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Introduction

Data are everywhere! Data provide the vital evidence to develop modern society
and there has been a boom in the number of people and organisations collecting,
handling and trying to interpret data. However, many do not recognise the issues of
presenting data. The result is that there is often poor public understanding of the data
and statistics presented.

It is most important that the handling, interpretation and communication of data and
the statistics derived from them are made as easy as possible for the wide and diverse
audience of people who try to understand and use statistics and data.

The importance of making presentation as clear as possible has been magnified since
the Internet has made data and statistics even more widely available to audiences for
whom they might not originally have been intended. There is no hiding the fact that
the data and statistical skills of the majority of the population are weak. Therefore,
the more help that is given through good presentation, the better chance that the
message will be understood. It must not be assumed that, without the help of clear
presentation, the audience will be able quickly to grasp the message, meaning or
relevance of the data or statistics.

The aim of this book is to look at numerical information through the eye of the audi-
ence or user. It builds on the fundamentals of numeracy that are taught in schools to all
and examines cases where the interpretation would be helped by better presentation.

The subject of this book rarely appears on any university or college course and
hence the principles of effective presentation are virtually unknown. This results
in ineffectively and poorly presented numerical information which can mislead the
audiences and could lead to incorrect decisions being made.

Current society is shaped by decisions based on evidence driven by data. At the least,
misinformation gathered from ineffectively and poorly presented numerical infor-
mation can lead to the main and fundamental message of the information being lost
with time wasted in seeking to identify what the presenter is trying to communicate.
Wrong decisions taken on poor or poorly presented data could be very costly.

Conversely, efficiently and well-presented numerical information can be assimilated
quickly and accurately leading to a better and correct understanding of the message
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from the information. Linked to decisions, such information will form the justification
and rationale.

Throughout the book, four basic principles are applied — all beginning with the
letter C.

> Correct. The assumption is that all of the data being presented has been
checked by the producer before dissemination. Examples are given where this
is not the case.

> Clear. The presentation should always have a specific aim and the resulting
presentation of information should meet the aim — whether in tables, charts or
text.

> Concise. The producer is often tempted to present more information than
is actually necessary. This may be the result of pride that a great deal of effort
has been expended in the collection of detailed data and thus should be shown.
Detail here could either be more numbers than necessary to communicate the
message or the inclusion of more digits in numbers than required to distinguish
differences. However, such presentation can often obfuscate the basic message.

> Consistent. Presented information should be consistent in units shown
when asking a user to compare data (don’t ask a user to compare a number
rounded to thousands with a number rounded to millions). Further, when
abbreviating words, the same abbreviation should be used throughout an
organisation — not just within a report. One example quoted in Chapter 4
shows the formatting of financial year in three different ways in the same
paragraph! Consistency also should be seen in the presentation of data: if a
country’s national statistical institute uses a full stop for the thousands sepa-
rator and a comma for the decimal separator, this should be the case for all of
the information presented by that office. From a table of seven indicators for
one country', the following was extracted:

Indicators

The rate of change in the Consumer Price Index (CPI) -0,9 %
The rate of change in the index of industrial production (vol) 5.1%
The rate of change in the index of industrial production (vol) —-1.9%

The first figure used a comma for the decimal separator and the other two a full
stop. Further, the first figure had a space after the number and before the ‘%’
symbol. The table was mixed numbers and percentage data so the percentage symbols

ihttp://www.bhas.ba/?lang=en on 30 September 2013.
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were appropriate. However, the thousands separator used in the table was ... a full
stop — the same as the decimal separator in two of the figures above.

When presenting information on the Internet, a fifth word is also appropriate.

> Current. Nothing frustrates a user more than having out-of-date messages
on websites, for example, a message on 1 September highlighting that a
conference is forthcoming in July of that year. An example seen recently
during a review of a website (in September 2013) was:

You can also access all completed parts of ONACE 2008, which is due to
come into effect in Austria in 2008.

This does not mean that we should not keep historical documents on our
websites but just that the basic presentation and referencing are up to date.

The book comes with a health warning: the reader will not look at tables and charts
in the same way ever again! The hope, of course, is that the result will be better
presentation of numerical information with greater understanding and communication
for the user.

Ed Swires-Hennessy
Newport, UK
March 2014






Preface

This book is based on 40 years’ worth of experience presenting data — and their mes-
sages — to policy colleagues and other users of government statistics. The experience
formed the basis of a training course I have run across many organisations, inside and
outside government, over the last 30 years. More recently, this course has been run
many times in the Royal Statistical Society’s training programme. The messages for
presenters of data which are included here are appropriate for all types of presenta-
tion including data visualisations and infographics. If the fundamental principles are
not observed, the audience for the presentation will have to work much harder than
necessary to derive the message.

The book is intended to be read by all who present data in any form and the chapters are
structured so that they are independent of each other. Poor presentation is everywhere.
Basic principles are forgotten or ignored. The result is that audiences are presented
with confusing and poor tables and charts and are asked to do calculations in their
heads to understand the information.

Throughout, I have looked at the presented data in whatever form through the eyes
of a user — essentially the audience for what is presented. By getting producers to
perceive the data as a user means that a producer of data will not present users with
what they have but what they need in a form that any message can easily be acquired.

The book is for information providers. Throughout, the word ‘data’ is used as a plural
word: the singular would be datum.

Audience

The book will be essential for anyone who needs to present numerical information
including:

¢ Administrators and managers — who present numerical information to col-
leagues

e Journalists and the associated graphic designers
® Researchers

e Social scientists

Statisticians
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® Economists
e Scientists and specialists in other numerate disciplines

Essentially, it will be of use to anyone who is trying to communicate a message
with numerical content. Only basic numeracy is assumed — and some of the basics
are restated so that even those would not be taken as given. Hence this book is
applicable to all in the university system — from first year to PhD students, to those
in a country’s administration — from the lowest to the highest level and for all levels
of researcher — particularly those who have to present any numerical information.
Within the private sector, the book is applicable to all levels of management and others
who communicate numerical information (sales information, performance measures,
product information, process information): again this is across all levels of the sector.

This book does not include complex statistical formulae or concepts (e.g. probability,
statistical significance) but does include a couple of simple formulae (e.g. area of a
rectangle and area of a circle). These are used to illustrate the rationale for some of
the diagrammatic presentations of the data.

How to read

You can take this book as a guide and read through the whole or use it as a reference
text. For both, I suggest it is essential to read the Introduction and Chapter 1 first as
these set out the fundamental principles of the presentation of data.

Chapter 1 looks at how all of us in the Western world understand number and reminds
all of the basic elements of presentation that were taught in primary schools — to us
and our users. Consideration is given to how data should be rounded. By taking
away digits, many will argue that a loss of precision has occurred: that is true — but
the increase in understanding and communication of what is happening more than
outweighs this.

Chapter 2 considers the elements of both reference and summary tables and how they
are read. Messages are generally associated with summary tables and examples are
given of how users seek to view and understand what is presented.

Chapter 3 shows the types of chart that can represent the data and gives many
examples of how charts can be improved to help with message delivery. Knowing
how the charts are viewed should assist in the design of all future charts. Issues of
each type of chart are discussed and principles developed.

Chapter 4 deals with the fundamentals of including numbers in text and what needs
to be done to have the numbers understood quickly. When much data is available,
sorting out the key messages from them is essential for good communication as is
the language used to describe them.

Chapter 5 moves into the area of Internet presentation of data. The Internet tools for
presenting data have been slow to develop but are now allowing users to harness the
power of the Internet to derive messages themselves.
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Understanding number

This chapter deals with the basics of how users perceive numbers and how they should
be presented to allow maximum uptake of the meaning of the data.

A false assumption of many who seek to communicate numerical information is that
their audience is as able to handle the information as they are. The available data in
for the majority of OECD countries is that numeracy skills are significantly below
those for literacy.

Numeracy skills in the general population in England are poor —and are not improving.
Information from a skills survey in England in 2011 noted that Numeracy skills had
declined slightly since the last survey in 2003. Seventeen million adults in England
in 2011 (just under half the working-age population) were at ‘Entry Levels’ in
numeracy — roughly equivalent to the standards expected in primary school. Further,
the survey showed that 78% of the working-age population were at or below level 2
numeracy. These people may not be able to compare products and services for the
best buy, or work out a household budget; essentially they would not achieve a good
mark in a mathematics examination at age 16.

More generally, the OECD published the results of a survey in October 20132 showing
that 19% of adults in 21 countries had mathematics skills at the level of a 10-year-old.
These adults could only manage one-step tasks with sums, sorting numbers or reading
graphs: many could only perform sums with money or whole numbers. For individual
countries, the percentage at this level of numeracy ranged from 8% in Japan to 32%
in Italy. A selection of the results is shown in Figure 1.1. For England and Northern
Ireland, the estimate is that around 8.5 million adults are at this level.

Presenting Data: How to Communicate Your Message Effectively, First Edition. Ed Swires-Hennessy.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.
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Figure 1.1 Adult population with only basic numeracy skills.
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1.1 Thousands separator

When considering a number with more than three digits, most of us will not take
in the whole number but will try to understand it. If the number is just a set of
digits together without any separators, most will try to find the place for thousands
separators to form the basis of understanding the number. Then, depending on the
size of the number, will try to do some rounding to understand the number and put it
into our mental understanding range.

Example 1.1 ............

Let us consider a number which represents the population of a country.
12573981

How do we try to understand the number? None could honestly say they could read
the digits as given and fully understand it without any other process going on in our
brains.

So what do we do?

First our brains need a little help. We can introduce separator characters to split
the digits into groups of three, starting from the right-hand side. These separators
are known as ‘thousands separators’. In some countries (United States and United
Kingdom), the separator is a comma; for much of Europe, the separator is a space
but in some European countries a full stop is used. I visited one country’s statistical
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office website and found three different practices: comma, space and nothing used
for the separator! Whichever is chosen, it must be consistently used throughout an
organisation’s output.

The number, with these separators would then appear as either
12,573,981 or 12573981 or 12.573.981

This process here helps us to identify that we have 12 million, 573 thousands and
981 units.

But how does our brain handle all this information? It doesn’t. The brain will not
retain all of the information but introduce some abbreviation of the data. This could
either be by truncating the number (i.e. throwing some digits away): for example,
after the millions — giving 12 million. Many will argue that a lot of information
has been thrown away: but, does it matter? Only, one could argue, if it affects the
understanding. Here the number is actually nearer to 13 millions: so would it be better
to think of the number in this way? Truncating is easy but may not always be helpful
in aiding our understanding. Without another number to compare this one with, it is
probably acceptable.

Another approach would be to round the number. Rounding is the process where we
reduce the number of digits and say that the number is ‘nearly’ or ‘about’ something.
The difficulty with rounding is that few know how to do it well!

Should the number be rounded to millions? Hundreds of thousands? Or thousands?

Looking independently, just at this one number, most would round the number to
12.6 million. Is this right? It may be. Let us leave the question for a little while.

Principle 1.1: Choose one symbol for the thousands separator and use consistently.

1.2 Decimal separator

Just as differences of symbol exist for thousands separators, some differences exist
for the decimal separator. In the United States and the United Kingdom, a full stop is
always used as a decimal separator; in Europe, some countries use the full stop and
some a comma. Whichever is used, again, it must be consistently used throughout an
organisation’s output. One example from a national statistical office showed the use
of both a comma and a full stop in the same table! An extract of the table is given in
Table 1.1. Note also, in this example, that different rounding has been applied to data
in lines two to four.
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Table 1.1 Different decimal separators used in the same table.

Basic social indicators

Demographic indicators 1970-75 1980-85 1993-99 2005
Life expectancy at birth (years) 66.6 69.7 66.9 70.6
Infant mortality (per thousand live births) 80.8 46.8 47 65,1
Birth rate (per thousand people) 37 40 326 314
Death rate (per thousand people) 8.1 7 53 44

Principle 1.2: Choose one symbol for the decimal separator and use consistently.

1.3 Level of detail in comparisons

In seeking to communicate data, it is important to have the same denomination and
rounding of data in any data to be compared. So it is more difficult for the user to
compare £1.8 billion of turnover with a profit of £232.9 million: it should be phrased
as £1.82 billion of turnover and £0.23 billion of profit. Similarly, comparing profit
across years, an increase from £246.4 million to £386 million would be better as ‘an
increase from £246 million to £386 million.” An even worse example of presentation
would be to compare the number of homes in the stock, 1.8 million, with a new build
figure of 9,768 in the last year: this means nothing to most readers and would be
better either comparing the number of this year’s newly built homes with that of the
previous year or noting a percentage increase (though this would be very small).

In Table 1.1, some of the data is given to one decimal place and some to whole
numbers. This may be a result of using Excel which would normally drop trailing
zeros unless forced to use the same number of decimal places in the data.

In one press release I found the following statement:

11.048 million NHS sight tests, an increase of 563 thousand (5.4%) on the previous
year.

Here the user is expected to convert the second number to millions. We have spurious
accuracy and difficulty in understanding. This would be better as:

The number of NHS sight tests given increased by 0.6 million (5%) to 11.0 million.

Principle 1.3: Always provide data for comparisons in the same units.
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1.4 Justification of data

When we did our first mathematics lessons in school where we had to add numbers
of a magnitude over 100, we were taught that we should start by putting three letters
in a row as:

htu

These letters represent hundreds, tens and units. We were encouraged to write the
numbers neatly in the correct columns below the letters. This places the digits of
equal value in the same column.

The use of different typefaces in the preparation of tables is easy today. Personal
computers have over a hundred preinstalled typefaces which can be used in basic word
processing and spreadsheet packages. Choosing the wrong typeface can interfere with
our understanding of the presented data: many examples can be seen in simple tables
in magazines or newspapers.

Example 1.2 ............

Consider the following data:

20,011
111,111

88,444

Here, using the Constantia typeface, the proportional spacing for the digits has
confounded the positioning of the columns of data. Also here the greater height of
the ‘8’ draws attention to them. Why is this important? When asked to identify the
largest number in a column of data, we have been taught to look to the left of the
column of numbers: the one that is further left (if the data are right justified) is, we
believe, the largest number.

This, however, relies on a principle of presentation that more and more people are
ignoring. In visits to many official government websites, I can find data centred or
left-justified in columns of tables (a simple one-button operation in Excel): such
presentation is definitely wrong. Let me explain why.

In this example, using this principle, we would conclude that the bottom number is
the largest as its first digit is further to the left than the first digit of the first number.
Examining the data clearly indicates that this conclusion is wrong as the number in
the middle has an extra digit and even that is too far to the right.

Principle 1.4: Ensure typeface used for data presentation has the same width for
all digits.
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Principle 1.5: Right justify data in columns, ensuring digits of equal value are
under similar valued digits in the other numbers.

One other poor presentation of data is often seen in the investment sector. Performance
data for various funds are given to differing numbers of decimal places. In two cases
recently, not only were the data so presented but, in addition, the data were centred
within columns as shown in Example 1.3.

Example 1.3 ............

(a) Centre-justified and different rounding

Performance over
Fund 1 year

—46.2%
138%
125.92%
111.365%
-31.7%
104.25%

mTmg O w >

If the numbers are right justified, we have:

(b) Right-justified and different rounding

Performance over

Fund 1 year
A —46.2%
B 138%
C 125.92%
D 111.365%
E -31.7%
F 104.25%

Now the investor is looking for the largest return. Using the principle of
looking to the left of the column, fund D is the highest performance. But
looking carefully at all of the data, this is clearly wrong. Here one needs
either to round the data to the same level or align the data on the decimal
point. Given the variation in the data, the preference here would be rounding
to whole numbers as in c. Note the removal of the % symbol from each data
item and the change to the column heading.
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(c) Right-justified and similarly rounded

Performance over

Fund 1 year (%)
A —-46
B 138
C 126
D 111
E -32
F 104

Principle 1.6: Where possible, round data to be compared to the same level.

1.5 Basic rounding

The main purpose of rounding data is to put the numbers into a memorable and
understandable range. Nobody would quote the population of the world to the last
digit as it is increasing every second. Also, to write a number with 10 digits is
beyond most people’s comprehension. According to the United Nations?, the world’s
population reached 7 billion on 31 October 2011 and by 22 October 2012, it had
reached 7,074,173,556. Now taking Principle 1.6 here, we would have 7.0 billion in
2011 and 7.1 billion in 2012.

Computer programs can handle numbers less than or greater than 0.5 easily: those
less than 0.5 are rounded down; those greater than 0.5 are rounded up to the next
whole number. However, most computer programs would round any number with an
exact 0.5 up to the next whole number. But what is correct? If we start with a line
from O to 1 and divide it into equal small chunks from either end, we will find that
0.5 is exactly in the middle — neither nearer to the O or the 1. So which way should
it be rounded? To avoid bias, numbers ending in exact ‘.5’ should be rounded to an
even digit.

3 divided by 2 = 1.5 (exactly); rounded to a whole number gives 2

5 divided by 2 = 2.5 (exactly); rounded to a whole number gives 2

7 divided by 2 = 3.5 (exactly); rounded to a whole number gives 4
This principle is easily extended to other numbers: 0 to 4 would be rounded down;
6 to 9 would be rounded up. Similarly, if rounding to the nearest thousand, O to 499
would be rounded down and 501 to 999 would be rounded up. So,

14,245 is rounded to 14,000

14,675 is rounded to 15,000
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But what happens when we have an exact 5007 Technically, it is neither nearer the
lower thousand nor the higher one. Again, the principle to be employed should be to
round to an even digit. Thus

14,500 is rounded to 14,000
123,500,000 is rounded to 124,000,000 or written as 124 million.

One of the most frequently asked questions with regard to rounding is “To what level
should I round?’ In Example 1.1, it was suggested that most would round the number
to 1 decimal place of millions. But that is just one number on its own.

Now, instead of just considering one population number, let’s consider two.

Example 14 ............

12573981 and
111894397

When most people see numbers like this, they ignore them — as they are outside their
mental understanding. These numbers also start at the same position on the page but,
using Principle 1.5, we need to move the bottom number one digit position to the left.

12573981 and
111894397

Then it is clear that the bottom number is the larger of the two as it has a digit further
to the left than the first number.

The first task in trying to understand the data is to add thousands separators. So,
introducing these, we have:

12,573,981 and
111,894,397

If we round these numbers as in Example 1.1, we would have:

12.6 million and
111.9 million

We can now ask if we need the digit representing the hundreds of thousands: probably
not. These would then round to

13 million and
112 million
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Such rounding puts the numbers within the boundaries of our understanding and they
are much more memorable than the raw numbers. But what is the appropriate level
of rounding for numbers? Before answering that, let me give another example.

Example 1.5 ............

The population of Wales in 2012 was estimated to be 3,074,100; the number of sheep
in Wales was estimated to be 8,898,200.

Neither of these numbers is particularly memorable as written in the above paragraph.
However, if we said:

The population of Wales is 3 million
and
The number of sheep in Wales is 9 million

These numbers would be in our minds for some time. If we added another statement,
we would communicate even better — and make the information totally memorable:

For every person in Wales, there are 3 sheep!

So how should the numbers be rounded to be as helpful to the recipient as possible?
When comparing numbers, it is very difficult for the brain to deal with three digits.
The recommended level is two digits: in education-speak, this is taking advantage of
the number bonds up to 100. Purchasing a chocolate bar for 65 pence and offering
a £1 coin to the shopkeeper, most can work out that the change should be 35 pence.
This use of decimal-based currency builds up the number bonds to 100 in our memory
so that the differencing of two numbers with two digits is relatively easy.

Beyond the two digits of comparison, most would take out a calculator! When such
comparisons are demanded through reports, on company profits for example, many
people either ignore the numbers or misunderstand them. Hence a communication
failure has occurred.

One concept that has been developed to overcome this issue is effective rounding.

1.6 Effective rounding

Using this concept, numbers to be communicated are presented in such a way that the
user can quickly appreciate the message and understand the information. Sufficient
digits are given so that the magnitude of the numbers is retained but the information
inconsequential to the comparison is discarded.

Let us take two numbers representing the profits of a company in successive years:

Year 1: £13,484.2 million Year 2: £15,857.4 million.
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The user has to concentrate very hard to identify the difference. The first reason
this is the case is that the numbers are across the page (and in a report are usually
separated by text). The second reason is that the numbers are outside the mental
range of understanding of most: so, if time is spent on doing the comparison, both
will get rounded in the user’s mind before the comparison is done: £13.5 million and
£15.9 million — from which we can easily judge which is the larger.

