surveys are conducted on one sample out of the large number

of possible survey samples.
• The margin of error is the range of values that result when using a sample of a population.

• Lowermargin = x% –
e%
2

and Uppermargin = x% +
e%
2

⬩ where x% is the percentage of the sample considered,
e% is the percentage error

• The confidence level is used to find the percentage of results that will not fall within the margin of error
stated.
⬩ Risk = 100% –Confidence level

• A measurement error is, in general, the difference between the measured value and the real value.
• A misrepresentation of the results of a survey is an untrue statement that does not reflect the

characteristics of the population.

11.6 Review
Simple familiar
1. MC For which of the following data collection situations is a census required?

A. The employment status of a group of 1200 people over 18.
B. The employment status of all people living in Australia at a given time.
C. The employment status of a group of females aged between 30 and 40 years.
D. Temperatures in Australia from June 2017 to June 2018.

2. MC Which of the following represents a population?

A. A group of 25 members of a fitness club.
B. Every 10th cereal box from a batch of 500 boxes.
C. Every second male listener of a radio show.
D. All the girls in Year 11.
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3. MC A publishing company of mathematics textbooks is checking an Essential Mathematics textbook
for printing errors. Every 5th page is checked in one book and every 23rd page is checked in a second
book. This type of sampling is called:
A. stratified sampling.
B. simple random sampling.
C. systematic sampling.
D. random sampling.

4. MC An animal farm is selecting a sample of 20 animals
to try a new vaccine. The farm has 140 cows and
60 horses. The number of cows and horses
required to be part of this sample is respectively

A. 14 and 6.
B. 6 and 14.
C. 7 and 3.
D. 3 and 7.

5. MC One advantage of basic random sampling over self-selected sampling is
A. participants are more committed to the study.
B. it allows participants to choose whether to take part in the study or not.
C. it provides random selection.
D. it requires a smaller sample.

6. MC A random number generator is used to generate 40 numbers between 0 and 1 for a sample size of
40. Which of the following statements is correct?
A. The command RANDBETWEEN(0, 40) in an Excel worksheet was used.
B. All generated numbers have to be multiplied by 100.
C. Choose the first two non-zero digits in each number.
D. All generated numbers have to be multiplied by 40.

7. MC The lower and upper margins for a 7% margin of error if 12% of the batteries of a sample were
found to be defective are respectively:

5% and 19%.A. 13% and 1%.B. 0% and 19%.C. 1% and 13%.D.
8. MC If the confidence level is 90%, the risk of the results to fall outside the margins calculated in

question 7 is:
90%.A. 10%.B. 19%.C. 12%.D.

9. MC Which of the following statements is correct?

A. Closed questions are questions that only some people can
answer.

B. A bias is when a person has a different opinion than the rest of
the sample.

C. Sampling errors occur when the sample is too small.
D. Open-ended questions are designed to allow people to write their

own answer.
10. MC Blanca, the local veterinarian, records the name of every dog owner.

This type of data collection is a
A. survey because only the names of dog owners are recorded.
B. census because the names of all dog owners are recorded.
C. survey because only the dogs are taken into account.
D. survey because the dogs are a sample of the animal population.

CHAPTER 11 Data collection 27

Unco
rre

cte
d page

 pro
ofs



i
i

“c11DataCollection_print” — 2018/9/24 — 7:30 — page 28 — #28 i
i

i
i

i
i

11. MC Toby is conducting a poll to determine the likely winner of an election. Which of the following
methods of selecting his sample contains sampling bias?
A. Using a computer to generate a page number, column number and position number from the

telephone book.
B. Randomly going up to people in a shopping centre on a Monday morning.
C. Selecting the first person on every page of the telephone book.
D. Randomly dialling telephone numbers and surveying whoever answers the telephone.

12. MC A random number generator is used to select 5 students from a class of 30. The first 10 numbers
generated in a list are:
87, 49, 28, 07, 16, 58, 10, 21, 19, 45, … ..
Reading the random numbers from left to right, the first student number selected would be:

28.A. 87.B. 7.C. 10.D.

