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Summary

Bias in the mainstream news media has been studied for many years. In recent years,
traditional mediums have given way to online and digital mediums, and with them new
features are being presented to readers which could influence bias. This research aimed to
determine if the level of bias perceived to be in a news article online could be impacted by an
information graphic accompanying that article. The experiment involved participants
reporting how biased they considered an article to be for three news stories, from three
websites. Each story from each website was studied at three levels of distortion: with no
graphic, with the original graphic, and with a tailored graphic.

The research found that an information graphic accompanying a news article will affect the
level of bias perceived for the article as a whole, but that this effect was not found to be
statistically significant, and no trend was found regarding what causes the bias level to
increase or decrease. With a sample size of 124 participants, no statistically significant effect
was detected. Closer examination of the data collected reveals findings which suggest further
work would be worthwhile in this area.

The data collected also indicates strong tendencies among participants to avoid cognitive
dissonance, and the presence of confirmation bias on the part of the participants. When
participants were presented with a website they recognised, and which they previously had
considered to be biased, they gave a significantly higher rating for bias in that article than for
those who did not recognise the website. Additionally, those who recognised the website but
did not previously consider it to be particularly biased, reported far lower levels of bias for
that article than those who had not recognised it.

This research adds to an existing body of work in the area. Possible refinements to the study
are proposed.
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1. Introduction

With the ever-increasing availability and consumption of news media online, it is increasingly
important that we understand the factors which affect our interpretation of news online. Bias
in the online news media industry has, many times in recent years, been used as an
explanation for a rise in support for political extremes [1]. Recently it has been credited with
influencing the outcome of US Presidential and local elections [2], and for driving public
support for a referendum decision which will result in the United Kingdom leaving the
European Union [3]. It is evident that there is widespread belief that bias in news media, and
specifically online news media, can be used to drive major social, economic, and political
changes [4]. Bias has, and will continue to be an issue with news media, and has received
significant attention from researchers for at least the last half century [5], [6].

Due to increases in the ability of modern printing techniques and the desire to attract
attention to a news article dealing with a complex subject or series of events, newspapers
regularly commission accompanying artwork for news articles in the form of information
graphics. This method of displaying information is suitable for conveying large volumes of
data quickly and accurately [7]. For example, the share price of a company can be presented
as a graph over time, or the number of new cars being purchased could be presented as a bar
chart per quarter. Traditionally, print news media was constituted almost entirely of text; the
cost of printing images, be they photos or graphics, was prohibitive for printing on a frequent
basis. With the falling cost of printing through technological advances, and the increased
electronic consumption of news [8], images, including information graphics, have become
more prevalent in news journalism. With the increasing presence of such images, comes
increasing power to frame a narrative. Although the impact of bias in news, and especially
print news, has been regularly investigated in areas such as headlines, photographs, coverage,
rhetoric, and agenda setting among others, there is no research on whether it can be
introduced in graphics and the extent of such influence. If bias can be introduced in graphics,
then it is important that this effect is explored and its extent understood.

Information graphics are used in order to rapidly convey large amounts of information in
easily interpretable ways. However, by changing the format of the information from raw data
or other information into an information graphic, the designer of the graphic must make some
design decisions; the graphic is inherently an abstraction of the original data, and is not a
presentation of the original data itself [7]. Insofar as the information is being manipulated for
presentation, this begs the question of whether bias can be introduced into these graphics or
not, adding to or removing emphasis from a certain narrative construed from the original raw
data.

Manipulating how facts, or which facts are presented to an uninformed viewer is central to
the introduction of bias into news media. Bias in news media has been studied for decades,
beginning with traditional news media formats, while online news has become an area of
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research focus more recently. To date, some work, discussed in Chapter 2 of this dissertation,
has explored how bias can be introduced through the text of news articles, and also through
the design of the websites which contain them [9]. No significant work exists concerning
whether bias can be introduced through the use of information graphics.

There are numerous definitions for the word “bias”. The Oxford English Dictionary [10]
defines bias as:

“Imass noun] Inclination or prejudice for or against one person or
group, especially in a way considered to be unfair.””

This definition is very broad and is untested in academic research. For this research, a more
specific definition is required, pertaining to the field of study. Looking at existing literature
shows a wide variety of definitions used.

Waldman and Devitt [11] stated, as part of their research into media bias:

“Bias can be defined as any systematic slant favoring one candidate
or ideology over another.”

Gentzkow and Shapiro [12], discussing content bias stated:

“All the accounts are based on the same set of underlying facts. Yet by
selective omission, choice of words, and varying credibility ascribed to
the primary source, each conveys a radically different impression of
what actually happened. The choice to slant information in this way is
what we will mean in this paper by media bias.”

Andon and Free [13] suggest that media bias can be broken down into three categories:
gatekeeping bias, where publishers decide what will be published and what won’t be,
coverage bias, where one side of a story gets more coverage than another, and statement
bias, where bias is introduced through the text used in the coverage.

Bennet [14] also focusses on the significance of gatekeeping bias, but for this study only those
things which are reported can be studied, and so this type of bias will not form a major part
of this study.

Eberl, Boomgarden and Wagner [15] also suggest that there are a multitude of type of media
bias, and that their effects may differ.

Across all of these definitions of bias however, it is clear that bias is not a result of untruth,
but rather the selective framing of truth in favour of a particular point of view.

In the second and third definitions, which are more specifically tailored to the discussion of
bias in the media, the authors conclude that the bias must be introduced by choice or
systematically. While the systematic slant mentioned by Waldman and Devitt does not

L https://en.oxforddictionaries.com/definition/bias



necessarily mean that the slant is knowingly introduced, it is important to remember that the
area of bias in information graphics, which is the focus of this research, has not previously
been extensively studied and is not well understood. It is plausible, if not likely, that bias which
has been introduced to articles through the use of these information graphics may have been
introduced inadvertently or unknowingly. Therefore, for this study bias is defined as:

“Deliberate or accidental slant by the journalist, editor or publication
to distort reality”.

In studying this particular aspect of perceived bias in online news media, covering a little-
researched area, this research should make a significant contribution to our understanding of
that perceived bias in online news media.

1.1 Research Question
The purpose of this research project is to answer the question:

“To what extent do the information graphics accompanying a news article impact upon the
perceived bias of the article?”

To this end, the following research objectives were formed:

- A ground-truth bias rating for each of the news articles

- Whether the information graphics accompanying those news articles can impact upon
the perceived bias of the article

- If such graphics have an impact, the extent to which the design of the information
graphics can impact upon the perceived bias of the article

A significant body of work already exists exploring bias in news media, and bias in graphics,
but little work has been published about the perceived bias in the graphics accompanying
news articles in online news media.

1.2 Hypothesis

This research aimed to determine whether bias can be introduced to an article through the
use of information graphics. The research aimed to find evidence that bias could be
introduced, and consequently the hypotheses are as follows.

The null hypothesis is:

(Ho) This research finds no evidence of bias being introduced to a news article through the
use of an information graphic.



This is determined by finding the level of bias both with and without the information graphics
and finding no statistically significant difference in the two levels.

The alternative hypothesis is:

(Ha) This research finds evidence of bias being introduced to a news article through the use
of an information graphic.

This is determined by finding the level of bias both with and without the information graphics
and finding a statistically significant difference in the two levels of bias.

1.3 Overview of this Dissertation

The remainder of this dissertation is structured as follows. The following chapter gives an
overview of existing understanding related to bias in news media, both online and more
generally, and bias in the creation and reproduction of information graphics.

Chapter 3 provides an explanation of the methodology employed in this research project,
both in terms of the collection and the analysis of the data recorded.

Following this, Chapter 4 gives an overview of the experiment framework from a technical
and practical perspective, while Chapter 5 discusses the statistical methods used to make
determinations on the data collected during the experiment.

Chapter 6 details the results of the statistical tests carried out on the data and Chapter 7
provides a discussion on the results of the experiment. This includes discussion about the
results presented in Chapter 6, and provides a reflection on the participant profile data also
collected during the experiment.

Finally, Chapter 8 provides a conclusion to the dissertation, discussing both what has been
learned and how this can contribute to future work in the area.

The full set of the data collected during experimentation, and the materials used in the
collection of that data, can be found in the appendices at the end of this dissertation.



2. Existing Work

Bias in news media has been the subject of academic research for many decades, focussing
both on specific aspects of the news media, for example the driving of a partisan agenda
through bias [16]-[18], and on news media more generally [4], [17], [19].

This chapter will give an overview of existing work in the area of media bias, discussing the
findings of that work, and why the research question is an important addition to the body of
work. The findings of other researchers, discussed in this chapter, should also contextualise
the design and implementation decisions, and results, of this experiment.

2.1 Bias

Bias in news media has been studied extensively since the 1970s, with research focussing
mostly on the traditional mediums of print newspapers [11], [20] and television [6]. More
recently research has begun to investigate the effects of bias in online news publications [8],
[21]. The extent to which bias has been studied is no surprise given its apparent impact on
news consumers [3], [22].

While most acknowledge the existence of bias, it can be difficult to describe. There is no doubt
that while bias is only one dimension of credibility [23], there are many dimensions to bias,
and by which bias could be measured [17].

Selection bias is the introduction of bias by choosing to cover some material and not to cover
other material [24], [25]. For example, a newspaper editor could decide not to report at all
on a story which an editor finds not to be of interest to their readers. Similarly, an editor could
choose to omit certain aspects of a story for similar reasons. This could convey a significantly
different narrative to an audience than if all aspects of the story were reported, while never
actually diverging in any way from the truth, or having any inaccurate reporting. The bias in
this case is introduced by what is omitted rather than by any manipulation of what is included.

Bias can also be introduced by the way in which content is presented or covered. This is called
presentation bias. Research has found a link between the perceived bias of commentary
depending on to whom that commentary is credited [16], [26], and also in how reported facts
are contextualised [27]. The practice of selecting certain facts and presenting them as being
more important or salient to a particular point in order to promote a particular point of view
is known as framing [28], [29].

Partisan bias is the favouring of one party or person in news coverage of political stories.
Often this presents itself in the form of selection bias, where a news agency is more likely to
publish quotes by, or that are favourable to, a person or party which their readers support
[30]. The causes for partisan bias are very often driven by a desire to please the audience to
which the news agency is selling its output [24].



Agenda setting bias extends from this, where media outlets favour reporting viewpoints
which agree with their underlying economic and political stance [31], [32].

Given that what constitutes bias is a matter of debate, there is also no generally accepted
gold standard for the measurement of bias. Measurements of bias can only be obtained by
people reporting bias which they experience. This is often in the form of a user survey, and it
is clear that bias can be introduced both in the creation of content and also in the
consumption of that content [33], [34]. That is to say that in the interaction between an article
and consumer, the bias can be introduced by either the article or the consumer. As such, bias
in a particular article could be attributed either to the article itself or its creator, or it could
be attributed to the reader of that article, and must be regarded as, at best, an informed
opinion rather than an empirical fact.

The level of bias perceived for a particular article is also an inherently subjective
determination; each reader will have their own opinion. Measurements of bias can only be
considered accurate when considered in the context that bias will have a relative definition
for different people, and that the measurement can never be made in any absolute sense
[15]. That is to say that the level of bias is intrinsically subjective, but this subjectivity can be
accepted.

2.1.1 Definitions of Bias
There are numerous definitions of the word bias, including many which have been used
specifically for the purposes of research into media bias.

As already discussed in Chapter 1, numerous researchers have used their own definitions for
bias [11], [12], [17], each tailored to their specific areas of research. Related work in other
areas which relate closely to bias, for example accuracy [35], have also presented their own
definitions.

Across all of these definitions, it is clear that bias in media is the favouring of one particular
side of a story, but not usually the intentional dissemination of false information. This is taken
in the context of reputable news agencies, who uphold high standards of journalistic integrity.
There are, of course, certain other media outlets who do in fact spread falsehoods, but these
will not be considered in the scope of this research. This means that while an article may be
perceived to be biased, and may favour one side of a story over the other, or drive a particular
narrative, the facts reported in the article may still be exclusively true.

Some researchers contend that bias should only be considered so if it has been introduced
intentionally, or by choice [12]. Others, meanwhile, have suggested that bias should be
considered only if it is introduced systematically [11]; this could be interpreted to include
unintentional bias which has been introduced as a result of an unrelated decision, for example
an editorial decision on a newspaper’s design.



Determining whether or not bias is present in the information graphics accompanying news
articles presents a relatively new research area, it is not implausible that any bias which has
been introduced to articles through the use of information graphics may have been
introduced unintentionally. Therefore, for the purpose of this research, bias is defined as:

“Deliberate or accidental slant by the journalist, editor or publication to distort reality”.

This definition was presented to all participants in the experiment before they undertook the
experiment.

2.1.2 Bias in Mainstream News Media

While the majority of news articles published in the mainstream media are written to
established journalistic standards, often an intrinsic bias can exist in some published news
articles [18]. This can be perceived as being biased either in the way it is created, or by those
who consume it. The bias can exist for many reasons, including commercial, economic,
political and personal reasons.

Bias in the creation of news content can be introduced either in terms of how stories are
covered, or in terms of what stories are selected to be covered by a particular media outlet
[17], [24]. Even within a particular topic, the creator of the content can frame certain aspects
of a story as being particularly important or salient, thus influencing a consumer’s
understanding of the facts, while never actually compromising the accuracy of the reporting
of those facts [12], [27]-[29].

The perceived bias in the consumption of news media can be influenced significantly by a
consumer’s personal opinions about the topic or story being covered [33]. Furthermore, it has
been found that consumers tend to favour news outlets whose editorial stance is aligned with
their social, economic, and political views, and to avoid those with which they disagree,
reducing cognitive dissonance [34].

Indeed, it has been found that news agencies play into this fact for commercial reasons. For
news for which customers are unlikely to obtain an alternative, independent, third-party
viewpoint, a news agency can actually bolster its reputation for accuracy by reporting news
in a manner which its customers find agrees with their world-view [12]. News agencies may
do this regardless of whether or not this is the fairest way to report the news. If consumers
are likely to gain an alternative, independent account of the information from an impartial
third-party, the same news agencies are less likely to distort the information they present
[36]. As such, increased competition in the media marketplace tends to lead to lower levels
of bias [12]. Furthermore, for stories on which there is a general consensus of public opinion,
reporting tends to be relatively objective, whereas for stories which are contentious or for
which there is divided public opinion, news agencies tend to segment the market, and
promote more extreme editorial stances in their reporting [36].



The widespread availability of online news content has allowed for increased partisanship in
the news industry [9], leading to the so-called “echo chamber” effect, whereby consumers
can choose to expose themselves only to news stories which please them [4], [37].

Consumers will often do this subconsciously, as they often can be unaware of their own
personal bias on a topic, while being very aware of someone else’s with whom they disagree
[38].

This in turn leads to consumer distrust in the media, as stories which displease consumers can
be easily dismissed as biased or misleading, regardless of whether or not they actually are
[39]. As a result, the vast majority of Americans, including 87% of Republicans [40], believe
that the majority of mainstream news media is biased, one way or another [4], [41]. Although
there is some evidence of measurable bias in the online publications of mainstream news
media [19], there is strong research evidence to suggest that this is not as widespread as some
may think [33], [42], [43].

It is important to note that research has also found that a journalist having a strong personal
viewpoint on a particular subject will not necessarily cause their work to be biased or to
convey bias [17], [44]. While it can be accepted that a person’s own views will temper any
decisions they make, including professional editorial decisions, professional journalistic
standards will often help to mitigate any error arising from this judgement.

2.1.3 Bias in the Presentation of News Online

Bias in the news media has been extensively studied since the 1970s, and this work has
typically focussed on highlighting differences between liberal and conservative news agencies
or on biased coverage of a particular topic.

Compared to traditional mediums, relatively little research has been carried out into how bias
may be present in the online presentation of news. Some existing research has looked at
textual content and website design [9], [45]. It has previously been shown that bias exists with
respect to vocabulary used in online news articles [21]. It has also been shown that the design
of the website can have a significant impact on how biased its content is perceived to be, with
certain features of website design affecting the perceived bias of the content more than
others [46].

2.1.4 Information Graphics in News Media

Information graphics are used to convey large amounts of information in a format which can
be interpreted quickly, and provide insights which the presentation of raw data alone could
not achieve [7], [47], [48]. This should allow for increased understanding of a potentially large
and complex set of information to be achieved by the reader, and relatively quickly. This



means that vast amounts of information can be efficiently conveyed through this method of
communication.

Images are also attention-grabbing, and so they can be used to attract a reader to read the
article that they accompany [49].

Consequently, their use in media publications is frequent, indeed increasingly so [8], [50]. It
follows that as their use increases, so too does their influence on communicating information
from journalists to readers. This makes understanding the effects of this bias increasingly
important.

2.1.5 Bias in the Presentation of Information Graphics

It has been noted by Munzner that: “no picture can communicate the truth, the whole truth,
and nothing but the truth” [7]. It is clear that any representation of data in an information-
graphic is inherently subject to design decisions by its creator, and the resulting graphic is
necessarily an abstraction of the data being represented and not just the data itself. Many of
the factors which affect other forms of bias also affect bias in information graphics; bias can
be introduced by consideration of what information is being communicated (selection bias),
and also how it is being communicated (salience bias) [51].

It has been noted that even as information graphics in news media become more prevalent,
little is understood about the balance between author-created elements of those graphics,
and the data itself [52].

The processes for the creation of graphics also varies. The New York Times, for example, has
a reasonably large, and multiple award-winning graphics department tasked with making
these information graphics. Other publications such as The Economist and The Washington
Post also spend significantly on graphic design. In many other publications less emphasis is
put on graphic design, and so it is likely that information graphics which are presented are
created on a more ad hoc basis. Given the standards of journalistic integrity which those who
write the text of articles are held to, it should stand that the designers of graphics are held to
the same standards, but as relatively little is known about the effects of the design process
on readers’ interpretation, this may not be the case.

Relatively little research has been carried out about how users extract information from
information graphics. It has been shown that the design of the information graphics can affect
how accurately and quickly readers can understand the information being conveyed [51], and
also that the addition or removal of certain design elements can affect whether the
information is perceived to be biased [53].

As information graphics accompany news articles with increasing frequency, it is increasingly
important to understand how the use of these graphics can impact on the level of perceived
bias in the article as a whole.



2.2 Example of Driving a Narrative with Visualisation

Figure 2.1 shows an example of an information graphic which presents the same information
in two very different ways. The graphic visualises the population of the world, and also the
growth rate of the population over the same period.

eI World population growth, 1750-2100
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The data visualization is taken from OurWorldinData.org. There you find the raw data and more visualizations on this topic. Licensed under CC-BY-SA by the author Max Roser.