So let us make this a little easier and put the second number under the first.

Year 1: £13,484.2 million
Year 2: £15,857.4 million

With this presentation, we start looking at the left-hand side of the numbers and start
comparing digits. The second digit identifies that the Year 2 profits are larger. But
still, we have to identify how much larger and retain the information.

Is the decimal part of the numbers important? Not really: dropping them does not
make a difference to our understanding.

‘What about the units of millions? The tens of millions? The hundreds of millions?

As discussed, we need to have two digits for a discriminating comparison: obviously,
where the digits are the same, no discrimination is possible.

Taking these numbers, we see that the first digit in both is the same: not effective
therefore in discriminating between the numbers. The second digits are different and
thus effective in discriminating between the numbers: so this digit is the first effective
digit in the comparison. Diagrammatically, we have:

Year1: £1.3,484.2million

Year 2: £1:5:, 85 7.4 million.

Where Xl signifies not effective in discrimination and | signifies effective in dis-
crimination.

The principle is that we are considering number differences (in schools, these are
termed number bonds) up to 100; so the next digit will give us that. This is the same
whether or not the digit is the same value or not. Here we have a 4 and an 8; they are
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different. That is to say, once a column of discriminating digits is found, the next col-
umn is counted as the second effective column regardless of the digits in the column.

I 1 |
Year1: £1,3,4,84 .2 million
U | 1

Year2: £15, 85 7.4 million.
P
M
Having found our two effective digits for comparison, we round to that level

Year1: £1,3,4|84 .2 million

Year 2: £1:5:, 8|5 7 . 4 million

and have:

Year 1: £1 3, 5 0 0 million
Year 2: £1 5,9 0 0 million.

This gives us a difference to calculate of
59-35=24
And, into the context, a difference of

£2,400 million.

Alternatively, the numbers could be presented as:

£13.5 and £15.9 billion
with a difference of £2.4 billion!

Another example:

People in a city on two census dates:

276,321 and 301,948
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Putting them in a column and introducing the digit discrimination:

276,321

In
3l011,948
(I
So we round to the second digit:

2,716,321
1

30/1,948

Which gives:
280,000

300,000

And then anyone can easily see the change of 20,000 and appreciate how much of a
change from the first figure (20/280 = 1/14).

Many will argue that a loss of precision has occurred: that is true — but the increase in
understanding and communication of what is happening more than outweighs this.
And who can say that the numbers in their full form are accurate to the last digit.
This is not to say that the data to the last digit is not necessary: such detail is required
for calculations with the data. Further, the full detail of the numbers can be given in
a reference table and presented in an Annex.

Finally for this section, a very simple example: two scores on examinations were 73
and 83.

Putting the numbers in columns and looking for the effective digits, we have:

7:3:and
8131

| |
ef
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So rounding to the second effective digit

I
7:3 and
|

8:3
|

gives
73 and
83

That is, the numbers are left without rounding. Note that here the second digit is the
same in each of the numbers. The rule is that once the first column of digits effective
for discriminating between the numbers is found, the next column is automatically
effective even if it is the same digit.

So, using effective rounding assists the user to understand what message you are
trying to get across. It is not a universal panacea to communicating numbers but it
certainly helps the provider to consider whether the data are presented in a way they
would be understood. Using effective rounding may suggest other issues with the data
and may make one wonder whether the data should be included in the presentation.

Let’s consider the fairly basic table of population data from 1995 in Table 1.2. The
countries included were the countries from which lecturers came to teach on a course
in London in 1996.

Table 1.2 Populations of countries, 1996 — 1.

Country Total population
France 58020376
Denmark 5215732
Germany 81538628
United Kingdom 58491643
Luxembourg 406589

Total 203672968

Now, from the earlier Principles in this chapter, we see that this table has a few
problems: the numbers are left-justified; no thousands separators are shown; no
rounding of the data has been done.

If we take the issues in order, first let us right-justify the data which gives us Table 1.3.
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Table 1.3 Populations of countries, 1996 — 2.

Country Total population
France 58020376
Denmark 5215732
Germany 81538628
United Kingdom 58491643
Luxembourg 406589
Total 203672968

At least this gives us some sense of the size of the numbers but too much detail is
given to really understand the data. So, rounding effectively, we have Table 1.4.

Table 1.4 Populations of countries, 1996 — 3.

Total population

Country (millions)

France 58
Denmark 5
Germany 82
United Kingdom 58
Luxembourg 0
Total 204

The question one would have to ask here is whether it was important to show the
data for Luxembourg. In order not to cause an international incident, the answer in
this case was that it is important. But still we have a problem: to show Luxembourg
as zero is a little of an insult. To overcome this, it is necessary to show the data to 1
decimal place — as in Table 1.5.

As an aside here, it is obvious that the total shown does not equal the addition of
the numbers in the table as it is independently rounded from the raw data total. Most
people would now understand this but if queries arise, add a footnote to the table
indicating that ‘The total shown may not be the sum of the constituent parts because
of rounding’.
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Table 1.5 Populations of countries, 1996 — 4.

Total population

Country (millions)

France 58.0
Denmark 5.2
Germany 81.5
United Kingdom 58.5
Luxembourg 0.4
Total 203.7

Principle 1.7: Use effective rounding of data where possible to aid communication.

Even this table can be improved by sorting the data by either by country or, better in
this case, by size of population. This would give Table 1.6.

Table 1.6 Populations of countries, 1996 — 5.

Total population
Country (millions)
Germany 81.5
United Kingdom 58.5
France 58.0
Denmark 5.2
Luxembourg 0.4
Total 203.7

It is then clear that Germany had the highest population and that of the United
Kingdom is just higher than that of France. So a message can be more clearly seen
in the rounded and sorted table than in the original Table 1.2.

Principle 1.8: In summary tables, consider sorting the data to elicit a message.
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Summary of principles: Understanding number

Principle 1.1: Choose one symbol for the thousands separator and use consis-
tently.

Principle 1.2: Choose one symbol for the decimal separator and use consistently.

Principle 1.3: Always provide data for comparisons in the same units.

Principle 1.4: Ensure typeface used for data presentation has the same width for
all digits.

Principle 1.5: Right justify data in columns, ensuring digits of equal value are
under similar valued digits in the other numbers.

Principle 1.6: Where possible, round data to be compared to the same level.

Principle 1.7: Use effective rounding of data where possible to aid communica-
tion.

Principle 1.8: In summary tables, consider sorting the data to elicit a message.

Notes

1. UK’s BIS Skills for Life survey 2011. BIS Research Paper 37, December 2011, URN
11/1367 http://www.nationalnumeracy.org.uk/news/16/index.html.

2. Table A2.5, page 242 of http://skills.oecd.org/documents/OECD_Skills_Outlook_2013.pdf.

3. 2010 Revision of the World Population Prospects, UN, http://esa.un.org/unpd/
wpp/index.htm.



Tables

Before considering issues surrounding the design of tables, remember a couple of
other important principles which relate to how the users seek to understand the content
of tables.

2.1 Position of totals in tables

The first is the position of totals in a table. If we consider the education of our users,
we know a lot about the principles they were taught in school and how they take in
information.

Let us start with a set of numbers that is to be added to a total as presented in a row:

23+ 16 +42 + 30

If we did a poll in the street and asked people where they would put an equal sign and
the total, 100 per cent would say on the right of the row of numbers. Why? Because
that is what they were taught in school.

Similarly, if we had a set of numbers in a column as:

23+
16+
42+
30

Again, if we asked people in the street where they would put the total of the numbers,
100 per cent would say a line should be drawn beneath the column of numbers and
the total put below the line.

Presenting Data: How to Communicate Your Message Effectively, First Edition. Ed Swires-Hennessy.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.
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Most available statistical software presents totals to the left of rows and at the top of
columns: why? Simply, I believe, because it is easier to program that way! Others
have argued that such presentation puts the important information first but that ignores
the fact that most would not look there for totals. Where totals are broken down into
constituent parts, some say that the total should be first followed by the ‘Of which’,
as in Table 2.1.

Table 2.1 Distance of travel to work by car.

All distances 5,467
Of which:
Less than 1 mile 1,567
1 but less than 2 miles 2,358
2 but less than 5 miles 1,021
5 but less than 10 miles 476
10 miles and over 45

But what is the difference that makes this sensible? The table would be easier for
most to assimilate the information and understand with the total at the bottom as in
Table 2.2.

Table 2.2 Distance of travel to work by car.

Number
Distance to work:
Less than 1 mile 1,567
1 but less than 2 miles 2,358
2 but less than 5 miles 1,021
5 but less than 10 miles 476
10 miles and over 45
All distances 5,467

These are not good enough reasons to change our presentation of data to the general
user who expects the totals to be to the right of rows and the bottom of columns.

So, in presenting tables with totals to general users, put the totals where users expect
them to be — on the right of rows and at the bottom of columns. Going against this
principle will confuse users and make them take extra time to understand what is
being presented.

Principle 2.1: Put totals to right of rows and bottom of columns of data.
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2.2 What is a table?

Many believe that a table is just a collection of data and is a means of organising
the data for presentation. Actually two basic types of table can be defined: reference
table portraying a great deal of data to the highest precision possible and summary
table which is an extract of data from a reference table with some additional work
having been done on the information. This additional work could be either rounding
of the basic data, sorting of the data, provision of contextual data or simple additional
information like percentages.

2.3 Reference tables

Reference tables are just what the adjective implies: tables are there only for reference.
Nobody would expect to reproduce a reference table from someone else in their
report — they are produced to give a historical record, to set out the maximum
possible data set from which data can be extracted to allow the data to be used in
further calculations. This last use implies that the data shown in such tables have many
non-zero digits, indeed as many as the database has or as many as can reasonably be
shown on paper or a computer screen.

The presentation of reference tables is always in the greatest detail and in some form
of classification order. So the data for each of the states of the United States in a
reference table would normally be presented in an alphabetically sorted list. But, this
type of table is rarely useful in communicating a message. The standard order allows
both the identification of one number, for example, the population of an area in a
certain year, and the easy extraction of data into summary tables.

The reference tables are useful as a means to provide the raw data that are then
worked on, rounded, summarised, ordered and often have supplementary information
provided alongside. So, in brief, the key elements of a reference table are:

(a) The numbers within the table have as much precision as possible. For example,
if one looks at the population of a country, the numbers will be given to the
individual person such as — the population of Wales in 2011 was 3,063,456.
The rest of the table will include the numbers of people in each county and
possibly analysed by sex but all given to the last digit;

(b) The organisation of the numbers in the table is in a classification order,
alphabetic or numeric code order;

(c¢) The number of numbers in the table is not limited; and

(d) The table does not contain any derived information, for example, percentage
changes.

These tables are essential to users of data because they allow access to the greatest
detail possible for the derivation of summary tables with simple analysis or for use
in, say, economic models.
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Well-presented reference tables are easy to work with and helpful to those requiring
data. Many such reference tables are now available on the websites of organisations
and national statistical offices: some are exact replicas of the previous paper versions
of tables and some have been adapted to use the facilities available on the web to allow
the user to extract just what is required, displaying the data on screen or downloading
the data into a spreadsheet. Facilitating the downloading of the information allows the
user to format the table in a standard style, either for organisational or personal use.

Some tables that used to be available in paper format are now only available on the
Internet in PDF format. Very few such deliverers of information think through the
delivery process to the user. Have you ever tried to download a table from a PDF
file on the Internet into Excel to work on? Each line of the table is put into one cell'!

The first principle of reference table design is consistency. Thus, for every table
produced by the organisation, a user only has to learn and understand how they are
presented once.

Examples of such tables can be found in the statistical yearbook of a country. These
contain many tables, lots of detail and little commentary or explanation. Most of the
tables will have data listed according to a classification order, such as the International
Classification of Diseases, the Classification of Economic Activities, states or regions.
No attempt will have been made to order the data so that a message could be easily
seen or derived. That is for the extractor or user of such data.

Even with such tables, some principles of design and consistency will help the user.
These are illustrated and then summarised below.

Table number: Table title (a)

Table descriptor (e.g. millions)

Column Column Column
Row descriptor heading 1 heading 2 heading 3

Row heading 1
Row heading 2 (b)
Row heading 3
Row heading 4
Row heading 5
Row heading 6
Total

Source: Local Government Data Unit ~ Wales

(a) Footnote 1.
(b) Footnote 2.

e Titles should be brief noting the main axes of the table and a period.

® Column headings should be centred over the column.



TABLES 21

e Where periods are shown in the table, it is not necessary to repeat them in the
table’s title. For example, if a table contains population data, by sex and age,
for the years 2001 to 2009, the title should be:

Population by age and sex
and not
Population by age and sex, 2001 to 2009.

¢ Footnote markers are best as lower case letters in brackets and should be put
against the column or row heading not in the data cell (because this affects
the comparison of data in the table). Try to minimise the number of footnotes,
especially against the table title. Their ordering should be: against title; against
column headings (left to right) and then against row headings (top to bottom):
such ordering allows the user to find the footnote markers easier.

e Where a table of general data has more than five rows, add a space line after
the fifth line to break the table in suitable chunks for extracting individual data.
It is easy to identify figures in blocks of five without using a ruler. If the data
are monthly, it would be more appropriate to add a space line after three rows.
Note that, in spreadsheet packages, it is not the insertion of an extra row but
making the height of the sixth (or fourth) row twice the height of the normal
rows: this avoids extraneous entries appearing in the tables, for example, if
calculating a percentage for all rows.

¢ The table descriptor should only be shown if all of the data in the table are in
the same units; otherwise add a descriptor (in parentheses) to each column or
row heading as appropriate.

¢ Source: where data in a report or publication are from a multiplicity of sources
each table should have its own source as indicated above. Where all of the data
is from the publishing organisation, this is not necessary — but is helpful to
users who extract individual tables into their reports since the source is already
shown.

® When giving a total’s breakdown within the rows of a table, use indents to show
the relationship to the heading and put the total at the bottom of the section.
For example:
Mode of travel to work:

Car as driver

Car as passenger

Bus

Train

Bicycle

Other

All modes

Principle 2.2: Design reference tables with some understanding of expected use.
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2.4 Summary tables

The basic rationale for producing summary tables is to present information with a
message that can be easily assimilated by the audience. If the audience is a group of
senior people in an organisation with little time to digest the message from data, it is
the producer’s responsibility to spend time reducing the reference table into something
that can be quickly and easily understood. Some managers insist on having lots of
detail in tables: but to what end? Can they readily understand all of the data? I doubt
it — but it does give some ‘comfort’ that they can always look up data: so give them
the detail in an Annex or a computer file and present them with summary information.
In the Internet age, the ultimate would be a displayed summary table with links to
the detailed data.

Many people faced with a reference table or a large summary table that fills a page
will quickly turn the page rather than try to understand what message the data show.

A small summary table, however, with a specific purpose can often drive a message
home. Identifying that purpose before starting to construct the table will help its
design. The important questions are:

(a) Which numbers do I want the reader of my table to compare?

(b) How many numbers are necessary to meet the aim of the table?

(c) How much detail should each number have?

(d) CanIadd some derived information to help the identification of the message?
(e) Should the numbers be sorted in some way?

These questions — essentially criteria — should be the basis for all summary tables.
Considering these in the design of the summary table will assist in achieving the best
possible table for the purpose given.
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Example 2.1 ............

Let us look at the Gross Value Added per head information in Table 2.3 which is
presented in the standard classification order of regions/countries for the UK.

Table 2.3 Gross Value Added per head.
£

2006 2007 2008 2009 2010

North East 14,901 15,530 15,673 15,304 15,744
North West 16,382 17,165 17,344 16,884 17,381
Yorkshire and The Humber 16,227 16,900 17,012 16,512 16,917
East Midlands 17,013 17,806 17,952 17,519 18,090
West Midlands 16,365 17,098 17,143 16,602 17,060
East of England 18,514 19,337 19,294 18,536 18,996
London 31,714 33,721 34,964 34,779 35,026
South East 20,472 21,593 21,859 21,257 21,924
South West 17,576 18,383 18,606 18,184 18,669
Wales 14,407 15,042 15,122 14,664 15,145
Scotland 18,484 19,492 19,991 19,755 20,220
Northern Ireland 15,359 16,013 15,928 15,249 15,651
United Kingdom 19,542 20,539 20911 20,341 20,849

This is an extract from the reference table which showed 11 years of information.
What is the aim of the summary table to be prepared? To highlight the differences in
gross value added per head across the regions/countries of the United Kingdom. So,
looking at our criteria for a summary table, we have:

(a) The numbers are in a column — so easy to compare;

(b) Five numbers per area are given — so some redundancy: not all numbers for
each area are required to tell the story;

(c) The values given are to the nearest one pound: this is not necessary. Applying
effective rounding, we only need the thousands, that is, the first two digits of
each rounded number;

(d) No derived information is given: but we could add a column indicating the
relative size compared with the United Kingdom average;

(e) And we could sort the table, from the highest to the lowest.
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Applying these answers to Table 2.3 produces a very different table — Table 2.4.

Table 2.4 Gross Value Added per head, 2010.

Per cent of

£000 UK average

London 35 168
South East 22 105
Scotland 20 97
East of England 19 91
South West 19 90
East Midlands 18 87
North West 17 83
West Midlands 17 82
Yorkshire and The Humber 17 81
North East 16 76
Northern Ireland 16 75
Wales 15 73
United Kingdom 21 100

From this resulting table, it is clear that London and the South East are the only regions
with Gross Value Added per head above the UK average — London significantly —
and that the area with the lowest value is Wales. The information from this table is
easier to understand, clearer and quicker to derive the message from.

Some would argue that the loss of the precision and the absence of at least one
decimal place in the percentage column is a step too far. However, the full numbers
are not lost and, if necessary, could be put into an annex of the document. With regard
to the percentage rounding, one can only ask if the table meets the purpose: with the
sorting, it does, so additional detail is unnecessary.

Principle 2.3: Design the summary table to meet a specified purpose — including
observance of the principles noted in Chapter 1.

2.5 How tables are read

A second principle to take into account for tables is how the user will read the table.
When faced with a table, we do not go to the middle of a table and try to find a figure.
It is read as any other text — from left to right and from top to bottom. So, in terms
of information flow, this should be taken into account. Here, a time component is an
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example of where this is true. When time is a component of a table, it should always
go from left to right or from top to bottom of the table, that is, the latest data should
always be on the right of a row or the bottom of a column. Which of these is better?
It really depends on what you are asking the user to do with the data: if you want
them to compare one series of data over time, it is better to have time running down a
column. If the main purpose of the table is to show what elements constitute a total,
then time would go along a row.

Principle 2.4: Present the table with time running left to right or top to bottom.

2.6 Layout of data in tables

For summary tables, it is exceptionally important to understand the purpose of the
table as this will influence the layout. Let us consider the basic information in
Table 2.5.

Table 2.5 Motor vehicles currently licensed in UK.

Thousands

1961 1966 1971 1976 1981

Type of vehicle
Private cars and private vans 6,114 9,747 12,361 14,373 15,632
Motorcycles, scooters and mopeds 1,842 1,430 1,033 1,235 1,386
Public transport vehicles 94 96 108 115 112
Goods 1,490 1,611 1,660 1,796 1,771
Agricultural tractors, etc. 481 478 450 414 373
Other vehicles 206 260 247 300 510
All vehicles 10,227 13,621 15,859 18,233 19,784

Source: Plain Figures

Here time runs correctly across the page, earliest to latest. We are asking the user
to understand what is happening to licensed traffic as a means of understanding
why roads are becoming more crowded. So we want the user to compare numbers
across the rows: 6,114 with 15,632. Actually, this is quite difficult for most. Let us
round the data effectively (see Section 1.6) and turn the table round so that time runs
down the page: this gives Table 2.6.
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Table 2.6 Motor vehicles currently licensed in UK.

Thousands
Type of vehicle
Private Motorcycles, Agric.

cars and scooters, Public Goods tractors  Other All

vans mopeds transport vehicles  etc  vehicles vehicles
Year:

1961 6,100 1,840 94 1,490 481 206 10,200
1966 9,700 1,430 96 1,610 478 260 13,600
1971 12,400 1,030 108 1,660 450 250 15,900
1976 14,400 1,240 115 1,800 414 300 18,200
1981 15,600 1,380 112 1,771 370 510 19,800

Source: Plain Figures

Now it is quite easy to see what is happening: the principle here is that putting data
to compare in columns is much easier for the user to assimilate the information than
if the data were in rows. Even this version of the table presents the user with a lot of
information which is actually unnecessary if the purpose of the table is to understand
why roads are becoming more crowded. Suppose the table was for presentation to
a member of the government: very little effort would produce the simplest table as
Table 2.7.