Complex familiar
13. When we obtain data from the whole population, we conduct a _______________; however, a survey

obtains data from a _______________ of the population.
14. For each of the following, state whether a census or a survey has been used.

a. Two hundred people in a shopping centre are asked to nominate the supermarket where they do most
of their grocery shopping.

b. To find the most popular new car on the road, 500 new car buyers are asked what make and model
car they purchased.

c. To find the most popular new car on the road, the make and model of every new car registered is
recorded.

d. To find the average mark in the Mathematics half-yearly examination, every student’s mark is
recorded.

e. To test the quality of tyres on a production line, every 100th tyre is road tested.
15. State whether the following questions are open-ended, closed or partially closed.

a. What is your preferred Mathematics topic?
b. What is your preferred Mathematics topic?

1. Algebra 2. Geometry 3. Statistics 4. Trigonometry
c. What is your preferred Mathematics topic?

1. Algebra 2. Geometry 3. Statistics 4. Trigonometry 5. Other
16. Select a sample of 5 students from your class

a. ‘by hand’.
b. using a random number generator.
c. Compare your sample with the samples of other classmates.

Complex unfamiliar
17. Calculate the lower and upper margins for a

a. 7% margin of error if 10% of the members of a sample were found to be small dogs.
b. 4% margin of error if 85% of the cars in a sample were found to be red cars.
c. 8% margin of error if 92% of the electronic devices of a sample were found to be laptops.

28 Jacaranda Maths Quest 11 Essential Mathematics Units 1 & 2 for Queensland

Unco
rre

cte
d page

 pro
ofs



i
i

“c11DataCollection_print” — 2018/9/24 — 7:30 — page 29 — #29 i
i

i
i

i
i

18. Surveys are conducted on samples to determine the characteristics of the population. Discuss whether
the samples selected would provide a reliable indication of the population’s characteristics.

Sample Population

a Year 11 students Student drivers

b Year 12 students Students with part-time jobs

c Residents attending a Neighbourhood Watch meeting Residents of a suburb

d Students in the school choir Music students in the school

e Cars in a shopping centre car park Models of Holden cars on the road

f Males at a football match Popular TV programs

g Users of the local library Popular teenage magazines

19. A manufacturing company of tablets is testing two batches of 150 tablets each for defects. In the first
batch every 6th tablet is checked while in the second batch every 10th tablet is checked.
a. What method of sampling is used for this testing?
b. How many tablets are being tested for defects in the two batches?
c. What is the maximum starting point for each batch?
d. Calculate the lower and upper margin for each batch for a 3% margin of error if 4% of the members

of a sample were found to be defective.
20. It is important that a sample is chosen randomly to

avoid bias. Consider the following situation.
The government wants to improve sporting facilities

in Brisbane. They decide to survey 1000 people
about what facilities they would like to see improved.
To do this, they choose the first 1000 people through
the gate at a football match at Suncorp Stadium.

In this situation it is likely that the results will be
biased towards improving facilities for football. It is
also unlikely that the survey will be representative of the whole population in terms of equality between
men and women, age of the participants and ethnic backgrounds.

Questions can also create bias. Consider asking the question, ‘Is football your favourite sport?’ The
question invites the response that football is the favourite sport rather than allowing a free choice from a
variety of sports by the respondent.

Consider each of the following surveys and discuss:
a. any advantages, disadvantages and possible causes of bias
b. a way in which a truly representative sample could be obtained.