Figure 2.1 — Visualisation of population growth vs. population. Image source: Our World in Data?

Presenting both of these pieces of information related to the same thing on the same graphic
is an eminently sensible design decision. However, if only one or the other of these pieces of
information was presented, it would paint a very different picture.

A graphic with just the blue area visualising population growth could accompany an article
about world population, and would signify a rapidly growing population. With this based in
fact, and visually impressed on the reader, the article could make a claim about how this could
be a huge problem for world resources, and seem very grounded in fact.

On the other hand, a graphic with just the line signifying the rate of population growth could
accompany an article about world population, and would signify a rapidly slowing population
growth. With this based in fact, and visually impressed on the reader, the article could make

2 https://ourworldindata.org/world-population-growth
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a claim about how the slowing population growth poses an existential threat to humankind,
and this would seem very grounded in fact.

Considering either of those articles with the alternative graphic would expose a weakness in
the case presented by either article, and shows the power of graphics to give credibility to the
narrative in the text which they accompany.

In fact, for either case, the intentional selection of only certain elements of the graphic in
order to bolster the claims made by the article shows a bias, which could massively influence
the interpretation of the article by the reader.

However, it must also be considered that in Figure 2.1, the population is given as an absolute
figure, whereas the population growth is given as a percentage of the population. This means
that population is presented on a constant scale across the graphic, whereas population
growth is presented on a varying scale. This shows how the scale can also be used to visually
trick a reader into interpreting trends in data differently from how they actually are. The two
elements of the graphic in Figure 2.1, are not directly comparable even though they are
presented with each other.

2.3 Conclusion

Bias, and more specifically bias in the mainstream media has been studied extensively for
decades. However, despite this, there has been almost no research carried out on bias
introduced to media publications through the use of information graphics, and what effect
this has on a reader’s perception of the articles which the graphics accompany.

As graphics become ever more prevalent, particularly with the rise in online news readership,
where their publication is no more expensive than text-based content, understanding how
they affect our judgement of the articles they accompany, and whether they could be
manipulated to favour one side of a story, or drive a particular narrative within that story, is
more important than ever before. In a time when media bias is very much in the public
spotlight, having been credited with driving major social, political, economic changes right
around the world, understanding how bias can be introduced to news media online is crucial
to understanding how this bias affects readers of these news publications.

This study will investigate whether bias is communicated by the graphical elements of news
content which accompany articles in news websites, and attempt to determine what effect
these information graphics may have on increasing or decreasing the level of perceived bias
in the news article.
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3. Methodology

Answering the questions posed by this research requires the collection and analysis of data
related to how people perceive bias in online news media, specifically when they are viewing
news articles accompanied by information graphics.

To do this, the experiment involved three stages:

1. Presenting participants with a survey to gather sample profile information

2. Then presenting participants with a series of images of webpages and asking them to
rate how biased they considered the article on each of the webpages to be

3. The participants were then required to answer some follow up questions

The experiment was set up as a 3x3x3 design, Websites x Article x Distortions (WAD), using a
Latin Cube in reduced form. This is a very simple form of Latin Hypercube Sampling, which is
a statistical method for generating near random samples from a multidimensional set of
parameters [54]. Participants were randomly assigned to one of nine paths through the 3x3x3
cube.

Participants were recruited to take part in the experiment through Prolific Academic [55]. The
number of participants was determined using G*Power [56], in order to create a sufficient
statistical power for the results to be meaningful.

Approval for this experiment was sought from, and granted by, the SCSS Research Ethics
Committee, at the School of Computer Science and Statistic, Trinity College, Dublin.

3.1 Websites

The three websites selected were:
Wo. The Daily Mail [57]
W1. The BBC [58]
wW2. The Guardian [59].

They were chosen to provide a cross-section of British news media. The Daily Mail is
traditionally aligned with conservative and right-wing viewpoints, whereas The Guardian is
traditionally aligned with liberal and left-wing viewpoints. As a public service broadcaster, the
BBC is traditionally seen as an impartial reporter [60]. The study therefore uses the UK’s
mainstream media perceived as among the most right-wing, left-wing, and from the centre.

3.2 Articles
Articles were chosen from the Daily Mail, The Guardian, and the BBC, covering stories
reported by all three news agencies on the same day, and which contained graphical

12



representations of data relating to the story. As such, any bias perceived to be present in the
articles was not related to story selection to fit the experiment.

The three articles selected were on the following stories:

AO. Consumer Price Index inflation, published on December 12, 2017

Al.  The price of bitcoin, published on February 2", 2018

A2.  Therise in life-expectancy, published on September 27, 2017
These three articles were chosen as they satisfied the criteria for inclusion. Importantly, they
were not of excessive length which could have resulted in fatigue effects tempering the
responses from participants. All three websites also reported very similarly in terms of data
and sources, making them suitable for comparison.

3.3 Distortions
There are three levels of distortion for each website and story:

DO. The article presented without any accompanying information graphics. This is to
determine a ground truth bias rating for the text of the article. The articles were
presented with all other features of their website design included, but with
branding removed.

D1. The article presented in its original form, including its original information graphic,
but with branding removed. This is to determine the bias rating for the article as it
was originally published.

D2. The article presented with the original graphic replaced by a new graphic, specially
designed for the purposes of this experiment.

3.3.1 Creating D2 Graphics

The D2 level of distortion required graphics to be created specifically for the purposes of this
experiment. For example, Figure 3.1 shows two graphics, the original graphic (D1) from the
BBC article about inflation (W1A0), and the newly introduced graphic (D2). The D2 graphic
has been designed to suggest an exaggerated gap in the inflation of wages and the consumer
price index, discussed in the article, while making this distortion of the figure not immediately
obvious. The figures were sourced from the same source as the BBC graphic.

For each D2 graphic created, the figures have been sourced from the same sources as the
original figures used, or else sources cited in the article. Some D2 graphics were entirely
original creations, while others were modified version of D1 graphics, with significant design
changes, in ways which are known to alter perception of information graphics.

All the distortions presented to participants are shown in Appendix A4. All the original D1
graphics, and the newly created D2 graphics are presented side-by-side in Appendix A8.
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Figure 3.1 - Original graphic (D1), left. Especially created graphic (D2), right.

3.3.2 Website Branding

In the case of all three distortions, all branding, or anything which could identify the name of
the website being used, was removed from the distorted versions of the websites. It is known
that preconceptions about a newspaper’s brand can influence a reader’s trust in the content
of that paper [45], and thus may impact their perception of bias. The branding was removed,
as shown in Figure 3.2, in order to reduce the possibility of participants in the survey having
preconceptions about the websites in question. This likelihood of this occurring was further
reduced by limiting participation to US citizens living in the USA, and only using UK news
websites. This was intended to increase the trust we can place in their responses being a
considered and fair reflection of the content being shown. It is impossible to completely
remove the possibility of participants recognising the websites, but by removing the branding,
this concern is minimised as much as is possible, while without fundamentally altering the
presentation of the website. It is important to avoid altering the presentation significantly, as
this would unnecessarily introduce another variable to the experiment, which could not be
independently measured; namely perceived bias possibly owing to the websites’ design [46].

B E @ Your account News Sport | Weather  Shop Earth Travel More - Search Q

NEWS

Home Video World UK Business Tech Science Stories Entertainment & Arls Health World News TV More ~

@ Your account News Sport | Weather = Shop Earth Travel More - Search Q

NEWS

Home Video World UK Business = Tech Science Stories Entertainment & Aris Health World News TV =~ More ~

Figure 3.2 — Example of BBC website banner with explicit branding removed
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3.4 The Experiment
As outlined in the opening section of this chapter, the experiment was split into three
stages:

1. Participant Profile Questions
2. Bias Rating Experiment
3. Reflective Questions

The experiment was designed in this way so as to gather as much information as possible
from each participant, not just about how biased they determined the articles with which
they were presented to be, but also information which may give insight to how they reached
that determination.

The three phases of the experiment are outlined in more detail below.

3.4.1 Phase 1: Participant Profile Questions
Rather than just collecting bias ratings from the participants, it was important to gain some
context surrounding the responses provided by participants to the survey.

Prior to being presented with the websites for evaluation, participants were asked to provide
the following information:

e Date of birth

e Gender

e Amount of time spent on the internet each day

e Highest level of education completed

e Expected income for 2018

e Occupation

e Political leaning

e Media accessed most often

e How many times do they check the news online each day

The data gathered from the responses to these questions is useful in contextualising the
answers from the participants. If trends exist among socio-economic factors and the level of
bias reported for a story, it would indicate an underlying effect which would require further
attention and explanation. This can greatly add to the specificity of the findings.
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3.4.2 Phase 2: Bias Rating Experiment
The bias rating part of the experiment involved presenting participants with an article from a
website and asking the participant to report how biased they considered that article to be.

The participants rated bias on a slider scale from 0 to 100; 0 being not biased, and 100 being
extremely biased.

The specific articles with which the participants were presented depended on to which path
the participant had been assigned when they began the experiment. This system is outlined
in the next section.

3.4.3 Experiment Paths

As outlined above, each participant was assigned to a path through the 3x3x3 cube. Each path
ensured that each participant experienced each website, article, and distortion exactly once
as they traversed the cube. The participants scored each website x article x distortion (WAD)
combination presented to them on a slider scale from 0 to 100. The scale was anchored with
the terms “unbiased” and “extremely biased”.

The assignment of participants to paths through the experiment cube was random. In order
to ensure that each WAD combination was considered by the same number of participants,
and thus the responses recorded for each path would be of equal statistical merit, the same
number of participants was assigned to each path. This is important, as many statistical
methods, including ANOVA which is suitable for this type of experiment, require balance in
the distribution of participants to groups.

This was achieved by setting a maximum number of participants for each path, and closing
that path when the required number of participants had been assigned to it. Therefore, the
requirement to have the same number of participants on each path did not affect the
randomness of the allocation of paths.

There are twenty-seven possible WAD combinations in the 3x3x3 cube. By having nine
separate paths through the cube, each participant was presented with just three
combinations of article, website and distortion. The combinations shown to participants on
each path are shown in Figure 3.1 and Tables 3.1- 3.3 below.
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Figure 3.3 - An illustration of the 3x3x3 experiment cube, showing

the three levels of websites, articles, and distortions. Each shaded

layer of the cube corresponds to a table below (Tables 3.1 — 3.3),
which detail how each path traverses the cube.

Table 3.1 - A top-down view of the top (white) row in the 3x3x3 cube in Figure 3.1 above. The
intersecting A0 / DO cell is the same as the A0 / DO cell in Figure 3.1 above. Participants who were
assigned to path one would therefore experience Website 0 x Article O x Distortion 0.

Article (DO) | Article &
Original
Graphic (D1)

Article &
Graphic-- (D2)

Story 1 (AQ) Path 2

Story 2 (A1)

Story 3 (A2)

Table 3.2 - A top-down view of the middle (light grey) row in the 3x3x3 cube in Figure 3.1 above. The
intersecting A0 / DO cell is the same as the A0/ DO cell in Figure 3.1 above. Participants who were
assigned to path one would therefore experience Website 1 x Article 1 x Distortion 1

Article (D0O) | Article & Article &
Original Graphic-- (D2)
Graphic (D1)
Story 1 (AQ) Path 9 Path 8

Story 2 (A1) Path 2

Story 3 (A2)
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Table 3.3 - A top-down view of the top (dark grey) row in the 3x3x3 cube in Figure 3.1 above. The
intersecting A0 / DO cell is the same as the AO / DO cell in Figure 3.1 above. Participants who were
assigned to path one would therefore experience Website 2 x Article 2 x Distortion 2

Article (DO) | Article &
Original
Graphic (D1)

Article &
Graphic-- (D2)

Story 1 (AQ)

Story 2 (A1)

Story 3 (A2)

For example, a participant who was randomly assigned to Path 1 through the experiment, was
presented with [WO, DO, A0], [W1, D1, Al] and [W2, D2, A2], and was asked to evaluate each
of those three combinations.

Likewise, a participant who was randomly assigned to Path 2 through the experiment, was
presented with [WO, D1, AO], [W1, D2, Al1] and [W2 DO, A2], and was asked to evaluate each
of those three combinations.

By having each participant evaluating just three of the twenty-seven possible permutations
of WAD, the effects of fatigue are reduced. Also, the participant did not rate more than one
distortion of a particular article or website, which makes any crossover effects impossible.

3.4.4 Phase 3: Reflective Questions
Having rated all three websites, the participants were asked the following:

e If they recognised any of the websites used in the experiment, from a provided list of
news websites

e If they considered any of the websites to be particularly biased in general, from a
provided list of news websites

e Which elements, from a multiple-choice list of supplied elements, they consider
contribute to bias

This additional information was stored along with their other responses, and was completely
anonymous.

In addition to this, participants were asked one ‘spike’ question. An image of an article about
dogs was presented to each participant before the first article as part of this experiment. The
participants were required to answer if the article was about dogs or cats, on the same slider
scale as during the experiment, thus ensuring that the participants were paying attention to
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the content being presented to them, and not just responding to the survey at random. This
increases confidence that the responses to the survey were genuine and considered, and
therefore that the conclusions drawn can be considered to reflect reality.

3.5 Bias Rating Scale

Bias was rated by participants on a visual analogue scale, which ranged from 0 to 100. This is
shown in Figure 3.4. This type of scale was chosen as it allows participants to report precisely
the level of bias they determine to be present in the article which they are rating.

An alternative type of scale, which has been used extensively in research in the past, is the
Likert scale. On a Likert scale, the participants report their answer as an approximation which
falls within a grouping of scores. This makes sense when evaluation of results is being carried
out manually, as it makes for more simplified analysis. However, with automatic methods for
data collection and analysis, the greater granularity of the responses made possible on a
continuous scale was possible to utilise. It is for this reason that a continuous scale was
utilised.

Figure 3.4 - The Visual Analogue Scale on which participants rated the perceived level of bias for each
article

Unbiased

A
= -

P ww
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3.6 Participants
The participants for the experiment were sourced through the crowd sourcing marketplace
Prolific Academic3[49].

Participation was limited to the United States of America. This was to help prevent the
participants’ personal opinion of articles presented to them affecting their perception of the
articles’ bias, as each of the news articles used for the experiment was sourced in media
publications from the United Kingdom. With the branding removed from the UK websites, the
likelihood of the American participants recognising the website, or having an opinion as to its
bias, should be reduced [45]. If the participants did have their own strong opinion on the
websites in question, it is likely that this could skew their interpretation of whether or not the
article was biased [38].

The requisite number of participants was determined, using G*Power[56], in order to create
a sufficient statistical power for the results to be meaningful. ANOVA analysis, discussed in

3 www.prolific.ac
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Chapter 5, is generally suitable for this type of experiment, and so calculations were based on
creating a statistical power for ANOVA. A statistical power of .45 or better is sufficient to draw
meaningful conclusions from the research. In order to attain this statistical power, 121
participants would be required. However, in order to have an equal number of participants
per path through the Latin Cube, 126 participants were required; 14 participants per path.

Having an a error probability of <0.05 means that we have a 95% chance of not making a Type
1 error.

Also, with a sample size of 126, there is a >0.95 Statistical Power, or a >95% probability, that
we will detect an effect size of 0.45 when there is an effect to be detected, and not making a
Type 2 error.

With 126 participants, the calculations are as shown in Table 3.4. The effect size, f, shows the
effect size which is being sought. The power shows the probability of not making a Type 2
error for this effect size.

Table 3.4 - Table showing calculations of statistical power for this experiment, from G*Power.

Input Output

F Test

ANOVA: Fixed effects, special, main effects and interactions

Post hoc: Compute achieved power - given a sample size,
and effect size

e  Effectsizef=0.45 e  Noncentrality Parameter = 25.515
. B/aratio=1 . Critical F = 2.0674719

e  Total Sample Size = 126 e  Denominator df =117

e  Numerator df = 8 (levels minus 1) e aerrprob=0.0444294

e Number of groups =9 e [Berrprob=0.0444294

° Power =0.9555706

3.7 Conclusion

The measurement of bias requires participants in the experiment to report their
determination on the perceived level of bias in the article with which they are presented. As
will be discussed in Chapter 5, in order to perform ANOVA analysis on the responses from the
participants it is desirable to record a single continuous dependant variable, and one
categorical independent variable. It was intended when designing the experiment that it
should be suitable for this type of statistical analysis. Therefore, any other variables should
be eliminated, and each participant should be asked to provide just a single piece of data; in
this case, the level of bias in an article.
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Participants are only asked to rate three different images of websites, thus reducing the
possible effects of fatigue. Participants are also asked a spike question to ensure that they are
paying attention before the experiment begins.

Use of Latin Hypercube Sampling provides a method of ensuring that participants are shown
random images from the available selection, and also provides independence of observations
between groups, another requirement for statistical analysis of the data collected.

The use of articles from UK websites, and American participants, along with removed
branding, reduces the possible effects of bias arising from cognitive dissonance, by reducing
the chances of the participants having a strong opinion on the material that they are rating.
The presentation of the websites being kept as close as possible to their original format
reduces the possible effects of bias being affected by the website design. It is important to
mitigate these potential sources of error as much as is possible.

As statistical power of 0.45 is deemed sufficient to draw meaningful conclusions from this first
research into the area; working with a higher statistical power would be economically
prohibitive due to the number of participants required, while this should work to determine
if there are useful results to be found from this experiment. According to Cohen [61], a power
of 0.5 should detect an effect of medium magnitude. By using 0.45, the size which can be
detected is even smaller. The calculations were based on the premise that ANOVA would be
a suitable type of statistical analysis for the data collected in this experiment.
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4. Experiment Apparatus

The survey for this experiment was deployed online, using a custom-built apparatus, on an
Apache virtual machine (VM) in the School of Computer Science and Statistics at Trinity
College, Dublin.

The apparatus is based on that built and used by Brendan Spillane for his web design
experiments at the ADAPT Centre®, but used here with significant modification. The existing
apparatus was designed to accommodate two-dimensional experiments up to a maximum
size of a 9x9 two-dimensional Latin square. While significantly smaller than that size, this
experiment required a framework capable of handling a three-dimensional cube. The
apparatus’ code, therefore, required heavy modification in order to be suitable for this
experiment. This coding was completed and tested locally before being deployed to the VM
for public use.

The apparatus is written primarily in the Python 2.7 programming language using the Django
Framework. The HTML elements of the apparatus are styled using Twitter Bootstrap, and
interactive elements of the design are controlled with JavaScript.

Responses by participants were stored on a MySQL database, running on the same VM as the
front-end website. This was linked to the front-end using python-mysq|l.

