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CHAPTER1

1.1 Introduction to statistics

An extract from the dictionary definition given in the introduction defined ‘statistics’ as ‘a science
concerned with the collection, classification and interpretation of quantitative data and with the application of
probability theory to the analysis and estimation of population parameters.

The collection of ‘good’ data is the essential basis for any statistical study. Good data should be
representative of the population from which it is selected. For example, there is little point in inter-
viewing 50 city dwellers in a study on lifestyle of coastal communities. Chart 1.1 illustrates how data
(either census or sample) is the basis for all statistical analysis. Data are summarised to describe the
characteristics of the population or sample. The chart also illustrates how sample data may be further
analysed to make inference about the population.

[tisalso important to build up a thorough understanding of the vocabulary and terminology associated
with the subject throughout the text. For example, in the preceding paragraph the terms census,
population, data and sample were used. These and some other terminologies are explained below and
as they arise within the text.

Statistics (singular) is the science of collecting, summarising, analysing and interpreting data with
the application of probability theory to the analysis and estimation of population parameters.

Statistics are one or more sets of numerical data relating to populations, such as labour force statistics,
birth rates, and mortality rates, taxes; finance, agricultural output, industrial output and so on.

A Statistic is a sample characteristic, such as a sample average.

A population is the entire set of people, animals or objects that is under study.

Some examples of populations are

(a) The individuals who live in a given country on a given date and time. (This is the everyday
meaning of the word ‘population’).

(b) The individuals with high cholesterol.

(c) The members of a football supporters club.

(d) The cars manufactured by a given company during a specified year.

(e) The wild salmon in a river.

A parameter is a population characteristic, such as a population average.

A sample is any subset of a population. Here are two examples; a sample of 100 students selected
from all the students in a college or a sample of 20 components selected each hour from a production
line.

Each individual in a population or a sample is known as a member or an element of that population
or sample.

Data are values, measurements, facts, or observations. Data may come in many forms depending on
the type of statistical study being undertaken.

A datum is the singular of data, such as a single measurement, fact or observation.

A measurement is a numerical characteristic such as a height, a weight, volume, time

A measurement is said to be accurate if it is equal or very close to the true value.

A sample is referred to as accurate if the sample characteristics are the same as or very close to those
of the population.

The purpose of a statistical study is to obtain information and/or investigate characteristics of a
population.

Statistical studies may broadly be classified as observational studies or designed experiments.
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Chart 1.1  Data collection provides the raw material for statistical studies.

Observational studies: data characteristics are measured and/or recorded. No attempt is made to
influence or change the population characteristics being studied. Examples of observational studies
include the national census, opinion polls, government surveys such as household budget surveys,
labour force surveys, etc.

To carry out a census a prerequisite is a list of the entire population. A census can take a long time
to complete and costs can be high. For example, the national census of the population conducted at
five or even ten year intervals requires huge resources to plan, organise, collect the data and finally
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Lists could be electoral registers; company employees; cars (or products) produced, imported
or sold by a company; herds of cattle; college registers of students, investors, bank accounts, etc.
Omission of any key group from these lists can give rise to biased samples (this is called a sampling
error).

Note:lists may not be available to the researcher for various reasons such as confidentiality (student
registers; patient records, etc.). Sometimes it may not be possible to enumerate the population in
the first place. For example, how do you enumerate all those with high cholesterol or the population
of wild deer in a given region?

. Sampling methods: these are the methods used to select a sample from the target population. The

method of selection may be random or non-random. Random samples are called probability samples
and are particularly important as randomisation minimises bias and sampling error may be estimated
(see Chapter 6 and later). Hence, random samples are the basis for the inferential statistics in
Chapters 6 to 12. In a random (or probability) sample each element of the population has a known,
non-zero chance of being selected. The disadvantage of random samples from a practical point of
view is that they can be expensive and take considerable time to collect (see next section). Therefore,
if a researcher requires a quick descriptive view of a population it is faster and cheaper to select a non-
random sample. Quota sampling, where the researcher specifies the numbers (quotas) of individuals
of a given age, profession, gender or other characteristic, that should be selected according to the
interviewers own judgement, is a well known type of a non-random sample. Sections 1.2.2 and 1.2.3
give further detail on sampling methods.

. Conduct of the survey. Decide how the respondents are to be contacted. The usual methods include

(a) postal survey (b) interview (c) email (d) telephone and others. Consider the accessibility of the
respondents and expected response rate by methods (a), (b), (c) or (d) since non-response is a major
source of bias.

A brief overview of the methods of contact is given in section 1.2.4.

. Prepare the questionnaire or fact sheet. Keep the purpose of the study in mind. What questions

do you need to ask to get the information you require? Questions should be short, clear, and rele-
vant. Avoid general terms such as ‘single parent’ and offer suitable alternatives such as ‘unmarried;
widowed; separated; other’

For analysis of the results, make sure that the questions produce answers which are quantifiable.
Avoid too many open-ended questions, though a small number can provide very useful insights and
occasionally inspire further research.

. Administer the survey. Training of those who will administer the survey by any method is particu-

larly important to reduce bias. Face-to face personal interview is sometimes used by market research
companies and in major government surveys. Other surveys use telephone interviews. Well trained
interviewers will not lead or influence the respondent in answering questions, but will know how to
employ questions unambiguously.

Response bias (error) arises when questions or terminology are misunderstood or answers are
inaccurate.

. Carry out a pilot survey: Pilot surveys give very important information on problems that arise at all

stages in the conduct of the survey. For example, the pilot study will highlight problems in contacting
respondents, whether non-response is likely to be high, whether the interviewers administer the
questionnaire properly, whether the questionnaire meets the survey objectives, whether the survey
data is analysable, etc.

. Carry out a post enumeration survey (usually for large surveys such as the household expenditure

survey): a sub sample of respondents is re-interviewed to confirm that the main survey is accurate
and reproducible. For example, it is well known that understatement of alcohol consumption is as
high as 50 % (when checked against customs and excise figures). Responses to questions on age tend
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to be rounded to the nearest 5 years: certain questions such as alcohol consumption or practice of
religion tend to be inaccurate.

At each stage, 1 to 8, pay particular attention to ways in which bias can be reduced or minimised.

1.2.2 Random samples

Randomisation is fundamental to minimising bias. Random samples are defined as follows:

(i) A simple random sample is a sample in which every member of the population has an equal,
non-zero and known probability of being selected.

(ii) A random sample is a sample in which every member of the population has a non-zero, known,
but not necessarily equal probability of being selected.

A simple random sample

Selecting a random sample requires a population list, so that each element may be assigned a number
from which the sample is randomly selected by use of random numbers. The following Worked Example
illustrates the procedure.

Worked Example 1.1: How to select a simple random sample

Describe how you would select a simple random sample of 10 students from a group of 850 first
year business students, using (a) a drum (b) random number tables (c) random numbers on the
calculator.

Solution

Assign every member of the population a number. For example, in the population of 850 first year
students, each student is given a number from 1 to 850.
The sample of 10 students may be selected as follows:

(a) The drum: put all the names or numbers corresponding to the names in a drum and select 10
names, one on each roll of the drum.

(b) Use Random number tables. Random number tables are given in books of statistical tables
such as Table 37, Statistical Tables Murdock and Barnes; Table 27, Cambridge Elementary
Statistical Tables. Random numbers are available on most calculators (see part (c)) and in
Microsoft Excel. A short table of random numbers is given at the end of this text.

To use the random number tables: State the population size. In this example the
population size is 850, so three digits or three columns of numbers from the tables are required
when selecting the sample. To select the sample, start from any randomly selected point on
the random number tables, taking any three consecutive columns from the six digit column.
Write down successive numbers that fall between 001 and 850, discarding numbers greater
than 850. For example, an extract from the random number tables is given in Table 1.1, where
the randomly selected starting point was 634 278. Taking the first three digits in successive
numbers (column by column) we obtain 634; 249; 059; 533; 074; 207; 691; 831; 691;
180. The individuals whose names correspond to these numbers are selected for the sample.
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Stratified random sampling

A stratified random sample is used to ensure that all the important key sub-groups in the population are
included in the sample. The population is subdivided into the key subgroups or strata. Then the number
of subjects required from each stratum is calculated so that each stratum is proportionately represented
in the sample. The required numbers from each stratum are then selected randomly. Overall, a stratified
sample is likely to reflect the population characteristics more accurately than a simple random sample.

Worked Example 1.2: Stratified random sampling

The employees of a company are classified (in Table 1.2), as follows:

Table 1.2 Classification of employees

Category Male Female Total
Management 10 20 30
Professional 50 40 90
Administration 40 60 100
Services 60 20 80
Total 160 140 300

A random sample of 30 individuals is required. Calculate how many should be selected from each
stratum. How should the required number from each stratum be selected?

Solution

Step 1: Calculate the proportion of the population which is required for the sample.
. . . Total sample size  ~ 30 ~ 1
The proportion of the population to be sampled is Toral populition s S 300 S 16°
Then % of each group is selected for the sample.

Step 2: The number from each stratum or group to be included in the sample is calculated by
multiplying the group size by 11—0. Remember that sample sizes are calculated to the nearest
whole number. The results are given in brackets in Table 1.3.

Step 3: The required number from each group must be selected ‘randomly’, as described in Worked
Example 2.1.

Table 1.3 Numbers to be selected randomly from each group are given in brackets

Category Male Female Total
Management 10 [1] 20 (2] 30
Professional 50 [5] 40 [4] 90
Administration 40 [4] 60 [6] 100
Services 60 [6] 20 (2] 80
Total 160 [16] 140 [14] 300 [30]

Remember, because of stratification, stratified random samples are more accurate than
simple random samples. Hence smaller sample sizes are required.
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Problems with stratified random samples
Since the sample is random, the stratified sample suffers from the same problems as simple random
samples which are listed following Worked Example 1.1.