1. Surveying food product choices by interviewing customers of a large supermarket chain as they emerge
from the store between 9.00 am and 2.00 pm on a Wednesday

2. Researching the popularity of a government decision by stopping people at random in a central city mall
3. Using a telephone survey of 500 people selected at random from the phone book to find if all Australian

states should have Daylight Saving Time in summer
4. A bookseller uses a public library database to survey for the most popular novels over the last three

months
5. An interview survey about violence in sport taken at a rugby league football venue as spectators leave
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Answers
Chapter 11 Data collection
Exercise 11.2 Census and surveys
1. a. Census. The entire population of the online business.

b. Survey. 50% of the Year 12 student population is a
sample of the population.

c. Census. The entire population of the hospital’s patients.

2. a. Survey for the Year 12 students and census for the
entire student population.

b. Survey for the passenger airplanes and census for the
entire number of airplanes.

3. a. Survey; a sample of 150 suburbs.
b. Census; all the population of Australia.
c. Census; all the secondary school population.
d. Survey; sample of the population who viewed the play.
e. Census; all the customer population.

4. Any sample with 5 different numbers.

5. Any sample with 8 different numbers.

6. 153 people

7. a. Any sample with 10 different numbers.
b. Any sample with 10 different numbers.

8. Any sample with 5 different numbers with a starting point
from 1 to 8 or from 1 to 4.

9. Any sample with 9 different numbers with a starting point
from 1 to 6 or from 1 to12.

10. a. 5 boys and 6 girls
b. 8 adults and 2 children

11. Publicising at the local library, local radio station, letter
drop in the surrounding households, advertisements at the
local shopping centres.

All applicants could be accepted as there are no
restrictions set on the study.

12. Publicising using advertisements in the local paper, or at
the local gym.

13. Systematic sampling

14. a. Stratified sampling.
b. 6 black sheep and 4 white sheep

15. a. Systematic sampling.
b. 20 phones in the first batch, 14 phones in the second

batch.
c. Maximum starting point is 5 in the first batch and 16 or

10 for the second batch.
16. 19 males and 14 females

17. 7 white cars and 8 black cars

18. a. 15 students.
b. Either using a random number generator or using

systematic sampling.
19. a. Any sample with 12 different numbers.

b. Any sample with 12 different numbers.

20. a. 28.
b. Any sample with 28 different numbers.

Exercise 11.3 Simple survey procedures
1. a. All Year 12 students.

b. All students in the school.

c. All students in Australia.

2. a. All the milk bottles in the dairy farm.
b. All the customers of the Internet provider.

3. a. The year 11 students.
b. The years 11 and 12 students.
c. All students in the school.

4. a. Assumes all people have mobile phones. A possible
replacement question is ‘Do you own a mobile phone?
If yes’ what brand do you have?

b. Double-barrelled question. It should be separated into
two questions: ‘On a scale of 1 (strongly agree) to 5
(strongly disagree), should drinking alcohol be
permitted at the beach? Should smoking be banned at
the beach?’

c. Assumes that all people go to church on Sundays and all
people are of a certain religion. A possible replacement
question is ‘Do you attend a place of prayer?

• Never
• Rarely
• Sometimes
• Often
• Regularly’

5. a. Double-barrelled question. ‘Circle the preferred meal:
pizza, pasta, both.’

b. Double negative question. ‘Are your parents’
expectations of you clear?’

6. a. closed
b. open-ended
c. partially closed
d. closed

7. a. Various answers are possible.
b. Various answers are possible.

8. Possible answers:
Open-ended question: ‘What is your preferred search

engine when surfing the Internet?’
Partially closed question: ‘The Internet search engine

I prefer to use is:
□ FireEngine □ InternetFox □ Platinum □ Other
.........................’
Closed question: ‘The Internet search engine I prefer to
use is:
□ FireEngine □ InternetFox □ Platinum □ None of these
□ I don’t use the Internet’

9. a. Double barrelled question. Possible replacement: ‘What
mode of transport do you use to go to work?’
□ Bus □ Tram □ Other ........“

b. Some people might have other opinions such as
smoking or lack of social skills or too much technology.