The articles were modified for each required level of distortion with branding removed, using
photo editing software. Each of these samples presented to the participants is shown in
Appendix A4.

Each participant partaking in the survey progressed through the steps detailed in Sections 4.1
to 4.10.

4.1 Prolific Academic

The participants were sourced through the crowdsourcing marketplace Prolific Academic®.
Participation was limited to US citizens, living in the USA, and who were at least 18 years old.

Eligible participants saw this experiment advertised on Prolific Academic, chose to partake,
and were brought to the start page of the experiment.

The experiment was advertised on Prolific Academic for four days, from April 27% to April
30t, 2018. Prolific Academic requires that participants are compensated at least £5 for an
hour of participation in surveys. This experiment took approximately 10 minutes, and so each
participant received compensation of £0.85 for their time.

4 https://www.adaptcentre.ie/
5 www.prolific.ac
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4.2 Begin Survey

Participants who chose to partake were first brought to an introduction page where they were
provided with detailed information about the experiment. They were then given the option
to partake in the experiment or return to Prolific Academic. This page, and all subsequent
pages were part of the website running on the VM at Trinity College, Dublin. At this point,
participants clicked to begin their participation in the experiment.

4.3 Participant Information

As per Trinity Research Ethics, participants were presented with information about the
experiment, and were then asked to provide their consent that their responses could be
recorded and used in the analysis of this experiment. This was a prerequisite for participation
in the experiment.

The full content of the participant information and consent pages are show in Appendix A3.

4.4 Instruction Tasks

Having provided their consent in the previous section, participants clicked the button to begin
their participation in the experiment, and in so doing, were randomly assigned to one of the
nine paths through the experiment, as described in Chapter 3, Figure 3.1.

They were then presented with instruction tasks; they were presented with pages which
looked identical to the experiment proper, but were simply used to allow the participants to
familiarise themselves with the experiment apparatus and the interface. Popup windows
provided information to the user on how to partake in the experiment, and the users were
requested to rate the bias of two sample images, as they would do later on in the experiment
proper. These instruction pages are shown in Appendix A7.

4.5 Survey Questions

Before rating any articles as part of the experiment, participants were required to fill in a short
survey. The results of this survey provided background information on the participants,
allowing for contextualisation and greater understanding of their bias ratings.

The users were asked to provide the information detailed in Section 3.4.1.

This information provides information about the participants’ socio-economic and political
background. Though not directly contributing to the findings of the experiment, this
information could be used to explain or contextualise the responses recorded.
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4.6 Spike Question

Having completed the background survey, users were presented with a spike question to
ensure diligence to the task and make sure they were not simply clicking though the
experiment. This article is not part of the experiment data that was assessed and is simply
designed to measure participants’ attention to the task. To this end, participants were shown
an article about dogs. The slider bar at the bottom of the page then asked them to indicate
whether the article was about dogs or cats. Asking this simple and, more importantly,
objective question for which there is a right and a wrong answer goes some way to ensuring
that the participants were in fact paying attention to the experiment, and were giving
considered responses. Any participant who answered the question incorrectly could be
considered to have provided generally erroneous results, and their responses could be
removed from consideration.

4.7 Bias Ratings

Participants then partook in the main part of the experiment, namely rating the bias they
perceived to be present in each WAD combination. Each participant rated three WAD
combinations, on a slider scale from 0 to 100, 0 being unbiased and 100 being extremely
biased, as shown in Figure 3.4. The specific articles which were presented to the participants
depended on which path they had been assigned through the experiment (see Figure 3.1).

After rating all three articles, the participants were then presented with all three again, with
the opportunity to re-evaluate their ratings by comparing all three simultaneously.

Once satisfied with the rating which they had given for each, the participants were then once
again presented with all three articles side-by-side, without seeing their previous rating, and
asked to select the article they considered to be the most biased.

Asking for repeated affirmation of their decisions regarding the bias levels they perceived to
be present in the articles increases confidence that the responses provided by the participants
had been fully considered, and can provide meaningful information from which to draw
conclusions.

4.8 Reflective Survey Questions

Having rated, and re-rated, the articles for their perceived level of bias, the participants were
again asked a number of survey questions, reflecting on the experiment. Each participant was
asked:

e If they recognised any of the websites used in the experiment, from a provided list of
news websites

e If they considered any of the websites to be particularly biased in general, from a
provided list of news websites
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e Which elements, from a multiple-choice list of supplied elements, they consider
contribute to bias

This information is used to provide context to the answers provided. For example, if a user
said that they had recognised some of the websites used, we can no longer assume that their
responses are entirely free of their own bias, from opinions they already had about the
publication. Like the pre-experiment survey, described in Section 4.4, the answers to these
guestions do not directly contribute to the outcome of the experiment, but can be used to
contextualise the responses recorded.

4.9 Debrief

Having completed the entire experiment, participants were presented with a debrief page,
thanking them for their participation and providing them with contact information for the
researchers, whom they could contact with any questions arising from the experiment. The
full content of this page is presented in Appendix A6.

4.10 Submission and Payment

Having read the debrief page, participants were prompted to submit their responses to be
included in the research. Upon clicking the button to do this, their answers were recorded on
a MySQL database, which was hosted on the same Apache VM as the rest of the experiment
apparatus.

The participants were then redirected to the Prolific Academic website, where they received
payment as compensation for their time in completing the experiment.

4.11 Conclusion

The apparatus used in this experiment had previously been employed in two-dimensional
experiments at the ADAPT Centre, but required heavy adaptation for use in this three-
dimensional experiment.

The number of participants required to participate in the experiment was calculated using
G*Power, as discussed in Chapter 3. The design of this experiment ensured that participants
were always fully aware of what information they were expected to provide, and how to
provide it. The design also ensured that responses were well considered, and provided
context to a user’s response decisions.

25



5. Data Analysis

Determining whether or not any bias exists in the data collected requires statistical analysis
of the data. Originally, it was envisaged that analysis for this experiment would be achieved
using one-way ANOVA, or Analysis of Variance tests, and the experiment was designed
accordingly. On examination, it transpired that the data collected did not satisfy the
assumptions for ANOVA as there were a number of significant outliers in the bias ratings, and
so the Kruskel-Wallis H Test was performed instead. All tests were run using SPSS 25.

5.1 ANOVA Assumptions

There are six assumptions which an experiment and its resulting dataset must satisfy for
ANOVA to be considered an appropriate test for that data:

1. There must be just one dependent variable, which must be continuous. In this case,
that variable is the reported bias, which was reported on a continuous slider scale
from 0 to 100 by the participants.

2. There must be one independent variable, which is categorical. In this case, that
independent variable is one of either the Website, the Article, or the Distortion,
depending on which dimension of the experiment is being examined at a particular
time. Only one is examined at a time, which means that this assumption is satisfied.

3. There must be independence of observations. This is achieved by the Latin Hypercube
Sampling experiment design, discussed in Chapter 3. This design ensures that the way
that participants traverse the Latin Cube design guarantees independence of
observations, by maintaining each randomly assigned group on separate paths
through the cube.

4. There should be no significant outliers in the groups.

5. The dependent variable should be approximately normally distributed.

6. The variances of each variable should be approximately equal.

Assumptions 1, 2 and 3 are satisfied by the experiment design.

Assumptions 4, 5 and 6 depend entirely on the responses provided to the experiment by the
participants. While it can often be expected that the responses will satisfy these assumptions,
the data set must be tested to confirm that this is the case before an ANOVA analysis can be
considered appropriate for the dataset.

Having collected all of the data for this experiment, the data failed Assumption 4; there were
a small number of significant outliers, see Figure 5.1.
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Figure 5.1 - Boxplot showing data collected for all twenty-seven combinations of WAD presented to
participants. Significant outliers are seen represented by circles (more than one box-length), and
asterisks (more than three box-lengths). Note that the numbers associated with the outliers are the
unique identification numbers for those points in the dataset, and not the values of those points.

As there was no reason to reject these outlying data-points as being erroneous, it was
necessary to include these in the statistical analysis. Consequently, ANOVA was unsuitable for
analysis in this experiment, and an alternative, the Kruskel-Wallis H Test was used instead.

5.2 Kruskel-Wallis H Test Assumptions

Having rejected ANOVA as a suitable statistical test for use on this dataset, the Kruskel-Wallis
H Test was chosen as a suitable alternative. This test, like ANOVA, is suitable for determining
the relative differences between groups on a scale, which for this experiment is the bias
rating. Importantly, the Kruskel-Wallis H Test is suitable for analysis on datasets with outliers,
which is a necessity for the data collected in this experiment, as significant outliers exist.

For the Kruskel-Wallis H Test, the data must satisfy four assumptions, which are similar to the
ANOVA assumptions, in order for this test to be suitable:

1. There must be just one dependent variable, which can be either continuous ordinal.
In this case, that variable is the reported bias, which was reported on a continuous
slider scale from 0 to 100 by the participants.

2. There must be one independent variable, which is categorical. In this case, that
independent variable is one of either the Website, the Article, or the Distortion,
depending on which dimension of the experiment is being examined at a particular
time. Only one is examined at a time, which means that this assumption is satisfied.
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3. There must be independence of observations. This is satisfied by the experiment
design as discussed in section 5.1.

4. Adetermination must be made of whether the distribution of scores of the dependent
variable has the same or different shape for each of the independent variables, as
shown in Figure 5.2. The test is suitable whether or not the shape is the same, but the
alternative hypothesis is different depending on this determination. This
determination is made for the data each time the test is run, which for this experiment
is twenty-seven times over the three dimensions of the experiment cube.

As the data collected from the participants in this experiment satisfies these assumptions, the
Kruskel-Wallis H Test is a suitable statistical method.

5.3 Kruskel-Wallis H Test Hypotheses

The research question which this experiment aims to answer is, “To what extent do the
information graphics accompanying a news article impact upon the perceived bias of the
article?”. This requires determining if the perceived level of bias changes when a graphic is
introduced, and if so what the nature of that change is. This is achieved by comparing the bias
ratings at the three levels of distortion and for the three websites and news stories as
discussed in Chapter 3.

The Kruskel-Wallis H Test can be used to determine if any differences observed in the
collected data are statistically significant. The hypotheses which the Kruskel-Wallis H Test
tests for are very similar to the hypotheses for ANOVA, and so it provides a suitable alternative
test for this experiment. As this is a parametric test, unlike ANOVA, this test is suitable for
datasets with significant outliers, which is a necessity for analysis of the data collected in this
experiment.

The responses are grouped by their WAD combinations from the Latin Cube outlined in
Chapter 3. The Kruskel-Wallis H Test is performed on each level of WAD, for each dimension
of the cube. This means that twenty-seven tests are carried out on the experiment cube in
total. The outcome of each test is either the rejection or retention of the null hypothesis, and
in the case of rejection, the acceptance of the alternative hypothesis.

5.3.1 The Null Hypothesis

The null hypothesis (Ho), which is assumed, in a Kruskel-Wallis H Test is:
Ho: The distribution of scores for the groups are equal.

For this experiment, the scores are the bias ratings by participants, and the groups are the
combinations of WAD.

As it is highly improbable that a set of data will contain identical data in different independent
groups, a determination must be made for what is a statistically significant difference in order
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to reject the null hypothesis. For Kruskel-Wallis H Tests, this is determined by p-values. As is
standard practice, a p-value of 0.05 was used to test for significance in this experiment.

5.3.2 Alternative Hypothesis

Alternatively, if the relative levels of bias between groups is found to be statistically
significant, the null hypothesis must be rejected. This implies that the alternative hypothesis
(H1) may be accepted. Consequently, we determine that the averages of the populations are,
in fact, different, and we can say with 95% certainty that the levels of bias are different in at
least one of the three groups.

shift in location Hispanic > African American > Caucasian

Caucasian African American Hispanic
A B . .

Caucasian African American Hispanic

count
count

Y

median median median engagement score

engagement score

Figure 5.2 - Example illustration showing three different groups whose distribution is different, with
distributions of the same shape (left), and different shape (right). Image source: Laerd Statistics®

Depending on whether the shapes of the distributions are equal, as per the example in Figure
5.2, determined in Assumption 4, the alternative hypothesis can be described in different
ways. There is no generally accepted numerically rigorous approach to determining whether
the shapes of the distributions are equal or not, and so this determination is made visually.
For this experiment, that determination was made using box-plots of the data for each group.
This is a standard approach.

If Assumption 4 is violated, and the shapes of the distributions are not similar then the
alternative hypothesis states:

Hi: The mean ranks for the groups are not equal.

This means that there is evidence that the level of bias reported at least one of the groups is
statistically significantly different from the others. This means that bias has been found to

exist. The precise extent to which the groups differ is found by comparing the mean ranks of
the groups.

5 https://statistics.laerd.com/
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Rejecting the null hypothesis, and consequently accepting the alternative hypothesis in all
cases means that a statistically significant change in the levels of perceived bias has been
detected in this experiment.

5.4 Kruskal-Wallis H Test Results

As mentioned in the previous section, whether or not to accept the null hypothesis is based
on p-values. P-values become more accurate the larger the population size, but are
considered appropriate for use once the population sample size is greater than five. The
increase in accuracy is asymptotic, meaning that as the sample size increases, the rate of
increase in the accuracy of the results reduces.

For this experiment, a p-value of <0.05 is considered to be statistically significant, as is
standard practice. That is to say, a test result with a p-value of <0.05 will be sufficient to reject
the null-hypothesis.

The p-value is calculated from the H-Statistic, which is the result of the experiment, and the
number of degrees of freedom, which is the number of groups minus one. The H-Statistic
approximately follows an x? distribution for the relevant number of degrees of freedom. For
all tests of bias in this experiment, the number of degrees of freedom is two, as there are
three groups in each of the three dimensions of the experiment cube.

5.5 Conclusion

In order to answer the research question proposed for this research, first a determination
must be made as to whether or not the levels of bias are changed significantly by the
introduction of graphics to news articles. The experiment was set up so that it would pass the
first three assumptions necessary to undertake an ANOVA. However, the resulting data
provided by the participants meant that there were too many outliers in the data and as a
result it failed Assumption 4, rendering the dataset unsuitable for ANOVA analysis.

The Kruskel-Wallis H Test provides a suitable alternative to ANOVA. The test is suitable for
determining a difference between the results reported by each group, but can do so
regardless of whether or not there are outliers in the groups, or the distributions of responses
are balanced. It was therefore used for analysis in this experiment.

The nature of any change found between the perceived levels of bias for each group, is
determined by comparing either the mean rank or the median of the groups, depending on
whether or not the distributions for each group had the same shape.

Accepting or rejecting the Kruskal-Wallis H Test’s null hypothesis for these tests determined
whether the level of bias perceived in articles was found to be affected by the use of
information graphics accompanying those articles, answering the research question.
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6. Results

This chapter details the results, following statistical analysis, of the bias ratings provided by
participants in the experiment. The full data collected and used in this analysis is presented
in Appendix Al.

The results shown below for each Kruskal-Wallis H Test carried out, comprise:

e A box plot, showing the reported levels of bias for each independent group being
tested. The horizontal black line through the boxes shows the mean rank for each
group.

e Atable showing the mean value, and standard deviation for each independent group
being tested. The mean value is on a scale from 0 to 100, as this is the range of
responses allowed by the experiment apparatus.

e The decision on whether to accept or reject the null hypothesis, and the following key
statistics drawn from the results

o The H Test Statistic, presented as Chi-squared, and represented by X2(N-1),
where N is the number of groups being tested.

o The p-value of the results, used to accept or reject the null hypothesis. A p-
value of <0.05 is considered sufficient to reject the null hypothesis.

A full summary of these results is provided in Section 6.6. These results, including the
visualisations, were generated using SPSS 25, as noted in Chapter 5.

6.1 Experiment Participants

The experiment was run, and all data collected over four days from April 27t to April 30t,
2018. 124 complete responses were gathered and considered for statistical analysis. A
breakdown of the participants’ demographics is shown in Figure 6.1 and 6.2. The vast majority
of participants were aged between 18 and 40 years old. 70 of the participants, or 56%,
identified themselves as being male. 52 of the participants, or 42%, identified as female.
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Figure 6.1 - The age distribution of participants
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Figure 6.2 - Number of participants by gender

A full breakdown of all responses to the experiment are shown in Appendix Al and Appendix
A2.

6.2 How to Read the Kruskel-Wallis H Test Results

This section is designed to show how the results presented in this chapter should be
interpreted.

The determination on if the groups had a distribution of equal shape was made on the shape
of the box plots for those groups. This decision is not dependent on how high or low the
distribution is grouped on the vertical axis, but only on its height and the location of the mean
rank within it, represented by the horizontal black line.

Regardless of whether or not the distributions were of equal shape, the Kruskel-Wallis H Test
tests for the relative locations of the distribution on the vertical axis. The resulting score, the
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H-statistic, is in fact a Chi-squared score for the test. As such, it is presented as X?(N-1), for N
groups, as this is a more familiar statistic to many.

One of the results for this experiment is explained in detail in Section 6.2.1. All other results

may be interpreted similarly.

6.2.1 Sample breakdown of results for a Kruskel-Wallis H Test interpretation

Independent-Samples Kruskal-Wallis Test

100.00—
Bias Repored
80.00—
E —r Image Being Tested Mean Std. Deviation
=] —
g o WOAODO.jpg 38.92 13 30.404
% 40.00 WioATDO.jpg 4538 17 28.2485
20,001 L WOAZDO jpg 16.50 12 10775
Total 3533 42 27716

0.00 T T T
WOADDO jpg WOATDO jpg WOAZDO jpg
Image Being Tested

Figure 6.12 - Results of the Kruskal-Wallis H Test for WODO

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each article differed significantly from one another, X?(2) = 7.393, p = 0.025. The
null hypothesis is rejected.

6.2.1.1 Boxplots

The boxplot in the top left of figure 6.12 shows the distributions for the three groups being
tested. In this case they are the groups of users who experienced WOAODO, WOA1DO, and
WOA2DO. It can be seen that the shapes of the three distributions of bias rating results are
different from each other. The leftmost box has the largest distribution, and the rightmost
box has the smallest distribution. This can also be confirmed with reference to the standard
deviation, shown in the table on the right. It can also be seen that the median, the horizontal
black line through each box plot, cuts the three boxes into different proportions. This is
another indication that the distributions are not equal.

6.2.1.2 H-Statistic

To make a determination on whether or not to reject the null hypothesis for each test, the H
statistic is calculated by running the Kruskal-Wallis H Test in SPSS 25. This is calculated by
assigning a “rank” to each data point (bias rating), from 1 to n, beginning with the lowest bias
rating, and working upward from there. A mean value is then found for the ranks which have
been assigned to each group. This is called the mean rank for that group.