Cluster sampling

One of the problems with simple random sampling and stratified sampling particularly for surveys that
involve face to face interviews, is the time and money required to reach and interview those selected.
A solution to this problem is the use of clusters. Clusters may consist of geographical areas or units such
as schools, households, factories, hospitals, etc. When the clusters have been defined (for example,
schools could be clusters) the required number of clusters is selected randomlyThen, depending on
the research involved, all or some of the individuals within the cluster are surveyed. This is called
one-stage cluster sampling.

Two-stage cluster sampling: Each cluster is divided into smaller clusters from which further random
samples are chosen.

Multi-stage cluster sampling: This method involves several stages of cluster sampling. The household
budget survey is a survey of this type. The sampling methodologies for any government survey are
described on their web site: simply click on ‘Methodologies’.

Problems with cluster sampling
If a cluster sample is to be representative of the population, each cluster should be representative of
the population. This is sometimes difficult to achieve. For example, in a survey on extra curricular
activities of schoolchildren where schools are clusters, there may be substantial differences between
schools. One way to overcome this problem is to stratify the population of schools and then select
clusters randomly from each stratum.

Sequential or systematic sampling

This type of random sampling uses existing lists, such as the electoral registers, lists of employees,
telephone lists, lists of customers, etc. A starting pointing in the list is randomly selected, and then
every ith member of the list is selected to obtain the required sample.

The problems that can arise with systematic sampling are (i) every possible sample does not have a
chance of being selected and (ii) the sample may be unrepresentative because of patterns in the list.
For example, in a housing estate every tenth house may be a corner house.

However, when such lists are available sequential sampling is convenient and saves time and money.

1.2.3 Non random sampling

If apopulation list is not available and random sampling is not possible, the researcher and/or interviewer
must use their own ‘judgement’ to devise methods for the selection of the sample. Hence non random
samples may be called ‘judgement’ samples: The most common type of non-random or judgement
sample is the quota sample. Other non-random samples include focus groups, opportunity samples,
convenience samples, ‘self selected’” samples.

Quota samples

Stratified quota samples. This type of sampling may be used even when a sampling frame is available.
The calculation of the numbers required from each stratum is the same as for stratified random sampling
described in the previous section but the selection of the individuals from each stratum is not random;
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1.2.4 Methods of contact

This section gives a brief overview of the methods of contact.

Face-to-face interview is the most common method of contact. With a good interviewer the re-
sponses should be accurate. Non-response can be recorded and investigated. But disadvantages are
that this method is expensive and time consuming: questions that require the respondent to look up
technical information or details on past dates, etc. are not suitable.

Telephone surveys are less expensive and have become increasingly popular with the widespread
ownership of mobile phones. Bias can easily arise as not everyone is available by phone, response rate
may be low; responses may be inaccurate because of the anonymity. On the other hand, because of
anonymity it may be easier to elicit responses to questions of a personal nature.

Postal surveys are not expensive. The survey may not reach those selected and the response rate
is generally low. However, the postal survey does give the respondents time to look up answers to
historical or technical type questions and time to reflect.

Surveys by email are convenient and inexpensive but are limited to those who have access to email.

Using Excel to select random samples from a population list
Statistics in Excel is introduced at the end of Chapter 2, section 2.7.

Excel will select random or sequential samples from a population list. With the population list in
an Excel worksheet, click (from the menu bar) Tools Data Analysis. Select ‘Sampling’ from the
‘Data Analysis’ dialogue box. See Figure 2.12a The ‘Sampling’ dialogue box requests the location of
the population data, the type of sample required and the location for the output (the sample lists).

Skill Development Exercise SK 1.1: Census and surveys

Define a (i) census (ii) a survey.

What is the difference between random and non-random samples? A multinational company
intends to conduct a survey on the views of staff on the activities organised by the ‘social club’.

Explain how the company should conduct a (i) random survey (ii) a quota survey.

Organisers of the social club suggest that a questionnaire should be sent to all employees by email.
Discuss the advantages and disadvantages of email and the other three survey methods given in
section 1.2.4 which could be used when carrying out this survey.

1.2.5 Designed experiments

The purpose of an experiment is to test the effect of a treatment(s) on a group(s) of objects or individuals.
A treatment is anything that can have an affect on people, animals or objects, such as medicines,
etc. Experiments usually involve ‘treatment’ groups and a control group. As the name implies the
individuals in treatment groups are subjected to some treatment while the individuals in the control
group are given no treatment at all or else a standard treatment.

An example of a designed experiment
An experiment is set up to test a new yogurt that is claimed to reduce blood cholesterol. Three groups
of participants are involved:

Group 1: blood cholesterol over 8.0
Group 2: blood cholesterol between 6.0 and 8.0 inclusive
Group 3: blood cholesterol less than 6.0
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Each individual is asked to take four pots of yogurt per day for six months. Blood cholesterol levels are
measured at the end of each week and participants are asked to fill in a questionnaire on their feeling
of wellbeing. These recorded results/responses may be analysed statistically by methods described later
in this text, to determine whether the yogurt has an effect on blood cholesterol and whether there is
a difference between the three groups.

Some issues on the planning and conduct of experiments

The planning of experiments is a subject in its own right. It is concerned with investigating and
measuring the response to given treatments and the interaction between treatments. Great care must
be taken to design the experiment so that the response under investigation can be attributed to the
applied treatment(s) and is not caused by or confused with other factors. The following examples should
give some brief insights into problems that can arise when planning and conducting experiments.

In experiments involving human participants (such as the cholesterol experiment above) there may
be a tendency to report the ‘expected’ responses. For example if the cholesterol reducing yogurt is
hailed as being a new breakthrough there is a real risk that the participants will tend to report the
expected effect. Even those conducting the experiment may encourage (sometimes unintentionally)
the expected responses. To deal with this type of ‘bias’ in a statistical study researchers may organise
‘blind’ or ‘double-blind’ experiments.

An experiment is said to be ‘blind’ when the participants do not know whether they are receiving
a treatment or a placebo (a placebo is a medicine that contains no active ingredient).

An experiment is ‘double-blind’ when neither the participants nor those who administer and record
the results know whether they are receiving or giving the treatment or the placebo.

Confounding variables: A confounding variable in a study or experiment is a variable that can
affect the measured/recorded response or outcome but which was not taken into consideration by the
researcher: For example, in the cholesterol experiment, other factors such as diet, medication, age,
weight, blood pressure, etc. may also affect the level of cholesterol and feeling of wellbeing.

Ethics: ethics are an important consideration in conducting experiments. In the cholesterol ex-
periment above it would be unethical to put patients at risk by stopping or denying a conventional
treatment for high cholesterol while testing the effectiveness of the ‘yogurt’.

1.3 Some sources of statistical data

Statistical data may be collected by researchers employed by governments through national statistics
offices, by institutions such as universities, colleges, financial institutions, private companies, etc.

® Market research companies conduct research for private individuals, companies, newspapers. Com-
panies such as Gallup and Mori are well known for research on voting intentions and opinion polls
as well as research on issues ranging from politics to consumer products, and television programmes,
etc. Some of the data is available on their respective websites: www.gallup.com, www.mori.com.

e Governments conduct a census of the population at 5 to 10 year intervals. Governments and state
agencies also carry out surveys at regular intervals. For example, the household budget survey or
household expenditure survey, labour force survey, prices, etc. Data is collected from industry,
businesses, banking, government departments such as education, health, etc. on industrial and
agricultural output, investment at home and abroad, energy consumption and output, tourism,
climate, education, health, etc. Statistics and data is available on state statistics agency sites.
Consult UK statistics at www.statistics.gov.uk, Ireland at www.cso.ie, Europe www.europa.eu,
Singapore: www.singstat.gov.sg Hong Kong: www.censtatd.gov.hk, Australia (Australian Bureau of
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Statistics): www.abs.gov.au and (Statistics Queensland) www.oesr.qld.gov.au and others: addresses
are easily available since all web sites give links to similar sites.

Most of the sites provide very helpful introductory information for students, and are well worth
viewing.

¢ Agencies, some of which are listed below, collect data and collate data supplied by governments and
others worldwide on major social trends, economics, health, education, gender issues, etc.

The United Nations Organisation has several sites, including UNECE United Nations Economic
Commission for Europe: www.unece.org.

The United Nations Economic and Social statistics for Asia and the Pacific (UNESCAP):
WWW.unescap.org.

World Health Organisation: www.who.int.

Consult also World Bank www.worldbank.org European Environmental Agency www.eea.
europa.eu Organisation for Economic and Co-operative Development (OECD) www.oecd.org, and
www.sourceoecd.org.

e Statistical Bulletins, Statistical Highlights and various statistical reports summarise very interesting
key economic and social statistics over a given period (year, quarter, etc.) and use historical statistics
to highlight changing trends and patterns.

Industry and commerce

Some limited information is available from companies and manufacturers. Data is collected during
production, sales, services etc. and used in statistical procedures to monitor quality and continual
improvement of products and services starting at the research and design stage through to production,
maintenance and disposal/recycle in order to produce quality goods and services, minimise losses and
ultimately increase profits. There is a burgeoning industry which deals with the provision of courses,
from introductory to advanced, on the methods and practices based on statistics. An internet search
on SPC, quality control, experimental design will immediately produce a list of such courses, course
content, etc.

Progress Exercises 1.1: Data collection and sources

1. Explain each of the following terms with an appropriate example. (&) Census (b) random sample
(c) quota sample.
Do an Internet search for the terms (@), (b) and (c). Do the results support your answers?
2. What is ‘bias’ in the statistical context? Explain how bias could arise in the selection of a sampling
frame.
3. What is response bias? Explain how bias could arise at any of the eight stages in survey design
given in the text.
4. (a) Explain the following (i) a simple random sample (ii) a stratified random sample (iii) a
cluster sample (iv) a multistage sample.
(b) Which type of sample would you use for the following surveys?
(i) Views on statistics held by the current first year students attending the statistics course.
(ii) Support for a football team by the members of the football supporters club.
(iii) The views of primary school children on homework.
5. Explain the methods used to select the sample of your choice in 4(b) above
6. How would you contact those selected for your sample in 4(b) above. How would you deal with
non-response’
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7. What is a quota sample?
What are quota controls and why are they necessary?
Explain, stage by stage, how you would organise and conduct a survey on the views of those who
use public transport.