Possible replacement: ‘In your opinion what is the
most important issue facing teenagers today?’

c. Leading question suggesting the desired answer.
Possible replacement: ‘How do you feel now after
stopping smoking?’
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d. Too personal. Possible replacement: Your annual
income is
□ $30 000 $50000
□ $50 000 $70000
□ $70 000 $90000
□ more than $90 000

10. a. partially closed
b. closed
c. open ended

11. See sample responses in the worked solutions in
eBookPLUS.

12. See sample responses in the worked solutions in
eBookPLUS.

Exercise 11.4 Sources of bias
1. a. Lowermargin = 8.5%, uppermargin = 13.5%

b. 5%
2. a. Lowermargin = 94%, uppermargin = 98%

b. 8%
3. Could be to hide the fact that the engineers and

geoscientists surveyed are, in some way, dependent on or
paid by the petroleum industry. The reader might not trust
the results as much or might think that this connection
makes the geoscientists and the engineers somewhat biased.

4. This is a biased sample as the people surveyed are already
shopping at the given supermarket.

5. 97.5%
6. a. Lowermargin = 18.5%, uppermargin = 21.5%

b. Lowermargin = 67.5%, uppermargin = 72.5%
7. 4%
8. a. Systematic sampling.

b. 20 phones in the first batch, 14 phones in the second
batch.

c. Maximum starting point is 5 in the first batch and 16 or
10 for the second batch.

9. See sample responses in the worked solutions in
eBookPLUS.

10. See sample responses in the worked solutions in
eBookPLUS.

11.5 Review: exam practice
Multiple choice questions

B1. D2. C3. A4.
C5. D6. D7. B8.
D9. D10. B11. A12.

13. census, sample

14. a. Survey b. Survey
c. Census d. Census
e. Survey

15. a. Open-ended b. Closed
c. Partially closed

16. a. Any set of 5 students.

b. Any set of 5 students.
c. The sets would most likely be different.

17. a. Lowermargin = 6.5% and uppermargin = 13.5%.
b. Lowermargin = 83% and uppermargin = 87%.
c. Lowermargin = 88% and uppermargin = 96%.

18. a. There would be many more student drivers in Year 12
than in Year 11 — perhaps also some in Year 10.

b. Students with part-time jobs are in lower year levels as
well.

c. Residents not at the Neighbourhood Watch meeting
have been ignored.

d. Other music students who play instruments and don’t
belong to the choir have been excluded.

e. The composition of cars in a shopping centre car park is
not representative of the cars on the road.

f. Females have been excluded.
g. Users of the local library would not reflect the views of

teenagers.
19. a. Systematic sampling.

b. 25 tablets, 15 tablets.
c. 6 and 10.
d. Lower limit = 1%, upper limit = 5%.

20. See fully worked solutions
1. a. This is not a representative sample of the shopping

public. Only those emerging from the store at that
time have an opportunity to voice their opinion. The
advantage of surveying by this method is that it’s
convenient and cheap.

b. A large supermarket chain has a huge database, and
they would be able to analyse the product choices of
food items.

2. a. This method again is convenient and cheap. It,
however, captures the opinions of only those who visit
the central city mall.

b. Choosing a random sample from the electoral roll
would select a representative sample from the voting
public.

3. a. Many people have unlisted numbers and mobile
numbers which are not listed in the telephone book.
These people would not have a chance of being selected.
Also, it should be mentioned that the sample should
represent all the states in proportion to their population.

b. Select people at random from the electoral roll,
making sure there is representation in population
proportion from all states and from all areas in the state.

4. a. This method is cheap and efficient, and would give a
fairly reliable indication of the most popular novels.
If this is restricted to just one library, however, it may
cause bias because of demographic influences.

b. The databases of state and council libraries in the
areas of interest should yield reliable results.

5. a. This sample would represent only those at one
particular football match. There are many other areas of
sport which experiences acts of violence. The avid TV
sports watchers have not been included in the sample.

b. It is difficult to get a truly random sample on this
topic. It is very emotive, and only those with strong
opinions tend to respond.
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