For example, the mean rank for the sample data set shown in Table 6.1 would be calculated
as follows. Note, the data in Table 6.1 has been generated purely for explanation purposes,
and is not real data from the experiment.
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Table 6.1 - Sample dataset with three groups of bias ratings.

WOAODO Bias Ratings | WOAOD1 Bias Ratings | WOAOD2 Bias Ratings
15 45 18
32 63 22
43 42 46
17 19 82
14 32 53
28 61 37
53 25 46
26 36 57

1. The bias ratings are put in an ordered list and ranked from smallest to highest.

Table 6.2- Sample dataset with three groups of bias ratings with ranks

WOAODO WOAOD1 WOAOD?2

Bias Rating Rank Bias Rating Rank Bias Rating Rank
15 2 45 15 18 4

32 9 63 23 22 6

43 13 42 12 46 16
17 3 19 5 82 24
14 56 20 54 19
28 8 61 22 37 11
53 18 48 17 44 14
26 7 36 10 57 21

2. The mean rank of each group is calculated. This is the arithmetic mean of the ranks

assigned to that group.
Mean Rank for Group 1: (2+9+13+3+1+8+18+7)/8=61/8 =7.625
Mean Rank for Group 2: (15+23 +12+5+20+22 +17 +10)/8 =124/8 =15.5
Mean Rank for Group 3: (4+6+16+24+19+ 11+ 14 +21)/8 =115/8 = 14.375

3. The Kruskal-Wallis H Test then makes a comparison based on these mean ranks,

rather than a comparison of the bias rating values themselves. This is the most

suitable comparison of the distributions, as it takes into account the different

distributions for each group.

The H-statistic is calculated using equation 1.
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H = n(n+1) f=1nj] 3(Tl+1) )

where, n = sum of sample sizes for all samples, ¢ = number of samples, T; = sum of ranks of
the j™ sample, and n; = size of the j*" sample.

For the sample data in Table 6.1, this would be calculated, using Equation 1 as follows.

H —12 C sz 3 1
B n(n+1)2n_j_ (n+1)
]=

_ l 12 (612 1242 1152

2424+ \8 8 ' 8 )l_3(24+1)

[ 12 16161

= X —
600 4

H = 5.805

The H-statistic, which is the result of the Kruskal-Wallis H Test, is often reported in the more
familiar form of a chi-squared score. For this sample breakdown, the H-statistic is H = X?(2) =
5.805, indicating that the experiment has two degrees of freedom. Higher H-statistics indicate
a greater variance between the bias levels reported for each group. Similarly, lower H-
statistics indicate a smaller variance between the bias levels reported for each group.

6.2.1.3 Hypothesis Testing and p-values
Using this H-statistic, and knowing the number of degrees of freedom, the p-value can be
found, either by calculation or using tables for the Chi-squared distribution.

Using the Chi-square tables, as shown in Appendix A9, it can be seen that for a H-statistic/Chi-
squared score of 5.805, with two degrees of freedom, the p-value is in the range 0.10 > p >
0.05. As is standard practice, a p-value of <0.05 has been used in this experiment to determine
significance. Having a p-value below 0.05 indicates that the null hypothesis can be rejected.
For this example, p > 0.05, and therefore the null hypothesis is retained. This indicates that
the difference between the bias reported for the groups is not statistically significant.
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6.3 Bias Levels by Distortion

This section focusses on the outcome of the Kruskal-Wallis H Test for each combination of

website and article. This directly compares the effects of distorting the graphic presented to

users, without consideration of the website or article chosen.

For brevity, only the significant results are explored in detail.

6.3.1 WOAO (D0/D1/D2) — The Daily Mail, CPI Inflation

Independent-Samples Kruskal-Wallis Test

100.00-

80.00

60.007
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T
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Image Being Tested Mean [+ Std. Deviation
WOADDO jpg 38.92 13 30.404
WOADDA jpg 53.07 14 34.582
WOADD 2 jpg 47.00 14 22185
Total 46.51 41 28.322

|
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WOAOD1 jpg
Image Being Tested

T
WOAODZ jog

Figure 6.3 — Results of the Kruskal-Wallis Test for WOAOQ

The distributions of bias for each distortion were not similar for all groups. The values of bias

reported for each distortion differed from one another, but the differences were not

statistically significant, H = X?(2) = 1.451, p = 0.484. The null hypothesis is retained.

6.3.2 WOA1 (DO/D1/D2) — The Daily Mail, Bitcoin Prices

Independent-Samples Kruskal-Wallis Test
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Total 35.28 47 Tz

Figure 6.4 - Results of the Kruskal-Wallis H Test for WOA1



The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each distortion differed from one another, but the differences were not
statistically significant, H = X3(2) = 4.382, p = 0.112. The null hypothesis is retained.

6.3.3 WOA2 (D0O/D1/D2) — The Daily Mail, Life Expectancy

Independent-Samples Kruskal-Wallis Test

100,00

80,00+
G0.007

40.00

ol B

0.00

Bias Reported
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|
WOA2DD jpg WOAZD1 jpg
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Bias Reported
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WOAZDO0.jpg 16.5000 12 10.77455
WOAZD1 jpg 27 GEET 12 31.93838
WO0AZD2.jpg 361667 12 38.36389
Total 267778 36 2877162

Figure 6.5 - Results of the Kruskal-Wallis H Test for WOA1

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each distortion differed from one another, but the differences were not
statistically significant, H = X2(2) = 0.164, p = 0.921. The null hypothesis is retained.

6.3.4 W1A0 (DO/D1/D2) —The BBC, CPI Inflation

Independent-Samples Kruskal-Wallis Test

100.007

80.00+ —|—

50.00

40.007

Bias Reported

2000

T

L
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Bias Reported

Image Being Tested Mean [+ Std. Deviation
W1ADDO jpg 43.58 12 38.242
W1ADD1 jpg 28.08 12 25.040
W1ADD2 jpg 3617 12 25665
Total 3594 36 30.082

Figure 6.6 - Results of the Kruskal-Wallis H Test for W1A0

The distributions of bias for each distortion were not similar for all groups. The values of bias

reported for each distortion differed from one another, but the differences were not
statistically significant, H = X?(2) = 1.180, p = 0.554. The null hypothesis is retained.
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6.3.5 W1A1 (D0/D1/D2) — The BBC, Bitcoin Prices

Independent-Samples Kruskal-Wallis Test

10000 Bias Reported
—‘7 —‘7 Image Being Tested Mean I Stl. Deviation
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E W1A1D0 jpa 27.29 14 30.040
2 —|
g0 W1A1D1 jpg 37.69 13 34.565
2]
& 40007 W1A1D2 jpa 4393 14 29.531

2000 L Total 36.27 4 31.378

0.00 I | T
W1 A1DD jog WIATD1 jog WIA1D2 jog
Image Being Tested

Figure 6.7 - Results of the Kruskal-Wallis H Test for W1A1

The distributions of bias for each distortion were not similar for all groups. The values of bias

reported for each distortion differed from one another, but the differences were not
statistically significant, H = X3(2) = 2.593, p = 0.274. The null hypothesis is retained.

6.3.6 W1A2 (DO/D1/D2) — The BBC, Life Expectancy
Independent-Samples Kruskal-Wallis Test

Bias Reported

100.00 -1

_ o] T Image Being Tested Mean [+ Std. Deviation
g W1AZDOjpg 36.86 14 29.284
& G0.00
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Figure 6.8 - Results of the Kruskal-Wallis H Test for W1A2

The distributions of bias for each distortion were not similar for all groups. The values of bias

reported for each distortion differed from one another, but the differences were not
statistically significant, H = X?(2) = 1.983, p = 0.371. The null hypothesis is retained.
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6.3.7 W2A0 (D0/D1/D2) — The Guardian, CPI Inflation

Independent-Samples Kruskal-Wallis Test

Bias Reported
100.00
Image Being Tested Mean I Stil. Deviation
80.00—
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Figure 6.9 - Results of the Kruskal-Wallis H Test for W2A0

The distributions of bias for each distortion were not similar for all groups. The values of bias

reported for each distortion differed from one another, but the differences were not
statistically significant, H = X?(2) = 1.036, p = 0.596. The null hypothesis is retained.

6.3.8 W2A1 (D0/D1/D2) — The Guardian, Bitcoin Prices
Independent-Samples Kruskal-Wallis Test
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100.00
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Figure 6.10 - Results of the Kruskal-Wallis H Test for W2A1

The distributions of bias for each distortion were not similar for all groups. The values of bias

reported for each distortion differed from one another, but the differences were not

statistically significant, H = X2(2) = 1.224, p = 0.542. The null hypothesis is retained.
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6.3.9 W2A2 (D0O/D1/D2) — The Guardian, Life Expectancy

Independent-Samples Kruskal-Wallis Test
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Figure 6.11 - Results of the Kruskal-Wallis H Test for W2A2

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each distortion differed from one another, but the differences were not
statistically significant, H = X2(2) = 5.638, p = 0.060. The null hypothesis is retained.

6.3.10 Overview of Results

There was no statistically significant difference found between the levels of bias reported for

articles presented with or without graphics. In all nine cases, the null hypothesis, that the bias

for each distortion was not statistically different from the other distortions, was retained.

These results are discussed more fully in Section 7.1.
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6.4 Bias Levels by News Story

This section details the outcome of the Kruskal-Wallis H Test for each combination of website

and distortion. This directly compares the bias reported for each story, on the same website

and for the same level of distortion.

6.4.1 WODO (AO/A1/A2) — The Daily Mail, no graphic
Independent-Samples Kruskal-Wallis Test
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Figure 6.12 - Results of the Kruskal-Wallis H Test for WODO

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each article differed significantly from one another, H = X(2) = 7.393, p = 0.025.

The null hypothesis is rejected.

This indicates that a statistically significant difference has been detected between the levels
of bias reported for the each of the Daily Mail articles. It can be seen that the article about
life expectancy (A2) was considered the least biased. This result is particularly important when

compared to the other results for other distortions of the Daily Mail.

6.4.2 WOD1 (AO/A1/A2) — The Daily Mail, original graphic

Independent-Samples Kruskal-Wallis Test
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Figure 6.13 - Results of the Kruskal-Wallis H Test for WOD1

The distributions of bias for each distortion were not similar for all groups. The values of bias

reported for each distortion differed from one another, but the differences were not
statistically significant, H = X?(2) = 4.913, p = 0.086. The null hypothesis is retained.

41



6.4.3 WOD2 (AO/A1/A2) — The Daily Mail, experiment graphic

Independent-Samples Kruskal-Wallis Test
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Figure 6.14 - Results of the Kruskal-Wallis H Test for WOD2

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each distortion differed from one another, but the differences were not
statistically significant, H = X2(2) = 2.832, p = 0.243. The null hypothesis is retained.

6.4.4 W1DO (AO/A1/A2) — The BBC, no graphic

Independent-Samples Kruskal-Wallis Test
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Figure 6.15 - Results of the Kruskal-Wallis H Test for W1DO

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each distortion differed from one another, but the differences were not
statistically significant, H = X?(2) = 1.175, p = 0.556. The null hypothesis is retained.
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6.4.5 W1D1 (AO/A1/A2) — The BBC, original graphic

Independent-Samples Kruskal-Wallis Test
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Figure 6.16 - Results of the Kruskal-Wallis H Test for W1D1

The distributions of bias for each distortion were not similar for all groups. The values of bias

reported for each distortion differed from one another, but the differences were not
statistically significant, H = X2(2) = 3.726, p = 0.155. The null hypothesis is retained.

6.4.6 W1D2 (AO/A1/A2) — The BBC, experiment graphic

Independent-Samples Kruskal-Wallis Test
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Figure 6.17 - Results of the Kruskal-Wallis H Test for W1D2

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each distortion differed from one another, but the differences were not
statistically significant, H = X2(2) = 0.79, p = 0.688. The null hypothesis is retained.
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6.4.7 W2DO (AO/A1/A2) — The Guardian, no graphic

Independent-Samples Kruskal-Wallis Test
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Figure 6.18 - Results of the Kruskal-Wallis H Test for W2D0

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each distortion differed from one another, but the differences were not

statistically significant, H = X2(2) = 5.343, p = 0.069. The null hypothesis is retained.

6.4.8 W2D1 (AO/A1/A2) — The Guardian, original graphic

Independent-Samples Kruskal-Wallis Test
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Figure 6.19 - Results of the Kruskal-Wallis H Test for W2D1

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each distortion differed from one another, but the differences were not

statistically significant, H = X2(2) = 4.788, p = 0.091. The null hypothesis is retained.
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6.4.9 W2D2 (AO/A1/A2) — The Guardian, experiment graphic

Independent-Samples Kruskal-Wallis Test
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Figure 6.20 - Results of the Kruskal-Wallis H Test for W2D2

The distributions of bias for each distortion were not similar for all groups. However, the
values of bias reported for each article differed significantly from one another, H = X?(2) =
12.378, p = 0.002. The null hypothesis is rejected.

This indicates that a statistically significant difference was detected in the reported levels of
bias for each article in The Guardian at the D2 level of distortion. The level of bias reported
for the article about life expectancy (A2), was significantly lower than for the other two
articles. This result is particularly important when compared to the results in Sections 6.4.7
and 6.4.8, where the differences were not statistically significant for the other levels of
distortion of The Guardian website.

6.4.10 Overview of Results

There was a statistically significant difference detected between the bias reported for the
Daily Mail at the DO level of distortion, and for The Guardian at the D2 level of distortion.
There was no significantly significant difference detected between the bias ratings of articles
for any other website or level of distortion. Although this test was specifically a comparison
of different articles for each website, at each level of distortion, a further inference can be
made. Given that the only difference between the presentations within the group of sections
6.4.1 — 6.4.3, within the group of sections 6.4.4 — 6.4.6 and also within the group of sections
6.4.7 — 6.4.9, is the level of distortion, and the H-statistic for each of these tests is different
(sometimes notably different), this tells us that the level of distortion (DO / D1 / D2) is having
an effect on the level of bias perceived. This indicates that the graphics accompanying the
news articles have an effect on the level of bias perceived for the article as a whole.
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6.5 Bias Levels by Website

This section details the outcome of the Kruskal-Wallis H Test for each combination of article
and distortion. This directly compares the bias reported for each website’s reporting of the

same story, and at the same level of distortion.

6.5.1 AODO (WO/W1/W2) — CPI Inflation, no graphics

Independent-Samples Kruskal-Wallis Test
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Figure 6.21 - Results of the Kruskal-Wallis H Test for AODO

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each distortion differed from one another, but the differences were not
statistically significant, H = X?(2) = 1.781, p = 0.411. The null hypothesis is retained.

6.5.2 AOD1 (WO/W1/W2) — CPI Inflation, original graphics

Independent-Samples Kruskal-Wallis Test
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Figure 6.22 - Results of the Kruskal-Wallis H Test for AOD1

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each distortion differed from one another, but the differences were not
statistically significant, H = X2(2) = 4.722, p = 0.094. The null hypothesis is retained.
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6.5.3 AOD2 (WO/W1/W2)— CPI Inflation, experiment graphics

Independent-Samples Kruskal-Wallis Test
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Figure 6.23 - Results of the Kruskal-Wallis H Test for AOD2

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each distortion differed from one another, but the differences were not
statistically significant, H = X2(2) = 4.730, p = 0.094. The null hypothesis is retained.

6.5.4 A1DO (WO/W1/W?2) — Bitcoin Prices, no graphics

Independent-Samples Kruskal-Wallis Test
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Figure 6.24 - Results of the Kruskal-Wallis H Test for A1DO

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each distortion differed from one another, but the differences were not
statistically significant, H = X2(2) = 4.763, p = 0.092. The null hypothesis is retained.
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6.5.5 A1D1 (WO/W1/W?2) — Bitcoin Prices, original graphics

Independent-Samples Kruskal-Wallis Test
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Figure 6.25 - Results of the Kruskal-Wallis H Test for A1D1

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each distortion differed from one another, but the differences were not

statistically significant, H = X2(2) = 3.635, p = 0.162. The null hypothesis is retained.

6.5.6 A1D2 (WO/W1/W2) — Bitcoin Prices, experiment graphics

Independent-Samples Kruskal-Wallis Test
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Figure 6.26 - Results of the Kruskal-Wallis H Test for A1D2

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each distortion differed from one another, but the differences were not

statistically significant, H = X?(2) = 1.365, p = 0.505. The null hypothesis is retained.
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6.5.7 A2D0 (WO/W1/W2) — Life Expectancy, no graphics

Independent-Samples Kruskal-Wallis Test
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Figure 6.27 - Results of the Kruskal-Wallis H Test for A2D0

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each distortion differed from one another, but the differences were not
statistically significant, H = X2(2) = 3.730, p = 0.155. The null hypothesis is retained.

6.5.8 A2D1 (WO/W1/W?2) — Life Expectancy, original graphics

Independent-Samples Kruskal-Wallis Test
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Figure 6.28 - Results of the Kruskal-Wallis H Test for A2D1

The distributions of bias for each distortion were not similar for all groups. However, the
values of bias reported for each article differed significantly from one another, H = X?(2) =
7.847, p = 0.020. The null hypothesis is rejected.

This means that a statistically significant difference was detected between the levels of bias
reported for the different website’s reporting on life expectancy, with the articles presented
in their original format with the original graphic. The BBC had a significantly higher level of
perceived bias than the Guardian in their article. This result is particularly important when
taken in comparison to the results detailed in Sections 6.5.7 and 6.5.9. For those other results,
no difference of statistical significance was detected, suggesting that the level of distortion
had an effect on the level of bias perceived for the article.
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6.5.9 A2D2 (WO/W1/W2) — Life Expectancy, experiment graphics

Independent-Samples Kruskal-Wallis Test
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Figure 6.29 - Results of the Kruskal-Wallis H Test for A2D2

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported for each distortion differed from one another, but the differences were not
statistically significant, H = X2(2) = 5.191, p = 0.075. The null hypothesis is retained.

6.5.10 Overview of Results

There was a statistically significant difference detected between the three websites’ reporting
the A2 article, at the D1 level of distortion. No other combinations of article and distortion
produced any significantly different results between websites.