8. Give the main reasons for using a quota sample. Explain how you would select a sample from
the population of people who have high cholesterol.

9. Look up the web site www.mori.com.
What are the main research areas on this site?
Find information on elections.
On this site, look up Election Polls then ‘What does Mori do and why?
Summarise the sampling method used, the sample size and the method of contact in your own
words. Is the sample random or non-random?

10. Go to the web site at www.cso.com. Look up the Quarterly National Household survey (QNHS).
What is the purpose of this survey? Note down the sampling method (also called sample design),
sample size, method of contact and how frequently data is collected.

11. Look up www.statistics.gov.uk In the search box enter ‘household surveys’. Click on ‘Integrated
household surveys’. Describe the purpose of this survey. Describe the labour force survey: its
coverage, frequency and method of contact.

12. On the eurostat site at www.europa.eu select ‘Services’ and find the section on statistics and
opinion polls (Eurobarometer). Describe any opinion poll of your choice from this site, with
methodology, sample size, definition of terms and any other interesting information.

13. World Bank www.worldbank.org. This is a global monitoring information systems.

Select ‘Data’ and the country about which you require information. Make sure you get the
outline country statistics but also an indicator (out of 100) on the statistical services in that
country. List the national surveys conducted by the government and the frequency of the census.

14. UNESCAP: United Nations Economic and Social Commission for Asia and the Pacific at
WWW.unescap.org or www.unescap.org/Stat/.

Describe the coverage contained in this site. Select the country of your choice. Give statistics
to describe this country.

15. www.unece.org is the web address for UNECE (United Nations Economic Commission for
Europe).

On this site, select ‘About us’. Describe the issues covered on this site. When was this agency
set up!

16. Describe and give an example of the following sampling methods:

(a) self-selected samples (b) focus groups (C) opportunity samples. Explain how each of these
sampling methods could result in biased samples?

17. Do a web search for SPC (Statistical Process Control). List four companies that offer courses
in statistics. Can you find courses whose contents you will have covered by the time you finish
your present course’

1.4 Sorting and classifying data

Data may come in many forms depending on the type of statistical study being undertaken. In this
section the different types of data are described together with two techniques for sorting data into
groups or tables.
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1.4.1 Qualitative and quantitative data

There are two types of data: Qualitative or categorical data and Quantitative or numeric data.

Qualitative or categorical data are defined by some quality characteristic such as gender, eye colour,
etc. Qualitative data is further classified as either nominal or ordinal. Nominal data defines some group
characteristic such as gender, nationality, profession, membership of clubs or societies, etc. Ordinal
data is the result of ranking products, goods, services; opinions, etc. in order of preference. For example,
viewers may be asked to rank television programmes in order of preference: 1, 2, 3, etc. But the difference
between ranks 1 and 2 may not be the same as between ranks 2 and 3.

Quantitative or numeric data are described numerically by counts or measurements. Numeric data
may be discrete or continuous. Discrete data can only assume certain distinct values; for example the
numbers that turns when a die is thrown can only be 1, 2, 3, 4, 5 or 6. Continuous data on the other
hand can assume any value from a continuous set of values: for example the time between arrivals at
a check-in desk could be a value such as 3.25 minutes. Quantitative data may be further classified as
ratio or interval. An interval scale is based on measurements from an arbitrary zero — a classic example
being temperature scale in Fahrenheit with zero at 32 F where, unlike ranks, a difference of say, 10 F
between any two temperatures is the same whether it is between 40 F and 50 F or between 85 F and
95 F. A ratio scale is an interval scale with a natural zero so that measurements can be compared. Ratio
scales include distances, heights, weights volumes, time. For example, a queuing time of 40 minutes is
twice as long as a queuing time of 20 minutes. The levels of data measurement are summarised at the
end of the chapter.

Accuracy of measurements

The number of decimal places given in a measured value depends on the type of measurement, the
measuring instrument and the accuracy required. For example, time to the nearest minute may be
sufficiently accurate to record times between arrivals at a check-in desk. But for various events in
athletics, times are recorded to the nearest 0.001 second. To record times to the nearest 0.001 second,
the time must be ‘rounded’ to three decimal places.

Rounding numbers

When processing continuous data, such as time, numbers are normally ‘rounded’ correct to a given
number of decimal places. For example, to round a number correct to three decimal places note the
digit in the fourth decimal place — if the value of this digit is five or greater, then the digit in the fourth
decimal place is increased by 1; if it is less than 5, leave it as it is. So 0.3676 is rounded to 0.368, but
0.3674 is rounded to 0.367.

1.4.2 Sorting and classifying the data

Raw data refers to data that has been collected or recorded by the researcher and it is usually in no
particular numeric order. For example, the numeric data in Table 1.4 is a record of the numbers of
MP3 players sold in a music store from January 1st to 31st (store closes on Sundays). At a glance,
the numbers per day range from 10-something to 50-something but it is difficult to see any pattern or
read ‘information’ from the data. For example, the store manager might want to know ‘the most usual
number sold daily’ or the average number sold per day or s/he may want to display a chart summarising
the information contained in the raw data.
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Table 1.4 Raw data: number of MP3 players sold daily File: MP3 players
30 11 29 34 54 36
49 31 42 45 25 25
15 18 13 25 13
55 55 38 31 43
38 22 37 20 36

To obtain more information and to plot charts it is necessary to start by sorting or classifying the data
in some way. In the following sections, two methods for sorting data will be explained:

1. Sorting data into a Stem-and-leaf plot (or diagram).
2. Sorting data into a frequency distribution table.

Note: Categorical data is easily sorted according to the pertinent data characteristics such as gender,
hair colour, Y/N, etc.

Sort or classify the data
to gain information,
11, 13, 13, 15, 18 plot charts, etc.

20, 22, 25, 25, 29

30, 31, 31, 34, 36, 36, 37, 38, 38
42,44, 45,49

54,55, 55

. . MP3 players sold per day in January
Graph gives a quick
overview of information: 2, © 5
. £ 0 —
such as “...30 39 per day is w2 o .
the largest group’ . .. etc. 2o gers
€23 4 3
g el -
A
N 235 L
g2 .
10to 19 20t029 301039 40to49 50to59

\ Number of DVD players sold per da\y/

Chart 1.2 Sorting and classifying data to gain information.

1.4.3 Stem-and-leaf plot

This is a simple chart consisting of stems as the main groups while the leaves are elements within each
main group/stem.
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2,3,3,5,8

STEM: 20

Figure 1.1 Reason for the name ‘stem-and-leaf’ plot.

For example, the picture in Figure 1.1 depicts a stem-and-leaf plot with 3 stems (or main groups):
105 20; 30. The stem, 10, has leaves 2; 3; 3, 5; 8 representing the numbers 12; 13; 13; 15; 18.

It is not necessary to ‘draw’ a stem-and-leaf picture such as that in Figure 1.1. The sorted data may
be presented in a table as illustrated in the following Worked Example 1.3.

Worked Example 1.3: Stem-and-leaf plot

Sort the data in Table 1.4 (MP3 players) in a stem-and-leaf plot.

Solution

Normally between 5 and 20 stems or categories are desirable-too few give very little information
while too many stems give scrappy and disjointed information that is difficult to read. A good
choice of stems for the data in Table 1.4 would be: 10, 20, 30, 40 and 50. Therefore, start with row
1 of Table 1.4 and distribute each number into the appropriate group (or stem), as follows:

Stem = 30 Stem =30
Leaf =4 Leaf=6

Row 1 — 30 11 29 34
10

Stem =30 |[Stem =
Leaf=0 Leaf=1
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Table 1.5 Data from first row of Table 1.4 sorted into the stem-and leaf table

Stem(tens) | L e a Vv e s (units)

5 4 54

4

3 0 4 6 30, 34, 36
2 9 29

1 1 11

When the sorting of the data in Table 1.4 is complete, array the numbers within each stem (group)
in ascending order as in Table 1.6:

Table 1.6 The stem leaf plot for the data in Table 1.4

Stem(tens)|] L e a v e s (units) Read out as

5 4 5 5 54, 55, 55

4 2 4 5 9 42,44, 45, 49

3 0 1 1 4 6 6 7 8 8 30, 31, 31, 34, 36, 36, 37, 38, 38
2 0 2 5 5 5 9 20, 22, 25, 25, 29

1 1 3 3 5 8 11,13 13,15,18

Information can be read from a stem and leaf plot
From this simple plot one can see at a glance:

the range of values from the lowest to the highest.
the main groups; the biggest single group in this data is the 30s. Between 30 and 39 MP3 players
were sold on nine of the 27 days.

From the stem-and-leaf plot the entire data set may be written in ascending or descending order b a
prerequisite for the calculation of medians and quartiles, as we shall see in the following sections.

1.4.4 Frequency distribution table

The data in this particular stem-and-leaf plot may readily be summarised in a table called a frequency
distribution table as shown in Table 1.7a:

Table 1.7a Frequency distribution table for the numbers of MP3 players sold in January

Intervals Frequency

MP3 players sold per day ranged from.. .. The number of days when this number was sold
10to 19
20to 29
30to 39
40to 49
50 to 59

wh oo O
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Table 1.7b  Frequency distribution table with a tally column and relative frequencies

Intervals Frequency

Tally
10to 19 L)
20t0 29 )
30 to 39 SR
40 to 49 L)
50 to 59 o

Total 27

LW B~ O O N

In the absence of a ready-made stem-and-leaf plot, raw data may be sorted into a frequency distribution
table as follows:

1. Find the highest and lowest value in the data; choose between 5 and 20 intervals to cover this range
using equal intervals, if possible. The data in Table 1.4 ranged from 11 to 55 hence five intervals
starting at 10, ending at 60 would cover this range. Since there are only 27 data, five intervals are
sufficient.