Table 2.7 Motor vehicles currently licensed in the UK.

Millions
Private cars and vans Other vehicles

Year:
1961 6 4
1981 16 4

Here it becomes very clear that the increase in traffic was due to the more than two
and a half times increase in the number of private cars and vans since the number
of ‘Other vehicles’ stayed a similar number. The bullet point summary of this table
would then be:

e (Car and van numbers more than doubled;

e Other vehicle numbers essentially static.

When writing the description of the data as in these bullet points, the producer has
a pointer as to which data are important in the summary table. Should the initial
summary table contain more data than is referred to in the bullet points, these can be
removed from the table and Table 2.7 would be the result.



TABLES 27

The most powerful table contains only two numbers in a reasonable amount of white
space on a page. Obviously, the numbers have to be presented properly taking in the
principles of Chapter 1. Look again at Table 2.7. Should the second column of data
be removed and the table prefaced by a statement as to what the data are, this would
produce. . .

The numbers of cars and vans licensed in the United Kingdom grew significantly
from 1961 to 1981 as:

Millions
1961 6
1981 16

This presentation concentrates the mind of the user on the most significant aspects of
the change in vehicles licensed.

Producers often make life difficult for users of tables by not presenting them in the
clearest way. The next two tables ask the user to compare numbers which are not
proximate: the first is asking users to compare alternate numbers in columns, the
second in rows.

Table 2.8 mixes numbers and rates for a particular disease. It is meant to be a
summary table but the inclusion of both numbers and rates in the same cell is making
the message unclear.

Table 2.8 A disease in males.

Number and rate

South North Mid & West Total
1544 1263 610 924 2797
5.67 4.5 4.85 5.1
45-54 1744 1022 1492 4288
7.97 7.54 7.83 7.81
55-64 4458 2430 3553 10441
20.02 17.93 18.64 19.03
65-74 7987 4819 6965 19771
35.87 35.56 36.54 36.03
75-84 5558 3757 5106 14421
24.96 27.73 26.79 26.28
85-99 1228 912 1019 3159
5.51 6.73 5.35 5.76
Total 22268 13550 19059 54877
100 100 100 100
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In Table 2.8, several issues arise.

Alternate rows are different types of data and thus hinder the direct comparison
in the column; the rates should be separated out to a new table;

The numbers in the table do not have thousands separators and are centred in
the columns;

Some data are rounded differently (this was most likely prepared in Excel and
the originator has not forced the rates data to have the same number of decimal
points);

The gridlines in the table are disruptive to the eye when comparing across cells;

Whenever a total of percentages is shown, it should be to the same number of
decimal places as the component data that is, in this case, 100.00. In this table,
one decimal place is sufficient for the differentiation across areas. However, if
the purpose of the table was to show the significant differences across ages, no
decimal places would be required.

The second example is where the originator of a table tries to be helpful by adding

other information to show some characteristics, for example, percentages. Consider
Table 2.9.

Table 2.9 Example of percentage data interfering in message.

1991 2001 2011
Distance to work: Number Per cent Number Per cent Number Per cent
Less than 1 mile 1,567 28.7 2,687 30.7 4,324 33.1

1 but less than 2 miles 2,358 43,1 2,937 33.6 3,567 27.3
2 but less than 5 miles 1,021 18.7 1,854 212 2,875 22.0
5 but less than 10 miles 476 8.7 843 96 1,358 104
10 miles and over 45 0.8 432 4.9 943 7.2
All distances 5,467 100.0 8,753 100.0 13,067 100.0

In this case, again, the user is expected to jump over either the percentage data to
compare numbers or jump over the numbers to compare percentages. Here, inverting
the table so that time runs down the page and splitting the numbers and percentage
data would give Table 2.10 which is easier to read and understand.
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Table 2.10 Distance of travel to work by car.

1 but 2 but 5 but
Lessthan lessthan lessthan less than 10 miles All
1 mile 2 miles 5 miles 10 miles  and over  distances

Numbers:

1991 1,567 2,358 1,021 476 45 5,467

2001 2,687 2,937 1,854 843 432 8,753

2011 4,324 3,567 2,875 1,358 943 13,067
Percentages:

1991 28.7 43.1 18.7 8.7 0.8 100.0

2001 30.7 33.6 21.2 9.6 4.9 100.0

2011 33.1 27.3 22.0 10.4 7.2 100.0

In this presentation of the data, the percentages are together and it is easier to identify
trends.

Too often tables are thrown together without much thought. How will they fit on the
page? Are the headings too big for columns? Do the data fit better one way round?
And yet few build the real purpose of the table into the design.

Thus, in designing a table it is necessary to have some regard for the purpose of the
table, how the user will read it and seek to understand it. Thinking these ideas through
will influence the design of tables and keep the user with the purpose of the table and
continuing to read.

Principle 2.5: Put into columns the categories of the data that you want the user
to compare.

2.7 Capital letters for table titles and
headings in tables

Some organisations use capital letters throughout words in the titles of tables and
in the column headings. It is believed that this makes the words stand out more.
However, for the user, this is making the task of reading and understanding signif-
icantly harder. Miles Tinker, renowned for his landmark work, Legibility of Print?,
performed scientific studies on the legibility and readability of all-capital print. His
findings were as follows:

‘All-capital print greatly retards speed of reading in comparison with
lower-case type. Also, most readers judge all capitals to be less legible.
Faster reading of the lower-case print is due to the characteristic word
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forms furnished by this type. This permits reading by word units, while
all capitals tend to be read letter by letter. Furthermore, since all-capital
printing takes at least one-third more space than lower case, more fixation
pauses are required for reading the same amount of material. The use of
all capitals should be dispensed with in every printing situation.’

Colin Wheildon? in later studies concluded that headlines set in capital letters are
significantly less legible than those set in lower case. Basically, when reading text,
we do not read every letter individually but recognise a word ‘pattern’. This is fine
for words in lower case type as we see and recognise so many. However, we are not
used to reading words in capital letters and thus we have to look more to each letter.
A study in 1928 showed that ‘all-capital text was read 11.8 per cent slower than
lower case, or approximately 38 words per minute slower,’* which means we take an
appreciably longer time to take in such words.

Principle 2.6: Don’t use capital letters for table titles or headings in tables.

2.8 Use of bold typeface

Another common misconception is that the use of a lot of bold typeface in tables
is good and draws attention to specific figures. This is often to emphasise some
part of the table, for example, the total line including both text and numbers. If the
emboldening of the numbers moves them from the correct alignment within columns
and the producer is asking the user to compare numbers in the columns, it is preferable
not to embolden the numbers. Also, a table with too much of the text emboldened
negates the purpose of emboldening and makes the prime message more difficult to
capture.

Principle 2.7: Use emboldening sparingly, if at all.

2.9 Use of gridlines and other lines in tables

Gridlines in tables can be regarded as clutter and something to be avoided. Use of
them essentially puts a barrier between each number the user is trying to compare
and does not help. The use of appropriate space lines in tables to break tables into
meaningful sections or to facilitate the extraction of numbers from large tables is
preferable.

The use of a line in a table to break up sections should be used only when a change
of definition needs to be indicated — which would be footnoted.

Again, in large tables, some have introduced shading of alternate lines in different
colours to assist with the reading of the table. Whilst for some tables this does make
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reading them a little easier, more thought in the table’s construction and the use of
space lines would do the same job without costing more time in setting the shading
on the rows. It is also important, if a colour is used as shading, to photocopy a page
or print one on a black and white printer to see the effect. Obviously, if the data are
obscured, some adjustment of the colour needs to be effected.

Principle 2.8: Don’t use gridlines in tables and use other lines sparingly.

Principle 2.9: If using a colour as background to rows or columns in a table, check
that the table will print clearly on a black and white printer.

Summary of principles: Tables

Principle 2.1: Put totals to right of rows and bottom of columns of data

Principle 2.2: Design reference tables with some understanding of expected use.

Principle 2.3: Design the summary table to meet a specified purpose — including
observance of the principles noted in Chapter 1.

Principle 2.4: Present the table with time running left to right or top to bottom

Principle 2.5: Put into columns the categories of the data that you want the user
to compare.

Principle 2.6: Don’t use capital letters for table titles or headings in tables.

Principle 2.7: Use emboldening sparingly, if at all.

Principle 2.8: Don’t use gridlines in tables and use other lines sparingly.

Principle 2.9: If using a colour as background to rows or columns in a table, check
that the table will print clearly on a black and white printer.

Notes

1. The only exceptions to this are if the user has a full copy of Adobe Acrobat which allows
full access to all elements of documents — thus enabling the extraction of a table in proper
format — or a special program. Neither of these two options is common for general users.

2. Tinker, M.A. (1963). Legibility of Print. Ames, lowa: Iowa State University Press. p. 65.
ASIN BOOOIS2NNE

3. Wheildon, C. (1995). Type and Layout: How Typography and Design Can Get your Message
Across - Or Get in the Way. Berkeley, CA: Strathmoor Press. p. 74. ISBN 0-9624891-5-8.

4. Tinker, M.A. and Paterson, D.G. Influence of type form on speed of reading. 1928, Journal
of Applied Psychology, 12, 359-368, in Miles Tinker, Bases for Effective Reading, 1965,
Minneapolis, Lund Press. p. 136.
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Charts (bar charts, histograms,
pie charts, graphs)

Many charts presenting data display a wrong or inappropriate message. This can be
either because of the poor presentation via scale differences or truncation or because
the data are not represented well. This chapter will look at the rationale for charts,
show through examples why certain charts are not good and illustrate how we can
simply improve some charts with a little thought. User perception plays a large part
in understanding charts, and illustrations of how the wrong message can be taken
from charts are shown.

3.1 How the user interprets charts

When a user is shown a chart, the most usual approach is to seek to understand the
visual display of the data without recourse to the axes, footnotes or other help that
may have been available. So, if the chart does not represent the data well, the wrong
message may be assimilated. We often make the presumption that the originator of a
chart will understand the data and present the data within a chart in the way it should
be interpreted. However, experience tells me that not only do newspapers present
poorly designed and constructed charts but so do National Statistical Institutes.

The basic presumption of this chapter is that the chart’s originator is trying to rep-
resent the data well and show a message from doing so. Otherwise, one has to ask
why the chart has been included in a document. From some challenges I have put to
originators, the answers as to why some awful — but very colourful — diagrams have

Presenting Data: How to Communicate Your Message Effectively, First Edition. Ed Swires-Hennessy.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.
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been constructed and issued have been as simple as:
® They enliven the text.

e The colour brings the report to life.

e The charts look modern and interesting.

Further, the choice of three-dimensional charts is often because someone has sug-
gested that such a presentation will make the chart interesting or enhance the docu-
ment in which it is placed. None of these reasons are sufficient to justify the inclusion
of the poor charts and the basic rationale will be explained in this chapter.

Let us start with a basic pictogram example in Figure 3.1. We are trying to illustrate
the difference between two bonus payments in the form of a pictogram.

Figure 3.1 Bonus bags.

o ©

1 million 2 million?

The bag on the right is twice the size of the first in width terms. But is this the right
representation? No, because we are trying to represent a single variable in an area
which is a two-dimensional space.

Looking at the second of the money bags, we have the following explanation.

A

Twice
the
height

2 million

>

Twice the width
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The area of the bag, relative to the first, is therefore 2 X 2 X first bag = 4 times the
area of the first bag! This does not represent the data well.

What should be presented here is a picture of two bags, one for each of the two
million as in Figure 3.2.

Figure 3.2 Proper pictogram display.

1 million 2 million
We shall come back to pictograms later in the chapter.
An old saying is
A picture is worth a thousand words.!
For us, in trying to communicate data, I would change the phrase to

A picture is worth a thousand words if and only if it is the correct picture.

By ‘correct’ here, we mean that the picture accurately and clearly represents the data
and the message from them. Throughout this chapter, I shall apply the phrase to bar
charts, graphs and pictograms.

Principle 3.1: A chart must represent the data clearly and accurately.

3.2 Written aims for charts

When the majority of people are asked to create a chart representing data, the first
action is to start up the chart-making program. This should not be the first step.
Instead, words should be written down explaining the aim in very specific terms for
the chart: there is no substitute for this step.

Once the written aim is available, the creation of a chart can begin. Once completed,
the finished chart can be examined in the light of the aim to see if it meets the aim. If
it does, work can begin on the next chart. If it doesn’t, then the chart must be scrapped
or changed so that the aim is met.

Another good reason exists for writing aims. If one person was responsible for pro-
ducing a regular booklet or bulletin with data and charts, he or she should understand
why the tables and charts were produced in the presented format and design. If that
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person moves on to another job, the history will be lost and the easiest route to creating
the next edition will be to delete one year’s data and add the latest! Without a written
aim to measure the revised charts against, how can we know they are purposeful
and correct?

Let’s look at an example of travel to work data with a written aim of:

To show the differences in modes of travel to work within counties

Figure 3.3 Travel to work — within counties.
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Here, the clustering of the data is mode within county, with the legend showing the
different modes.

If we now change the aim for the chart to:
To show the differences in modes of travel to work between counties

‘We are then interested to see how the modes differ between the counties and thus the
clustering is by mode not by county as in Figure 3.3. This is shown in Figure 3.4.
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Figure 3.4 Travel to work — between counties.
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Comparing Figures 3.3 and 3.4, it is clear that they are very different and have different
messages for the user. If the wrong one is presented, the user may be misinformed or
misled. More on this topic will be discussed throughout this chapter.

Principle 3.2: Before starting to create a chart, have a clear and specific written aim.

3.3 Scale definition and display

When the user is presented with a chart, it is common for most to spend little time
trying to understand it. The user seeks to understand the ‘picture’ in the chart without
recourse to the scales presented or the notes that may appear underneath the chart.
So, let’s consider Figure 3.5.
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Figure 3.5 Travel to work mode.

Car Bus

Train Other

Here we deduce that the car mode is five times greater than bus or train or other. If we
present a chart as in Figure 3.5, the visual deduction of the ratio of those travelling to
work by car to those travelling by bus is 5 to 1. If we now add the scale and read the
values of the bars from the scale in Figure 3.6, we get a different message: that the
percentage travelling to work by car is twice the percentage travelling by bus, that is,
aratioof 2 to 1.

Figure 3.6 Travel to work mode.
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And the proper presentation of the information in a chart is given in Figure 3.7, where
the y-axis scale starts at zero and allows a proper visual comparison of the sizes of
the bars.
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Figure 3.7 Travel to work mode.
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In Figure 3.7, each of the bars is separate and thus the area of the bar, relative to the
other bars, is clear. If we add an extra set of data for a later year, it is easy to overlap
the bars as in Figure 3.8.

Figure 3.8 Travel to work mode, overlapping bars.
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This, however, actually means that the interpretation of the chart is made more
difficult. We are asking the user, for example, to judge the relative sizes of the two
bars with one partly hidden. So, instead of comparing the areas of the bars, the user
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can realistically only compare the heights of the bars. Depending on the colouring
used, one set of bars may be more dominant to the eye through colouring. The proper
presentation of the 2 years of data is given in Figure 3.9.

Figure 3.9 Travel to work mode.
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Principle 3.3: Ensure that the visible areas of the bars are in proportion to the data.

With all charts, the purpose is to communicate the data in the best way possible.
As with tables of data, the producer is the best person to understand the data and to
present those data in a chart. It is very easy to take data and produce a chart with the
modern computer tools we have. However, the resultant chart may not be the best to
communicate a message.

To illustrate this, let us take the value added data from Table 2.3 in Chapter 2. The
aim of such a chart will be to show the relative positions of each area over time and
identify the areas needing more government support.
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Table 2.3 Gross Value Added per head.

£

2006 2007 2008 2009 2010

North East 14,901 15,530 15,673 15,304 15,744
North West 16,382 17,165 17,344 16,884 17,381
Yorkshire and The Humber 16,227 16,900 17,012 16,512 16,917
East Midlands 17,013 17,806 17,952 17,519 18,090
West Midlands 16,365 17,098 17,143 16,602 17,060
East of England 18,514 19,337 19,294 18,536 18,996
London 31,714 33,721 34,964 34,779 35,026
South East 20,472 21,593 21,859 21,257 21,924
South West 17,576 18,383 18,606 18,184 18,669
Wales 14,407 15,042 15,122 14,664 15,145
Scotland 18,484 19,492 19,991 19,755 20,220
Northern Ireland 15,359 16,013 15,928 15,249 15,651
United Kingdom 19,542 20,539 20911 20,341 20,849

Simply charting this data produces the rather nonsensical Figure 3.10. Here, most
of the lines are close together making it difficult to identify which is which and the
default ordering of the colours implies, at first glance, that the top line is that of
North East whereas it is actually that of London. The message from the chart is that
most of the areas are similar over time with London significantly higher than the
rest. Further, with this dataset, it is very difficult to identify clearly all of the separate
colours against their headings; thus, the aim of indicating the relative position of the
areas is not achieved.

Figure 3.10 Gross Value Added per head by region.
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Examining this chart closely shows that the relative position of each area appears to
change only marginally over time. So let’s change the aim to looking only at the last
year of data and examining each area relative to the overall average for the United
Kingdom. The data table is shown in Table 3.1.

Table 3.1 Relative Gross Value Added per head, 2010.
United Kingdom = 100

North East 76
North West 83
Yorkshire and The Humber 81
East Midlands 87
West Midlands 82
East of England 91
London 168
South East 105
South West 90
Wales 73
Scotland 97
Northern Ireland 75
United Kingdom 100

From these data, we can produce Figure 3.11. This meets the aim we set but could it
be better?



CHARTS (BAR CHARTS, HISTOGRAMS, PIE CHARTS, GRAPHS) 43

Figure 3.11 Relative Gross Value Added per head, 2010.
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Look back to what was done in Chapter 2. The data for 2010 in Table 2.4 were not
left in the same order as in Table 2.3: they were sorted, largest to smallest. Some
would argue that the order of data in Table 2.3 is the most appropriate as it is in
the standard presentation order for such data. However, the message from the data is
much more difficult to identify. Sorting into value order enables the user to identify
clearly whether West Midlands had a higher Gross Value Added per head than the
North West.

Principle 3.4: Arrange the elements of the chart to maximise understanding of the
information.

Another issue here is the reading of the text: quite difficult in this position. So let
us turn the diagram through 90 degrees so that the text is horizontal. And, finally, to
emphasise the United Kingdom as an overall average, instead of having a bar for the
country, we could add a line to indicate clearly the average. Hence, we can quickly
see those above average and those below. This is shown in Figure 3.12. So the sorting
here not only helps the user to understand the message but also assists the producer
to derive the message from the data.



44 PRESENTING DATA

Figure 3.12 Relative Gross Value Added per head, 2010.
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Principle 3.5: Arrange the chart to maximise the horizontal text.

One further issue with bar charts — that often results in the scale adjustment illus-
trated in Figure 3.6 — is redundancy. This is evident where much of the chart does not
illustrate anything but commonality. Figure 3.13 shows the proportion of the popu-
lation in different districts in Malawi that are male. This is the chart automatically
produced by Excel, given the data.
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Figure 3.13 Percentage of population that is male, by district, 1998.
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As previously noted, users try to understand the meaning of the chart without looking
at scales or footnotes. The visual impression of Figure 3.13 is that the proportion of
males in the cities (left-hand side of the chart) is over twice the proportion of that in
Machinga, a rural area. Basically the men are moving to the cities to find work and
get money to send home to their families in the rural areas.

Now let us force Excel into putting the scale in full and turning the chart through 90
degrees so we can read the names of the areas a little better.
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Figure 3.14 Percentage of population that is male, by district, 1998.
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This chart, as Figure 3.13, does illustrate that the districts with the larger proportions
of males in the population are the four major cities and that only seven of the areas
have a proportion of more than 50 per cent.

This redrawn chart is properly drawn with the length of each bar of correct relative
size to the others. The problem is that more than 90 per cent of the chart is redundant
and it becomes difficult to see the differences between the adjacent bars. So, whilst it
is correctly drawn from the data, it is not too illustrative of the data and the differences
between districts. We need to remove the redundancy in some way and allow the user
to see clearly the differences in the data.

Further, we can consider some ‘added value’. With these data, the ‘added value’ could
be the average proportion of the districts shown.
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Figure 3.15 Proportion of males in each district of Malawi, relative to
average, 1998.
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It is easy from this chart:

e To read the district names;

¢ To identify that five areas — mainly cities — have above-average proportions of
males;

¢ To note that the range is within +/—3 percentage points of the Malawian
average.