Although this test was specifically a comparison of different websites for each article, at each
level of distortion, a further inference can be made. Given that the only difference between
the presentations within the group of sections 6.5.1 — 6.5.3, within the group of sections 6.5.4
—6.5.6 and also within the group of sections 6.5.7 — 6.5.9, is the level of distortion, and the H-
statistic for each of these tests is different (sometimes notably different), this tells us that the
level of distortion (DO / D1 / D2) is having an effect on the level of bias perceived. This
indicates that the graphics accompanying the news articles have an effect on the level of bias
perceived for the article as a whole.
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6.6 Summary of Results

Table 6.3 — A summary of the key statistics generated by the results for this experiment, and the

decision to retain or reject the null hypothesis

Independent | Sample H Test Result p-value Null Hypothesis
Variable (REJECT if p-value
Being Tested < 0.05)
DO, D1, D2 WOAO 1.451 0.484 Retain
WOA1 4.832 0.112 Retain
WO0A2 0.164 0.921 Retain
W1AO0 1.180 0.554 Retain
W1A1l 2.593 0.274 Retain
W1A2 1.983 0.371 Retain
W2A0 1.036 0.596 Retain
W2A1 1.224 0.542 Retain
W2A2 5.638 0.060 Retain
A0, A1, A2 WO0DO 7.393 0.025 REJECT
WO0D1 4913 0.086 Retain
WO0D2 2.832 0.243 Retain
W1DO0 1.175 0.556 Retain
W1D1 3.726 0.155 Retain
W1D2 0.79 0.688 Retain
W2DO0 5.343 0.069 Retain
W2D1 4.788 0.091 Retain
W2D2 12.378 0.002 REJECT
W0, W1, W2 | AODO 1.781 0.411 Retain
AOD1 4.722 0.094 Retain
AOD2 4.370 0.094 Retain
A1DO 4.763 0.092 Retain
A1D1 3.635 0.162 Retain
A1D2 1.365 0.505 Retain
A2D0 3.370 0.155 Retain
A2D1 7.847 0.020 REJECT
A2D2 5.191 0.075 Retain
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6.7 Conclusions

6.7.1 Bias Rating Results

Although differences were found in the levels of bias reported between different groups, for
only three of the twenty-seven permutations of this experiment was that difference
considered statistically significant. There is no obvious trend in the rejection of the null
hypothesis for these samples.

Crucially, for answering the research question, none of the differences found in relation to
the different levels of graphical distortion (DO, D1, D2) was found to be statistically significant.

Therefore, no statistically significant evidence has been found to support the proposition that
the level of perceived bias can be affected by the graphics accompanying a news article.

6.7.2 Level of Significance
While the differences were determined not to be statistically significant, there were small

differences between each group tested. There were some which were close to achieving
statistical significance; eleven of the twenty-seven tests had p-values of <0.1, as seen in Figure
6.30.
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Figure 6.30 — The p-values for each of the tests carried out on the bias ratings. The horizontal red line
signifies p=0.1

The limit of p=0.05, which was used in this experiment as the determining factor for
significance, is the standard used for such tests. However, this value is somewhat arbitrary,
and while rejection of the null hypothesis would have given a clear result, the retention of the
null hypothesis in most of these cases does not tell the whole story. Differences do exist
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between the different groups, and these are discussed in Chapter 7. Also, a wealth of other
data was also collected during the experiment on the participants’ backgrounds, which is also
discussed in Chapter 7.
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7. Discussion of Results

This chapter will focus on analysis of the results detailed in Chapter 6, and will also contain
discussion about the other data obtained in the survey section of the experiment.

The full set of responses recorded from the participants is given in Appendix A1 and Appendix
A2.

7.1 Bias Rating Results

The results obtained from this experiment, as detailed in Chapter 6, show that graphics
accompanying news articles can have some impact on the level of bias perceived in the
articles. However, the tests in this experiment found many of these effects to be very small,
and very little evidence of these effects being statistically significant.

The tests which directly examine the difference between bias levels for different distortions
of the same website and articles found no statistically significant difference across any of the
distortion levels. There were differences observed in seven of the nine such tests, but these
were too small to be deemed statistically significant.

7.1.1 The Daily Mail

For each article taken from the Daily Mail (WO0), the addition of a graphic had a different effect,
one increasing the perceived bias (A0), one reducing the perceived bias (A1), and one making
no discernible difference (A2), as can be seen in Figures 6.1 — 6.3. In both cases where the
addition of a graphic caused a large change in the level of bias, the second distortion (D2)
actually served to moderate this effect; the second distortion was never considered the most
or least biased, but was actually roughly half way between. Although the different distortions
did not much affect the mean-rank for the third article (A2), there were very different
distributions for the results of each, with the responses becoming more distributed with each
distortion.

It is clear, therefore that while the graphic had some effect on the perceived bias of the
articles, what that effect was depended on the articles and graphics.

7.1.2 The BBC

Similar results were seen across the samples taken from the BBC (W1), as seen in Figures 6.4
— 6.6. Here, again, the addition of a graphic changed the bias level where compared to when
the article was presented without a graphic. Once again, the second level of distortion was
never perceived as being the most biased. Also, similar to the results for the Daily Mail was
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the result that for the third article (A2), the most significant change in bias levels was that the
responses became more widely distributed as the distortion level increased.

Again, it is clear that the graphic accompanying the articles had an effect on the perceived
level of bias for that article. It is notable that, like for the Daily Mail, the graphic for the D2
level of distortion served to divide opinion among participants rather than to change the
overall average of their responses.

7.1.3 The Guardian

Finally, for the Guardian (W2), bias levels appear to have been affected to a much smaller
extent by the distortions, as seen in Figure 6.7 — 6.9. Overall, the responses to these samples
had a much smaller distribution, indicating larger consensus among participants on the
presence of bias in the samples.

It is particularly notable that the difference between the DO level of distortion, with no
graphic, and the D1 level of distortion, with original graphic, was negligible across all three
articles. This indicates that just the addition of the graphic alone did not serve to alter the
level of bias perceived to be present in the article it accompanied.

7.1.4 Website and Article Dimensions

Tests across the other dimensions of the experiment cube further underline that the graphics
accompanying news articles do have some effect on the perceived bias of the article, as the
relative differences between articles and websites changes, sometimes significantly, between
tests on different levels of distortion.

For example, as seen in Figure 6.10, there is a statistically significant difference between the
levels of bias reported for each article. As seen in Figure 6.11 and Figure 6.12, for the other
levels of distortion, the difference between the groups is not statistically significant. This is
possible only by the relative change in bias owing to the changes in the distortion, as the
articles and websites remain the same.

Similar conclusions can be drawn for both other cases where the null hypothesis was rejected
(W2D2 and (A2D1).

7.1.5 Impact of Distortions

The differences observed between the distortions with no graphic present (D0), and the
distortions with graphics added (D1 and D2), were not statistically significant, but still warrant
explanation.

The difference is unlikely to be simply a matter of the website design changing, as it can be
seen in Figures 6.3, 6.7, 6.8, and 6.9, that there is no considerable change in the bias rating
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with the addition of a graphic (D1), compared to when there was none (D0). In three of these
cases (Figure 6.3, 6.8, and 6.9), however, there is a discernible change in the level of perceived
bias between the D1 and D2 levels of distortion. This could be an indication that the level of
perceived bias has been affected by the graphicitself, and as such that information bias within
the graphic itself has affected the overall perceived level of bias for the article.

7.1.6 Impact of Graphics

The differences evident in the box-plots of results for the Kruskel-Wallis H Test, shown in
Figure 6.3 —6.29, show that the perceived level of bias does change depending on the graphic
present. The failure to reject the null-hypothesis in most cases in this experiment may be put
down to the sample size being too small to detect this effect size; as the sample size increases,
so too does the proximity of a p-value to its true value. It is fully possible that the differences
observed in this experiment were too small to detect statistically with the sample sizes used.
This does not make the evidence of differences irrelevant; they just can’t be deemed
statistically significant at a 95% confidence level for this particular sample size.

7.2 Hypothesis Results

The null hypothesis for this experiment stated:

(Ho) This research finds no evidence of bias being introduced to a news article through the
use of an information graphic.

The alternative hypothesis stated:

(Ha) This research finds evidence of bias being introduced to a news article through the use
of an information graphic.

This experiment found no statistically significant evidence to support the proposition that
information bias in the graphics accompanying news articles online can affect the level of
perceived bias for the article as a whole. Therefore, the null hypothesis is retained.

7.3 Bias Attributed to Publication

It was clear at the design stage of the experiment, that recognition, and opinions, among
participants of the websites used in the experiment, could affect the participants’ judgement
of a website. It was for this reason that participants were asked to report any websites they
recognised, and any websites they considered particularly biased. This section analyses those
responses.

Every effort was made in the design of this experiment to minimise the effects of participants
having pre-conceived notions of how biased they expect a particular news website to be, and
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rating the bias accordingly. This is a known effect, as discussed in Chapter 2, and was to be
avoided, insofar as possible, in order to obtain accurate ratings for the specific samples used
in this experiment. Therefore, every precaution was taken to avoid it.

For this experiment all of the news websites were from the UK, and all of the participants
were US citizens living in the USA. Additionally, all names and branding were removed from
the images of websites shown to the participants. They could not determine the website
without prior knowledge of it. That said, owing to the universal nature of publications on the
internet, it is impossible to categorically find a demographic who will not know a certain news
agency.

7.3.1 Participant Recognition of Websites

Recognising this fact, and in an attempt to quantify any effect arising from it, at the end of
the experiment, participants were asked to select any publications they had recognised during
the experiment, from a multiple-choice list. The numbers recognising publications is shown
in Table 7.1.

There were three websites used in the experiment, but nine on the multiple-choice list for
participants. This was to ensure that participants truly did recognise the websites used and
could differentiate them from websites not used. By only having the three used in the
experiment on the list, participants could have convinced themselves that they had
recognised each, in a sort of confirmation bias of itself. By having to differentiate between
websites, a participant is required to have genuinely recognised the website, or thought they
had.

Table 7.1 — News-websites reportedly recognised by participants. The actual websites used are
highlighted in grey and with an asterisk.

Website Number of Participants Percentage of Participants
None 54 43.55%
The Guardian* 43 34.68%
The Telegraph 25 20.16%
The Independent 22 17.74%
The Daily Mail* 48 38.71%
The Spectator 7 5.56%
New Statesman 6 4.84%
Al Jazeera 23 18.55%
BBC* 47 37.90%
Reuters 25 20.16%

It is evident, from the data collected, that a small number of these responses could be
disregarded. Specifically, five respondents claimed to have recognised all nine websites

57



during the course of the experiment, which would have been impossible as each participant
was only presented with six (two instruction tasks, one spike question, and three in the
experiment proper). In these cases, it is likely that they just selected all of the boxes on the
multiple-choice survey question without regard to the question being asked or the responses
being selected.

There are many cases evident in Table 7.1 where participants incorrectly identified websites
which were not a part of the experiment. This could be attributed to mistakenly misattributing
certain design features from a website not in the experiment, to one on the list. It could also
simply be a case of mistaking a websites name for another.

Even taking this into account, it is noticeable that the most recognised websites by far were
in fact the ones used in the experiment, as seen in Figure 7.1. These are The Guardian (W2),
The Daily Mail (W0) and the BBC (W1), with well over one-third of participants recognising
each of those websites.
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Figure 7.1 — Number of participants claiming to recognise each website during the experiment,
chosen from a multiple-choice list.

While the greatest number of responses, almost 44%, claimed to recognise none of the
websites, the majority claimed to have recognised one or more. This shows that the efforts
made to reduce this effect were not entirely successful.

Furthermore, it can be seen in Figure 7.2 that over one-fifth, of the 124 respondents, correctly
identified all three websites.
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Figure 7.2 — Number of participants correctly identifying a number of websites.

With this level of recognition for the websites used, quantification of any effect this may have
had on the experiment was important. This was made possible by using the responses to
another of the reflective questions posed to participants.

7.3.2 Participants’ Opinions of the Websites’ Bias
Participants were also asked if they considered any of the news websites on the list to be
particularly biased in general. The results can be seen in Table 7.2.

Table 7.2 — The number of participants who consider each news website to be particularly biased.
The websites used in this experiment are highlighted in grey and with an asterisk.

Website Number of Participants Percentage of Participants
None 61 49.19%
The Guardian * 20 16.13%
The Telegraph 14 11.29%
The Independent 9 7.26%
The Daily Mail * 51 41.13%
The Spectator 7 5.56%
New Statesman 6 4.84%
Al Jazeera 18 14.52%
BBC * 12 9.68%
Reuters 8 6.45%

Particularly of note from these results is that over two-fifths of participants considered the
Daily Mail to be particularly biased. As this is one of the news websites used in this
experiment, and almost two-fifths claimed to recognise it when they saw it in the experiment,
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it raises the possibility that participants’ opinions of the websites, external to this experiment,
may have influenced the results. Participants could only respond in this way if they had some
prior knowledge or opinions on the website.

& Q (3 \s < s
O vl N SR & ¥ &
< Q N S x4 <¥ ) A % S
\s 2 < ~ C A N 2
N N Q N < v <&
) & & \ N A ~ o
N A Q Q ) [ v
v N ™ & A
N QX AN
) < 3
o) Q&

Figure 7.3 — The number of participants who consider each news website to be particularly biased.

7.3.3 Effect on Bias Ratings
In order to investigate if this may have been the case, further analysis was required. For this,
participants were split into three separate groups for each website:

Those who did not recognise the website being tested.
Those who recognised the website being tested, but do not consider that website to
be particularly biased.

3. Those who recognised the website being tested, and who consider that website to be
particularly biased.

The bias rating that each participant gave for each website, regardless of distortion or story,
was considered. To determine if there was an effect from websites being recognised, the
relative levels of bias reported was compared across the three groups for each website, and
a determination was made as to the significance of this.

As with the bias results for the main part of the experiment, the data involved does not satisfy
the assumptions required for ANOVA, as significant outliers exist in the bias ratings. The data
does satisfy the assumptions for the Kruskel-Wallis H Test, and so this test was used once
again.

The null hypothesis for these tests assumed that the distributions for each group would be
equal, indicating that recognition and prior expectation of the website had no impact on the
bias reported by the participant.
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Rejection of the null hypothesis would indicate that recognition of the websites, and an
expectation of that website’s bias, had influenced the level of bias reported by the

participants.

7.3.4 Results of Bias Testing

The groups were analysed for each website, and the results are as follows.

7.3.4.1 Daily Mail (WO0)

Independent-Samples Kruskal-Wallis Test
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Figure 7.4 - Results of the Kruskal-Wallis H Test for the Daily Mail (WO0)

I
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The distributions of bias for each group were not similar for all groups. The values of bias
reported by each group differed significantly from one another, X(2) = 10.373, p = 0.006. The
null hypothesis is rejected, indicating that existing opinions of the website’s bias significantly

affected the results of this experiment.

7.3.4.1 BBC (W1)

Independent-Samples Kruskal-Wallis Test
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Figure 7.5 - Results of the Kruskal-Wallis H Test for the BBC (W1)

The distributions of bias for each group were not similar for all groups. The values of bias
reported by each group differed, but not significantly, X*(2) = 3.290, p = 0.193. The null
hypothesis is retained, indicating that existing opinions of the website’s bias did not

significantly affect the results of this experiment.



7.3.4.2 The Guardian (W2)

Independent-Samples Kruskal-Wallis Test
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Figure 7.6 - Results of the Kruskal-Wallis H Test for The Guardian (W2)

The distributions of bias for each distortion were not similar for all groups. The values of bias
reported by each group differed significantly from one another, X?(2) = 6.202, p = 0.045. The
null hypothesis is rejected, indicating that existing opinions of the website’s bias significantly
affected the results of this experiment.

7.3.5 Analysis of Results for bias attributed to publications

It can be seen from these results that participants’ existing opinions pertaining to the
perceived bias of each website has had a statistically significant impact on the results. While
there is no significant impact of this evident for responses to the BBC’s articles, it is worth
noting that the number of participants who considered that website to be biased was
relatively low anyway, thus increasing the p-value and making rejection of the null hypothesis
less likely, regardless of the responses.

Similarly, the difference between groups is most significant for the Daily Mail, which was
considered biased by the largest number of participants of any website. While this increases
the significance in itself, the simple fact that knowledge of the website has had an effect on
results, and that approximately two-fifths of respondents recognised it and considered it
biased, shows that this did in some way affect the results obtained for bias ratings.

This additional bias, introduced by the participant, is a confounding variable. The effect was
known and acknowledged by the experiment design; it was for this reason that participants
were asked the reflective questions. This does pose a challenge to carrying out experiments
of this type, and perhaps other experiment designs could be considered to reduce the effect
further. For example, participants could be asked to identify websites they would recognise
before they start rating them, and then only be presented with those websites which they
would not recognise.
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The results also provide further evidence that consumers tend to favour news media which
they find agreeable. By far the lowest levels of bias were reported for websites which were
recognised by participants, but which those participants did not consider to be biased.

7.4 Other External Factors

Consideration was also given to other information supplied by the participants, and how that
might have affected their responses. No correlation was found between the level of bias
reported and the age, level of education, occupation, or expected yearly salary reported by
the participants. These social and economic factors therefore likely played no role in altering
the levels of bias reported by the participants. Visualisation of these results are shown in
Appendix A6.

There is no apparent correlation between political leaning and the level of bias reported by
the participants. With almost three-quarters of participants reporting that they hold a centre
or left-of-centre political view, any effect which is caused by political leaning will be somewhat
reduced by the homogeneity of the participant’s viewpoints anyway.

There is also no apparent correlation between the amount of time participants spend online
each day or the amount of time the participants spend reading the news online each day and
the level of bias reported by participants in the experiment. This indicates that familiarity with
accessing news online played no significant part in altering participants’ perception of bias.

The vast majority of participants reported, in a multiple-choice survey question, regularly
consuming news online, either using websites or social media the results of which are shown

in Figure 7.7.
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Figure 7.7 — Media regularly used by participants to consume news.

7.5 Factors Contributing to Bias
The final question asked of participants in this experiment was, “When judging bias in news
articles online, which of the following do you consider to be significant elements of bias?”
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This question was designed to elicit what they believe constitutes bias in news media. There
is very little information in existing literature which ascertains exactly how people understand
bias. This likely contributes to confusion in the domain.

It should be noted that the participants had already been presented with the definition of
bias for this experiment before answering this question, that is:

“Deliberate or accidental slant by the journalist, editor or publication to distort reality”.

7.5.1 Responses
Figure 7.8 shows the responses received to this multiple-choice question.
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Figure 7.8 — Responses to the question, “When judging bias in news articles online, which of the
following do you consider to be significant elements of bias?”
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The letters A-l in the bar chart in Figure 7.8 correspond to the following options:

e A="Lack of balance”

e B="“Unfairness”

e C="“Subjectivity”

e D = “Distortion affecting one side of a story”

e E=“Not giving one side of a story as much coverage as the other”

e F ="“Expression of personal opinions by a journalist”

e G = “Providing sources for one side of a story and not the other”

e H="“Providing data to support one side of a story and not the other”
e | ="Order in which sides of a story are reported”
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All of the possible responses to this survey question were intentionally unqualified, requiring
a level of interpretation on the part of the participant. The responses provide insight to what
the participants in this experiment were judging their perception of bias.