2. Intervals may be defined in various ways but they must be defined clearly, and if possible use equal
widths. There must be have no gaps or overlaps. In other words the intervals should be mutually
exclusive and exhaustive over the data range.

3. Having defined the intervals, sort each datum in Table 1.4 into intervals by entering a ‘tick’ in the
appropriate interval in what is called a ‘tally column’ see Figure 1.7b. When all the data is sorted, the
ticks for each interval are totalled. The number of data in a given interval is called the ‘frequency’
of that interval.

Unequal and open-ended intervals: Occasionally, when sorting data into a frequency table it will
be necessary to use intervals of different widths, for example when the use of equal intervals would
result in a large number of empty intervals. In other instances it may be necessary to use open-ended
intervals at the beginning and/or end of a table. For example, in a company where the salary for most
employees will be within a well defined range, but a small number of workers are be on a very low salary
the first interval would be defined as ‘less than X’: at the other extreme, a small number of consultants
may be on very large salary so the upper interval in the table would be defined as ‘Y and over’. While
unequal and open-ended intervals give a more compact table, information on extreme salaries is lost.
Frequency distribution tables are a prerequisite for plotting bar charts and histograms.

1.5 Charts: Bar charts, pie charts and plotting in Excel

Charts and graphs are common features on the business pages in most daily newspapers, journals,
internet sites, etc. Charts may be drawn for numeric and categorical data either manually or by using
packages such as Microsoft Excel. To give the reader an appreciation of the factors that determine
their accuracy, readability and clarity (scale, units, titles, labels, etc.) the manual plotting of basic bar
charts is described first. Following the manual plotting a brief introduction is given to the very versatile
plotting capabilities of Microsoft Excel.

1.5.1 Simple bar charts

Toplotbar charts the data should be sorted into stem-and-leaf or frequency tables. Worked Example 1.4
outlines the steps involved in plotting a simple bar chart.
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Worked Example 1.4: Plotting a Bar chart (manually)

Plot a bar chart from the data given in the frequency distribution Table 1.7a for daily sales of MP3
players. Give a verbal description of the information displayed in the chart.

Method

1. Scale the axis

Horizontal axis: the intervals ‘Numbers sold per day “10 to 19”: “20 to 297, etc’ are plotted on
the horizontal axis. Mark out 5 intervals of equal width: label each interval to correspond with
the frequency table.

Vertical axis: frequency will be plotted on the vertical scale: the highest frequency is 9. Therefore
scale the vertical axis from O up to about 12. You need to leave room at the top for titles, etc.

. Labels/Titles: Write the label and units on the horizontal axis and vertical axis to correspond

with those in the frequency distribution table. Give the graph an overall title and, if necessary
for clarity, give subtitles. See Figure 1.2.

. Plot the chart. Over each interval on the horizontal axis draw a bar, the height of which

corresponds to the frequency or number of data within that interval.

MP3 players sold per day in January

Frequency (how often this
number was sold per day)
O =2 N W dhH o o
——+——+—
[} [} [} [} [} [}
I I I I I I
I
I
‘I
[}
[} [}
I I
I I
I I
I I
| |
I I
I I
I I
I I
[} [}
[} [}
]
[}
[}
I
I
I
I
I
}
.H
[}
I
I I
I I
I I
I I
I I
[} [}
[} [}
[} I
w |
I I
I I
I I I I I
I I I I I
[} [} [} [} [}

10to 19 20to 29 30 to 39 40 to 49 50 to 59
Number of MP3 players sold per day

Figure 1.2 Bar chart of MP3 players sold daily in January.

. Give a verbal description of the information displayed in the chart. The information here is

the same as given by the stem-and-leaf plot. The numbers sold per day ranged from 10 to 59
and is distributed reasonably symmetrically about the central group. The largest single group is
30 to 39 since 30 to 39 MP3 players were sold on 9 out of the 27 days. Between 50 and 59 MP3

players were sold on only three days.




JWBK145-01 JWBK145-Bradley September 22, 2007 11:9 Char Count= 0

[25]

DATA COLLECTION AND |ITS GRAPHICAL PRESENTATION

1.5.2 Variation on the simple bar charts and pie charts

The manual plotting of relative frequency and percentage bar charts is described below. Again, these
and numerous other variations are readily available in Excel.

The relative frequency expresses the number of items in an interval as a proportion or fraction of
the total number of items in the data set.

Number of items in interval 4 Also described as the

Relative frequency for interval 7 3 - ! C ‘
Total number of items proportion of items in

Frequency for interval i interval i.
~

Sum of all frequencies

See Table 1.8 where relative frequencies for each interval are given in column 3.

Percentage frequency bar chart

The percentage frequency for data in a given interval is simply its relative frequencies multiplied by

100.
Percentages are
proportions X 100
Frequency for interval 4

100

Percentage frequency (interval 7) :
Sum of all frequencies

Calculations for percentage frequencies are in column 4 in Table 1.8:

Table 1.8  Frequency distribution table with relative frequencies expressed as proportions of 100 (i.e. %) and
proportions of 360

Relative Percent frequency Angle of Pie slice
Intervals Frequency Frequency  Relative frequency 100  Relative frequency 360
MP3 players sold ~ Number of days
per day ranged when this number ~ frequency  frequency frequency
from. ... was sold Total freq.  Total freq. Total freq.
10to 19 5 El £l 100 ¥ 18.5% El 360 I 66.7
217 27 2
20 6 6 [a] (&) 6 X
to 29 6 77 77 1003 22.2% 77 360 3 80
30to 39 9 2 2 100 3 33.3 % 2 360 3 120
27 27 Vo 27 )
40to 49 4 4 hl 100 ¥ 14.8% 4 360 3 53.3
27 2 21
50 to 59 3 El El 1003 11.1% El 360 3 40
217 27 217
Total 27 1 100 % 360

A careful comparison of Figures 1.2 and 1.3 will show that the percentage frequency bar chart is a
rescaled version of the simple bar chart.

Pie charts. In Column 5 of Table 1.8 the frequencies are expressed as proportions or fractions of
360 by multiplying the relative frequency by 360: these values are the angles of the slices of the pie
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2. The examination marks for a groups of students is given in Table PE1.2:

. A mobile phone bill, summarised in Table PE1.3, gives the duration of calls that exceeded one

. The breakdown of road user fatalities for 2005 in Ireland is given in Table PE1.2 Q4

. Write a brief report on the information displayed in Figure PE1.2 Q5. What other information

DATA COLLECTION AND ITS GRAPHICAL PRESENTATION

Table PE1.2 Q2  Examination marks for students on an SPC course

69 6 49 49 31 20 57 50 74 61 49 52 60 38 49
94 53 72 52 65 18 30 55 68 55 54 40 82 45 71
65 58 69 49 36 12 42 48 48 50 65 64 45 47 65
81 58 61 66 43 26 50 29 39 80 56 67 36 74 60

Use intervals 0 < 10; 10 < 20; 20 < 30 etc.

minute.

| File: Mobile calls]

Table PE1.2 Q3  Duration of mobile calls that exceeded 1 minute

1358 1449 1.06 107 1057 1.19 2210 216 123 145 147 147 150

.55 2.05 205 121 217 217 236 3.04 6.12 5814 252 252 120
1731 357 1718 413 428 432 333 228 218 723 806 828 9.06
10.26 1.08 1339 1.01 1.03 17.07 4.05 6.02 507 2840 33.27 3331 247

SourceMy phone bill.

Use intervals 0 < 1.5; 1.5 < 3.0; 3.0 < 4.5 etc. Would an upper open-ended interval be sensible
for this data?

Table PE1.2 Q4  Breakdown of road user fatalities

Pedestrians 71
Drivers 170
Passengers 91
Motorcyclists 51
Pillion passengers 4
Pedal cyclists 11
Other 1
Total 399

Source:CSO - Department of the environment, heritage and local
government.

Plot (i) a simple bar chart (ii) a percentage bar chart for the data.
Give a verbal description of the information displayed in the chart.

would you require to give a more comprehensive report?
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Top three causes of fatal and serious collisions
where rider was responsible for collision
2000-2004

140
120
100
80
60
40
20

Number of collisions
o

Inattention

Excessive speed
having regard for
collisions

Overtaking on off side
without care

Figure PE1.2 Q5 Top three causes of fatal and serious collisions where motor cycle rider was responsible.

SourcePSNI.

6. (a) What information can you deduce from the following chart? What further detail should be
given on the chart in order to read meaningful information from it?
(b) The data and other information for the chart Figure PE1.2 Q6 is given in the file: Phone cost
eurostat. Use data from this file to describe further information on the cost of phone calls in
the various countries.

Data source: Eurostat.

Figure PE1.2 Q6

7. Write a brief account of the information displayed in Figure PE1.2 Q7. Suggest changes to this
plot and/or explanatory notes that would provide the reader with more in-depth information.
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Staff numbers and teacher training qualification

100,000 -
90,000 -
80,000 -
70,000 -
60,000 -
50,000 -
40,000 -
30,000 1
20,000 -
10,000 4

Numbers

| File: Employment further education |

Figure PE1.2 Q7  Further Education colleges in England, 2004/05 (includes Specialist Designated
Institutions). SourceOffice for National Statistics. Crown copyright material is reproduced with the per-

mission of the Controller of HMSO.

8. The total value of selected agricultural commodities (in $,000) produced and exported in 1997-98
in Australia is given in Table PE2.1 Q8

| File: Agri products |

Table PE1.2 Q8  Value of total production and exports of selected
commodities

1997-98 ($,000) ($,000)
Agricultural commodities Production Exports
Plant nurseries 506 866 5624
Cut flower and flower seed growing 150830 24325
Vegetable growing 1803 250 244 149
Grape growing 917041 82438
Apple and pear growing 448910 62267
Stone fruit growing 154176 24479
Kiwifruit growing 5135 2892
SourceABS Australia.