This chart not only has no redundancy but also gives a greater definition of the differ-
ences compared with Figure 3.14. Similar issues arise with graphs — see Section 3.8.

One of the most difficult presentations for users to understand the scale is in three-
dimensional bar charts. The following example, Figure 3.16, not only has the issue
of the third dimension, but also of overlapping bars — making it even more difficult
for the user to assess relative size. The poor quality of the chart is not from the
reproduction — it was this poor in the original — so the user would have had difficulty
reading the text and scale as well as the information in the chart itself.

The issues with this example are pretty obvious:

¢ The way the chart was produced has resulted in non-straight lines for the grid
lines and axes;
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e The producer thought the differentiation of the two bars to be difficult — so
added up or down arrows to show movement between years; the most similar
bars (third group from the left) do not have an arrow — and are not equal — so
should have;

e The later data bars are to the left of the earlier data bar — and we like to tell the
story — and read — from left to right;

e The y-axis scale and x-axis text are very difficult to read.

Figure 3.16 An example of a three-dimensional bar chart.

But the producer of this chart did know how to do better! In the same document,
indeed on the same page, Figure 3.17 was shown. This is much more readable and
certainly easier to interpret — but still not quite as good as it could be. Two changes
could be made to improve it: first, remove the repeated ‘%’ symbol from the y-axis
scale and add a specification ‘Per cent’; secondly, soften the gridlines into a pale grey.
The need to add arrows to the bars has gone; the text is readable and the data in the
right order.
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Figure 3.17 A better presentation of 2 years’ data.
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3.4 Difference between bar charts and histograms

Technically, two differences exist between bar charts and histograms: first in the type
of data presented and second in the way they are drawn.

Bar charts display ‘categorical data’, that is, data that fit into categories — such as the
districts of Malawi in Figure 3.15. Each category is independent of the others.

Histograms are used to present ‘continuous data’, that is, data that represent a mea-
sured quantity where, theoretically, the numbers can take on a value in a range,
for example, age, height, weight or wages. The data collected would be grouped to
display in a histogram.

Drawing the histogram is slightly different from a bar chart. The bars for each category
in a bar chart are usually separated by spaces, as in Figure 3.15: where data for 2 years
are adjacent in a bar chart, no space would be inserted between the bars for each year
but space is inserted between the groups for each category’s bars, as in Figure 3.17.
For a histogram, the bars are placed next to each other to show the continuous nature
of the distribution of the variable.

Two examples of histograms are given as Figures 3.18 and 3.19. Again, as we have
already seen, it is sometimes better to have the chart turned through 90 degrees so
that the labels can be read more easily. Whether it is or not also depends on the aim
of the chart. If the aim is to get a sense of the magnitude of the bars, it may be better
to have the bars in a vertical position — unless the labels become difficult to manage
in which case, the chart with the horizontal bars would be easier to understand.

In Figure 3.18, the aim was to show the changing dynamics of the population in:

e The impact of increased births;
¢ The net inflow of university students and

e The fairly steady decline in the numbers in each 5-year age band from 60 to
64 years.
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Figure 3.18 Histogram of Wales’ population by 5-year age bands.
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Figure 3.19 Height of pupils.
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3.5 Pie chart principles

Many believe that the prettier a chart, the better it is. But is it? Probably not. The main
consideration should be whether the presented chart communicates the information
matching the aim. So many examples seen in publications today have multicoloured
charts, sometimes in three dimensions and not representing the data effectively to
communicate the message contained in them. Sometimes it is appropriate to have
more than one colour — but the rationale for the many colours must be understood.
Similarly, the basic principles of each type of chart must be applied — or the resultant
chart is unlikely to reflect the data well, making the understanding of the message
much more difficult.

For pie charts, the fundamental principle is that the divisions of a pie add to the
whole, that is, 100 per cent. The technical term for the individual parts of the pie is
segment. The examples used in this section are similar to published examples.

Figure 3.20 Systems evaluation.

Not fit for

Broadl
purpose 12% y

appropriate but
systems need
strengthening
29%

Not established
6%

Fit for purpose
30%

Broadly
appropriate but
disclosure needs

strengthening
18%

For those quick in additions, you will spot that the sum of the percentages given in
Figure 3.20 is not 100 but only 95. The title did not have a footnote marker but notes
were given under the original. The first note indicated that 5 per cent of the systems
had only recently started operating and thus it was ‘too early to judge the strength of
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the controls in place’. But the chart has a segment ‘Not established’” so they could
not be judged either! A letter was sent to the head of the organisation pointing out
the basic principle of a pie chart and the sum of its constituent parts. The response
was that they had noted why the 5 per cent were missing. It is actually not any harder
to draw a chart where the constituent parts sum only to 95 per cent in Excel — but
it would present the user with much more difficulty in understanding the data! Also
look at the order of the information: to assist the user in the interpretation of the chart,
the order would be better as:

Fit for purpose

Broadly appropriate but system needs strengthening
Broadly appropriate but disclosure needs strengthening
Not fit for purpose

Only recently started

Not established

The other issue here is the use of colour. Only one of the segments was in a different
colour — grey — but that would have been more appropriate for the segment ‘Not
established’. This chart could be improved by having three colours: green for estab-
lished systems that are reasonable, red for the systems that were not fit for purpose
and grey for those that could not yet be assessed (those recently started and those not
established systems). The result would be Figure 3.21.

Figure 3.21 An improved chart.
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started 5%

Fit for purpose
Not fit for 30%
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The next pie chart (Figure 3.22) is an American example measuring recidivism from
different offences, that is, the proportion of people convicted of certain offences that
reoffend. It is quickly obvious that the basic principle of pie charts has not been
observed: the total of the percentages in the segments is 329.1. The data here do not
form the division of a whole (100 per cent) and, in fact, should either be shown as
five different pie charts (each showing the proportion reoffending and the proportion
not reoffending) or the chart needs to be completely rethought and probably drawn
as a bar chart! If one chose the five pie charts option, it would be quite difficult to
discriminate visually between the relative sizes of the reoffending proportions as they
are quite similar.

Figure 3.22 Recidivism in US.

Violent offences

Other offences 61.7%

64.7%

Public order

offences 62.2% Property offences

73.8%

Drug offences
66.7%

Principle 3.6: Ensure the sum of the percentages in a pie chart add to 100.

The aim of the chart is obviously to look at the different rates of recidivism in the
prisoners in the United States. The only way such a chart could be used is where
each segment of the pie is in proportion to the number of individuals who have
reoffended with the rates shown to the side. This, however, would be quite confusing
to any reader and would require a significant written description — negating the use
of the chart.

So, if the basic aim is to show the different rates of recidivism across the offence
groups, a bar chart would be the appropriate type of chart, as in Figure 3.23.
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Figure 3.23 Recidivism in US.
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Note that here we have the 0 to 60 common and thus not adding to the story. We
could add the average for all types but that would not help much.

Again thinking around the possibilities, we could calculate the average rate of recidi-
vism and show the data relative to this figure. To be technically correct, the average
should be a weighted average of the percentages but those data were not readily
available. So, for illustrative purposes only, the arithmetic average of the percentages
has been used as a base figure in Figure 3.24.

Figure 3.24 Recidivism in US.
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Essentially, Figure 3.24 puts a magnifying glass on the area of Figure 3.23 that is the
most interesting. The aim is clearly met and the users can understand that the people
committing property offences are much more likely to reoffend than other offence
groups.

Principle 3.7: Ensure that a pie chart is the most appropriate type of chart to meet
the aim.

3.6 Issues with pie charts

Six major issues with pie charts appear frequently in those presented by the press or
in reports, particularly business reports:

® not starting the top segment at 12 o’clock and progressing clockwise;
¢ not thinking about sorting the data;

¢ using three-dimensional pie charts;

® having too many segments;

® the poor use of colour and

e asking users to compare different sizes of pie charts (this issue is covered in
Section 3.10).

Let us consider each of these in turn.

Why should a segment of the pie chart start at the 12 o’clock position? It is back to
the very basic principles we all learnt in school. We were taught to tell the time from
the start of the hour and clockwise around the clock in quarter or half hours. So, for
the user, it is easier to judge the proportion of the pie in the first segment if it starts
from the 12 o’clock position.

Figure 3.25 Not starting at 12 o’clock.

Bus

Other

Bicycle

Train
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Consider the top segment in Figure 3.25: is that above or below a quarter of the pie?
It is actually just less than one quarter — but hard to see from this chart. So what is the
aim of the chart? If it is to monitor the reduction in car usage to get to work, it would
be appropriate to have that segment starting at the 12 o’clock position and going
clockwise. If the aim is from the bus transport authority and they want to monitor
the uptake of bus transport to work, it would be appropriate to have the bus segment
starting from the 12 o’clock position. Let’s just see the latter in Figure 3.26.

Figure 3.26 Starting at 12 o’clock.

Other

Bicycle

Train

Car

It is now easy to see that the bus usage is just under a quarter — the message one
wants to give. However, if the changes over the time periods of measurement are
small, that is, of the order of one or two per cent, then another pie chart side by side
with this one would not allow the user to distinguish adequately any change — and
the producer would have to think of some other way of presenting the information
(e.g. going back to a table of changes?).

In the literature, an alternative start for the segments, at the 3 o’clock position, is
sometimes suggested. For me — and the majority of users — a start at the 12 o’clock
position is easier to measure from and interpret. This is because all of us are used to
looking at a clock and measuring time past or to the 12 o’clock position.

It is clear that the aim should drive the chart’s design and bring clarity to the pre-
sentation of data. If the chart is produced without an aim, it will not generally be
productive in communicating a message.

Principle 3.8: Always start the main segment of the pie chart at the 12 o’clock
position, progressing clockwise.

The second issue is the sorting of the segments of the pie chart. If one is looking
at the policy of travel to work and seeking to write a report on the current position
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and then describe policy to change the position, it would be appropriate to produce
a chart with the aim of showing the current position in a pie chart. For this aim, the
data would be sorted by size with the largest segment being the first from the position
of 12 o’clock. Figure 3.27 illustrates this: note that the percentages of the various
modes are included — these help the user to distinguish the actual data where segment
sizes are similar (like for train and bicycle).

Figure 3.27 Sorted data.

Other, 4%

Train, 7%

Bicycle, 8%

o,
Bus, 23% Car, 58%

Sometimes it is not appropriate to sort the data by size because there is a more
important ordering. For example, if one is looking at a certain characteristic by age,
then it is more important to keep the data and ordering of segments in age order. Let
us look at a distribution of the married population of England and Wales by age in
2010 (Figure 3.28).
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Figure 3.28 Married population by age.
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It would be nonsense here to order the segments by size as the order would be: 45 to
59 years, 60 to 74 years, 30 to 44 years, 75 and over and 15 to 29 years.

Principle 3.9: Where appropriate, sort the segments of the pie into size order.

The third issue with pie charts is the inclusion of depth of pie by adding a third
dimension. Many times the reason for presenting pie charts in three dimensions
is that they are ‘more realistic’ with depth and they ‘look better’. The difficulty
here is that the third dimension actually makes it much more difficult to assess the
relative sizes of the segments because of the angle of tilt and the blurring of the
relative segment sizes by the additional depth in the front segments of the pie. Let
me illustrate this with an example.
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Figure 3.29 Interventions.
Sixth, 14%
Fifth, 5%

First, 46%,

Fourth, 19%

Third, 4% \

Second, 12%

If we look at the pie chart in Figure 3.29 without looking at the data labels, the second
intervention proportion of the pie looks considerably larger than the sixth intervention
segment. In data terms, it is the other way round: similarly for the comparison between
the third and fifth intervention segments.

In order to reinforce the argument, I have counted the pixels in each of the segments
and set them, as percentages of the whole, in the same table as the actual data: these
are shown in Table 3.2.

Table 3.2 Interventions.

Actual percentage Percentage of

from data visible area
First 46 43
Second 12 22
Third 4 6
Fourth 19 17
Fifth 5 3
Sixth 14 9

So the eye leads the user to one conclusion but the wrong one! Comparing the actual
percentages, it is clear that the segments to the front of the pie chart are given greater
weight than those without any apparent depth.
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Thus, when asking a user to judge the differences in data, do not ask them to adjust
what is visible for tilt and depth when doing a comparison. In plain English, this
would be expressed as keep two-dimensional charts in two dimensions so that the
chart represents the data effectively and accurately.

Principle 3.10: Use only two-dimensional charts in two-dimensional media.

The fourth issue is the number of segments. Many presentations of pie charts try to
get too much information across in the same chart. Figure 3.30 is a good example
of how not to do one. Essentially, the producer has taken a table and converted the
whole table into a pie chart. But what was the aim of the chart? If it really was to
show each of the values, a bar chart or table would have been better. If the purpose
was to show the relative sizes of Agriculture and Manufacturing segments, a pie chart
with just four segments would have been better, combining everything from Financial
activities to Other services into one segment, labelled ‘Other groups’.

One obvious issue in this chart is the labelling of the segments: the descriptions
are long and lines to their segments cross text. The maximum number of segments
should be 6 for clarity. If the data has more categories than this, consider grouping
and recheck the aim. Another possibility, as in this case, is to do a bar chart instead —
or just a simple table with one column of percentages (with the percentage symbol
in the column heading, not against each number)!

Figure 3.30 Too many segments.
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Principle 3.11: The maximum number of segments in a pie should be 6.

The next issue is colour. Two aspects need to be considered. First, bright (primary)
colours are dominant in the brain of the user. So putting primary colours in a chart
can draw the user’s brain to them as opposed to giving equal consideration to each
part of the chart. Let us re-present Figure 3.31 with a couple of primary colours in
the segments.

Figure 3.31 Interventions with some primary colours.

Sixth, 14%

Fifth, 5%

First, 46%

Fourth, 19%

Third, 4% \

Second, 12%

The user’s brain is drawn to the red and yellow segments and the ratio between the
second and sixth segments appears to have changed, possibly because the brain is
more focussed on the red and the top part of the second intervention segment, not its
depth.

Principle 3.12: Avoid use of bold primary colours in charts.

The second aspect of colour use is where multicoloured charts are shown when, in
fact, the categories are part of the same variable distribution. In the mode of travel to
work chart (Figure 3.27), the categories are independent.

Whereas, in Figure 3.28, we are just looking at proportions of the same variable (age
of the married population): and, in this case, the segments should be of different
densities of the same colour. Figure 3.28 is one where the age classification has
trumped the distribution and the same colour is used from deepest to lightest. In this
case, as with all other charts, the producer must go back to the aim and check the
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chart against the aim and ensure that the age distribution is more important than the
proportion of the age group that is married.

Principle 3.13: Use shades of the same colour when presenting proportions of one
variable.

If the data could be put into a bar chart, use different colours for the segments; if the
data should be put into a histogram, use shades of the same colour.

As an example of where the age classification is not the most important, let us think
of a chart’s aim to show which age group needs targeting with the messages of
AIDS/HIV. In Figure 3.32, the chart has segments of the pie for each age group,
their size relative to the numbers known to have HIV (the prevalence). The shading
could then represent the incidence of HIV in the last year and the colour of the
segments could be sorted on incidence — with the highest having the darkest shade.
Checking against the aim here, we need to ensure that it is more important to have
the age ordering predominate rather than either the population in the segments or the
incidence.

This and the next younger group would then be where the message targeting would
be directed. The figure shows the 20-29 age group to have the highest incidence in
2011 so the advertising could be targeted at the under 20 and 20-29 age groups.

Figure 3.32 Prevalence of HIV in US by age, 2010, overlaid with
incidence in 2011 (the darker the colour, the higher the incidence).

Under 20: 11,567

60 & over: 83,684 Ages 20-29: 82,223

Ages 30-39: 165,682
Ages 50-59: 230, 304

Ages 40-49: 318,398
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3.7 Graph principles

A graph is a line showing the relationship between two or more variables. The
majority of the graphs that are commonly seen show the relationship between two
variables — and one of those is often time. The axes for the variables are at right angles.
The user is looking for two things in a graph: the height of the line (sometimes called
the level) — or series of lines — and any pattern shown (could be a seasonal pattern or
a trend or a combination of both). For every graph where we are trying to show the
size of the variable, the scale on the y-axis should start at zero. Where the data are
indexed (to show changes from a start point), the value of 100 is equivalent to the
zero on a standard graph.

For some data, the aim of the chart is to show movement over time with very restricted
change over the period, for example, the value of a performance indicator or a rate
such as the total period fertility rate. Hence, in these cases, the concentration is not
on the height of the graph or its height relative to another graph on the same chart.
Some examples are given towards the end of the next section.

When time is one of the axes, it is usual to show this as the x-axis horizontally across
the page with time progressing from left to right. It may seem obvious to state that
the intervals on the x-axis should be equal for the same time period. If this is not
done, the apparent change in some periods will appear greater or less than those in
other periods — but will not reflect the changes in the data. Illustrations of this issue
are given in the next section.

A graph is meant to tell a story, usually over time, and thus — in the Western world —
should be prepared to be read as we normally read, that is, from left to right across
the page.
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3.8 Issues with graphs

Let’s consider two different graphs, Figures 3.33 and 3.34. Both show the population
of towns over time. The visual impression of the graphs in these two figures is:

(a) that the population of Town A was a new town in 2003 and grew rapidly and

(b) that Town B was already established in 2003 and did not grow so quickly.

Figure 3.33 Population Town A.

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Figure 3.34 Population Town B.

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Visual impressions are gained from just the central picture. Indeed, it is commonly
understood that the user will look to the picture first and seek to understand what the
picture is telling them and ignore scales and notes. Therefore, if the picture does not
represent the data well, the user will be misled and could get the wrong message.

These last two graphs are now re-presented as Figures 3.35 and 3.36 with scales on
the y-axis.
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Figure 3.35 Population Town A.
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Figure 3.36 Population Town B.
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It is now obvious that Town A was not a new town in 2003. Indeed the data are the
same — but just shown on different y-axes. The correct presentation is in Figure 3.36
but the scale has a lot of redundancy — too many zeroes that are not needed. We can
call the scale ‘thousands’ to lose those, alter the background colour and make the
gridlines less obtrusive to produce Figure 3.37.



66 PRESENTING DATA

Figure 3.37 Population Town B.
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Does this chart meet the aim? If the aim was to show the steady growth in population
over time, it does.

Principle 3.14: When graphing simple numbers, always start the y-axis at zero.

Now let us do a comparison between two charts. Figures 3.38 and 3.39 represent
immigration to and emigration from the United Kingdom.

Figure 3.38 Immigration to UK. Figure 3.39 Emigration from UK.
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The message given to the user who looks only at the picture of the chart is that the
trends are similar with a similar start, an upward trend in both and a slightly higher
close in the emigration data. When originally presented, the scales were on the right
of each chart and had both different start and end values — as in Figures 3.40 and 3.41.

Figure 3.40 Immigration to UK.
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Figure 3.41 Emigration from UK.
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It is obvious now that, even though both display an upward trend, immigration is far
higher than emigration. The user here will have to do a lot of interpretation of the
charts to get the real message. But the producer could easily have done something to
assist.

To help the user understand these numbers properly, it is necessary either to draw
them both to the same scale, side by side, or to put both parts on the same chart — as
in Figure 3.42.

Figure 3.42 Immigration to and emigration from the UK.
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The latter is preferable as it allows the user to see very clearly that the immigration was
always higher than the emigration through the period shown and, because the gridlines
are helpful in assessing the data, anyone can see that the number of immigrants is
roughly one and a half times the number of emigrants in 2006 (6 gridlines high for
immigration compared to 4 for emigration).

Principle 3.15: When asking the user to compare two data series on graphs, use
the same scale for both series.

One other issue that occurs with graphs is when the producer wants to graph two
series of very different levels, for example, the population of countries. Some have
drawn graphs with different scales on the left and right of the graph for the different
countries. Again, it is important to look back to the aim for the chart. Let us consider
a chart to show changes in the populations of four countries over time. A simple
graph of the numbers, using Excel defaults, produces Figure 3.43.
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Figure 3.43 Country populations.
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With this chart, it is clear that Ukraine is significantly higher in population terms
across the whole period. Also it appears that Ukraine is losing a little population and
Kazakhstan is growing a little. But the user has additional work to do because the
legend is not in the same order as the lines appear on the graph: Excel does allow
these to be changed quite easily — but it is the producer’s responsibility to examine
the chart before release to see if it meets the aim and if anything can be improved.
Simply trying to understand the graph would indicate that the countries are in a
different order to the legend. Let us change the legend order, add a background and
change the gridlines to give Figure 3.44.