7.5.2 Analysis of Responses

Of particular note are the number of participants who chose options G and H. Over 22% more
participants chose option H, when compared to option G. This suggests that they consider it
more important to provide data for both sides of a story than to provide sources. This perhaps
highlights a distrust in the media generally, where readers would apparently rather make
sense of the raw information themselves, than to have it interpreted by a journalist or other
person who is cited as being the source.

Also interesting is that option B, “Unfairness”, was selected by far fewer participants than
most of the other responses. Just over one-third of the 124 of participants chose this option
compared to over one-half selecting many of the other options. “Unfairness” is an English-
language synonym for “bias”, making the lack of participants choosing it somewhat peculiar.
Many of the options which were most-selected were more specifically tailored to news media,
and being less vague may have seemed more relevant to the question.

Most specifically, it is interesting to note how significantly participants’ opinions of what
constituted bias differed from participant to participant, despite each participant taking the
same survey during which they were each presented with the same definition of bias. This
highlights a challenge in accurately carrying out this sort of experiment, where participant
subjectivity, and participant interpretation of the questions, can play a large role in forming
the participants’ answers. Even by presenting participants with a common definition for bias,
their subjectivity can play a part in how they apply that definition.

7.6 Summary of Results

The null hypothesis for this experiment was retained, as there was no statistically significant
evidence to support the proposition that information bias in the graphics accompanying news
articles affected the level of bias perceived for the article as a whole. Despite this, there was
a small effect evident in the results, which was too small to confirm statistically in this
experiment.

More importantly, it was found that, despite efforts made to minimise the chances of this
happening, participants’ pre-determined opinions of the news websites presented in the
experiment significantly affected how they responded to the survey. Those who expected a
website to be particularly biased reported a significantly higher bias rating for that website
than other participants for the same website. This undermines the confidence we can have
that the results to the bias ratings are a fair and considered response to what was presented
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to participants, and that the research into the different levels of graphical distortion has been
compromised by bias on the part of a significant number of the participants.

No other external factors seem to have influenced the results to any considerable degree, and
participants were almost all quite familiar with the online news medium.

The final finding shows a lack of consensus among participants of what constituted bias. This
is in spite of the participants all working from the same definition of bias, and suggests that
participants reported bias ratings for the articles based on different criteria.
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8. Conclusions

This research builds on a significant body of existing research into media bias, asking
specifically the question:

“To what extent do the information graphics accompanying a news article impact upon the
perceived bias of the article?”

The research indicates that the information graphics accompanying a news article can have a
material impact on the perceived bias of that article. The effect size observed in this particular
experiment was deemed statistically insignificant however. There was also no clear trend in
the results of this experiment, in terms of whether the bias level increased or decreased for
different levels of distortion. Despite this, visualisations of the data show that graphics do
impact on the perceived bias, suggesting that the research topic may be worthy of further
investigation.

A more significant finding arising from the user survey carried out, was that despite efforts to
minimise the chances of participants recognising the news websites used in the experiment,
and bringing their own opinions of those websites to bear on the results of the experiment,
there is significant evidence to suggest that this was the case. This is a result of crowdsourcing
participants, where the researchers have no control over what information participants do or
do not have, external to that which is presented to them in the experiment. This is
unavoidable, but must be noted.

Importantly, where participants recognised a website which they considered to be
particularly biased, they affirmed their own opinion by rating the bias level for that website
significantly higher than others who had no such opinion. Similarly, where participants
recognised a website but did not expect it to be biased, the participants reported significantly
lower levels of bias than those who had no such opinion. This is strong evidence of
confirmation bias, where the participant actively looks for reasons to give a high bias rating
to a website they consider to be biased. There are two important considerations resulting
from this:

1. The results agree with existing research in the area, further adding to the evidence of
the effects of confirmation bias.

2. Despite intentional efforts to minimise the effects, the confounding variable of
participants having an opinion of the bias associated with certain websites, played a
part in results. This presents a learning opportunity; a different experiment design
should be considered for future similar work.

It was also interesting to find the lack of consensus among participants on what constitutes
bias in news media. This lack of consensus came despite all participants having been
presented with the same definition of bias for the experiment. Their responses serve to
illustrate the multitude of factors which may affect a participant’s determination on the
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presence of bias, and the difficulties which this presents to researchers in the area. This is an
area which will require significant future work in order for a comprehensive understanding to
be attained.

Although the null hypothesis was retained for this experiment, some evidence was found of
an effect graphics had on the level of bias perceived for the article they accompany. Future
work would be required to detect the precise significance of that effect.

8.1 Future Work and Refinements

The results of this experiment provide some interesting insights into the perceptions of bias
in news media. Arising from this research are learning opportunities, and also areas which
could benefit from further study. The lessons learned from this research should be taken into
account in the formulation of the design of future experiments in order to avoid some of the
confounding effects found in this research.

Every effort was made in the preparation of news website samples, to be rated by participants
in the experiment, to ensure that the design of the website which was presented to
participants was not significantly altered from its original design. While branding was
removed, the rest of the website design and layout was left unaltered, in an attempt to avoid
the known effects of website design on the perception of bias. Efforts were also made to
minimise the possibilities of participants recognising the websites by having the source
material and participants coming from different countries. In spite of this, a significant
proportion of participants recognised the websites used, and with their own preconception
of whether or not that website should be bias, skewed the results significantly in favour of
their own opinions. This is not helpful to the research, as it does not compare like with like.

For future studies in this area, it should be considered, therefore, to present the articles alone
without the rest of their website, or else in a common template which is not website specific.
Another alternative, which would likely remove the effect altogether without removing
design effects, would be to ask participants which websites they would recognise in advance
of rating the images, and presenting them only with websites which they would not recognise.
Whatever method is employed, it is clear that there is a need to remove the introduction of
bias by the participants in this way.

Another possible refinement to the experiment relates to the samples used. The effect of the
graphics on the articles tended to differ depending on the particular article and graphic.
Presenting multiple graphics with the same article, or multiple articles on the same topic with
and without the same graphic may provide further insight into what effect the graphics have.
Varying the graphic, article and website may have been useful for providing an answer if the
effect had been very large in this experiment, but as it was not, a more nuanced approach
may be required which focusses on one specific aspect of this research.
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In terms of effect size, it was seen in this research that the effect size was relatively small. In
order to make a statistically significant finding for this using p-values, it would be necessary
to use a much larger sample size. As the size increases the increasing accuracy of the p-value
slows, meaning that it would possibly have to be much larger sample size than was used in
this experiment.

Finally, further research could also be carried out into how users perceive bias based on what
they consider to constitute bias. The findings of this research, as shown in Figure 7.8, suggest
that there is far from consensus on the matter. Asking for bias ratings based on specific
aspects of bias, rather than just from a general high-level definition, and examining the
relative effect of these aspects could add significant understanding to how we determine that
bias exists in a piece of news media.

8.2 Final Thoughts

Although the null hypothesis for this experiment was not rejected, the research has
highlighted some important factors which can affect this sort of experiment which will be
useful for future work. Effects including the introduction of bias through participants’ existing
experience of certain newspapers, despite significant efforts made to minimise this effect in
the experiment design, serve to highlight the importance of ongoing consideration of
experiment design for similar experiments. This was only detectable by collection of the
appropriate data from participants, and regardless of the experiment design, these results
have shown the importance of collecting this sort of background information to contextualise
participants’ responses.

While there was no statistically significant evidence found to support the supposition that
information bias in the graphics accompanying news articles can affect the level of bias
perceived for that article, finding exactly the extent to which the external factors influenced
the results is an important finding in itself. Determining also that the effect of graphics on the
bias in articles they accompany is likely quite small should provide important information for
the design of future experiments researching this topic.

From these results it is evident that there is a strong likelihood that the graphics
accompanying news articles affect the perception of bias in that article as a whole, but that
this effect is relatively small, and requires further research to adequately confirm. This further
research should explore the effects of different graphics, and the coverage of different topics,
including those which may be emotive. Future work is also required to establish the effects
of using different types of graphics.
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Appendix Al: Bias Ratings Data

The data in the tables in this Appendix shows the responses by participants in this survey

when reporting the level of perceived bias in the images with which they were presented.

The data is presented in a number of columns, as follows:

ID The unique identification number of the participant.
Path The path through the experiment cube to which the
participant was assigned.
Initial Sample One The first sample presented to the participant.
Evaluation - - - - —
Bias One The bias rating given by the participant when presented
of Samples

with Sample One. This rating is on a continuous slider
scale from 0 to 100.

The slider defaulted to 0. Where a participant did not
move the slider from the 0 mark, the response was
recorded as NULL. This can therefore be taken to mean O.

Sample Two

The second sample presented to the participant.

Bias Two

The bias rating given by the participant when presented
with Sample Two. This rating is on a continuous slider
scale from 0 to 100.

The slider defaulted to 0. Where a participant did not
move the slider from the 0 mark, the response was
recorded as NULL. This can therefore be taken to mean 0.

Sample Three

The third sample presented to the participant

Bias Three

The bias rating given by the participant when presented
with Sample Three. This rating is on a continuous slider
scale from 0 to 100.

The slider defaulted to 0. Where a participant did not
move the slider from the 0 mark, the response was
recorded as NULL. A response of NULL can therefore be
taken to mean 0.

Bias One

The bias rating given by the participant when presented
with Samples One, Two, and Three side-by-side. The
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Comparative | Bias Two slider value defaulted to the response the participant had
Re- given when originally presented with each sample. If the
Evaluations participant did not change their rating for the bias of an
Bias Three article, the response was recorded as NULL. A response of
NULL can therefore be taken to indicate that the value of

bias is the same as in the original bias column.
Most Biased The sample, from the three presented simultaneously to

the participant, which they consider to be most biased.
The participants could not view their previous bias ratings
for those samples at this time. If a participant did not
select a sample as the most biased, this is recorded as
blank cell. Note that the result of this test may indicate
that the participant recorded a different result to that
when the samples were presented individually at the start
of the survey.
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Comparative

Most

InitiaLEvaluation of Samples Re-evaluation Biased
Sample | Bias | Sample | Bias | Sample | Bias Bias | Bias | Bias

ID Path | One One | Two Two | Three Three | One | Two | Three
1 8 | W1A0D2 37 | WOA2D1 55 | W2A1DO 46 | NULL | NULL | NULL | W1AO0D2
2 4 | W2A0D2 1| W1A2D1 51 | WOA1DO 69 | NULL | NULL | NULL | WOA1DO
3 5 | W2A0DO 52 | W1A2D2 | NULL | WOA1D1 10 | NULL | NULL | NULL | W1A2D2
4 9 | W1A0DO | NULL | W2A1D1 10 | WOA2D2 | NULL | NULL | NULL | NULL | W2A1D1
5 6 | W1A2D0 58 | W2A0D1 20 | WOA1D2 75 | NULL | NULL | NULL | WOA1D2
6 8 | W1A0D2 | NULL | WOA2D1 11 | W2A1DO 80 22 | NULL | NULL | W2A1DO
7 2 | W2A2DO0 5| W1A1D2 59 | WOAOD1 96 | NULL | NULL | NULL | WOAOD1
8 4 | W2A0D2 48 | W1A2D1 55 | WOA1DO 64 | NULL | NULL | NULL | WOA1DO
9 1| W2A2D2 14 | W1A1D1 40 | WOAODO 4 | NULL | NULL 9 | W1A1D1
10 5| W1A2D2 65 | WOA1D1 26 | W2A0DO | NULL | NULL | NULL | NULL | W1A2D2

11 2 | W1A1D2 77 | WOAOD1 78 | W2A2D0 82 | NULL | NULL | NULL
12 2 | W1A1D2 24 | WOAOD1 40 | W2A2D0 8 | NULL | NULL | NULL | WOAOD1
13 4 | W1A2D1 90 | WOA1DO | 100 | W2A0D2 61 100 | NULL 56 | W1A2D1
14 2 | W1A1D2 5| W2A2D0 | NULL | WOAOD1 5] NULL | NULL | NULL | W2A2DO
15 3 | W1A1DO 12 | WOAOD2 66 | W2A2D1 21 | NULL | NULL | NULL | WOAOD2
16 8 | W1A0D2 78 | W2A1DO 77 | WOA2D1 80 | NULL | NULL | NULL | W1A0D2
17 2 | W1A1D2 10 | W2A2D0 25 | WOAOD1 5| NULL | NULL | NULL | WOAOD1
18 1| WOAODO | NULL | W1A1D1 0 | W2A2D2 O | NULL | NULL | NULL | W2A2D2
19 2 | W1A1D2 10 | W2A2D0O | NULL | WOAOD1 30 15 | NULL | NULL | WOAOD1
20 2 | WOAOD1 | NULL | W2A2DO | NULL | W1A1D2 25 | NULL | NULL | NULL | W1A1D2
21 1| W2A2D2 0| W1A1D1 10 | WOAODO O | NULL | NULL | NULL | W1A1D1
22 4 | WOA1DO 92 | W1A2D1 30 | W2A0D2 23 | NULL | NULL 19 | WOA1DO
23 7 | W2A1D2 25 | WOA2DO 1| W1A0D1 74 | NULL | NULL | NULL | W1AO0D1
24 1| W2A2D2 0| W1A1D1 65 | WOAODO 75 | NULL | NULL | NULL | WOAODO
25 2 | WOAOD1 70 | W2A2D0 15 | W1A1D2 40 | NULL | NULL 50 | WOAOD1
26 1| WOAODO 9 | W2A2D2 26 | W1A1D1 1 | NULL | NULL | NULL | WOAODO
27 1| WOAODO 52 | W2A2D2 5| W1A1D1 92 75 1| NULL | W1A1D1
28 5| WOA1D1 | 100 | W2A0DO 52 | W1A2D2 40 | NULL | NULL | NULL | WOA1D1
29 9 | WOA2D2 9 | W1A0DO 12 | W2A1D1 25 | NULL | NULL 40 | W2A1D1
30 1| WOAO0DO 21 | W2A2D2 12 | W1A1D1 5| NULL | NULL | NULL | WOAODO
31 5| W1A2D2 | NULL | WOA1D1 | NULL | W2A0DO | NULL | NULL | NULL | NULL | W1A2D2
32 9 | W2A1D1 58 | WOA2D2 8 | W1A0DO 2 | NULL | NULL | NULL | W2A1D1
33 2 | WOAOD1 77 | W2A2D0 39 | W1A1D2 46 | NULL | NULL | NULL | WOAOD1
34 2 | W2A2D0 19 | W1A1D2 30 | WOAOD1 34 | NULL | NULL | NULL | WOAOD1
35 4 | W2A0D2 20 | W1A2D1 60 | WOA1DO 39 | NULL | NULL | NULL | W1A2D1
36 5 | W1A2D2 69 | WOA1D1 46 | W2A0DO 16 | NULL | NULL | NULL | W1A2D2
37 1| W1A1D1 42 | WOAODO 35 | W2A2D2 4 | NULL | NULL | NULL | WOAODO

38 8 | W2A1DO 19 | WOA2D1 19 | W1A0D2 51 | NULL | NULL | NULL
39 8 | W2A1DO 30 | W1A0D2 74 | WOA2D1 48 | NULL | NULL | NULL | WOA2D1
40 6 | W1A2DO 12 | WOA1D2 10 | W2A0D1 8 | NULL | NULL | NULL | W1A2DO
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Comparative

Most

InitiaLEvaluation of Samples Re-evaluation Biased
Sample | Bias | Sample | Bias | Sample | Bias Bias | Bias | Bias
ID Path | One One | Two Two | Three Three | One | Two | Three
41 2 | WOAOD1 50 | W1A1D2 | 100 | W2A2DO 11 | NULL | NULL | NULL | W1A1D2
42 7 | W1A0D1 34 | WOA2DO 23 | W2A1D2 58 | NULL | NULL 38 | W2A1D2
43 7 | W1A0D1 5 | WOA2DO 36 | W2A1D2 20 | NULL | NULL | NULL | WOA2DO
44 1| W2A2D0 58 | W1A1D2 24 | WOAOD1 70 | NULL | NULL | NULL | WOAOD1
45 6 | W2A0D1 41 | W1A2DO 9 | WOA1D2 72 | NULL | NULL | NULL | WOA1D2
46 6 | WOA1D2 7 | W2A0D1 1 | W1A2DO 40 | NULL | NULL | NULL | W1A2DO
47 4 | WOA1DO 34 | W1A2D1 58 | W2A0D2 68 | NULL | NULL | NULL | W2A0D2
48 2 | WOAOD1 84 | W2A2D0 16 | W1A1D2 74 88 | NULL 70 | WOAOD1
49 3 | WOAOD2 47 | W1A1DO | NULL | W2A2D1 | NULL | NULL | NULL | NULL | WOAOD2
50 1| W2A2D2 0 | WOAODO 30 | W1A1D1 25 | NULL | NULL | NULL | WOAODO
51 6 | W2A0D1 | NULL | WOA1D2 25 | W1A2DO0 35 | NULL 35 25 | WOA1D2
52 4 | WOA1DO 70 | W2A0D2 5| W1A2D1 60 | NULL | NULL | NULL | WOA1DO
53 2 | WOAOD1 83 | W2A2D0 | 100 | W1A1D2 50| 100 95 80 | W2A2D0
54 2 | WOA1D1 | NULL | W1A2D2 | NULL | W2A0DO | NULL | NULL | NULL | NULL | W1A2D2
55 7 | WOA2DO 26 | W1A0D1 50 | W2A1D2 51 | NULL | NULL | NULL | W1A0D1
56 6 | W2A0D1 0 | W1A2DO 0 | WOA1D2 | NULL | NULL | NULL | NULL | W1A2DO
57 5 | WOA1D1 20 | W1A2D2 20 | W2A0DO 85 | NULL | NULL | NULL | W2A0DO
58 6 | WOA1D2 25 | W2A0D1 15 | W1A2DO 30 | NULL | NULL | NULL | W1A2DO
59 9 | W1A0DO 76 | WOA2D2 9 | W2A1D1 17 | NULL | NULL | NULL | W1AODO
60 4 | W2A0D2 13 | W1A2D1 11 | WOA1DO 14 | NULL | NULL | NULL | W1A2D1
61 3 | W1A1DO 20 | W2A2D1 20 | WOAOD2 35 | NULL | NULL | NULL | WOAOD2
62 7 | WOA2DO 15 | W2A1D2 95 | W1A0D1 27 | NULL | NULL | NULL | W2A1D2
63 3 | WOAOD2 26 | W1A1DO 78 | W2A2D1 16 | NULL 79 | NULL | W1A1DO
64 1| W1A1D1 41 | WOAODO 74 | W2A2D2 18 | NULL | NULL | NULL | W2A2D2
65 1| W2A2D2 18 | WOAODO 49 | W1A1D1 80 | NULL | NULL | NULL | W1A1D1
66 5| W2A0DO 0 | WOA1D1 31 | W1A2D2 O | NULL | NULL | NULL | WOA1D1
67 1| W2A2D2 0 | WOAODO 82 | W1A1D1 O | NULL | NULL | NULL | WOAODO
68 8 | WO0A2D1 1| W1A0D2 6 | W2A1DO 67 | NULL | NULL | NULL | W2A1DO
69 5 | W2A0DO 13 | WOA1D1 | NULL | W1A2D2 15 | NULL | NULL | NULL | W1A2D2
70 8 | W2A1DO 51 | WOA2D1 0 | W1A0D2 60 | NULL | NULL | NULL | W2A1DO
71 6 | W2A0D1 46 | W1A2D0 30 | WOA1D2 1 | NULL | NULL | NULL | W2A0D1
72 8 | W1A0D2 6 | WOA2D1 | NULL | W2A1DO 11 | NULL | NULL | NULL | W2A1DO
73 9 | W1A0DO | NULL | W2A1D1 50 | WOA2D2 | NULL | NULL | NULL | NULL | W2A1D1
74 3 | W2A2D1 30 | WOAOD2 10 | W1A1DO 1| NULL | NULL | NULL | WOAOD2
75 9 | WOA2D2 18 | W1A0DO | NULL | W2A1D1 42 | NULL | NULL | NULL | W2A1D1
76 7 | WOA2DO 26 | W1A0D1 50 | W2A1D2 32 | NULL | NULL | NULL | W1A0D1
77 3 | W1A1DO 3 | W2A2D1 3 | WOAOD2 19 | NULL | NULL | NULL | WOAOD2
78 3 | W2A2D1 91 | WOAOD?2 86 | W1A1DO 77 | NULL | NULL | NULL | WOAOD2
79 5| W1A2D2 84 | WOA1D1 9 | W2A0DO 94 | NULL | NULL | NULL | W1A2D2
80 4 | W2A0D2 62 | W1A2D1 24 | WOA1DO 21 | NULL | NULL | NULL | WOA1DO
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Comparative