(a) Plot a bar chart for the commodities to display (i) production and exports (ii) production
(iii) exports.

(b) Calculate the percentage of each commodity (in monetary terms) that is exported. Plot a bar
chart to display this information. Comment on the information displayed in (a) and (b).
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Skill Development Exercise SK1_2: Sort data and plot bar charts

In a drive to attract new members to a sports club the management advertise the social, recre-
ational and competitive activities of its existing members. Age is an important consideration when
organising certain activities, particularly teams for interclub competitions. For example, the ages
of members willing to participate in swimming teams is given in Table 1.9 (File: Swimmers). At
a glance, it can be seen that practically all ages are in the higher teens to low twenties but it is
difficult to see which group predominates unless the data is sorted.

Table 1.9  Ages of swimmers available for competitions File: Swimmers

Ages of swimmers

18.8 18.7  20.2 174 296 237 196 184 206 255
179 242 209 192 231 215 219 207 223 217
205 216 204 202 19.5 19.9 199 208 172 19.1
18.1 192 188 188 212 243 223 122 188  21.7
181 209 211 179 186 188 201 209  20.1 22.4

(a) Sort the data into a stem-and-leaf plot.

(b) Sort the data into a frequency distribution table.

(c) Plot a bar chart for number of swimmers by age group.

(d) Calculate the angle of each slice of the pie.

(e) In Excel, plot a pie chart for the ages of swimmers data in Table 1.9.
(f) What information can you read from the table and graph above?

Answers:
(a)
Table SK1_2.1 Stem-and-leaf for ages
Stem (units of 1’s) Leaves (Decimals or units of 0.1)
17 2,499
18 1,1,4,6,7,8,8,8,8,8
19 1,2,2,5,6,9,9
20 1,1,2,2,4,5,6,7,8,9,9,9
21 1,2,5,6,7,7,9
22 0,3,3,4
23 1,7
24 23
25 5
26
27
28

29 6
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(b) and (c)

Table SK1_2.2  Frequency tables for Number of swimmers in various age groups
ages of swimmers

Tally "

Intervals  column Frequency g

£
17<19 SR 14 H
19<21 ) 19 5
21<23 S & 11 8
23<25 . 4 5
25<27 & 1
27<29 & 1 17<19 19 <21 21<23 23<25 25<27 27<29
Total 50 Age (years)

Figure SK1_2.1  Bar chart for number of swimmers classified

by age group.
(d) and (e)

< 27 <29 A f swi
Table SK1_2.3  Ages of swimmers (722 dezg7) o ges ?y:ﬁlgmers
in team with angles for slices of pie
chart
Angle in

Ages Frequency degrees
17 <19 14 100.8 o
19<21 19 136.8 (79.2 deg) ——
21<23 11 79.2 m23<25
23 <125 4 28.8 m 25 <27
25<27 1 7.2 0 27<29
271<29 1 7.2
Total 50 360

Note: the intervals are defined so that ‘17 <

19’ includes all data between 17.0 and up to

but not including 19.0. Figure SK1_2.2  Pie chart for ages of swimmers (plotting in
Excel will be covered in the next section).

(f) Information from frequency distribution tables and bar charts

The first thing that strikes the reader when looking at the stem-and-leaf, table or bar or pie
chart is the main groupings. In this example 19 out of the 50 swimmers are in the ‘19 < 21’
age group. In fact, almost half of all swimmers are aged less than 21. The spread of ages within
the team is clear; most (44 out of the 50) fall within 17 to 23 years, while only 6 swimmers
have ages ranging from 23 to 29 years.

In general, when pie charts display the same information as bar charts, small differences
between frequencies are not so easy to detect.
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Table 1.10  Ages of swimmers and walkers | File: Swimmers and \X/alkers|
Ages Frequency Swimmers Frequency Walkers
17<19 14 8
19 <21 19 12
21<23 11 18
23 <25 4 37
25 <27 1 15
21<29 1 7
29 <31 0 3
Totals 50 100

1.5.5 Compound bar charts: making comparisons

Bar charts are particularly useful for comparing two or more sets of data on the same chart. For example,
a comparison of ages for members of the walking team and the swimming team is given in Table 1.10
and Figure 1.12a, plotted in Excel.

In the latter example there are twice as many walkers as swimmers. An overall comparison of the
age distributionsuld be clearer if we calculate and plot the percentage of swimmers in each age group
and the percentage of walkers in each age group. See Table 1.11, Figure 1.12b.

Ages of swimmers and Walkers

40 q 37
— B Swimmers
35 1 O Walkers
T 30 1
5
qg)_ 25 A .
£ 20 - 8
4 14
S 15 4 12 4
§ ol e
z 4
5 .
0 A ; ; ; ._ Age in years
7> ) < 2
v, - ,v &v © © v
) <> ) < > <> S

Figure 1.12a  Numbers of swimmers and walkers in each age group.

Ages of Swimmers and Walkers @ % Swimmers

40% 1 B % Walkers
35%
30%
25%
20% 1
15% 1
10% -
5% 1
0%

Percentages

17<19 19 <21 21<23 23<25 25<27 27<29 29<3] Agesinyears

Figure 1.12b  Percentages of swimmers and walkers in each age group.
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Calculation of percentages:

Table 1.11  Frequency distribution table giving percentage of swimmers in each age group, similarly for walkers

Number

ota
Number as a percentage of the Total.

Reminder: x100 expresses the

Swimmers Walkers
Ages Swimmers % Swimmers Walkers % Walkers
14
17<19 14 ) 100 ¥ 28 % 8 8%
19
19<21 19 ) 100 ¥ 38 % 12 12%
21<23 11 ;—é 100 3 22 % 18 18 %
23<25 4 % 1003 8% 37 37%
1
25 <27 1 0 1003 2% 15 15%
271<29 1 % 1003 2% 7 7%
29 <31 0 % 1003 0% 3 3%
Totals 50 100

We can now see that walkers tend to be older than swimmers, with ages ranging from 17 to 31-37 %
of walkers fall into the single largest age group — ‘23 < 25’ while 36 % of swimmers fall into the ‘19 < 21’
age group. The ages of walkers are fairly evenly distributed above and below the ‘23 < 25’ group while
most swimmers are concentrated in the younger age groups with very few in the higher age groups.

Another variation on compound bar charts. Figure 1.12c¢ is a plot of the numbers of swimmers and
walkers for each age group in the same bar. This would be useful if we want to look at the ratio of

Ages of Swimmers and Walkers

@ Swimmers

29 < 31
27 <29
25<27
23<25
21 <23
19 <21
17 <19

m Walkers

Frequency (numbers)

f T T T Ages in years
0 10 20 30 40 50

Figure 1.12c¢  Compound bar chart for ages of swimmers and walkers.
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swimmers and walkers within the various age groups as well as between age groups. For example the
ratio of swimmers to walkers is very small for age 23 < 25.

Progress Exercises 1.3: Sorting data, charts and graphs, Excel or otherwise

1. The data in Table PE1.3 Q1 gives the price in Euro of a 10 minute call at 11 am on a weekday
(including VAT) for a local call (3 km). The prices refer to August each year. Normal tariffs
without special rates are used.

Plot a bar chart for this data to compare prices in the three countries from 1997 to 2004. Write
a brief description of the plot.

Table PE1.3 Q1  The price, in Euro of a 10 minute call at 11 am on a weekday | File: Euro phones|
(including VAT) for a local call (3 km)

1997 1998 1999 2000 2001 2002 2003 2004

Spain 0.2 0.32 0.32 0.28 0.28 0.28 0.28 0.28
France 0.45 0.42 0.42 0.42 0.39 0.39 0.39 0.39
Ireland 0.58 0.58 0.49 0.51 0.51 0.51 0.51 0.49

SourceEuroStat.

2. Plot the data in Table PE1.3 Q2 (File Absentees 1) to compare the absentee rate for men and
women by age group. Give a brief verbal description of the plot.

Table PE1.3 Q2  Percentage absent from work for at least | File: Absentees 1]

one day in the week preceding the survey

Sickness absence (percentages) by age and sex

United Kingdom, Winter 2005

Age All Men Women
16-24 2.9 2.6 3.3
25-34 2.8 2.2 3.5
35-49 2.7 2.5 2.9
50-59/64 2.7 2.4 3.0
604 /65 2.2 2.4 2.1
All 2.7 2.4 3.1

SourceNational Statistics website: www.statistics.gov.uk. Crown
copyright material is reproduced with permission of the Controller

of HMSO.

3. The data in Table PE1.3 Q3 gives the absentee rate for various occupations. Plot a suitable chart
to display this information graphically for (i) all absentees (ii) to compare of the absentee rate
for men and women. In each case, explain the graphs verbally.




JWBK145-01 JWBK145-Bradley September 22, 2007 11:9 Char Count= 0

_ [ao]

CHAPTERT
Table PE1.3 Q5 Match statistics England Ecuador World
Cllp 2006 ‘Fﬂe WOI’ld Cup 2006’
England Defensive phase Ecuador
6 Off sides provoked 3
36 Headers 26
32 Balls won 32
2.46 Balls won / Fouls committed 1.28
22 Successful tackles 14
59 % % Successful tackles 38%
25 Interceptions 24
1 Saves 3

6. The economic activities of the Irish population aged 16 and older are classified according to
gender in 2005. See Table PE1.3Q6 (extract from File: labour force).
(a) Plotapie chart todisplay the percentages in each economic activity for the female population.
(b) Plot a suitable chart to compare the economic activities of the male and female populations.
(c) Describe the information displayed (a) and (b) verbally.