Figure 3.44 Country populations.
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So how can we see what is really happening to these countries’ populations? The
simple technique we can use is called indexing. This puts all of the data in the start
year equal to 100. Then each of the subsequent data items is calculated relative to that
baseline. As an example, the first two population figures for Ukraine are: 46,667,646
and 46,509,400.

We set the base figure (the first one) for Ukraine equal to 100.0. The second indexed
figure is then:

(second figure divided by first figure) multiplied by 100.0 which is
(46,509,400 divided by 46,667,646) multiplied by 100.0 = 99.7

And the third indexed figure is calculated as:
(third figure divided by first figure) multiplied by 100.0 etc.

Now, the ‘base’ figure for the graph is 100, not zero in a conventional graph. Fig-
ure 3.45 displays this. Note that the y-axis scale can go below 100 implying that the
population of Ukraine was falling over the whole period. From this chart, it is clear
that the populations of Azerbaijan and Kazakhstan increased each year and that of
Georgia fell in the first 2 years, steadied and then rose in 2010 to a figure higher than
that in 2006. This does meet the aim — to clearly see changes in population: how-
ever, it does not show the relative sizes of the populations. If the latter is important,
the best solution would be to include a simple summary table of the populations —
appropriately rounded.

Figure 3.45 Index of country populations.
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Principle 3.16: When graphing series of different magnitudes, consider converting
the data to index numbers before graphing.

At times, the data being graphed are in a very narrow range. The aim of the chart
would then not be the presentation of the absolute values of the data but the changes
in the data over time. Let us consider two examples: the monitoring of a rate or the
regular measure of activity against a target.

For the first, let us consider the total period fertility rate (the number of children born
to a cohort of women aged 15-44). Over the recent period, this rate has remained
within a band of 1.5 to 2.0. So charting this with a zero base for the y-axis produces
Figure 3.46.

Figure 3.46 Total period fertility, UK.
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If the aim was to show the level over time, this chart would adequately provide
the information. But the aim was to consider the changes over time and in this case,
80 per cent of the chart is then redundant as no data appear in four of the five sections.
Further, it is not easy to note some of the movements in the data or the data values
over time. This could then be redrawn with a different scale to give Figure 3.47.

Figure 3.47 Total period fertility, UK.
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This resulting chart indicates that the rate has changed significantly within the rela-
tively narrow range and it is clear that three distinct trends can be clearly observed.

Another similar example is when we consider target data for a specific operation. A
target value is set and one is concerned not with the level of the chart but with the
data relative to the target. Using a zero base for the y-axis produces Figure 3.48.

Figure 3.48 Clearance of applications.
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The red and blue lines are practically indistinguishable. Changing the y-axis scale to
show just the relevant part, 98 to 100, we have Figure 3.49.

Figure 3.49 Clearance of applications.
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This clearly shows that the per cent cleared dropped below target in two of the
months but not drastically. Considering these data and Figure 3.49, we could make
the message clearer by using a bar chart as in Figure 3.50.

Figure 3.50 Clearance of applications.
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With Figure 3.50, the red colour is very striking and would instantly show that a
problem had occurred as soon as the datum for July was available. So, from this
example, it is not just necessary to ask if the proposed chart meets the aim but also
whether the one proposed can be bettered. The question the producer should ask is
‘Can the data be displayed in another way which presents the message in a clearer
and simpler way?’

Charts for new reports should have a significant part of the development time devoted
to them. Where charts are for an update of reports, the producer should not only
check back to see that the chart still meets the aim but also ask whether the message
could be made clearer through a simpler or better type of chart or presentation.

Principle 3.17: Always ask if the message is clear and whether the chart could be
simpler or better.

Another issue with graphs is the abuse of the standard understanding of the progress
of time along the x-axis. Such abuse means that the chart does not represent the data
and their underlying message. Two examples are provided to show this. A figure
similar to Figure 3.51 was first presented in a German magazine, Wirtshaftswoche,
in 1988 seeking to show the demise of the British car industry. The dramatic fall at
the start of the chart shows, at first glance, that the British car industry was almost
wiped out in one period — with the car shown about to crash through the x-axis.
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Figure 3.51 Car production in Great Britain.

Millions

. 1972 1980 1982 1986 1987 1988

However, two errors are apparent in the construction of the chart: first the y-axis scale
does not start at zero and so much of the production is below the x-axis; secondly, the
years on the x-axis do not have the same time interval between them. The first interval
is eight years, then two, then four followed by two single years. In the original, the
decimal separator used was not consistent: on the y-axis it was a comma for all apart
from the ‘0.8” when it was a full stop!

The compression of the first 8 years into one interval on the chart makes the drop
significantly steeper that it was in reality and thus indicating the wrong message. In
technical terms, the gradient (dy/dx) of the first section of the line shown in Figure 3.51
is =0.99 instead of —0.12. If the chart were drawn with these two errors corrected, we
would have Figure 3.52 — which has a very different message.
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Figure 3.52 Car production in Great Britain.
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Another poor example is concerned with the message given to the user. Here, in a
redrawn chart, Figure 3.53, the producer showed the growth in the number of people
registered with credit unions on top of the chart itself. The y-axis scale was started at
20,000 — acceptable as the aim was to show the growth over the years.

Figure 3.53 Membership of Credit Unions in Wales.
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A quick glance at the chart shows greatest growth in the first couple of years, then a
slowing down followed by a sharp increase in the last period — to which the user’s
eyes are automatically drawn. This last growth rate, left in the mind of the user, is
that membership growth in the last year was 19 per cent. However, a more careful
scrutiny of the chart reveals that the 19 per cent is actually the growth across 3 years:
the real growth in these 3 years is only 6 per cent per year! As with Figure 3.51, the
time axis is not presented correctly and the gradient of the line between the 2006 and
2009 data points is three times steeper than it should be. Another small improvement
to the chart would be to designate the y-axis as ‘Thousands’ and hence lose 21 zeros —
which also brings the scale numbers into normal understanding range.

Principle 3.18: Ensure the data points are appropriately spaced so as not to
misrepresent the message.

Finally, for this chart, one has to ask if a simple table would have been as effective
as the chart. Table 3.3 simply gives the membership numbers and the growth year
on year.

Table 3.3 Credit unions in Wales.

Membership Year-on year
(Number) growth (%)

2002 20,000 e
2003 24,900 20
2004 30,100 21
2005 34,000 13
2006 37,100 9
2007 39,300 6
2008 41,700 6
2009 44,200 6

With the numbers and growth rates now in columns, it is easy for most to be able to
note that membership has more than doubled in the 7 years of data shown but that the
growth rate peaked in 2004. The aim for the chart was not written down — so one can
only surmise that the producer was trying to show growth in membership: but was it
the overall growth since 2002 or the recent growth? If the former, Table 3.3 can be
simplified even further to Table 3.4.
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Table 3.4 Credit unions in Wales.

Membership
(Number) Growth (%)
2002 20,000 e
2009 44,200 121

A final caution when using automatic generation of graphs: always check the scale
and ensure that it is easy to understand and appropriate. Excel has two decimal places
as default. One example by a government organisation had the y-axis scale from £0
to £2 million in half-million-pound intervals with the numbers written as:

£2,000,000.00
£1,500,000.00
£1,000,000.00
£500,000.00
£0.00

Chapter 1 urges the producer to think about the user’s appreciation of the numbers
and, to communicate, this would have been better as:

2.0
1.5
1.0
0.5
0.0

£ million

and with the descriptor of £ million by the side.

Another poor example seen is given in Figure 3.54 which is a made-up chart (used
with permission) of Internet access by continent with the y-axis scale going from 0
to 1.1 billion in 0.1 billion intervals. The difficulty for the user was that the numbers
on the scale were not presented as here with one decimal place of billions, the final
number being shown as 1100000000 — without thousands separators.
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Figure 3.54 Change in the number of Internet users by broad
geographical area.
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Other issues with this chart include:
¢ The numbers in the quote box at the top are unrounded;

e The use of a percentage as high as 566 is not understood by many: it would be
better to say ‘From December 2000 to June 2012, the number of Internet users
had grown by more than five times’;

® The text of the x-axis overlaps;

¢ The y-axis scale is left-justified, without thousands separators but needs to have
the numbers more concise through rounding;

e The type of chart is completely wrong! It is shown as two graphs but should
be a bar chart with two bars for each continent.

So, redrawing this in Excel and sorting the continents according to the number of
users in 2012, we have Figure 3.55.

Figure 3.55 Change in number of Internet users by broad
geographical area.
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Principle 3.19: Ensure the basic principles of data presentation are followed for
the scales on charts.

Principle 3.20: Make sure the correct type of chart is presented.

3.9 Pictogram principles

This chapter started by considering a simple pictogram. It was easy to understand and
related data to a picture which sought to capture the imagination of the user. As with
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all charts, the important starting point is a clear aim and the important closing point is
checking that the resultant chart meets the aim. Clarity, simplicity and understandable
are keywords here. If a pictogram takes a long time to interpret and understand its
message, it is the wrong one!

Figure 3.56 does not meet any of the principles of the key words — and is incorrectly
drawn!

Figure 3.56 Voting in elections.

TR
LYYV
. .y

Voted in national and local election,
national only, local only, neither

On clarity, it appears that only men vote and assumes that all can work out what
proportion one person represents (just in case your mathematical ability requires a
calculator to work out the value of a person, 100 divided by 18 = 5.56 per cent!).
This also then fails on simplicity as the change between voting classifications is
horizontal — but should be vertical and the continuous run makes the comparison
across the classification difficult. And it would be difficult for any user to understand
it in 2 minutes — because of the calculation point and the way it is set out (ask if the
proportion voting in national only is the same as those who voted in neither).

Nothing is wrong with using a pictogram for this data — it is just that it could be done
better. Let us look at the improved Figure 3.57.
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Figure 3.57 Voting in elections.
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It is now clear that the proportion voting in national only is less than the proportion
who voted in neither. The pictogram has both men and women shown and the user
can reasonably easily see the percentage of the population in each category — without
having to do the calculation with lumps or parts of 5.56 per cent!

Pictograms can have appropriate symbols in the chart. So, at the beginning of the
chapter, we used a money bag; in Figure 3.57, we used people and Figure 3.58 uses
cars — since the subject is the availability of cars in households.

Figure 3.58 Percentage of households with cars.
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Many newspapers now use coloured charts and pictograms to illustrate their stories.
Some are well done but many take considerable thought and time to understand and
interpret the meaning. If the user cannot understand the message quickly, they will
ignore the chart and move on — totally negating the effort in producing the chart.
So a clear, simple and understandable chart will both get the message across and be
effective.

3.10 Comparative charts: Multiple pies, multiple bar
charts, double scale graphs

It is common for producers of charts to tell a story with more than one series of data
or time period. If the data are just one time series, the solution is quite easy. However,
when two time series are involved in the same chart, issues can arise. Similarly, when
pie charts are put side by side for comparison, we expect the user to be an expert
in comparing up to six segments: some comparative pie charts seen are of different
sizes — adding a further complication. This section examines some of the issues.

The first principle of pie charts is that the total (100 per cent) is split into segments
representing the elements of the whole. In drawing a pie chart, it is normal not to
consider its radius since we do not assess the overall quantity by the total area of the
pie. However, if the producer wishes to show both the split of the total across 2 years
and some growth in the total, it would be necessary to understand the formula for the
area of a circle. This is dependent on the square of the radius (area = 772, where 7 is
a constant and r is the radius of the circle). So a circle with a radius of one unit has
an area equal to 1z square unit and a circle with a radius of two units has an area of
47 square units.

Taking Figure 3.27, let us renumber it as Figure 3.59 and take it as the base for 1.2
million travellers into a city each morning.

Figure 3.59 Travel to work in 2000.
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Let us suppose that the number of travellers into the city increases to 1.8 million
in 2010 and thus we need a larger chart to represent the increase. The ratio of the
travellers is:

1.2:1.8 whichis 1:1.5

If we used this ratio for the radii, the relative sizes of the circles would be

(1 x 1) square units: z(1.5 X 1.5) square units
= 1z square units: 2.25 z square units.

Using this ratio for the radii is thus wrong. We need the square root of the ratios of
the traveller numbers, that is,

1/1:4/1.5 which is 1:1.2247

So the ratio of the radii in the comparable charts has to be in the ratio 1 to 1.2247 as
in Figure 3.60.

Figure 3.60 Travel to work in 2010.
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How many professionals, let alone normal users, can see the difference in size of
the pies and conclude that the travellers have increased by 50 per cent? And then
we ask them to judge the change in the sizes of the segments. All too complicated
for the ordinary user. With these data, it would be better to have a statement about
the increase in travellers and to have a comparative bar chart to show the differences
in the modal split — as in Figure 3.61. So the aim of the chart would be to show
the differences in the proportions of travellers using each mode of travel to work.
This would be used alongside the policy objective for the area which is to persuade
travellers to leave their cars at home and go by public transport, bicycle or on foot.
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Figure 3.61 Changes in travel to work mode, 2000 to 2010.
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From this chart the user can easily see the changes in the modes of travel between
the years. In addition to this, a simple sentence could be:

The number of people travelling to work each day has increased from 1.2
million in 2000 to 1.8 million in 2010.

Figure 3.61 is a multiple bar chart — of the simplest variety since there are only two
series being displayed. Some can be seen with 10 series together in the groups of
bars. Figures 3.62 and 3.63, representations of Figures 3.3 and 3.4, have four bars
in a group and even here one has to ask what the aim of the chart is. Earlier in the
chapter we discussed how having one word different in the aim changes the resultant
chart significantly.



CHARTS (BAR CHARTS, HISTOGRAMS, PIE CHARTS, GRAPHS) 85

Per cent

100
90
80
70
60
50
40
30
20
10

Figure 3.62 Travel to work — within counties.
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Figure 3.63 Travel to work — between counties.
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Essentially, having drawn the chart, the producer has to identify clearly what they are
asking the user to compare. Next, check whether this is simple or the user needs to
compare individual bars which have many other bars in between.

In the previous paragraphs, the bars discussed have been side by side — so at least
the user has a common baseline from which to measure differences. Where the user
has more difficulty is when the data are presented as stacked bar charts. Because the
baseline for all parts other than that at the bottom is not level, it can be difficult to assess
what is happening to the individual parts. Such stacked bar charts, as Figure 3.64,>
can look colourful but are hard to interpret apart from the trend in the bottom section
and the total. If the aim of the chart is to identify changes in any element other than
that at the bottom of the chart, it would be better to consider if even a table would
be better.

Principle 3.21: Ensure the information in the chart can be quickly assimilated and
understood.

Figure 3.64 Number of people entering central London in the morning peak,

1978 to 2011.
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Source: TfL Group Planning, Strategic Analysis.

Note that if this was split into seven individual bar charts, it would be essential to
have all using the same scale for the y-axis so the visual impression of the size of each
mode would be comparable. The aim of these charts would be to see the comparable
change in each type of transport. If the report later considered just one of the forms
of transport, it may then be appropriate to change the scale on the y-axis to reflect the
data being presented for that mode.
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Finally in this section, it is important to address double-scale graphs, where more
than one graph line appears on a chart, with independent y-axis scales. Such charts
have their place for professional users who can readily assimilate the subject matter
and have a good understanding of the use of graphs and their reading. Obviously, the
producer is trying to show that a relationship exists over time between the two graph
lines. As an example consider Figure 3.65 looking at the number of people killed on
roads in Wales and the number of vehicles licensed in the principality to be on the road.

Figure 3.65 Road vehicles licensed and number killed in road
accidents.
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It is clear that the trend in vehicles licensed is upward and that the trend in the
number of people killed on roads in Wales is downward. However, the relative
change is almost impossible to deduce as it is very dependent on the scales chosen for
the y-axes. The user also has difficulty understanding two scales: in this chart another
complication is the different units of the scales as one is in thousands whilst the other
is in individual units. Surely the aim of such a chart would be to show that roads
are getting safer. Is this the best way to meet the aim? Probably not. Why not just
have a single graph of a ratio between deaths and the number of vehicles licensed as
in Figure 3.667
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Figure 3.66 Number killed in road accidents in Wales per 100,000
licensed vehicles.

Number

Here the user is not asked to do any computations but to follow the single line of
information. The change is also dramatic: so much so that the user can easily identify
that in the 32 years of information shown the number killed on roads in Wales per
100,000 licensed vehicles has decreased from just under 40 to 5. Most will also be
able to calculate 5 as a proportion of 40.

Principle 3.22: When tempted to use double-scale graphs, ask if they can be
simplified to assist with the understanding of the message.

3.11 Graphics

Today’s newspapers are full of graphics trying to explain or illustrate the data being
presented. Sadly, many do not represent the data clearly for the ordinary user and
many exaggerate differences which mislead the reader. And not only do issues with
the graphics occur but also with numbers presented. Two examples will suffice here —
but astute readers of the newspapers will often be able to spot others on a regular basis.

For the Olympics in 2012, The Times on 4 August 2012 carried a graphic depicting
two events that a British athlete was to do that day together with data on the events.
The events were the long jump and the javelin. The data in the first half of the graphic,
for the long jump, were:
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Personal bests:
Jessica Ennis 6.51 m
Tatyana Chernova 6.63 m
Natallia Dobrynska ~ 6.82 m
Olympic record 7.27 m
World record 64.64 m

From these data, it could be said that either the Olympians are not good at the long
jump or that the person holding the World record cheated and used a jet pack! The
answer is actually simple: the figure given for the World record is wrong.

In the second part of the graphic, the data for the javelin were:

Personal bests:
Jessica Ennis 47.11 mm
Tatyana Chernova 49.25 m
Natallia Dobrynska 5449 m
Olympic record 55.7m
World record 64.64 m

Now it becomes clear: the ridiculous figure for the World record of the long jump
is actually the World record for the javelin. But poor Jessica Ennis appears to be no
good at this event as she has a personal best of much less than half a metre! Looking
at the data, could it be that the Olympic record is actually 55.70 m, the zero being
dropped because of the program it is held in? This is one of Excel’s issues: look at the
data and force two decimal places for all of the data to be consistent and get proper
alignment of the data.

The second example comes again from The Times. In April 2011, a special report
for Holy Week reported the number of Christians in 2010 and the expected number
in 2050 for a selection of countries. In the following table are some of the figures
presented for 2050:

USA 301,962,000
China 225,075,000
Brazil 222,469,000
D R Congo | 179,432,000
Nigeria 139,000,000
India 113,800,00
Ethiopia 112,046,000

The data were presented in a proportional space typeface which goes against the
principle of lining up the digits in columns of the same value. See Principles 1.4 and
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1.5 in Chapter 1. Following these principles, the hundreds of millions digit for D R
Congo would be aligned with the tens of millions digit of Nigeria. The absence of a
zero in the units’ column for India shows that the data were not checked effectively
before publication. And, finally, why do we have so many digits in the numbers? All
of the table could have been given rounded to millions — which would have made
the table much less difficult for those not too at ease with numbers: this would have
removed six digits from all of the numbers leaving just 3!

The moral of these presentations is that data in graphics MUST be checked by
the responsible data owner before publication. That will then achieve correctness,
consistency and clarity. In quality terms, it is said to be completing the quality
circle — essential to achieve the highest quality of output. For any producer who
passes his or her output either to a media team who then prepare a press release or
to a website team for Internet publishing, it is essential that the final output — as seen
by users — is checked by the producer, preferably before release to users.

Within earlier parts of this chapter, we have dealt with the proper presentation of
data in charts. Many examples can be found where the graph or chart has not been
drawn correctly to represent the data well. Written aims and adequate checking will
improve the charts presented.

Principle 3.23: With graphics, complete the quality circle and do a final check of
the data in the graphic against the source before publication and check the final
graphic against its aim.

3.12 Three-dimensional charts

Within this chapter, examples have been given of three-dimensional charts: a bar chart
(Figure 3.16) and a pie chart (Figure 3.29). Other examples abound in reports and
the press. Many are included because ‘they look pretty’ or ‘they appear technically
advanced’. But why are charts included in documents? Surely they are to appeal to
the visual appreciation of the brain to communicate data in a spatial as opposed to
a numerical way. If a researcher presented data that had been skewed as with the
elements of three-dimensional charts included above, users — and their employers —
would question their integrity. But to do the same with charts appears not generally
to be frowned on, presumably because the users or employers are not always aware
of what is happening or the misrepresentation that occurs.