Most

InitiaLEvaluation of Samples Re-evaluation Biased
Sample | Bias | Sample | Bias | Sample | Bias Bias | Bias | Bias
ID Path | One One | Two Two | Three Three | One | Two | Three
81 4 | W1A2D1 50 | WOA1DO 46 | W2A0D2 33 31 26 25 | W1A2D1
82 5| W2A0DO 4 | W1A2D2 4 | WOA1D1 10 | NULL | NULL | NULL
83 9 | W1A0DO 88 | WOA2D2 0 | W2A1D1 | NULL | NULL | NULL | NULL | W1A0DO
84 4 | W2A0D2 4 | W1A2D1 5 | WOA1DO 7 | NULL | NULL | NULL
85 3 | W2A2D1 84 | W1A1DO 82 | WOAOD2 75 | NULL | NULL | NULL | W1A1DO
86 7 | WOA2DO 21 | W1AO0D1 59 | W2A1D2 50 | NULL | NULL | NULL | W1A0D1
87 7 | WOA2DO 15 | W1A0D1 10 | W2A1D2 15 | NULL | NULL | NULL | WOA2DO
88 1 | WOAODO 77 | W1A1D1 85 | W2A2D2 10 47 89 5 | W1A1D1
89 9 | W1AO0DO 76 | W2A1D1 83 | W0A2D2 91 | NULL | NULL | NULL | W2A1D1
90 3 | WOAOD2 55 | W2A2D1 10 | W1A1DO 28 | NULL | NULL | NULL | WOAOD2
91 6 | WOA1D2 100 | W1A2DO 100 | W2A0D1 100 | NULL | NULL | NULL | WOA1D2
92 3 | W2A2D1 5 | WOAOD2 57 | W1A1DO 10 | NULL | NULL | NULL | WOAOD2
93 3 | W1A1DO 36 | W2A2D1 14 | WOAOD2 25 | NULL 24 35 | W1A1DO
94 9 | W2A1D1 79 | W1AO0DO 86 | WOA2D2 77 | NULL | NULL | NULL | W1A0DO
95 6 | W2A0D1 35 | WOA1D2 65 | W1A2DO 49 | NULL | NULL | NULL | WOA1D2
96 9 | W1A0DO 79 | W2A1D1 62 | WOA2D2 91 | NULL | NULL | NULL | WOA2D2
97 6 | WOA1D2 34 | W1A2DO 45 | W2A0D1 40 | NULL | NULL | NULL | W1A2DO
98 6 | W2A0D1 19 | W1A2DO 70 | WOA1D2 38 54 85 26 | W1A2DO
929 4 | W1A2D1 35 | W2A0D2 18 | WOA1DO 60 | NULL | NULL | NULL | WOA1DO
100 4 | W1A2D1 35 | W2A0D2 45 | WOA1DO 60 | NULL | NULL | NULL | WOA1DO
101 4 | W2A0D2 12 | WOA1DO 44 | W1A2D1 60 | NULL | NULL | NULL | W1A2D1
102 3 | W2A2D1 3 | WOAOD2 26 | W1A1DO 6 | NULL 36 | NULL | WOAOD2
103 4 | W1A2D1 100 | W2A0D2 75 | WOA1DO 51 | NULL | NULL | NULL | W1A2D1
104 4 | W1A2D1 100 | W2A0D2 2 | WOA1DO 24 | NULL | NULL | NULL | W1A2D1
105 5 | W2A0DO 55 | W1A2D2 65 | WOA1D1 84 30 50 | NULL | WOA1D1
106 7 | WOA2DO 15 | W2A1D2 20 | W1A0D1 15 | NULL | NULL | NULL | WOA2DO
107 4 | W2A0D2 2 | W1A2D1 20 | WOA1DO 5| NULL | NULL | NULL | W1A2D1
108 9 | W2A1D1 48 | W1A0DO 38 | WOA2D2 54 | NULL | NULL | NULL | WOA2D2
109 8 | W1A0D2 4 | W2A1DO 6 | WOA2D1 87 | NULL | NULL | NULL | WOA2D1
110 7 | WOA2DO 5| W2A1D2 100 | W1AOD1 13 | NULL | NULL | NULL | W2A1D2
111 5| WOA1D1 | NULL | W1A2D2 20 | W2A0DO | NULL | NULL | NULL | NULL | W1A2D2
112 7 | W2A1D2 10 | W1A0D1 | NULL | WOA2DO 15 | NULL | NULL | NULL | WOA2DO
113 6 | W2A0D1 7 | WOA1D2 5 | W1A2D0 30 | NULL | NULL | NULL | W1A2DO
114 5 | W2A0DO 38 | W1A2D2 64 | WOA1D1 12 | NULL 74 | NULL | W1A2D2
115 5 | W2A0DO 36 | WOA1D1 73 | W1A2D2 84 | NULL 75 | NULL | W1A2D2
116 8 | W2A1DO 81 | W1A0D2 30 | WOA2D1 7 | NULL | NULL | NULL | W2A1DO
117 3 | W1A1DO 15 | WOAOD2 29 | W2A2D1 | NULL 21 41 17 | WOAOD2
118 7 | W1AOD1 | NULL | W2A1D2 3 | WOA2DO | NULL | NULL | NULL | NULL | W2A1D2
119 5| W1A2D2 78 | W2A0DO 0 | WOA1D1 | NULL | NULL | NULL | NULL | W1A2D2
120 8 | W1A0D2 24 | WOA2D1 0 | W2A1DO 75 | NULL | NULL | NULL | W2A1DO
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Comparative

Most

InitiaLEvaluation of Samples Re-evaluation Biased
Sample | Bias | Sample | Bias | Sample | Bias Bias | Bias | Bias
ID Path | One One | Two Two | Three Three | One | Two | Three
121 3 | W1A1DO 13 | W2A2D1 23 | WOAOD2 70 7 49 | NULL | WOAOD2
122 8 | W1A0D2 42 | W2A1DO 58 | WOA2D1 24 | NULL | NULL | NULL | W2A1DO
123 9 | W2A1D1 85 | W1A0DO 66 | WOA2D2 77 | NULL | NULL | NULL | W2A1D1
124 6 | W2A0D1 | NULL | W1A2DO 3 | WOA1D2 | NULL | NULL | NULL | NULL | W1A2DO
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Appendix A2: Survey Responses

The qualitative data collected for this survey, consisted primarily of responses to multiple
choice questions. Some questions were posed before the survey; others were posed after the
survey.

In addition to multiple choice questions, each participant also provided his or her date of birth
(DOB).

A unique identifier (ID) was assigned to each participant.

Each question is assigned a letter (A to K). The following is the list of question and the
permitted answers. Questions A to H were answered prior to the survey. Questions | to K
were answered following the survey.

Question Answer codes
A “What gender are | 0 = “Male”
you?”
1 ="Female”
2 = “Other”

3 =“| prefer not to say”

B “How long do you 0 = “Less than one hour a day”
spend on the

Internet each day?” 1="1-2hours a day

2 =“2 -4 hours a day”
3="“4—-6 hours a day”
4 ="6-8hour aday”

5 =“8+ hours a day”

C “What is the 1 = “Elementary school only”
highest level of . . -
. 2 = “Some high school, but did not finish”
education you have
completed?” 3 = “Completed high school”

4 = “Some college, but did not finish”

5 = “Two-year college degree / A. A/ A.S.”

6 = “Four-year college degree / B.A. / B.S.”

7 = “Some graduate study”

8 = “Completed Masters or professional degree”

9 = “Advanced Graduate study or Ph.D.”

10 = “Other”
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Question

Answer codes

“What is your
expected income
range for 2018?”

1 = “Under $10,000”

2 ="$10,000 - $19,999”
3 ="$20,000 - $29,999”
4 =“$30,000 - $39,999”
5 =“$40,000 - $49,999”
6 = “$50,000 - $59,999”
7 =“$60,000 - $69,999”
8 =“$70,000 - $79,999”

9 =“$80,000 - $89,999”

10 = “$90,000 - $99,999”
11 =“$100,000 - $109,999”
12 =“$110,000 - $119,999”
13 =“$120,000 - $129,999”
14 =“$130,000 - $139,999”
15 = “$140,000 - $149,999”
16 = “$150,000 - $159,999”
17 = “$160,000 - $169,999”
18 = “$170,000 - $179,999”
19 = “$180,000 - $189,999”
20 = “$190,000 - $199,999”
21 ="$200,000 - $209,999”
22 =$210,000 - $219,999”
23 =$220,000 - $229,999”
24 =“$230,000 - $239,999”
25 =“$240,000 - $249,999”
26 = “Over $250,000”
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Question Answer codes
“Which best 1 = “Stay at home Parent”
describes your " .
2 = “Student
current
occupation?” 3 = “Unemployed”

4 = “Professional”

5 = “Semi-professional”

6 = “Skilled professional”
7 = “Skilled manual”

8 = “Semi-skilled manual”

9 = “Unskilled manual”

10 = “Other”

“What most closely
describes your
political
viewpoint?”

0 = “Strong Liberal”

1 = “Not so strong Liberal”

2 = “Independent leaning Liberal”

3 = “Independent”

4 = “Independent leaning Conservative”
5 = “Not so strong Conservative”

6 = “Strong Conservative”

7 = “Other”

8 ="Don't know"

“Which mediums
do you access
News from most
often? Select all
that apply.”

1 ="Radio”

2= “TV"

3 = “Newspaper”
4 = “Internet”

5 = “Social Media”
6 = “None”

7 = “Other”
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Question

Answer codes

“If the Internet is
one of your

0 = “Less than once per day’

4

primary sources of 1="1-2times per day
News, how many 2 =“2 -4 times per day”
times do you check W _ i
it each day?” 3 =“4 - 6 times per day
4 =6 - 8 times per day”
5="“8-10 times per day”
6 = “10 + times a day”
“Did you recognize | 0 = “None”
any of the below .
. 1 = “The Guardian”
News websites
used in this 2 = “The Telegraph”
experiment? Select . .
each that you 3 = “The Independent
recognized.” 4 = “The Daily Mail”
5 = “The Spectator”
6 = “New Statesman”
7 = “Al Jazeera”
8 - IIBBCII
9 = “Reuters”
“Do you consider 0 =“None”
any of these News .
. . 1 = “The Guardian”
websites used in
this experiment to | 2 = “The Telegraph”
be especially W .
biased? Select each 3 = “The Independent
that you consider 4 = “The Daily Mail”
biased.”
5 = “The Spectator”
6 = “New Statesman”
7 = “Al Jazeera”
8 = IIBBCII
9 = “Reuters”
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Question

Answer codes

K “When judging bias
in news articles
online, which of the
following do you
consider to be
significant
elements of bias?
Please select all
that apply.”

0 = “Lack of balance”

1 = “Unfairness”

2 = “Subjectivity”

3 = “Distortion affecting one side of a story”

4 = “Not giving one side of a story as much coverage as the other”
5 = “Expression of personal opinions by a journalist”

6 = “Providing sources for one side of a story and not the other”

7 = “Providing data to support one side of a story and not the
other”

8 = “Order in which sides of a story are reported”

9 = “Other”

The data in the following table shows the responses by participants to survey questions

before and after rating the bias of the articles with which they were presented, as detailed in

Chapter 3.
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Responses to pre-bias rating survey questions

Responses to reflective questions

ID | D.O.B. A/B|C D |E |F |G H |I J K
1/25/05/1991 1|4 6| 1| 5| 2/12345| 3|0 0 1,2,3,7,8
2/17/09/1953 |0 2| 6| 7| 3| 1|34 6|1,234738,°9 4,7 0,3,5,6
3/08/03/1986 0| 3| 6| 7| 6| 2|1,245 2|0 0 0,1,3,5,7
4109/06/1999 | 1| 3| 3| 1| 2| 2245 10 0 2,45
5/01/04/1987 | 1| 4| 9/10| 4| 0|45 11,28 0 0,3,5,6,7
6|06/08/1992 | 1| 1| 6| 6| 6| 1 4 2|1 1 4,7
7104/09/1994 0| 5| 6| 6| 6| 2|45 6|18 4 0,3,4
8 13/06/1988 | 1| 1| 5| 3| 1| 024 10 0 3
9101/04/1989 | 0| 5| 3| 2| 8| 145 11,4 4 2,3,5

10 | 30/10/1991 ' 0| 1| 5| 4| 2| 5|45 48 4 0,2,4,5,7

11| 15/10/1980 | 1| 4| 8|16 4| 03,45 211,234,738 1,2,34,6,7 | 1,2,4

12 | 31/12/1988 | 1| 3| 4| 2| 2| 3|245 5|4 0 0,1,2,3,4,5,6,7

13 17/11/1995 0| 5| 4| 6| 3| 2|45 1,4 4 3,45,7

14 | 03/04/1989 | 1| 4| 6| 6| 5| 1|1,45 3|24 0 1,3,4,7

15| 15/02/1988 | 1| 3| 6| 4| 4| 0345 12 3,4,6,7,9 0,3,4,5,6,7

16 | 15/10/1980 | 0 | 4| 8|16 4| 0345 21,234,56,78 |1,234,5,7 |1,234

17 | 01/02/1986 | 0| 4| 4 3| 5| 4|45 214 0 4

18 | 27/10/1964 | 1| 3| 6| 4| 4| 2|23 21,234,738)°9 0 0,1,3,5,6,7

19 | 24/12/1980 | 1| 3| 4| 4| 5| 2 45 2|0 1,5,7 2,5,6,9

20 | 26/02/1998 | 0| 3| 3| 1| 2| 3145 410 4,7 0,1,2,3,4,5

21 | 19/01/1976 | 1| 5| 6 /10| 6| 0|45 6|4 4 0,1,2,3,4,5,6,7,8,9

22 | 06/04/2000 | O | 2| 2| 1| 2| 24,57 11,389 3,9 1,2,3,6,7

23 1 18/11/1991 | 0| 5| 4| 1| 2| 024 2|0 4 0,2,5

24 | 04/04/1981 | 0| 3| 8| 8| 4| 5 /1,4 6|0 0 0,3,4,6,7

25 18/01/1998 | 0| 5| 4| 1| 2| 3 4 0|0 1 0,4

26 | 01/01/1999 | 0| 3| 5| 1| 2| 3 /3,4 1,4 4 0,1,2,4,6,7

27 | 25/04/1977 |1, 2| 3| 3| 9| 3|4 10 0 2,5,8

28 | 13/10/1984 | 0| 5| 6| 8| 4| 5/1,2345| 3|0 0 0,5,6,7,8

29 | 24/11/1986 | 0| 3| 6| 9| 4| 3 4 2|0 0 0,1,6,7

30 | 01/08/1973 | 0| 4| 3|10| 5| 0|4 6|8 0 0,3,4,6,7

31 05/05/1972 | 3| 2| 6| 1| 5| 824 3|4 0 5,7

32 | 16/10/1998 | 0| 5| 4 1| 84,5 6|0 0 3,5

33 | 11/11/1978 | 0| 5| 6 4| 61245 6|1 1,2,4,789 |0,1,2,3,45,6,7,8

34| 12/07/1970 | 0| 5| 611 | 6| 4|25 10 0 7

35| 10/06/1954 | 1| 2| 5| 4|10 | 1| 24,5 3/0 0 3

36 | 01/04/1977 | 1| 2| 4| 2| 9| 01,45 10 4 0,1,3,7

37 | 24/08/1972 | 0| 1| 6| 5| 6| 3|4 11,347,389 4,9 0,1,2,3,4,5,6,7

38 | 18/05/1952 | 0| 2| 8| 5|10 | 6 1,4 11,24 5,6,7 3,4,6

39 | 18/02/1981 | 0| 3| 7| 6| 6| 1|4 1|0 0 2,3,6,7

40 | 05/07/1986 | 0| 3| 6| 7| 4| 0|45 2|0 4,7 0,1,2,3,4,5,6,7,8

41 | 22/03/1985 | 0| 5| 6| 8| 5| 4|245 410 4,7 0,1,2,3,5,6,7

42 | 12/09/1975 | 0| 3| 8|18 | 4| 52345 211,234,8 1,3,4 4,5,7

43 | 11/11/1999 |0 | 5| 3| 1| 2| 2|14 0]148 4 7
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Responses to pre-bias rating survey questions