Table PE1.3 Q6 Quarterly national household survey | File: Labour force 1 |
2005 Ireland
Males Females
At work 1080.60 776.8
Unemployed 771 32.5
Student 176.8 193.6
On home duties 5.1 539.4
Retired 208.7 72.2
Other 72.5 42.1
Total 1620.90 1656.60

SourceCSO Quarterly national household survey 2005.

7. The United Nations Economic Commission for Europe (UNECE) compiles statistics on global
economic and social trends with particular reference to Europe and North America. An extract
is given in Table PE1.3 Q7 for the main export commodities as a percentage of total exports from
the Russian Federation.

Table PE1.3 Q7 Main external trade commodities as a % of total | File: UNECE Ex_Trade|
exports

Russian Federation Year 2003

Main external trade commodities (% of total) exports of goods

Petroleum, petrol. product 38.1

Spec.transact.not classd 13.8

Gas, natural, manufactured 13.1

[ron and steel 6.1

Non-ferrous metals 5.6

Remainder 233

SourcebUnited Nations Economic Commission for Europe.
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. The estimated annual waste by sector in 2000 is given in Table PE1.3 Q8:

. Singapore 2006 Statistical highlights proclaim ‘Strong growth in Foreign Direct Investment (FDI)

10.

(a) Plot a (i) bar (ii) pie chart for the data.
(b) Which of the charts is most effective in displaying the information graphically?

Table PE1.3 Q8  Estimated annual waste by sector File: Waste 1

Million tonnes Percentage
Agriculture 87 20.1 %
Mining and quarrying 118 273 %
Sewage sludge 1 0.2%
Dredged spoils 33 7.6 %
Household 30 6.9 %
Commercial 28 6.5%
Demolition and construction 80 18.5%
Industrial 55 12.7%
Total 432 100.0%

SourceDefra, Environment Agency, Water UK.

Plot (a) a pie chart (b) a bar chart for the data.
Visually, which chart gives the reader the more accurate view of the relative amounts of waste
from the various sources?

and Direct Investment Abroad (DIA)’ in 2004.
The data is given in percentages in Table PE1.3 Q9:

Table PE1.3 Q9  Singapore’s FDI and DIA in 2004 | File: Foreign Investment
Region Percentage FDI  Percentage DIA

Asia 22.8 48

North America 16.5 5

Caribbean/Latin America 15.1 25

Europe 42.4 10

Others 3.1 12

Source:c Department of Statistics, Ministry of Trade and Industry,
Republic of Singapore.

(a) Plot two pie charts to compare the FDI and DIA for the five regions.

(b) Plot a bar chart to compare the FDI and DIA for the five regions.

(c) Explain which chart best conveys the information given in Table PE1.3 Q9.

Personnel costs are defined as the total remuneration payable by an employer to an employee in
return for work done by the latter. It includes taxes and employees’ social security contributions.
The costs in France, Poland, Slovenia and the UK for the construction sector and the hotel and
restaurant sector are given in Table PE1.3 Q.10:
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Table PE1.3 Q10  Personnel costs for construction and hotels and restaurants. ’ File: Personnel COStS’

Construction Hotels and restaurants
2001 2002 2003 2001 2002 2003
France 41132.3 42987.3 45188.5 1511.4 1645.6 1840.9
Poland 3632.9 5758.7 27074 594.9 1036.8 527.2
Slovenia 665.6 697.3 697.5 234.1 249 266.3
United Kingdom 381239 41 680.7 39664.8 20965.1 21553 20482.5

Sourceeurostat.

(a) Plot a bar chart to compare costs in the construction sector and the hotels and restaurants
sector for the four countries. Describe briefly the information displayed in the chart. Suggest
at least two reasons for the higher costs in France and the UK. What other information would
give useful comparisons of personnel cost between countries?

(b) Would it be useful to plot separate charts for the high costs countries and the low costs
countries? Give reasons.

Plot a bar chart to compare costs in the construction sector and the hotels and restaurants sector

(i) for UK and France (ii) for Poland and Slovenia Describe briefly the information displayed in

the charts.

1.6 Graphs: Histograms and Ogives. Graphs in Excel

Graphs are used to represent numeric data accurately. The graphs covered in this section are histograms,
Ogives (a cumulative frequency graph) and line graphs.

1.6.1 Histograms: for data sorted into equal intervals

Histograms are graphical representations of frequency distributions for numeric data. Histograms are
plotted from data sorted into frequency tables. If the frequency table consists of equal-width intervals
the method for plotting histograms is similar to that described above for bar charts but there are ‘no
gaps’ between the bars. To leave the reader in no doubt that there are ‘no gaps’, the intervals in
Table 1.7a could be relabelled as ‘10 less than 20’ which means the interval contains numbers ranging
from 10 and up to, but not including 20 (since this is count data 10 less than 20 is the same as 10-19).
The histogram plotted from the relabelled intervals from Table 1.7a is given in Figure 1.13. Note, on
the graph the boundaries between intervals should be 9.5, 19.5, 29.5, etc. See Appendix A for further
explanations on conventions for defining class boundaries, class intervals, etc.

Notes

e Histograms display the numbers (frequencies) of data that fall within a set of mutually exclusive
intervals: the intervals span the entire range of data from the smallest to the largest.

e [f the data is symmetrically distributed about a central value we say it is ‘normally distributed’.
Normality is a very important characteristic and will be discussed in later chapters.

e A different choice of intervals may alter the shape of the histogram.
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Skill Development Exercise SK1_3: Plot a histogram

The ages of members of the swimming team are given in Table 1.9. Summarise the data in a
frequency distribution table. Plot a histogram for the ages of the swimmers.

Solution

Table SK1_2.2  Ages of swimmers in team

Ages of Swimmers in team

Intervals Tally

(Years) Column Frequency

17<19 s~ 14 g

19<21 R 19 §

21<23 SN 11

23 <125 M 4

25< 27 * 1 Ages in years
21<29 mn 1

Total 50

Figure SK1_3.1 Histogram of ages of swimmers in team.

1.6.2 Plot histograms for unequal intervals and open-ended intervals

When plotting histograms, the area of a bar or rectangle is proportional to the frequency of thi thterval
intervals are equal in width, then the height is proportional to the frequency, as stated above. Recall,
that in section 1.4.4, it was stated that it is not always sensible to use equal intervals when sorting data

into frequency tables. If the intervals (plotted on the horizontal) are not equal in width, the heights

of rectangles must be calculated so that the area is proportional to frequency. The calculation of the
heights for unequal intervals is illustrated in Worked Example 1.5. Some frequency tables will have
open-ended intervals so it may be necessary to assume an end point for such intervals in order to plot
graphs. For convenience the width of an open-ended interval is often assumed to be the same as that

of the adjoining interval.

Worked Example 1.5: Histogram with open-ended and unequal intervals

Table 1.12 gives the numbers (in thousands) emigrating from the UK in 1995 and 2002.

(a) Plota bar chart comparing the numbers emigrating in 1995 and 2002. Give a verbal description
of the migration pattern by age in 1995 and 2002.
(b) Plot a histogram of the numbers emigrating in 2002.

Table 1.12  Total international emigration: by age and gender File: Migration

Outflow in thousands
Under 15 15-24 25-44 45-64 65 and over

1995 32.6 69.1 106.5 21.0 7.3
2002 25.0 91.9 186.4 46.2 9.9

Sourcelnternational Migration 2002- Series MN No. 29 Table 2.2, Migration
Statistics, Office for National Statistics.
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Solution

(a) This plot is straightforward — for each age group plot bars whose heights are proportional to
the frequencies. The graph below was plotted in Excel. The graph reveals that the numbers
emigrating in 2002 are higher than in 1995, except for the under 15 group. There is a large
increase in the 25-44 and 45-64 age groups in 2002.

Emigration from the UK in 1995 and 2002

200 -
180
160 -
140

120 - m 1995
100 o

80 m 2002
60

40
20

Numbers (thousands)

Under 15 15-24 25-44 45-64 65 and over
Age groups

Figure 1.15 Number of persons (in thousands) emigrating from the UK in 1995 and 2002.

(b) Age group 15-24 contains all ages that round from 15 to 24, i.e. 14.5 to 24.49999 (written as
24.5 ): the interval width is 10.
The interval 25-44 contains ages 24.5 to 44.5 , hence interval width is 20
The interval 45-64 contains ages 44.5 to 64.5 , hence interval width is 20
Assuming the interval ‘65 and over’ is 64-84, this interval is also of width 20. The interval
‘under 15’ can only have a lower limit of zero (negative ages are nonsensical) and so the interval
width is 14.5.

The calculation of height of the rectangles for this histogram with unequal widths intervals
is explained as follows. The statement ‘area is proportional to frequency’ is written symbolically
as Area  frequency, where the symbol  means ‘is proportional to’

Height width frequency ...where area of rectangle I height ~ width

h w £ where h ¥ height, w I width, f & frequency
h w¥Kf . where K is a constant
hs wa ....solving for h

In Table 1.12 all intervals, except the first, are of width w ¥ 20. Since Kmay be any value,
for convenience select K & 20 (the width of majority of the intervals).

20f
h3 0 h 3 f, the frequency, for intervals of width 20
20f 20(25
For the first interval of width 14.5, the height is, h 12—5 3 % I 34.5

The calculated heights are given in Table 1.13 below, the histogram in Figure 1.16.
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Table 1.14 Cumulative frequency distribution table

State the upper limits for cumulative frequencies: e.g. ‘less
than 20’ means all daily sales from 0 but less than 20 etc.

Daily sales of Cumulative

MP3 players Less than... Frequency frequency
sales ‘less than..’

Oto 9 10 0 0

10to 19 20 5 5

20to0 29 30 6 11

30 to 39 40 9 20

40 to 49 50 4 24

50 to 59 60 3 27

Toplot the graph, mark off intervals on the horizontal axis at the ‘less than’ limits, 10, 20, 30, 40,
50 and 60. Scale the vertical axis from 0 to 30, since the highest cumulative frequency is 27. Plot
cumulative frequencies against the ‘less than.” limits of 10, 20, 30, 40, 50 and 60. An additional
vertical scale may be added on the right of the graph, treating the total cumulative frequency
as 100 %. In this example the percentage cumulative frequency scale is divided into four equal
parts at the 25 %, 50 %, 75 % and 100 % points called quartiles. In many examples the 100 %
scale is divided into intervals at 10 % points, called deciles and even 20 % points called quintiles.