The basis of the above comments is that the producer, as part of the aim for a chart,
wishes to represent the data in a graphical way which mirrors the relationships in the
data themselves.
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The major difficulties for the user of such three-dimensional charts are:

e Jtisdifficult to adjust all charts back to two dimensions in the mind to assimilate
properly the relative sizes of the bars on a bar chart or the segments of the pie;

e For bar charts, the user cannot easily read off the gridlines to read the value;

e The third dimension distorts the relative sizes of chart elements — and thus the
elements do not reflect the actual differences in the data.

So, where the data are two-dimensional, charts also should be two-dimensional. If
the data are three-dimensional, for example, in surface mapping within topology
studies, then the appropriate chart can be three-dimensional. Note, however, that
many users will have difficulty interpreting such charts so it is essential that the aim
of the chart is clear and that the resultant chart is compared well with the aim to see
that the aim is met.

Principle 3.24: Only use two-dimensional charts for two-dimensional data.

Summary of principles: Charts

General

Principle 3.1: A chart must represent the data clearly and accurately.

Principle 3.2: Before starting to create a chart, have a clear and specific written
aim.

Principle 3.5: Arrange the chart to maximise the horizontal text.

Principle 3.12: Avoid use of bold primary colours in charts.

Principle 3.20: Make sure the correct type of chart is presented.

For bar charts and histograms

Principle 3.3: Ensure that the visible areas of the bars are in proportion to the
data.

Principle 3.4: Arrange the elements of the chart to maximise understanding of
the information.

For pie charts

Principle 3.6: Ensure the sum of the percentages in a pie chart add up to 100.

Principle 3.7: Ensure that a pie chart is the most appropriate type of chart to
meet the aim.

Principle 3.8: Always start the main segment of the pie chart at the 12 o’clock
position, progressing clockwise.

Principle 3.9: Where appropriate, sort the segments of the pie into size order.

Principle 3.10: Use only two-dimensional charts on two-dimensional media.

Principle 3.11: The maximum number of segments in a pie should be 6.
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Principle 3.13:

For graphs

Principle 3.14:
Principle 3.15:

Principle 3.16:
Principle 3.17:
Principle 3.18:
Principle 3.19:
Principle 3.21:

Principle 3.22:

Principle 3.23:

Principle 3.24:

Graphics and three-dimensional charts

Use shades of the same colour when presenting proportions of
one variable.

When graphing simple numbers, always start the y-axis at zero.
When asking the user to compare two data series on graphs, use
the same scale for both series.

When graphing series of different magnitudes, consider convert-
ing the data to index numbers before graphing.

Always ask if the message is clear and whether the chart could be
simpler or better.

Ensure the data points are appropriately spaced so as not to mis-
represent the message.

Ensure the basic principles of data presentation are followed for
the scales on charts.

Ensure the information in the chart can be quickly assimilated and
understood.

When tempted to use double-scale graphs, ask if they can be
simplified to assist with the understanding of the message.

With graphics, complete the quality circle and do a final check of
the data in the graphic against the source before publication and
check the final graphic against its aim.

Only use two-dimensional charts for two-dimensional data.

Notes

1. Two similar phrases attributed to Frederick R. Barnard in Printer’s Ink: ‘One look is worth a
thousand words’, in Printer’s Ink, December 1921, and ‘One picture is worth ten thousand
words’ in Printer’s Ink, March 1927. Also Arthur Brisbane in speaking to the Syracuse
Advertising Men’s Club, in March 1911, used the phrase ‘Use a picture. It’s worth a
thousand words’.

2. Used by kind permission of Transport for London. The original was Figure 1 in the 2013
edition of Central London Peak Count (CAPC), Travel in London Supplementary Report.



Numbers in text

For many users, the presentation of the numerical message in either tables or charts
is difficult to understand with the loss of the fundamental message. This may be a
product of poor presentation which can be corrected by following the guidance of
Chapters 2 and 3: the result should be tables and charts that are both well-presented
and from which it is easy to extract the message. For other users, it may be that
they have an aversion to tables and charts and prefer the written word with numbers
included in the text.

The purpose of including numerical information in any document is to describe a
situation or to present a message. Without the numerical information, the description
or presentation becomes vague. So we have statements like

Immigration has increased massively.
Many people die from obesity.

The work had a major impact on residents.
Banks will flood into the city.

But what does ‘massively’, ‘many’, ‘major’ or ‘flood’ actually mean? Are they backed
up by the numbers? How can the user put the statements into some kind of scale
to know whether they should be concerned about the information being presented
or not?

When numbers are described effectively, the message in the data is clearly understood
by the user. But what does the producer have to do to the numbers to make them
understandable? We begin by looking at the basic principles of including numbers in
text applying the principles introduced in the first chapter to illustrate changes from
poorly understood information to memorable and understandable information. Later
we consider some of the other issues relating to the inclusion of numbers in text.

Presenting Data: How to Communicate Your Message Effectively, First Edition. Ed Swires-Hennessy.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.
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4.1 Numbers written as text

It is most commonly suggested that numbers up to 9 or 10 should be put in words in
text and not numbers. This is sensible — but many of the numbers we wish to use in
messages or reports are much greater than 10 and we need to know how to present
them. In the introduction, the producer was urged to consider the presentation of
information against a checklist of four words.

These principles should be applied to the numbers we wish to present in text.

4.1.1 Correct numbers

Nothing frustrates users more than finding that the information presented is incorrect.
Further, the reputation of the presenter or, worse, their organisation is damaged. Trust
for, and reputation of, the individual and organisation are hard to acquire but easy
to lose. Who wants a reputation of being not trusted to present correct data? This
can simply arise from missing that last stage of checking information presented in
a graphic from information sent to the designer (see Section 3.11). Or it could be
that a typing or rounding error has occurred as in the following which appeared in a
recently received report:

Cumulative revenue over the first 5 years estimated to be between $5760k and
$839k.

Fortunately with the statement, several tables were provided and I could deduce that
the first number was incorrect as it appeared to be. Here the first amount should be
$576k.

Principle 4.1: Check the numbers in the final presentation to ensure they are
correct.

4.1.2 Clear numbers

In Chapter 1, we noted that most people do not handle numbers easily. Hence the
more that can be done to make the numbers clear and understandable the better.
How do we understand 11.016 million? Is that clear? The digits without the decimal
separator actually relate to thousands so the number could have been written as 11,016
thousands. But how many of us would read the number and remember all of the digits?
We would prefer to think of the number as just over 11 million. Within this heading
it is also necessary to think how a user would understand the data presented. How
many users really understand what a trillion is? Yet the national debts of countries are
measured in these large units and the numbers issued as if everyone would understand:
but few do!

So, in order to communicate to the user, we have to think of a way to bring the numbers
into the conscious range of the user’s understanding. In the United Kingdom, the
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national debt can be translated into the equivalent of £40,000 per household. In the
United States, the Federal debt at the time of writing was about $16,738,158,460,000
which was $51,297 per person.! Obviously, these numbers for the United States would
be better as $17 trillion and $51,000. With per-household or per-person numbers,
everyone can appreciate the numbers relative to wages or house prices.

Recalling the example from Chapter 1 giving summary information about Wales, we
could give the population in 2012, which totalled 3,074,100, and the number of sheep
in the country, recorded as 8,898,200. But how many of us after reading these numbers
in a document would remember the numbers a few pages later? But if we say:

Example4.1 ............

Population of Wales is around 3 million
and
Number of sheep in Wales is around 9 million.

That is, three sheep for every person in Wales!

These numbers will be remembered for a long time.

Principle 4.2: Ensure the message from the numbers is clear.

4.1.3 Concise numbers

Within Chapter 1, we looked at effective rounding of data. This ensures that the num-
bers presented are as concise as possible when we are trying to compare numbers. The
US Federal debt when compiling this chapter was noted as $16,738,158,460,000:2
this is not presented concisely. On its own, we should just say around $17 trillion.
However if we compare this figure with that for the 2010 financial year, using effective
rounding, we should give the figures as

$ trillion
2010 Financial year 11.9
September 2013 16.7

Nevertheless, most would translate these numbers into $12 trillion and $17 trillion
for the ease of understanding.

Many producers put numbers in press releases with decimal digits when, in reality,
no decimal digits are needed to understand the information. Let us look at two
simple examples:
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Example4.2 ............
The US budget deficit came to $680.3 billion3 ... down from $1.09 trillion.

If the first figure was the only one quoted, we should give $680 billion — the .3’ is
irrelevant. But this quote has breached one of the other rules — consistency of units
when asking users to compare numbers. So this would be better written as:

The US budget deficit came to $0.7 trillion ... down from $1.1 trillion.

Example 4.3 ............
The proportion ... jumped from 19.9 per cent in 2003 to 27.3 per cent this year.*

This was meant to be a key message to the public. Do they want such precision?
Probably not and they can understand the effectively rounded information as ...

The proportion ... jumped from 20 per cent in 2003 to 27 per cent this year.

It is easy to understand that the producer has spent a lot of time collecting, processing,
analysing the data before presenting them but do the numbers presented communicate
quickly and easily?

Principle 4.3: Make the numbers in text as concise as possible.

4.1.4 Consistent numbers

To help the user understand a message, the presentation of numbers should be con-
sistent. The presentation of numbers within a table was discussed in Chapter 2. Here,
within text, the numbers should be consistent: where comparison is required, with
the same number of decimal places and the same units. Many tables of data are pre-
sented with differing numbers of decimal places: this can then cause the use of such
numbers in text as some writers do not want to change the source numbers. It is also
inadvisable to present numbers for comparison in units of millions and thousands:
the conversion of numbers to different units before comparison is too complex for the
ordinary user. An example of this, given as a bullet point in a press release is shown
in Example 4.4.

Example44 ............

11.048 million tests were completed in 2007/08, an increase of 563 thousand
(5.4 per cent) on the previous year. Between 2002/03 and 2007/08, there was an
increase of 1.386 million (14.3 per cent).
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So, here, not only are the first two numbers in different units, the increases quoted
are also in different units! To gain a quicker understanding of the information, we
should put all of the data into millions and apply some rounding as:

11.0 million tests were completed in 2007/08, an increase of 0.6 million (5 per
cent) on the previous year. Between 2002/03 and 2007/08, there was an increase
of 1.4 million (14 per cent).

Even this is not as clear as it could be since we are asking the user with one bullet
point to assimilate two different periods of change and to think of increases after the
final number was given. So splitting the point into two and changing a little gives:

The number of tests increased by 0.6 million (5 per cent) in 2007/08 to
11.0 million.
Between 2002/03 and 2007/08, the increase in the number of tests was 1.4 million
(14 per cent).

Consistency does not only apply to the numbers and units we present in text. It also
applies to the descriptors of the data that we use in describing our text. One of the
worst examples of this used three different presentations of financial year in the same
paragraph:

2007/08 2007/8 and 2007-08

Similarly, if the term ‘passenger journeys’ is used at the start of a press release on
travel, the writer should not then abbreviate this to ‘passengers’ later in the text.
For example, most passenger journeys into a city in the morning are followed by a
return passenger journey in the evening. London Heathrow airport’s statistics for 2012
records ‘Number of passengers arriving and departing in 2012: 70 million’.> But in the
same section of the data, a line says that 26.0 million or these were transfer passengers
who arrived and departed, usually within the same day. Note the different rounding
in the same section of data presentation! So does this mean that 44 million different
people went through the airport? No, of course not. The majority would be counted at
least twice for when they arrive and when they depart or vice versa. But, in addition,
some people will make multiple journeys and thus be counted many times. So the
words around the numbers have to be clear in defining what the numbers relate to.

Principle 4.4: Be consistent with decimal places, the units of numbers and descrip-
tors when comparing numbers in text.

4.2 Ordering of data

Within Chapter 2, the principle of how we read data over time in tables was estab-
lished — time running left to right or down the table. This is based on the memory
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and retention of data. The last number we read is assumed by our brain to be the
latest despite the words around the numbers saying something different. The state-
ment below, quickly read, leaves the last and, by implication the latest, number as
$169 million.

Example4.5............
Profits in 2012-13 increased to $207 million, up from $169 million.

Do we expect the user to calculate the increase in profit? Is that significant?

We have to ask what the most important aim is in this communication. Is it the final
amount of profit, the fact that profit increased, the amount of the increase in profit or
the rate of increase? The two alternative proposals below have different aims but the
same underlying numbers.

Profits increased from $169 million in 2011-12 to $207 million in 2012—13.
Profits increased in 2012-13 by $38 million (22 per cent) to $207 million.

The second statement gives more and clearer information, though it is possible to
improve even this by separating the message from the numbers. This would give:

Profits were significantly up in 2012—-13. They increased by $38 million (22 per
cent) to $207 million.

Principle 4.5: Put numbers in sentences in time order.

4.3 Technical terms

The world around us abounds in technical language and acronyms. The technicians
who write about their work often write so that they, or someone in the same field,
would understand the information. But who is the ultimate user of the information
and would they be sufficiently aware of the technicalities?

Consider a large government department: a researcher looking into a
specific treatment for a problem set of IB houses writes a note for the head
of the department about the steel structural sub-frame and the appropriate
solution using a mix of named chemicals.

Here, the first issue is the use of an acronym: IB. This is not an abbre-
viation, as Google would suggest, for the International Baccalaureate. It
is a technical term used for ‘Industrial build’ houses which are built in
parts in factories and then the parts are erected on site. Second, most of
us would not know that one type of these houses is constructed around a
steel sub-frame. Third, neither any of us nor the head of the department
would know about the chemical to be used.
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Had the note been intended for the builder who was a specialist in dealing with
problems in this type of house, it can be assumed that they would know about the
technical issues and the chemicals to be used. So we have to consider who the user
of the information will be. The Internet has made this task more difficult as we can
never be sure who will be reading what has been deposited and what their level of
understanding of the subject will be. This will be picked up in the next chapter.

Looking at a particular website, a press release started with:

2013/14 changes to QIPP comparators

Following feedback from NHS and commercial partners, a new QIPP
prescribing comparator has been introduced, and changes made to four
of the existing comparators, effective from Q1 2013/14 data.

Here, we have two acronyms: NHS can be guessed by UK residents as ‘National
Health Service’ and QIPP may mean something to regular users but not to the general
public (who has access to the press releases).

The easiest way to help all users with regard to acronyms is to spell out the words
on first use of the acronym with the acronym in brackets following. If a document
is long and contains many acronyms, it is sensible, in addition, to include a page of
acronyms within the introductory pages. In the Internet age, if one does not want to
spell out the meaning even for the first use of an acronym, one can always hyperlink
words to a pop-up explanation. Indeed, on the site from which the above example
was taken, many hyperlinks appeared — but not to the acronyms!

Let us consider another, simpler, example where the presenter of the information used
the questions on a data collection form as the basis for a statement in a press release.

Example 4.6 ............

There were 26 fatal casualties from fires in Wales in the year ending 31 December
2007, up from 22 in the previous period.

So what is a ‘fatal casualty’ to the ordinary user? A death.
And how could we write ‘in the year ending 31 December 2007’ clearer? In 2007!
We shall return to this example later.

Technical language is thus acceptable if only those who work in the area are to see the
resulting report. However, if the report is for wider circulation, the language needs to
be written at a level that the ordinary person can read it. Within an office context, a
report for general circulation should be read by someone from a totally different area
before release to ensure that the meaning of the report is clear. Perhaps the writer
should ask, having completed a report for general public consumption, ‘Could my
grandmother understand it?’ If the answer is ‘No’, then examine the areas that are
not understandable and seek to change the sentence structure and descriptions so that
the information and messages become easy to assimilate.
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Principle 4.6: Avoid technical language where possible but, if necessary, explain
any technical terms used.

4.4 Plain language

Within some countries, movements have been founded to assess the readability of
reports and releases from organisations. In the UK, the Plain English Campaign® is
a model organisation that not only appraises written pieces but also runs courses on
how to improve communication. In the United States, this has gone further with the
establishment of a United States Access Board’ to assess and improve communication
from the federal agencies. This Board was established following the passing of The
Plain Writing Act of 2010 which requires federal agencies to write ‘clear Government
communication that the public can understand and use.’

The main thrust of plain writing is to use short sentences in communication in a
logical order, use active verbs and use lists if that would be easier for the user to
understand. So, in all that is written, we should have the final user in mind and
continue to ask the question as to whether all could understand what is written.

It is easy to get messages wrong and the use of plain language assists in ensuring
that the message is clear and understandable. We must also be comprehensive. The
message of the data must be clear and correct. Consider the next two examples where
the wording is not quite correct: the first is a bullet point from a press release and the
second a headline on a national statistical institute’s website.

Example 4.7 ............

m The mean age at birth has increased from 26.2 years to 28.9 years.

Here it would seem that the babies are waiting a long time to be born — and
would be very well developed when born! Obviously a few words are missing
to explain that it is the age of the mother not the person being born. So this
would be better written as:

® The mean age of mother when giving birth has increased from 26.2 to
28.9 years.

Example4.8 ............

m Business investment: 0.0% change in third quarter

In this example, it would appear that the person writing the headline had taken
the previous one that read ‘0.4 per cent change in second quarter’ and just
replaced the ‘4’ with ‘0’ without thinking then about how the final sentence
read. So this one should read:
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® Business investment: No change in third quarter

Principle 4.7: Use plain language when describing numbers.

Each of the principles described so far in this chapter should not be thought of in
isolation since it is common for more than one of the principles to apply to the
statements we write. For excellent writing about the numbers we have, we should
combine the principles and seek the clearest possible message which will then be
understood by the majority of users.

Let us consider the following examples taken from press releases.

Example 4.9 ............

m The number of prescription items dispensed by community pharmacies in
England and Wales in 2007-08 was 785.4 million. There was an increase of
40.4 million (5.4%) from 200607 when the figure was 745.0 million.8

Here we can see two issues: first, the rounding of the numbers and, second, the
ordering of the numbers since the last one relates to the earlier period. Thus
the message of the piece is not clear and the numbers not concise. Addressing
these two issues, we could then have:

® Dispensing of prescription items by Community pharmacies in England and
Wales is increasing.

® They dispensed 785 million prescription items in 2007-08, 40 million (5%)
more than in the previous year.

Consider the following bullet point from a press release:

Example 4.10 ............

m 196,476 new houses were built in 2013 compared with 239,172 ten years
earlier.

With this example, the numbers need some rounding and the time periods are
the wrong way round. Again, therefore, the message of the piece is not clear
and the numbers not concise. Taking these points and redrafting, we could
have:

® House building is declining.



102 PRESENTING DATA

e In 2003 some 240 thousand new houses were built whilst in 2013 around
200 thousand were built.

Finally, let us return to the example used at the end of the Technical language section.
The full text of the bullet point is:

Example 4.11 ............

m There were 26 fatal casualties from fires in Wales in the year ending 31 Decem-
ber 2007, up from 22 in the previous period.

With this example, we have already commented on the technical language used
but also we have the number of deaths from the later period shown first. With
these data, one also has to ask the question whether such a small difference
between the numbers is significant: it could be the result of just one house fire
in which four occupants died. So the suggestion here is:

® 26 deaths resulted from fires in Wales in 2007.

Principle 4.8: Apply number principles (from Chapter 1) to numbers used in text.

4.5 Emotive language

Describing numbers is an art. We are trying to communicate with people who may not
have the greatest grasp on mathematics and who cannot easily compute differences
and calculate percentages. Some reporting of data includes emotive terms that are not
really supported by the data being presented but are designed to gain attention or stir
emotions. Let us look at a few examples.

EU Public Debt rockets®

This example implies that the whole of EU public debt is rocketing. The article notes
that EU Public Debt increased from 90.6 per cent of GDP to 92.2 per cent in a quarter
(but the user has to pull the two numbers from paragraphs 1 and 3). The greatest
change was in Ireland where debt increased by 6.6 per cent of GDP to 125.1 per cent.
Now, a rocket goes to the sky, hopefully, in a vertical direction. As a minimum when
using this term, one would expect the direction of increase in a graph to be fairly
straight up — which this is not.

Factories In Britain ‘Booming Again’!0

Just reading the headline would suggest that the output of the factories is at its peak.
Following down the article, it is clear that, whilst the growth in output and orders is
increasing at a higher rate than has been seen for nearly 20 years, output at this time is
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below the pre-recession peak. The final quote in the article is that the manufacturing
sector is on the road to recovery — a much better summary than the above headline.