Cumulative frequency graph (Ogive)

Cumulative frequency (less than)

:

N
o
N
o

Daily sales of MP3 players

Figure 1.17 Cumulative frequency graph for daily sales of MP3 players.

(b) (i) From Table 1.14, fewer then 30 MP3 players were sold on 11 of 27 days, that is, on
% 1003 40.7% of days

(b) (ii) On Figure 1.17, draw a horizontal line at the 50 % mark on the percentage vertical scale.
Through the point of intersection with the graph, drop a vertical line until it cuts the

horizontal axis. This line cuts the horizontal axis at 33. Therefore, on 50 % of days fewer
than 33 MP3 players were sold.
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(b)

Table SK1_5.2  Frequency distribution table for hours worked per week by 49 employees

Hours worked 15<20 20<25 25<30 30<35 35<40 40<45 45<50 50<55 55<60
Frequency 1 12 5 1 9 10 1 1 3

(c) Histogram from Frequency Table SK1_5.2

Histogram of weekly hours

e
o

Frequency
(<]

o N &~ O

':’v *"’ov *"o*v *’ov "of 2 %, % R
Weekly hours <2 <% P % 2 Z %

Figure SK1_5.1 Histogram for weekly hours worked by 49 employees.

There are 2 main groups here: one group works 30 hours or less per week while the other works
between 35 and 45 hours per week

(d)

Cumulative frequency graph (Ogive) for the hours worked

Cumulatice frequency

S N N S DN (U [ R

e AP [P IO SN PR ST P RO P

W
wn
(=}
W
W
(=N}
S
N
W

Hours less than

Figure SK1_5.2  Ogive for weekly hours worked by 49 employees.

(e) From the graph (i) 25 % of the group work 22.5 hours or less per week (iii) 50 % work 32 hours
or less per week and (iii) 75 % work 42 hours or less per week. That means 25 % work 42 hours
or more per week.
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Progress Exercises 1.4: Histograms and Ogives

1. See question 1, PE1.2 Q1. For the data given in Table PE1.1 Q1 (File: No show).

. See question 2 PE1.2. For the data in Table PE1.2 Q2: (File: Exam marks).

. The Oneighbour statisticsO summarises certain social and economic statistics that relate tg

(a) Plot a histogram. Would you consider the data to be normally distributed?
(b) Plotan Ogive. From the Ogive estimate the number of Ono showsO for the lower 50 % @

(a) Plot a histogram. Is this data approximately normally distributed?

fflights

(b) Plot an Ogive. Calculate the maximum mark for the lower 30 % of results and the minimum

mark for the upper 10 % of results.

(file: Mobile calls).
(a) Plot a histogram. State any assumptions made. Describe the distribution of this data

(b) Plot an Ogive: Calculate (i) the maximum duration for the lower 25 % of calls (ii) the

minimum duration for the upper 25 % of calls (iii) the two limits within which the midd|
50 % of calls lasted.

for your answers.

. See question 3 PE1.2, Table PE1.2 Q3, gives the duration of calls that exceeded one minute:

e

. Isit possible to plot histograms for the data given in PE1.2 questions 4, 5 and 67 Give explahations

lifestyles

in OneighbourhoodsO in the UK. Distance travelled to work is one such statistic. Table PE1.4 Q5

gives the distance travelled to work by the economically active inhabitants of neighbourh
Brentwood (B 005A) and London (Lon 001A).

Table PE1.4 Q5 Distance travelled to work for (i) Brentwood (B)

(ii) a London neighbourhood | File: Distance o Worlk

Distance Travelled to Work (UV35) B 005A Lon 001A
All People (economically active 16D74) 1006 1056
Works mainly at or from home 101 105
Less than 2km 94 539
2km to less than 5km 160 237
5km to less than 10km 57 80
10km to less than 20km 159 16
20km to less than 30km 85 9
30km to less than 40km 285 4
40km to less than 60km 22 13
60km and over 10 21
No fixed place of work 30 32
Working outside the UK 3 0
Working at offshore installation 0 0

For each neighbourhood

(a) plot (i) a histogram and (ii) an Ogive for those who travel to work (i.e. exclude those v
work from home, no fixed place, etc.).

(b) From the histogram, describe the distribution of distances travelled to work.

(c) From the Ogive calculate the distance to work for (i) the 25 % that travel the short
distance (ii) the 25 % that travel the longest distance (iii) the two distances within wh
the middle 50 % of workers travel.

oods

vho

est
ch
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6. The percentile points for income before and after tax are given in Table PE1.4 Q6 below.
File: Tax_income 9091 03_04

Table PE1.4 Q6  Percentile points for total income before and after tax

Percentile points for total income before and after tax 1990-91 to 2003-04

Taxpayers only Amounts: £

Percentile point 1 5 10 25 50 75 90 95 99
Total income before tax

1990-91 3190 3890 4650 : 10600 : 23200 30100 57200

2003-04 4820 5850 7000 10100 16000 25100 37100 50600 111000
Total income after tax

1990-91 3150 3720 4300 : 8980 : 18700 23300 40400

2003-04 4800 5730 6790 9290 14000 21100 30700 39000 77000
: not given.

Source: Survey of Personal Incomes 2003Bl04ipdated April 2006. Crown copyright material is reproduced with

the permission of the Controller of HMSO and the Queen’s Printer for Scotland.

(a) Describe the information contained in Table PE1.4 Q6.

(b) State the total income limit for the lower (i) 10 % (ii) 90 % of incomes before and after tax
for the years 1990-91 and 2003-04.

(c) Plot Ogives for income before and after tax in 2003-04.

1.7 Line and Lorenz graphs

Line graphs are used extensively in various applications to show the relationship between two or more
variables.

1.7.1 Lorenz graphs

On one particular homepage for the Office for National Statistics (ONS) it was reported that ‘1 %
of the population owns 23 % of the wealth’. This unequal distribution of wealth is a well-known
phenomenon. Unequal distribution of proportions (or percentages) arises in many other areas such
as taxation where a small proportion of the population contribute a large proportion of tax revenue:
in sales revenue where a large number of goods account for a small proportion of sales revenue. Such
disparities in proportions are illustrated graphically by Lorenz curves.

To plot a Lorenz curve, first calculate the cumulative percentage frequency for each variable. Then
plot an XY graph with the cumulative percentage frequency for one variable on the vertical and the
cumulative percentage frequency for the other variable on the horizontal axis.

The data in Table 1.16 was given as the percentage cumulative frequencies on the NSO home page.
The Lorenz curve is plotted in Figure 1.18:

Table 1.16  Percentage of population (X) that own percentage of marketable wealth (y) in UK

% most wealthy (X) 1 5 10 20 50
% of wealth owned (y) 23 43 56 74 94

Sourcelnland Revenue on personal wealth.
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Note: The distribution of people’s marketable wealth relates to all adults in the UK. Estimates of
wealth are derived from the Inland Revenue estimates from the estate multiplier method and ONS
national accounts balance sheet method.

Estimates for individual years should be treated with caution as they are affected by sampling error
and pattern of deaths that year.

Reading the Lorenz curve. If wealth was equally distributed, then 1 % of the population would own
1 % of the wealth, 20 % own 20 % of the wealth... 100 % of the population would own 100 % of the
wealth. This situation is represented in Figure 1.18 by the line joining the points (0, 0) and (100, 100) —
it is called the 45 line or line of equal distribution. The extent to which the Lorenz curve deviates
from the 45 line is an indication of the disparity between proportions. For example, to see how much
the most wealthy 30 % actually own draw a vertical through X J 30 until it cuts the Lorenz curve: it
cuts the curve at the point at y ¥ 81. So in reality (in 2002) the most wealthy 30 % of the population
own 81 % of the wealth!

The Gini coefficient
The extent to which the Lorenz curve deviates from the 45 line is measured by the Gini coefficient.
The Gini coefficient ranges from O to 100.

The Gini coefficient is zero for perfect equality when the Lorenz curve coincides with the 45 line.

The Gini coefficient is 100 for total inequality. For example when 0.1 % (rounds to 0 %) of the
population own 100 % of the wealth. In this case the Lorenz curve would be the shape of the upper
triangle in Figure 1.18.

The value of the Gini coefficient is the area enclosed between the Lorenz curve and the 45
line calculated as a percentage of the triangular area. In Figure 1.18, the Gini coefficient is approx-
imately % 100 ¥ 70. This value differs substantially from zero, indicating a substantial departure
from equality of distribution.

Further useful information on wealth and other examples of unequal distribution of proportions such
as the inequality of household income are available on the www.statistics.gov.uk.

Lorenz curve for the distribution of marketable wealth in
the UK 2002
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Figure 1.18 Lorenz graph for the distribution of wealth in the UK 2002.
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1.7.2 XY (scatter) plots and line graphs

These graphs are used to show trends and relationship between two variables. Several trends may be
compared by plotting line graphs on the same diagram. For example, the average private household
size in Ireland for selected years from 1926 to 2002 are given in Table 1.17:

Table 1.17  Average household sizes in Ireland from 1996 to 2002 |File: Households 1]

X J year 1926 1936 1946 1961 1966 1971 1979 1981 1986 1991 1996 2002

y J average household size  4.48 4.31 4.16 3.97 4.01 393 3.72 3.66 353 334 3.14 294

A Scatter plot is a plot of the (X, y) data points. In this example, let X I the year and y I household
size. The method for plotting line graph manually is illustrated for the data in Table 1.17.

Step 1: Scale each axis. Check the smallest and largest number to be plotted on each axis. Choose
a sensible scale to include all points and leave space to write in titles and labels.

The x-axis: since years range from 1926 to 2002, the X-axis must span a period of 2002 1926 I 76
years. A sensible choice of scale could range from 1920 to 2010.

The y-axis: since the Y values range from 2.94 to 4.48, a scale ranging from 2 to 5 would be sensible.

Step 2: Plot the points. The scatter plot is given in Figure 1.19(a).

Step 3: Join the points to get the corresponding line graph.

Step 4: Give a verbal description of the information displayed in the graph. From this graph the
general trend is for the household size to drop steadily (with the exception of a brief stationary period
from 1960-65) from an average of 4.5 in 1926 to less than three in 2002.

Average size of household

Average size of household

5
s s S7 R T H— !
~ | | | | |
3 R Bt S
2 4 S U o = A SN S
2 S i i : i i
g 357 $ 35 4------ TRttt (o etk EE LR
3 3 i i i i i
R 2 3p------ R 4-mnneD - !
g o5 S o5 1. Lo o o o |
S : ' g = v i i H ]
T T < T T T T 1
1920 1940 1960 1980 2000 2020 1920 1940 1960 1980 2000 2020
Year Year
Figure 1.19a  Scatter plot and Line graph Figure 1.19b  for average household size 1926 to 2002.

XY (scatter) and line graphs in Excel
To plot line ordinary XY graphs in Excel, enter the X and y points into an Excel worksheet, either as
two columns or two rows.

Click on the graph icon, then select XY(Scatter) from the drop-down menu (Step 1 of 4): see
Figure 1.20. Then follow the remainder of the 4 steps as explained for bar charts.

To plot two or more trends on the same graph. Click on the graph icon and select ‘XY scatter’
graph at step 1 of 4. Then select the X-values along with all sets of corresponding y-values. The only
requirement here is that all sets of data must have common X-values. See Figure 1.23a and 1.23b.
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Table PE1.5 Q2  Percentage unemployed by highest qualification |File: Qualif unemployed|

Percentages unemployed

(i) (ii) (iii) (iv) (v) Total
No Degree or GCE A Level GCSE grades A* C Other Unemployed

qualification equivalent or equivalent or equivalent qualification (thousands)
United Kingdom 8.9 2.7 3.8 5.5 6.9 1409
North East 11.9 not given 4.1 9.3 8.7 4
North West 8.7 not given 3 5.5 8.3 153
Yorkshire and 9 2.9 4.2 5.5 8.3 128
the Humber
East Midlands 8 3.1 4.4 4.4 83
West Midlands 10.2 2.5 3.8 5.5 7.4 141
East 5.5 2 3 4.4 6.2 107
London 12 3.9 6.1 8.1 8.9 248
South East 7.1 2.7 2 3.8 4.8 153
South West 7.2 2.5 3.1 43 4.1 87

SourceLabour Force Survey, Office for National Statistics.

(a) On the same diagram, plot line graphs for the percentages unemployed for
(i) ‘No qualification’ (ii) ‘Degree or equivalent’ (iii) ‘GCE A level or equivalent’ (iv) ‘GCSE
grades A*  C level or equivalent’ for all regions.

(b) Describe and compare the unemployment rates for the groups (i) to (iv) in (a).

(c) Plot ‘other qualification’ on the graph in (a). Compare the unemployment for this group
with those in (a).

3. Table PE1.5 Q3 gives an extract from the distribution of marketable wealth series C produced
by the Office for National Statistics:

Table PE1.5 Q3  Distribution of marketable personal wealth | File: Personal wealth extract|
Percentages of Population with less than Total adult population

Year £5000 £15000 £50000 £100000 Thousands

1976 60 90 99 100 40486

1978 52 83 98 99 40824

1980 49 717 97 99 41356

1982 46 71 96 99 41937

1984 41 64 93 98 42765

1986 40 61 90 97 43322

1988 34 51 86 94 43822

1990 35 49 78 94 441284

1992 27 45 78 93 44765

1994 26 43 78 92 45007

1996 28 43 75 91 45191

1998 27 39 68 89 45654

2000 29 40 65 86 47828

SourceOffice for National Statistics. Crown copyright material is reproduced with the permission of the Controller
of HMSO.

(a) Plot a line graph for the percentage of the population with less than £15 000 over the years
1976 to 2002. Describe the trend displayed in the graph.
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(b) On the same diagram, plot the graphs for the percentage of the population with less than
£5000 and less than £100 000 over the years 1976 to 2002. Give a verbal comparison of the
trends between 1976 and 2002.
4. See question 3. For the years 1976 and 2000 (File: Personal wealth extract)
(a) Plot a graph for the percentages of the population with less than £5000, £15 000, £50 000
and £100 000 of marketable wealth.
(b) From the graph estimate the percentage (to the nearest 5 %) of the population with less than
(i) £40000 (ii) £75 000 of marketable wealth.
(c) Calculate the numbers of adults with less than (i) £40000 (ii) £75000 of marketable
wealth.
5. The percentage of the population that own 1 %, 2 %, 5 %, 10 %, 25 % and 50 % of the wealth is
given in Table PE1.5 Q5:

| File: Personal wealth all ]

Table PE1.5 Q5 Percentages of the population that own given percentages of the wealth

Percentages of Wealth Owned

Coefficient
Year 1% 2% 5% 10% 25% 50 % Gini
1990 18 24 35 47 71 93 64
2002 24 31 45 57 75 94 71
2003! 21 28 40 53 72 93 67

provisional.
SourceOffice for National Statistics. Crown copyright material is reproduced with the permission of the Controller

of HMSO.

On the same diagram, plot a Lorenz curve for 2002 and 2003. Using the curves explain the values
given in Table PE1.5 Q5 for the Gini coefficients.
6. The average weekly earnings and hours worked by males and females in the basic metals industries

in the EU are given in Table PE1.5 Q6:

| File: Basic metal |

Table PE1.5 Q6  Average weekly earnings and hours worked in Basic metal industries

Average Earnings Average Hours Worked

Per Week (Euro) Per Week (Number)
Basic Metals
(NACE 27) Male Female Male Female
200204 662.07 349.33 45.0 34.8
200304 707.96 360.21 49.4 35.0
2004Q4 643.21 363.66 45.8 333
2005Q4 681.99 403.50 45.8 339
SourceEurostat.

(a) Plot a graph comparing the trends in male and female for the (i) average hours worked per
week (ii) average weekly earnings. Give a verbal description of the trends.
(b) Calculate the average hourly pay for males and females from 2002 to 2005 (i.e., average pay
per week divided by average hours worked). Plot a graph comparing the trends. How does
this graph compare to those in (a)?
7. The percentage of all household income that is shared by given percentages of the population is
given in Table PE1.5 Q7:
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Figure 1.22  Imports and exports between 2000 and 2006.

3. Read units very carefully! In Figure 1.23a (birth rates for the Irish population from 1989 to 2004)
it would appear at first glance that births outside marriage increased very rapidly between 1900 and
2000 and remain considerable higher than total births! Careful reading of the rates will reveal that
the total birth rate is given in births per 1000 of the population, but the birth rate outside of marriage
is a percentage of total births. Figure 1.23b gives both birth rates per 1000 of the population

Birth rates —— Birth rate (per 1000 of

(Total and outside marriage)  population) Birth rates —a— Birth rate outside
(Total and outside marriage) marriage (per 1000 of
—a— Birth rate outside marriage population)
(% of total births) —e— Birth rate (per 1000 of
35 - population)
30 A 18.0 -
2 | 1907 L 0s SR IOY oo
2 14.0 A
£ 20 o 1201
< ©10.0 1
t 154
@ £ 8.0
10 1 D 6.0 -
5 4.0 A M
1 2.0 A
Year
0 00—
o 2o o o 2o Zo D D O 2 70 20 %0 %0 20 20 D D D 2
Q% O Q. Q% % Q% O, 0, G, G Oy Oy 9o 1Oy 9y Oy <O, S0, <O, <O,
%D B DR G PP RE Y DG
Figure 1.23a  Birth rates from 1989 to 2004; Figure 1.23b  Birth rates from 1989 to 2004
SourceCSO.

Note: in any statistical report read and check the definition of any broad general terms used, such as
‘housewife’ ‘wealthy’, fertility’, ‘unemployment’, ‘single parent’, ‘divorces’, etc.
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DATA COLLECTION AND |ITS GRAPHICAL PRESENTATION

Summary and overview of data collection,
charts and graphs

The collection of representative, unbiased data is of fundamental importance to any study in statistics.
Collecting representative data is not as simple as it might first appear. An outline of survey design and
data collection methods is given in sections 1.1 and 1.2, followed by directions to some reliable sources
of data in section 1.3. The levels of data measurement may be summarised as follows:

Ratio (data has a natural zero, measurements can be compared)

Interval (data has an arbitrary zero, measurements can be compared)

Ordinal (ordered or ranked data, equality, greater/less than)

Nominal (group classifications of data)

The level of data measurement determines the type of chart/graph and statistical analysis that
may be carried out on the data. When the raw data is collected it must be sorted in order to read
information from it. Sorting data into stem-and-leaf plots and frequency distribution tables gives some
initial information. Information is conveyed visually through charts and graphs as summarised below.

Raw Data

v

Sort and classify data -

(Stem-and-leaf and Tables) For numeric
data

Q}i v . =

For numeric
or categorical
data

Charts Graphs
4 A
Bar Pie || Pictogram Histograms Cumulative Scatter Line

Figure 1.24 Summary of charts and graphs for categorical and numeric data.

While Microsoft Excel and other software produce accurate and colourful graphs quickly and easily,
the reader should study the methods involved and plot simple graphs manually in order to enhance
understanding and become skilled at ‘reading’ information accurately from graphs. When presenting
and reading graphs the following are essential: titles, labels and units for horizontal and vertical axes
must be stated; terminology must be explained; sources of data, when and how the data was collected
along with any unusual circumstances must be given.
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