Doctors risk sinking as low as the bankers (in terms of trust)!!

The headline does not indicate how many positions in the professional trust table the
doctors would have to go down to equal the bankers. Sinking implies a swift downward
move in the table of trust but the article is only referring to the communication between
the doctors and their patients.

Principle 4.9: Avoid emotive language in headings.

4.6 Key messages

None of us create numbers, tables or charts just for the fun of it. We are trying to get
a message across to users (the audience) from a research study, a collection of data
or acquired information. As with both tables and charts, we must start with an aim.
That will set the various scenes and the producer then has to put the scenes in some
order.

Historically, the conclusions of such research and study always appeared at the end
of the work. In today’s world, the Internet has changed the way we want to look at
such reports. Now we are used to putting information in what is termed ‘Inverted
style’ of writing. This is the format used in newspapers: headline, summary in first
paragraph followed by detail.

For research studies, the ordering is by logical process order. However, for most such
studies, it is now essential to have a summary or overview at the start. Users who
only want to identify the ‘so what’ from a study will not wish to read a massive tome
to get the message. Similarly, for those collecting data through surveys, the user does
not want to wade through chapters on sampling, question and questionnaire design,
fieldwork etc. before getting the overall message. These topics are important for the
researcher but usually add little to the message and should be relegated to annexes.

From a communication of the message standpoint, we need to identify the key
messages from the research or study. Then these need to be prioritised: by importance
as defined by the aim. As an example, suppose the researcher is looking at different
ways of processing a product with the aim of whole-process cost reduction. During
the research, five different parts of the process were identified as improvable in cost
terms. The key messages would be these five summarised and ordered with the highest
cost-saving one first, then the next highest cost-saving message etc.

Principle 4.10: Limit the number of key messages to four or five.




104 PRESENTING DATA

Authors can be tempted to put too much text in key messages. But greater emphasis
can be achieved through minimal wording. The one quoted earlier in this chapter is:

House building is declining.

That is certainly clear and concise and the user does not have to navigate figures or
do their own calculations to identify what is happening with house building.

Another example used in my sessions on storytelling with official statistics comes
from an annual update of casualties from road accidents. The table of 25 years of data
showed me clearly that the lowest number of deaths in road accidents had occurred
in the last year shown. Looking at the press release, this fact was not mentioned!
Later, similar data have been used in Figure 3.63 — which still show the continuing
reduction in road deaths. A little research identified that the number of deaths was
actually not just the lowest in the 25 years of data shown but the lowest since records
began. The first key message from these statistics should have read:

2010 saw the lowest number of people killed in road accidents in a year since
records began.

For press releases on research studies and survey results, the key messages should
be clear, concise and correct. These can be put into bullet points at the start: again,
ordered by importance. Developing such clear and concise messages takes more
time than just creating sentences with lots of numbers in them. If the key messages
include any numbers, the principles noted earlier in this chapter on the presentation
of numbers should be followed.

The last example is a clear case of where the producer should prepare charts as well
as looking at the data tables before concluding what message comes from the data.
The chart of just the number killed (as in Figure 3.65) would have shown a clear
downward trend with the last point being the lowest.

Principle 4.11: Summarise key messages in clear, concise and correct sentences.

How many key messages should there be? We are talking of key messages so the
number should be limited to four or five. One organisation limits the number of bullet
points to four: a press release found on their website had four actual bullets but the
sentences beyond the bullets numbered 10 which were not prioritised! On writing to
the author to comment on the real number of points, the response was that only four
bullet points were allowed by the organisation.

Principle 4.12: Order key messages in terms of importance.

The text that follows the bullet points should then go into more detail for each of the
messages in order that they appear in the list of key messages — because they will
have been sorted by importance.
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Any major technical parts of a release should be placed in an annex: for example, the
sampling strategy, the questionnaire design, the survey operation. With the Internet
available now, such common features of surveys and the details of data collections
should be available more easily. The news release could simply note that these are
available and give a direct reference to them.

Summary of principles: Numbers in text

Principle 4.1:

Principle 4.2:
Principle 4.3:
Principle 4.4:

Principle 4.5:
Principle 4.6:

Principle 4.7:
Principle 4.8:

Principle 4.9:

Principle 4.10:
Principle 4.11:
Principle 4.12:

Check the numbers in the final presentation to ensure they are
correct.

Ensure the message from the numbers is clear.

Make the numbers in text as concise as possible.

Be consistent with decimal places, the units of numbers and
descriptors when comparing numbers in text.

Put numbers in sentences in time order.

Avoid technical language where possible but, if necessary, explain
any technical terms used.

Use plain language when describing numbers.

Apply number principles (from Chapter 1) to numbers used in
text.

Avoid emotive language in headings.

Limit the number of key messages to four or five.

Summarise key messages in clear, concise and correct sentences.
Order key messages in terms of importance.
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Data presentation on
the Internet

Even though the Internet has been around for publishing statistics since the late
1990s, many still do not understand how to use the medium for the dissemination
of their data and messages. This chapter explains how the Internet dissemination of
statistics developed and how new developments allow a different presentation of,
and communication with, data. These new presentations both allow the producer to
engage users effectively and also allow the user to determine clearly what is presented.
A combination of these two changes has produced a step change in the possibilities
available to the user so that they may understand what is happening in data over time.
Stories buried in data come to life. Further, instead of the user having to take what
the producer had provided, they can now investigate relationships in data and tailor
outputs to their own specification.

Many advantages derive from the Internet publishing of data but also a few disad-
vantages. The main advantage is ease of obtaining data on many subjects from many
places from almost anywhere in the world! For users who want data from several
countries on the same subject, the issues of organisation and extraction come to the
fore: different dissemination programs mean the user has to learn how each works to
extract the information required. In the United Kingdom, for some subjects, a user
has to learn four different programs for the extraction of data for the same subject;
for other subjects, United Kingdom figures are published together.

However, if one can find the correct website for the country/subject data, the informa-
tion can usually be extracted reasonably easily. The availability and accessibility of
search programs help here. Those responsible for the dissemination via the Internet
should check often the responses to a search for their organisation. For example, if
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© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.



108 PRESENTING DATA

the producer was a national statistical institute, then the search should be for ‘Official
statistics “Country name” . We expect to find the official site in the top three of the
returned list — preferably at the top. Some of the countries’ official statistics sites that
I have searched for — even recently — have had their official site as far down the list
as item 40 of the returned suggestions from the search engine!

Publishing data to the Internet opens them to more outside scrutiny and can quickly
result in questions being raised helpfully to assist in the validation of the data. When
data were only available in paper publications — and these were sold through many
outlets — it was never possible to let all of the purchasers know of any errors identified
until the next issue of the publication, though copies remaining in the publishing
house at the time errors were found had a corrigendum inserted. With the Internet
publishing, however, incorrect figures can be uploaded instantly and made available
to all. So, if an error is identified, it can be corrected quickly and easily — though
many major producers have procedures to follow in such cases requiring the issue of a
specific notice about the error. In preparing for a course on presenting data, I found an
error in data displayed in a dynamic chart on the website of the organisation to which
the course was being delivered. A recreated version of the information shown is in
Figure 5.1.

Figure 5.1 Scatter plot by area showing incorrect data.
88
g 86 ;
8 ¢ .
oL 84
© 8. *®
£ 82 e
] .
S8 8
§5 78 %2
: £ *e o
© 3‘ 76 rae ¢
©a
- £ 74 >~
g 7 of ¢
3 *
70 T * T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100
Percent of 16-64 year olds who are disabled

This implies that the percentage of the population aged 16 to 64 years in certain areas
which is disabled is over 80 per cent in five areas. Obviously, this is not true. A quick
check confirmed this — and the erroneous data were the percentages of the population
of the areas that are NOT disabled. So this is a simple data error.
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Two courses were being given in the organisation on consecutive days and, having
noted the error on day 1, the error was corrected by day 2.

Another major advantage is that instantaneous access to electronic data at publication
time is available for all wherever they are in the world. In days gone by (and not too
long ago), an update of one organisation’s data had to be downloaded to magnetic
tape and the tape couriered across the city to a consumer organisation.

One continuing debate in many statistical organisations is concerned with charging
for data. The national statistical institutes of some countries have determined that,
as the statistics are compiled from the public’s and businesses’ data, the statistics
are a public good and should be made available free of charge. Others have budgets
restricted on the premise that they will charge for at least some statistics and use
the revenue to contribute to the office’s running costs. Some allow access to the raw
data free of charge but charge for added value services such as reports, analysis or
tailor-made analyses or extractions.

The power of the Internet continues to increase year by year. For those websites that
use text across all of the site and not graphics for links, the appearance of translation
capability for web pages is a great asset and allows access to statistics of other
countries with understanding. The translation of technical terms is not always precise
in the resultant language but usually sufficient for the expert in a subject to obtain the
correct data.

Few would argue that putting data onto the Internet is a bad thing. But it is not all
plain sailing for the user. If the user wishes to collect certain statistics from different
countries, each usually has its own way of organising and disseminating the data. For
example, in the decentralised statistical service of the United Kingdom, each ministry
decides the software tool for its dissemination: also, the four countries of the United
Kingdom each have their own, different, software for accessing statistics. Take a
subject like housing statistics in the United Kingdom and bring in an international
context, say Netherlands, Luxembourg and Spain: four software systems for the UK
data and then three other systems for the three other countries — so the problem
increases. The user is very dependent on the site navigation, search engine and
language choice of the sites to find the particular series of interest.

Since the Internet version of data always purports to be the latest, it is difficult to assess
changes to data over time. Some organisations, for example, Way Back Machine, !
some national libraries? and the United Kingdom’s National Archive® are archiving
versions of the sites but from these, it is difficult to assess changes in data especially
since not all of the statistical pages or databases are archived. A few statistical
organisations* have created electronic archives of data sets: some using specific
versions of software have to be updated into newer versions so that the data can still
be accessed. Few of these archives have complete copies of sites or the databases
that are linked to them at specific periods: some are employing the techniques of the
paper-publishing systems by adding cell notes or markers to data to indicate revisions.
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5.1 The early years

When statistics were only being published on paper, the medium defined the possi-
bilities and extent of data that could be presented. Many tables were presented badly
and only a summary of the available data was ever presented. Very occasionally,
attempts were made to bring together long time series of data. Some of these volumes
were for a specific purpose — like the 100 years of British Labour Statistics or the
two-volume set of Historical Statistics of the United States (bicentennial edition):
from Colonial times to 1970:3 these were welcomed but, in order to use the data, the
user had to input the long series of data into a computer! The Welsh Office published
a two-volume set of 700 pages of historical data for Wales with some data available
back to 1570: these were soon out of print and the decision taken not to reprint them.
However, as a means of preserving the access to the data, the tables were scanned, put
into Excel and checked. During the checking process some minor errors in the data
were noted and corrected. The result is that these data are now available both through
the Welsh Government’s® and the United Kingdom’s Data Service’s’ website — and,
obviously, open to all in the world who wish to look at the history of Wales.

The next stage in dissemination was to publish data on a computer disk and include
the disk with the published paper volume. This was a great asset to the users of
such data but the data quickly became out of date and such disks were generally
published only with annual volumes. Intermediate issues of data therefore — again —
had to be manually input. Further, any revised data were not always published in an
identifiable way.

At one stage in my career, [ was responsible for the production of historical volumes
of statistics for a particular period of area organisation of the country.® The idea for
compiling the data series was simple enough: start with the latest volumes of subject-
specific statistics; decide which series to include and start extraction. That produced
the data for the last 5 years. Then take the penultimate volume of the published
statistics for the one year at the start of the series; and then the antepenultimate
volume for another year etc. back through history until the full run of 22 years had
been completed. Before sending to the printers, each topic section was shown to the
relevant statistician for confirmation of the extracted data. Several reported that some
data were not the latest for all of the periods shown. On investigation, it became clear
that some revisions to the data had not been published!

Then along came the Internet. The first data I put onto the Internet was in 1999. Look-
ing back, it was progress in data dissemination but both the Internet and associated
tools for the user had yet to be developed fully. Many organisations put data releases
onto the Internet in very user-unfriendly formats, such as PDF or locked fixed tables.
To extract data from a PDF output, the user had to either purchase a full version of
the product to unpack the PDF file or manually input the data since copying a table
and pasting into Excel resulted in each line of the table being put into the first cell
of each row. One could parse the data splitting the data on a space — unless the table
was from a country that used the space as a thousands separator!
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Worse, when reviewing a website of a European national statistical institute to find
the population figure, a hyperlink was followed to the yearbook of the country — and
resulted in the downloading of a PDF file with a size over 18 Mb. The first time
undertaking this task was in the early days of the Internet using a dial up line of
14.4k bits per second: needless to say, the task was abandoned! The exercise repeated
around 2010 and the yearbook was still to be found in a single file in PDF format — but
this time, using a 30 Mb fibre optic link connection, the download was completed.
Still the information was not easy to extract from the file. Whilst it could be an
advantage for a user to download the whole of a large publication, it is more usual
that they require just one or two figures. It is not too great a challenge to split the
book up into chapters and give the user the option of downloading the whole book or
just an individual chapter.

The PDF format was the main one used by many national statistical institutes for
press releases and other documents, including yearbooks, until around 2005. The first
versions of these had all of the tables within the PDF and not accessible meaning a
great deal of retyping of data. Later implementations of PDF files could include links
to the tables in MS Excel format which then obviated the need for retyping.

Before this, in Wales, a different approach had been adopted which was much more
user-friendly. Its basis was that the user generally did not want the detail given in
press releases but, in the main, only the key points of interest in the newly released
statistics. The principle was that the following information should appear on one
screen at the same time:

e The title of the release;

¢ Date of release;

¢ Link to the full release in a MS Word document;

e Link to the tables of data;

¢ Up to five key points from the data — each of no more than one short sentence;
¢ The contact name, telephone number of the responsible statistician;

® The email address for enquiries on the release and

e The date of the next release of similar statistics.

Since the original design, some changes have been made and a page now looks as
that given in Figure 5.2. The format of the press release has changed from an MS
Word document to a PDF document. Where data are available separately, however,
links are provided at the bottom of the release to the relevant database.
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Figure 5.2 Extract of a web dissemination page.®
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Energy generation and consumption for Wales, 2011

© sHARE  EIWE .| Lastupdated 27 February 2013

A new statistical report was released on 27 February
2013 according to the arrangements approved by the
UK Statistics Authority.

Related Links
Readers and software

Certain information on
this site requires that
you have tne right
softviare to view it. This
page offers links to
freely available viewers

This bulletin presents a statistical overview of current and historic energy
production/generation and consumption in Wales. This is an inaugural
statistical annual report on energy in Wales which will be developed in
subsequent years based on feedback received following publication and readers.

The key points from the latest release are:

- the total amount of electricity generated in Wales has continued to fall
since 2008, decreasing by 15 per cent between 2010 and 2011. This
downward trend in mainly due to the decline in electricity generated
from gas

- the total amount of electricity generated from renewable resources in
‘Wales has steadily increased, rising by 33 per cent between 2010 and
2011, which is mainly due to the increase in wind generation

- the percentage of electricity generated in Wales from renewable
sources has continued to increase since 2004, reaching a peak of 7.9
per cent in 2011. This is higher than the percentage generated from
renewable sources in England but slightly lower than that of the UK
average (9.4 per cent)

total energy consumption has been falling since 2005, though more so
since 2007 which coincides with the economic downturn. It would
appear that the industry and commercial sector accounts for a large
proportion of this decline

We actively encourage feedback from our users. If you have comments on
any issues relating to this statistical bulletin please complete our feedback
form.

Contact

Tel: 029 2082 5616
E-mail: stats.environment@wales.gsi.gov.uk

Next update

February 2014 (provisional — to be confirmed on the Due out soon page)

Document Download

8 SB 19/2013 Energy generation and consumption for Wales, 2011 File
Size: (143 KB)

Another example of this principle is found on the Office for National Statistics
website, as in Figure 5.3. This example does put the majority of the important
information on one page but the link to the Statistical Bulletin takes the user to
another intermediate page before linking to the actual bulletin. Here, there is a clear
link though to reference tables of data that are available for download.
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Figure 5.3 Example of a web dissemination page relating to a press release."
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* In June 2013, the estimated weekly spend across allretailing averaged £6.9 billon, up from £6.8 bilion in May 2013 and £6.6 bilion in June 2012.

Categories: Economy, National
Accounts, National Income,
Expenditure and Output

In this release
Frequency of release: Monthly
Retail Sales June 2013 Language: Englsh
Time Series Data: Retail Sales, June 2013 Geographical coverage: G8
Reference tables (6) Geographical breakdown: GB
Contains a ales in volume . seasonally and adusted Survey name(s): Monthly Business

urvey - Retail Sales Inquiry
These National Statistcs are produced to high professional standards and released according to the arrangements approved by the UK Statistics Authoriy

Retal Sales - Pre-release access, June 2013

5.2 Statistics on CD-ROMs

In the late 1990s, many national statistical institutes sought to disseminate statistics on
CD-ROMs. These varied from the practically unusable to some very well organised
and usable products. The Czech Republic produced effective versions of their year
book with simple access to the data: later versions provided different formats of
output to meet user preferences. The Australian Bureau of Statistics also produced
versions of their yearbook on CD-ROM but the early editions were difficult to extract
the data from since most of the presentation was in PDF format.

Another issue with PDF files is navigation. Modern versions of the PDF creator tool
do allow bookmarks to be saved with the files so that users of large PDF files can
navigate through the file’s structure to the part they want rather than having to search
from beginning to end to see what is required. Sadly, many offices ignore this facility
and produce large files without user helps.

Some offices decided to use CD-ROMs for the dissemination of other collections
of data since the production and distribution of a CD-ROM was much cheaper than
preparing, printing and distributing a paper version. One, issued in 1998, by the
United Kingdom’s Office for National Statistics gathered statistics for many health
topics over 100 years and disseminated the data in Excel tables.!! Notwithstanding
that the office had a very comprehensive style guide for the dissemination of data,
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many of the tables did not follow the guide with some columns of data centred. One
particular table that sticks in my memory presented the data on infectious diseases.
Three of the columns presented data in thousands and one in units. Table 5.1 presents
an extract of the table showing the first five and last 12 years of data.

Table 5.1 Mortality from smallpox, malaria, enteric fever and tuberculosis.

Tuberculosis
Smallpox Malaria/Ague/ Enteric fever (all forms)

Year (thousands) Remittent fever (thousands) (thousands)
1838 16.268 226 68.540
1839 9.131 231 69.165
1840 10.434 381 70.279
1841 6.386 284 69.824
1842 2.715 305 69.926
1979 6 0.002 0.613
1980 0.001 8 0.001 0.605
1981 2 0.002 0.557
1982 10 0.003 0.564
1983 7 0.001 0.467
1984 4 0.000 0.490
1985 5 0.001 0.523
1986 3 0.000 0.471
1987 7 0.002 0.430
1988 6 0.001 0.478
1989 4 0.000 0.390
1990 3 0.002 0.422

The largest number in the 100 years was only of the order of tens of thousands and
the lowest in single units: so the data should have been given in actual numbers.

This table has:
e Numbers centred in columns;

® Missing numbers or symbols to represent nil or not available in the smallpox
column for 1979 and from 1981 and the start of Enteric fever column;

e Differential number presentation (thousands and units) and

* Nonsensical portrayal of unit data (e.g. 0.002 thousands = 2!)
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So a better presentation would be in Table 5.2 which follows the style guide of the
originating organisation.

Table 5.2 Mortality from smallpox, malaria, enteric fever and tuberculosis.

Malaria/Ague/ Enteric Tuberculosis
Year Smallpox Remittent fever fever (all forms)
1838 16,268 226 . 68,540
1839 9,131 231 . 69,165
1840 10,434 381 . 70,279
1841 6,386 284 . 69,824
1842 2,715 305 . 69,926
1979 - 6 2 613
1980 1 8 1 605
1981 - 2 2 557
1982 - 10 3 564
1983 - 7 1 467
1984 - 4 - 490
1985 - 5 1 523
1986 - 3 - 471
1987 - 7 2 430
1988 - 6 1 478
1989 - 4 - 390
1990 - 3 2 422

— = nil or half the final digit shown

.. = Not available

Microsoft themselves were early leaders in dissemination and brought out in 1993
a digital multimedia encyclopaedia on CD-ROM named Encarta. The principle
employed was that of hyperlinking both to the different aspects of the informa-
tion (what we now call navigation) but also to explanations of words in the text. This
latter use is similar to the Wiki system of information dissemination.

These design principles are rarely used in statistics. However, in the last couple of
years, such a system, Statistics Explained,'? has been developed by the Eurostat, for
the dissemination of meta-information about statistics: a sample page on consumer
prices is given in Figure 5.4. It is essentially a closed Wiki system with only members
of staff allowed to update information — and, at the time of writing, is the best such
system of disseminating meta-information on statistics.
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Figure 5.4 A page from Eurostat’s Statistics Explained.

Statistics Explained

European Commission

tat

Bshare Zblog Ocie (= print i bookmark Ry sendtofriend 2 login

Consumer prices - inflation and comparative price levels
Go  Search
Data from September 2012. Most recent data: Further Eurostat information, Main tables and Database. (/Quality page [view cratt] (+/-)
« Main page Anincrease in the general level of prices of goods and services in an economy is called inflation; it is usually measured by
= Statistical themes consumer price indices or retail price indices. Within the European Union (EU) a specific consumer price index for the /\ -
« Glossary purpose of tracing price developments has been developed - itis called the harmonised index of consumer prices (HICP). if | &~ emmcic oo — . ——
P . a2 o N7
= Categories there is inflation within an economy, then the purchasing power of money falls as consumers are no longer able to purchase
= Help the same amount of goods and services (with the same money). By contrast, if prices fall, then consumers should be able to

purchase more goods and services; this is often referred to as deflation. When there is no change in prices (or relatively low
rates of inflation) this is often referred to as a period of price stability.

Online publications
= Eurostat yearbook

« Regional yearbook Purchasing power parilies estimate price level differences between countries and these can be used to calculate price level
« TheEUinthewora || indices, which may in tum be used as a starting point for analysing price convergence between countries or regions.
= Statistics in focus
= Other publications Contents [hide]
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= Eurostat home 1,1 ool rice chanoss oescee Figure 1: HICP all-items, development of the annual average &
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= Contact Eurostat
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= Special pages 4 Further Eurostat information
= PDF version 4.1 Data visualisation
4.2 Publications
43 Main tables
* Englsh 4.4 Database
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= Francais 4.6 Methodology / Metadata
4.7 Source data for tables and figures (MS Excel)

= Add this page 4.8 Other information

= Collections help 5 External inks
6 See also

Main statistical findings

Inflation: price changes over time

The navigation is clear, in a single colour and offers users explanations of terms,
methods and context. Also, links are provided to the databases and data visualisations.
This is similar to the Encarta model in that all of the meta-information is gathered in
one place. Often the user would prefer, when looking at data tables, the possibility of
identifying a word or phrase in the surrounding row or column text that they do not
understand and being able to see that it is hyperlinked. This hyperlink can then lead
to a pop-up of definition and/or explanation. Some statistical dissemination products
have the facility to put information symbols in cells, against text or numbers which
are links to glossary items or footnotes. This should be standard, assisting all users.

5.3 Data on the Internet

The basic principle of data on the Internet is accessibility. If data are difficult to access
through the now simple and universally available Internet, it is the dissemination that is
wrong. This decade is seeing an explosion of different types of devices that can access
the Internet, from mobile phones through iPads to netbooks, portable computers and
desktop computers. Some of these bring consequential challenges to disseminators
because of the small screens.

The first significant trial use of statistics dissemination with wireless access protocol
for mobile phones was by Statistics Finland. This was not successful as, at the time,
mobile phones had very limited, non-graphic screens to display data and few had
significant Internet access. What a change has been effected in the last 10 years! The
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majority of mobile phones now are graphics-based and come with reasonable Internet
access.

Over this same period, the whole philosophy of statistics dissemination has also
changed. Now, instead of the producer of statistics designing large and complicated
tables and insisting that the user has to download masses of data, the user has the
power to extract (dice and slice) data from large data sets and prepare just the amount
of information they require. Some dissemination programs also provide the user with
the ability to add derived rows or columns to the data table being extracted. So,
instead of having to extract a table to Excel and do the derivation of sub-totals, totals,
ratios or percentages, it can all be done within the one extraction process.

PC-Axis,!3 developed by the Statistics Sweden, is one good example of this. This pro-
gram has now been implemented in an Internet version, PX-Web, by many national
statistical institutes for dissemination of their statistics. Data are stored in multidi-
mensional databases of up to six dimensions. The user can select a dataset and is
then shown the various dimensions (see Figure 5.5). The next stage is for the user

Figure 5.5 Sample selection screen from PX-Web."
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to select which categories of each variable are needed: the program allows for all of
the categories to be selected or the user can choose from the list of categories within
each variable list. Once all dimensions have been defined, the user requests the table
and it appears on screen with another set of options — how to harvest the table for
onward use or with an option to display the data in a chart.

Some data do not lend themselves to display in a chart but the program will allow
production: it is up to the user to decide if the chart is appropriate. In some implemen-
tations of the program, mapping is also possible. A similar extraction program was
developed as a front end to Oracle databases by the Food and Agriculture Organisation
of the UN'> — which makes extraction a simple task for all without the requirement
to be an excellent user of Oracle databases.

Another example of a good dissemination system is StatLine,'® developed by the
Statistics Netherlands,!” which handles all statistical outputs and allows manipulation
of data as well as mapping. This latter complete dissemination system also includes
a very good search tool. If one searches for a bicycle, the program returns a list of
outputs that has information on bicycles including reports, press releases, tables and
maps.

Other systems clearly have not had the strong hand of statisticians assisting with
design. Some of these place row totals to the left of tables and column totals at the
top of columns — as it is easier to program that outcome.

But, back to basics, many still disseminate tables in Excel workbooks. This is still
a good method and the extracted table can be easily manipulated to produce a table
required by the user. For those looking to use this means — or those who already
do — it may be worth mentioning a couple of principles that should be observed when
disseminating information in this way. First, any spreadsheet should always be saved
with the cursor in cell Al: this ensures that the user, on opening the spreadsheet, can
see the table title. One of the better presentations of spreadsheets on the Internet is
given by the Statistical Office of Luxembourg: they display an office logo at the top
of the sheets'8 as in Figure 5.6 so that, in printing, one knows the source. Second,
when many sheets are organised in the workbook, some help needs to be given to the
user so that they can find the relevant sheet easily. Some name the sheet tabs in the
workbook clearly and effectively but naming the tabs T1, T2, T3a, T3b etc. is not that
helpful! If the titles are long or the workbook contains many sheets, it is probably
simpler if the first sheet in the workbook has a list of the tables in, essentially, a
contents page where each table title is hyperlinked to the relevant table. Again for
both the index sheet and all sheets within the workbook, the user should be presented
with the cell A1 visible in the top left of their screen.
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Figure 5.6 Example of a headed spreadsheet.
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Principle 5.1: Ensure the cursor is in cell Al before saving Excel tables to be
accessed through the Internet.

Principle 5.2: If saving more than one Excel table to be accessed through the
Internet, provide an index sheet and save the file with the cursor in cell Al of the
index sheet. Each element of the index can then be hyperlinked to the relevant
sheet.

Many national statistical institutes produce a significant number of volumes, each
containing many tables. Thinking of how a user would access a yearbook presented in
paper form led to an experimental presentation on the Internet. The Digest of Welsh
Statistics moved from hot metal typesetting in 1980 to photolithographic production
in 1981 and onto the Internet, with continuing paper publishing for 20 years. The
experimental presentation was based on the way a user would try to find a set of
statistics — via the content pages at the front of the book or through the index at
the back. For the Internet version, it was not uploaded as a single file but had one
introductory page with a brief chapter summary page. The contents page linked to
a page designed as in the paper edition but each table title was itself linked directly
to an Excel version of the table. If the user chose to open a chapter from the chapter
summary page, one could choose from downloading the whole in MS Word or Excel
format or selecting one of the hyperlinked individual tables. If using the index, where
one would just find the table numbers for particular subjects, in these editions on
the Internet, each of the table numbers shown against the keywords in the index
was hyperlinked to the Excel version of the table. This presentation only lasted two
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editions as it was very time consuming to effect. Since 2003, it has not been produced
either on paper or on the Internet but most of the data are available through the
dissemination system of the office.

Principle 5.3: Organise collections of spreadsheets effectively to allow easy
access.

In addition to the organisation of workbooks, it is essential to pay attention to the
presentation of the data themselves especially in their formatting. Since formatting
of data within Excel or similar programs does not destroy the basic data, it may be
appropriate to round some of the data in the tables. Users can always then change the
formatting to suit their own purposes, if necessary.

Principle 5.4: Format data in Internet-published spreadsheets to appropriate
standards.

Some Internet versions of press releases have linked data tables. It should not be
necessary to note that these linked tables should be appropriately structured with all
of the necessary elements of a table present. Issues identified in such tables in the
past year (when doing research for the Surfing with Ed'? articles) included

e tables with data in millions but no table descriptor;

e data columns centred, not right-justified;

® inconsistent symbols for decimal and thousands separators and
® absence of sources.

These outputs do not conform to their organisation’s standards for dissemination —
but should do.

Principle 5.5: Maintain dissemination standards in all Internet data outputs.

5.4 Charts on the Internet

Obviously any chart can be put onto the internet as a picture. In some implementations,
users are also given links to the underlying data. During some reviews of National
Statistical Institute websites, I have come across such links, followed them and
found that the data are not in a properly formatted table: some data did not have
descriptors (such as thousands or millions)! But this is not really using the power
of the Internet to its fullest extent. Indeed, statisticians have been relatively slow to
adopt the possibilities offered by today’s Internet.
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Gone are the days when what is shown on a piece of paper is replicated on the screen.
Just as tables are now able to be diced and sliced dynamically to give the user just
what they want, so the power of the Internet is being harnessed to give much more
than a simple picture. One of the earliest implementations of a dynamic chart in the
United Kingdom was a population pyramid using Scalable Vector Graphics (SVG)
in around 2003. Such charts were common in the paper publications on population
structure and change. The difficulty for users was that the SVG viewer software was
a requirement for viewing and using the chart and had to be installed on the user’s
computer: some organisations did not allow staff to download software — including
the SVG viewer. Later implementations are based on Flash which is available on most
computers at initial set up and updated centrally for office-wide systems as accepted
software.

So what is different in the Internet presentation? First, the chart is not a static chart
like a picture but can be made to change across another variable, often time; secondly,
the data behind the chart are used dynamically to show changes — in this case, over
time — and can be displayed. Other presentations also allow investigation of the data
in the chart and accessing of the individual data values. Figures 5.7-5.9 show screens
from a demonstration population pyramid.?°

Figure 5.7 Opening view of Population Pyramid.
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Now, apart from the basic chart, we have a slide bar beneath the chart, an instruction
below that to show data for a particular age and a ‘play’ button to the bottom right.
Clicking on the ‘play’ button, displays the 2008 version of the pyramid, then 2009,
etc. Note that the total population figure also changes as the different years are shown.

The instruction below the slide bar tells the user to move the mouse over the pyramid
to get the data for each age group as in Figure 5.8.

Figure 5.8 Pyramid with data shown for those aged 60.
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Clicking on the play button now changes the pyramid over time as before but also
changes the displayed data for those aged 60 through the years. Note also that the
instruction below the slide bar has also changed. The user does not just have to select
one age but can select multiple ages. Once these have been selected, as shown in
Figure 5.9, clicking on the play button shows the data for the combined ages. The
version illustrated here is a demonstration sample: the full version of this pyramid
showing many more years of data is available on the Office for National Statistics
website.2! In the full version, try selecting those aged 80-84 and see how the total
population of these ages is expected to change over the period — very worrying for
the providers of care for this age group and those who have to provide pensions.
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Figure 5.9 Pyramid with data shown for those aged 80-84.
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Even in the simplified version used to illustrate the population pyramid here, the
user has to assess the changes across 11 charts. This is not a simple task and those
developing data visualisation presentations are beginning to find out that the user
requires some help to see what is happening. For the pyramid example, it is the
provision of several features:

® An outline of the starting position so that the user can see the changes to
whatever time they want to examine;

® A speed selector button — from slow to fast and

e The play/pause button to get an idea of changes to certain dates within the
overall range.

Hans Rosling developed the Trendalyzer software which again allows the user to
see changes over variables over time. The first public version of this software I saw
was based on the income per person (inflation adjusted) against life expectancy for
a vast number of countries of the world: data from 1975 to 2004 were available.
The web page opened, Figure 5.10, with the first year shown and each country had
a coloured bubble on the chart. The size of the country’s bubble was proportional to
its population and the colour of the bubble designated which area of the world the
country was in.
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Figure 5.10 Opening screen of old version of Gapminder World.??
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The user could select specific countries to examine from a list to the right of the chart
with a slide bar to the right of the chart. For this example, China, South Africa and
Rwanda were chosen. The display then highlights the chosen countries’ bubbles and
reduces the intensity of the others, as in Figure 5.11.
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Figure 5.11 Chart with three countries selected.
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The user then clicks on the Play button and the story or the data is displayed, as
in Figure 5.12. It is clear from this figure that some change in direction occurs in
both the series for Rwanda and South Africa: when the mouse hovers over these
turning points, the year is shown together with the data values. Explanations can
then be sought for the reasons for such changes in the data. The series over this
period for China does not have any turning points but shows a relatively small rise
in life expectancy but a very large increase in income per capita. Such a tool allows
extensive and easy investigation into data in a way that has not been as easily possible
previously. However, with the vast amounts of data available, it is necessary to apply a
critical understanding to the selection of data in order to gain the appropriate message.

In Figure 5.12 the data for each of the years is displayed in trails of the selected series
over time (allowing the user to compare trends over time for different countries). This
facility can be turned off when too many countries have been selected — otherwise
the whole chart is filled with trails that cannot be easily observed.
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Figure 5.12 Chart with visual of three countries over time.
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The latest version?? includes

e alink to user instructions;
* more and longer series of data;
® amap key and

® dynamic data provision (if the user hovers over a specific bubble on the chart,
the country name and data values are displayed and, in addition, the map to
the top right of the display indicates the region of the world that the country is
classified to).

These pages from Gapminder only look at the two base series of data. Many different
series can be selected from drop-down menus accessed by clicking on the arrows to
the right of the variable names shown — that is, on either axis. Some of the variables
are only available through a ‘For advanced user’ link to aid the user. It is up to the
user to determine whether any real relationship exists between the variables or not.
Further, to the right of the axis labels, another option drop-down box allows a change
of scale type, from linear to logarithmic.

The Trendanalyzer software can be utilised to create dynamic charts with the user’s
own data. Some are published on the Internet, for example, Statistics South Africa?t
(select Interactive Graphs from the navigation links at the bottom of the page) and the
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Greater London Authority.?> Other types of data visualisation are being introduced
by many national statistical institutes, for example, the US Census Bureau’s gallery
of interactive data visualisations,?® the CBS Netherlands’ interactive infographics?’
and the Office for National Statistics (UK) Interactive Content.28

Data visualisation applications are not limited to charts. The American Community
Survey?’ and the American Census®? have used data maps extensively in summarising
results. The Data Unit in Wales®! uses maps as part of its dashboard for local
authorities named InfoBase Cymru:3? an example of this is given in Figure 5.13.
This application links data, chart, map and historical information and presents all on
one page. The user can choose different data sets, some with more area detail: in
those cases, the user can zoom in on the map portion and move it within that part of
the screen to investigate the data for any characteristic or outliers.

Figure 5.13 Example page from InfoBase Cymru.

lw{o‘éase@r{j YA

You are here: Home | Themes | Housing | Housing new builds | Map Engiah (United Xingdom =

Fill Window

Right-click to access more options

Housing >> Number of completed new builds >> FY 2012-13

nge ti Filter Notes on this data item Help.
Key Data item
) Local Authority
De7-135
0 136-193
@ 194- 251
W 252- 361
W 362- 566
[0 WLGA Regions

o b—+

Background mapping

Values over time

Neath Port Talbot 204
eridgend 238
The Vale of Glamorgan 233
Cardift 353

&
8

Foxoes | Rasi0 | Ay

0607 Y0809 A0 PY20mn3

Values for all areas

= E ene arees
Area 4 Dataitem
® Wales 5464

=R Language selection - Sitemap - Contactus - Legal = Feedback

cE¥EEESE

Just before taking the screenshot above, the mouse was hovering over Cardiff — and
the appropriate data value is displayed — on the map. Consequently, the area on the
map, the data for Cardiff on the right and Cardiff’s bar in the bar chart were all
highlighted in green. In addition, the time series of data was plotted on the graph on
the left. It is possible to highlight more than one area at once to be able to compare
data items: hold CTRL whilst clicking on the relevant areas of the map or the data
lines in the table.
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Much work is going on as this book is written to develop data visualisation techniques.
Issues are being identified and addressed. For example, should one wish to look at
the United Kingdom’s population pyramid example from the live edition, the user
has to visually manage 115 different pictures and seek to identify differences over
time. The pause button can allow appreciation of a point in time but it is still difficult
to assess the change from the start. Adding an outline to the chart at the first year (or
any year would be better) is in development: this would enable the differencing to
be seen clearly. It has also been discovered that a slower change (altering the time
change slide bar on this graphic) is more helpful to the visual perception.

Data-driven documents — known as D3 or D3 — are the latest development of data
visualisation. These visualisations allow the user direct power to change the presen-
tations online and without requiring additional software. D? visualisations also load
onto the user’s screen faster and can change quicker as well.

Effective data visualisation allows the user to explore the data live on their computer
screen. Such exploration then facilitates the development of messages from the data
and allows the user to understand better the relationships within the datasets. Ease of
use is paramount and the majority of applications available are easily understood and
used. Early application of one product showed the data in a table left-justified and to
different numbers of decimal places — thus obscuring the visual scan of the data to
identify the largest or smallest value. Throughout visualisations, it is essential that
the basic principles of data presentation are followed.

Principle 5.6: Ensure basic chart principles (see summary at the end of Chapter 3)
are followed for dynamic charts and data visualisations.

5.5 Text on the Internet

The way users want to access the written information on the Internet is very different
from what used to happen with, say, reports of surveys in book form. It is very much
a point-and-click access with very little reading of dense text. So the producers have
to consider their output and identify whether changes need to be made to the standard
styles of output before transferring the output from paper base to Internet base.

The examples of Internet pages about the release of new statistics in Section 5.1 go
a little way to the change in concept which is basically an inverted style of writing:

e Headline
® Summary in bullet points
® Detail including summary tables

® Links to complete reference data
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But most of the output on the Internet seen today does not fully utilise the power of
the web to meet the expectations of the Internet generation. The use of links within
statistical output documents is poor both for skipping around the document and for
explanations of technical terms. Further, the amount of text that some try to squeeze
onto a page does not follow the user’s demand for quick access. For announcements
of press releases, it is not good enough simply to say:

Transport, September 2013 — final data

The key message from the release should be given: if the advice to identify key
messages and sort them into significance order has been followed, the most important
message can be displayed along with the above release title as:

Transport, September 2013 — final data

In September 2013, 18.4% more passengers were carried in urban scheduled
transport, compared to September 2012.

Not putting these key messages on the page of press releases forces the user to open
the release itself to try to find the key message. If the key message is displayed in the
first instance, the user has the option to dig deeper or to move in to something else.
This does mean that the message displayed should be the key one, brief, relevant and
appropriate.

The Internet user scans a page to find the keywords that interest them and then they
follow the appropriate links. Clear navigation with simple headings and headlines is
fundamental to facilitate easy use of websites. Embellishments of sites with flashing
graphics, large pictures and non-translatable text in graphics do not enhance usability.
Some guidance on features of websites — both statistical and others — that are good
and bad is available as a checklist on my website.>*

Principle 5.7: Ensure material published to the Internet is appropriately designed
for Internet use.
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Summary of principles: Data presentation on the Internet

Principle 5.1: Ensure the cursor is in cell Al before saving Excel tables to be
accessed through the Internet.

Principle 5.2: If saving more than one Excel table to be accessed through the
Internet, provide an index sheet and save the file with the cursor in
cell Al of the index sheet. Each element of the index can then be
hyperlinked to the relevant sheet.

Principle 5.3: Organise collections of spreadsheets effectively to allow easy
access.

Principle 5.4: Format data in Internet-published spreadsheets to appropriate
standards.

Principle 5.5: Maintain dissemination standards in all Internet data outputs.

Principle 5.6: Ensure basic chart principles (see summary at the end of Chapter 3)
are followed for dynamic charts and data visualisations.

Principle 5.7: Ensure material published to the Internet is appropriately designed
for Internet use.
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