Responses to reflective questions

ID D.O.B. AlB|C |D E F |G H | I J K

44 | 03/03/1996 | 0| 5| 4| 2 2| 3|4 30 0 0,2,4,6

45 | 14/04/1983 | 0| 4| 4| 5 8| 3 2 18 0 0,2

46 | 28/09/1989 | 0 | 5| 4| 2| 2| 2|4 411,234,789 |1 2,3,5,7

47 | 03/03/1996 | 0| 5| 4| 2 2| 3|4 30 0 0,1,2,4,6

48 | 03/04/1985 | 1| 4| 4| 1| 3| 21 00 0 1,2,3,4,5,6,7,8

49 | 06/06/1984 | 1| 5| 7| 4| 6| 0 245 111,7,89 2,4,5 2,3,4,5,6,7

50 | 22/10/1978 |1 5| 4| 1| 2| 3|6 0|8 0 0,1,2,3,4,5,7

51 | 16/01/1970 | 0| 3| 6|18 4| 0 1,4 410 0 0,2,3,4,7
1,2,3,4,5,6,

52 | 23/04/1971 | 0| 5| 5| 1| 3| 3 4 30 7,8,9 1,2,3,5

53 | 19/03/1982 | 0| 2| 9|15 4 323,45 211,478 3,4,7,8 9

54 | 10/08/1983 | 1| 5| 6| 9 6| 0 4 60 0 1,2,3,5

55 | 27/05/1987 | 1| 2| 8| 2| 2| 0 45 21,48 4 2,3,5,6,7

56 | 06/07/1977 | 1| 2| 3| 1| 1| 6|6 40 0 9

57 | 14/05/1993 | 1| 4| 4| 5| 4| 0 1,45 10 0 2,3,5,9

58 | 06/05/1956 | 1 1| 5| 2|10 | 1|23, 00 1,2,4,9 0,3,4,5,6,7,8

59 | 02/05/1996 | 1| 1| 4| 5 1| 32345 20 0 3,4,5

60 | 29/03/1983 | 0| 5| 6 3| 4| 5[1234 | 3|0 7,9 2,3,5,7

61 | 07/10/1976 | 0| 3| 3| 1 /10| 423,45 21,24 0 3,4

62 | 14/05/1993 | 1| 4| 4| 5 4| 0 1,45 10 4 2,3,5,9

63 26/02/1991 | 0| 1| 6| 3| 5| 5|24 2|4 9 4,5

64 | 07/07/1988 | 1| 3| 5| 3 5| 0 245 68 0 5,7

65 | 25/12/1996 | 0| 3| 3|10 7| 3|24 30 0 4

66 | 07/11/1988 | 0| 2| 6| 2| 4| 3 45 10 4 0,2,5,6,7

67 | 09/05/1982 | 1| 3| 4 8| 5| 6|1234 | 0| 1,89 0 0,2,3,4,5,6,7

68 | 03/09/1982 | 0| 5| 3| 2 8| 2 45 6|1,2,4,7,89 4,7 0,3,4,8

69 | 16/02/1988 | 1| 2| 3| 3 3| 2 245 211,478 0 4,5,6,7

70 | 23/08/1981 | 1| 3| 4| 2 6| 0|4 111,234,789 | 14,7 0,1,2,3,4,5,6,7

71 | 25/07/1994 1| 3| 4 3| 2| 1|45 20 0 2,5

72 | 14/09/1984 | 1| 5| 5| 5 1| 4| 1,4 00 0 0,1,2,4,5,6,7

73 12/12/1992 | 0| 4| 3| 1 3| 2 245 10 0 0,1,3,4,5,6,7

74 | 17/07/1981 | 0| 2| 8| 8 4| 2 45 24,89 1,4,7 2,3,4,5,6

75 27/04/1999 | 1| 2| 3| 1| 2| 2|24 01,4789 4 2,4,6,7

76 | 03/09/1985 | 1| 5| 6| 6 6| 0|4 111,234,789 |0 0,2,3,4,5,6,7

77 | 04/03/1955 | 0| 1| 8|10 4| 5|1234 | 2|1,234,789 |78 0,1,2,3,4,5,6,7,8

78 | 25/10/1977 | 0| 4| 8|26 4| 6 15 424,68 2,4 5,7,8

79 | 12/04/1979 | 0| 2| 6|10 4| 2| 1,4 20 0 0,1,2,3,4,5,6,7

80 | 01/09/1963 | 0| 3| 5| 2 2| 3|14 20 0 4

81| 08/07/1954 | 1| 3| 4|13 1| 3|4 14,8 0 0,1,3,4,6,7,8

82 08/11/1963 | 0| 5| 6| 6, 4| 0|4 11,9 0 1,3,5

83 11/11/1973 | 1| 1| 8|12 1| 1|14 20 0 2,3,5

84 | 02/11/1956 | 0| 2| 8 8| 4| 5|23,4 20234 0,4 3

85 | 25/10/1977 | 0| 4| 8 26| 4| 6|1,2345 | 4 3,458 2,3,4,6,8 5,6,8
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Responses to pre-bias rating survey questions

Responses to reflective questions

ID D.O.B. AlB|C |D E F |G H | I J K

86 | 04/05/1988 | 0| 2| 5| 5 4| 3|4 3|8 8 4

87 | 11/12/1996 | 1| 5| 4| 2| 2| 0 45 1.0 0 0,2,5,7

88 | 22/08/1977 | 0| 3| 7 6| 2 1,4 2 1,2,3,46,7,89 | 1,248 0,2,3,5,6,7

89 | 25/10/1977 | 0| 4| 8 26| 4| 6|1,23,45 | 4|28 2,3,4,6,8 3,5,6,7

90 | 19/11/1981 | 1| 5| 4| 2 1| 0 45 31,4 1,4 0,1,2,3,4,5,6,7,8
91 | 16/07/1982 | 1| 5| 8 7| 4| 3|6 00 0 2

92 | 14/12/1989 | 0| 5| 6| 8 4| 0 245 6|4 4 0,2,4,5

93 | 27/08/1988 | 1| 5| 6 8| 4| 41,245 11 0 0,3,4,5,7

94 | 25/10/1977 | 0| 4| 8 26| 4| 6|1,235 | 42348 2,4,8 3,6

95 |11/03/1996 | 1| 2| 6 5| 5| 01,34 310 0 0,1,2,4,6,7

96 | 02/01/1964 | 1| 5| 8| 8 6| 3|4 6|8 4 3,4,5,6,7

97 | 01/10/1990 | 0| 3| 8| 2| 2| 3|4 10 0 0,1,2,3,4,5,6,7,8
98 | 27/04/1966 | 0| 2| 5 3|10| 6| 1,2,4 2189 1,2 0,1,2,3,5,6,8
99 | 14/08/1989 | 1| 3| 5| 1| 1| 4|24 110 0 0,2,3,4,5,6,7,8
100 | 29/12/1987 | 0| 4| 8| 1| 3| 2|4 30 2,4 3,6,7

101 | 01/10/1992 | 1| 4| 4| 3| 8| 2245 11 1,4 3,4,5

102 | 07/02/1995 | 0| 4| 6| 2| 2| 0 245 311,348 0 0,1,2,3,5,7
103 | 20/12/1989 | 2| 2| 7| 3| 5| 1|14 01,4789 4 0,2,3,4,5,6,7
104 | 07/04/1960 1| 4| 8| 3| 6| 5|4 111,3,4,7,89 4 0,2,3,4,5,6,7
105 | 01/10/1981 | 0| 2| 5| 4| 4| 2 1,45 119 4 2,3,4,6,7

106 | 04/12/1963 0| 2| 4| 8 6| 0| 1,4 30 1 0,1,2,3,4,5,6,7
107 | 18/02/1990 | 1| 4| 4| 1| 3| 1 45 00 0 1,2,3,6,7

108 | 03/03/1968 | 0| 3| 5| 8| 6| 1 45 41 1,4,7,89 1,4 1,2,4,6,7

109 | 07/01/1996 | 0| 3| 4| 2 /10| 3 2,45 00 0 5,6,7

110 | 01/04/1988 | 0| 5| 4| 2| 4| 6 1,45 111,234,789 | 123,48 0,1,2,3,4,5,6,7,8
111 | 22/05/1990 | 0 | 2| 6| 7| 4| 24,7 311,234,789 |4 0,1,2,3,4,5
112 | 16/04/1986 | 0| 2| 4| 4| 7| 1 45 110 0 2,4,5,7

113 | 01/06/1968 | 0| 2| 6| 7| 6| 5 2,45 11,4,5,7,8,9 1,7 1,3,7

114 | 11/11/1990 | 1| 1| 6| 6 4| 1| 1,4 10 0 2,4

115 | 15/03/1952 | 0| 3| 8| 3 /10| 3 45 4 4 4 1,2,3,4,5,6,7
116 | 11/03/1989 | 0| 3| 4| 1| 1| 2 1,45 68 0 0,1,2,3,4,5
117 | 01/03/1997 | 1| 4| 3| 2 /10| 2 3,47 311,234,789 |47 0,1,2,3,4,5,6,7,8
118 | 12/07/1988 | 1| 2| 5| 1| 1| 313,45 111,2,3,4,8 0 3,4,5,7

119 | 19/07/1960 | 0 | 2| 6|11 | 4| 6| 1,24 10 0 0,1,2,3,4,5,6,7,8
120 | 23/06/1976 | 0| 3| 4| 6 4| 0|4 11,489 0 2,3

121 | 25/07/1983 | 0| 2| 8|12 | 4| 11,2345 | 3|0 4 0,1,2,3,4,5,6,7
122 | 07/02/1990 | 1| 5| 5| 2| 5| 0|4 10 4,5,8 0,3,4

123 | 08/08/1979 | 0| 5| 3| 4| 4| 2 4 50 0 0,1,2,3,4,5,6,7,8
124 | 01/07/1966 | 0| 5| 6|10 | 4| 5| 1,2,3,4 111,234,789 |0 0,1,3,4,6,7
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Appendix A3: Participant Information

Participant Information Sheet

Thank you for your interest in taking part in this task-based evaluation. The information below is provided to inform your
decision about consenting to take part in this experiment.

Details of the Experiment

The aim of this experiment is to ascertain how graphics accompanying news articles affect the perception of the articles” bias.
The experiment will begin by asking participants to fill out some basic profile information. This will include questions on:

» News access habits
» Political ideology questions

Participants will then be asked to rate the Bias of various new website articles. After rating 3 such articles, each participant
will be asked to select the most and least Biased and to provide additional information as to why they rated them as such.

Participants will then be asked reflactive questions on the Bias of various news mediums, what formats they consider to be
Biazed and which formats they consider the least Biased.

The results of this experiment will form part of the research being undertaken as part of a structured Masters degree in
Computer Engineering at the School of Computer Science and Statistics, Trinity College Dublin. The results may be
published at an international conference or journal. This publication will ensure that participants™ identities will not be
revealed.

Benefits of this Research

This rasearch is being undertaken to investigate how graphics accompanying news articles may affect the perceived bias of
those articles.

The experiment uses websites, news articles and images from mainstream news websites. In most cases, they have been
heavily adapted to suit the experiment. Copyright is held by the originators for the original versions of the websites, articles
and images. Copyright on the modified versions of each is not claimed by the organisers of the experiment. Use of the
original articles and modified versions is done under Fair Use. No financial reward is being earnad from the original or
modified content. None of the content, websites, articles orimages, original or modified will be distributed outside of the
experiment.

Cian Flynn
Trinity College Dublin
Email: fiynnc16@tcd.ie

Bias Experiment

Crowdsourced experiment of users' perception of Bias in
different News Articles

Start Experiment Return to Prolific Academic

© Cian Flynn, Trinity College Dublin 2018. Email: Cian Flynn.
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Appendix A4: News Articles and
Distortions Used in the Experiment

The following images show the websites presented to participants in the experiment for their
evaluation of perceived level of bias.

The label associated with each website corresponds to the website (W), story (A), and level
of distortion (D), as discussed in Chapter 3.
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Appendix A5: Debrief Page

Thank Youl!

For participating in this crowdsourced experiment

Debrief

This research is being conducted to better understand the
impact of professional design on the perception of Bias in online
News. Consequently, it was necessary to modify existing news
articles to increase or decrease the amount of Bias in each.
Author names were also changed.

As such, none of the information presented here can be counted
as an accurate, fair or balanced account of any of the topics
covered.

If you are interested in further information or news on any of the
topics depicted in this experiment | would encourage you to
seek out genuine news on each topic from multiple reputable
news sources.

Each of the websites used in the experiment were copies of the
websites of existing reputable news agencies. The news
agencies are not involved in this research and the articles in this
experiment should not be attributed to them.

Retumn to Prolific Academic

If you would like to contact the researcher leading this
experiment regarding any aspect of it please email:

Cian Flynn

© Cian Flynn, Trinity College Dublin 2018. Email: Cian Flynn.
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Appendix A6: Background Results

This appendix contains visualisations of links between social and economic data provided by
participants, and the bias ratings they provided.

The group codes correspond to those detailed in Appendix A2. The results are to be
interpreted as per Section 6.1.

A6.1 Political Leaning vs Reported Bias, Daily Mail

Report
Bias Reponed
Independent-Samples Kruskal-Wallis Test Political Leaning Mean I Std. Deviation
0 33.61 28 27.341
100.00 *
T T 1 27.27 15 25.401
80.00-] 2 37.04 25 36.316
E *
€ T T 3 45.44 25 30.053
= G000
% T 4 29.86 7 21.950
g 40007 5 29.00 11 30.760
20.00- i | ] 50.00 11 37.701
L
ool | | ! ! ||: ] 4.00 2 5.657
0 1 2 3 4 5 g g Total 36.27 124 30934
Political Leaning
X?(7) = 8.533, p-value = 0.288
A6.2 Political Leaning vs Reported Bias, BBC
Report
Independent-Samples Kruskal-Wallis Test Bias Reported
Paolitical Leaning Mean M Stel. Deviation
100.00-] * 0 32.69 28 26.382
1 40.87 15 31514
w000 T —( T T
T 2 33.08 25 31.070
T
£ e000 T 3 4252 25 30.817
% 4 33.86 7 31.445
£ 4000
5 39.45 11 33512
20,00 6 52.64 11 33.404
. | R 8 1.00 2 1.414
' 0 1 2 3 H g 8 g Total 37.71 124 30.289

Political Leaning

X2(7) = 8.108, p-value = 0.323
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A6.3 Political Leaning vs Reported Bias, Daily Mail

Independent-Samples Kruskal-Wallis Test

100.00- T

80.00

60,00 #

40.00]

Bias Reported

20.00 &’;‘

I | | I |
0.00 T T T T S E—
1] 1 2 3 4 5 5]

Political Leaning

X?(7) = 6.175, p-value = 0.519

A6.4 Occupation vs Reported Bias

Independent-Samples Kruskal-Wallis Test

100.00-
o
§0.00— T

:

o

-
o
t
2 60.00
g
2
£ 40007

20.00

0.00 f ! I T I I T T

1 2 3 4 5 [ 7 8 2] 10
Occupation

X?(9) = 10.240, p-value = 0.331

xli

Report

Bias Reported
Paolitical Leaning Mean & Std. Deviation

30.93 28 28.747
1 2713 15 25800
2 3272 25 25457
3 31.28 25 30.066
4 16.86 7 5146
Hi 14.09 11 20,945
6 46.73 11 40.856
g 28.00 2 41.012
Total 20.98 124 2831
Bias Reported
Occupation Mean I Std. Deviation
1 27T 33 27|
2 27.42 60 22882
3 38.58 24 3293
4 41.449 117 34 456
] 3233 39 2881
i 3269 a1 an.020
7 29.50 i 29.508
B 30.83 12 26.208
g 46.67 6 32432
10 33492 24 24748
Total 34 66 a2 anno




Appendix A7: Instruction Tasks

Instruction Task 1 Instruction Task 2
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Instruction Task 1 Popup Instructions

Instruction Task 2 Popup Instructions

Instruction Task 1 .‘

Instruction Task 2 [ ]

You will be presented with a series of news webpages, each containing
a single news article.

Please read each news article and use the Slider at the bottom of the
screen to rate, from 0 to 100, how Biased the article is.

0 being Unbiased and 100 being extremely Biased

Bias in news articles is defined as:

"Deliberate or accidental slant by the journalist, editor or
publication to distort reality.”

Some of the webpages may appear broken

However, each contains a News article which you will find by scrolling
up or down the page

After rating 3 such articles you will be provided the opportunity to
comparatively re-evaluate them and amend your Bias rating for each
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Appendix A8: D1 and D2 Graphics

WOAOD1 Graphic WOAOD2 Graphic
[fr}’g‘n.mnon SQUEEZES WAGE R

~—Regular pay (excluding bonuses) — Now
~ CPI Inflation ource: ONS
Aug
May
Feb 2017

Inflation (CP1) and Wage Inflation

Nov

Aug
May =
Feb 2016 =

Nov

Aug
WMay
Feb 2015

00 200 400 60.0 80.0 100.0 1200

Wincresss inWages W Consumer Price Infistion

The disparity in wages and consumer price inflation over three years. Data source: Office of
National Statistics

This graphic massively exaggerates the
difference between CPl inflation and wage
inflation, while also being relatively difficult to
extract any precise information from.

WOA1D1 Graphic WOA1D2 Graphic

$17500

$12500

$10000

37500

8. Jan 22 Jan 5.F

Price of bitcoin in US Doflars over three months, with overall trend in red.
Data source: coindesk.com

This graphic adds a bold red downward
trendline to the price of bitcoin graph, and
arrow showing the difference from the start of
the graph. This trendline is ignores any nuance
in the graphic, by being bolder and more
attention grabbing than the line itself, and
bolsters the narrative of an overall sharp
decline in price.
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WO0A2D1 Graphic WOA2D2 Graphic

Life expectancy in the UK Rise in life expectancy in England
Annual increase in years
82.9 == \ales === Females
04
Women 792 | 035
76.8 .
Men 0.25
70.8 02
015
01
1980 2014 0.05
to
1982 0
2001-2003 2004-2006 2007-2009 2010-2012 2013-2015
+
This graphic presents the information
differently to the D1 graphic, giving the
measure in change of life expectancy rather
than just life expectancy. The graphic also
appears to be incomplete.
W1AO0D1 Graphic W1AO0D2 Graphic
Inflation rate hits 3.1% Inflation (CP1) and Wage Inflation
Consumer Prices Index (%) .
Aug
6 May
Feb 2017
5 Nov ==
Aug
4 Nov 17: 3.1% May =
Feb 2016
3 Nov
Aug
M;
2 Feaz:z ==
200 400 60.0 80.0 1000 1200
1 Wincrese nWages W Consumer Price Inflation
0 The disparity in wages and consumer price inflation over three years. Data source: Office of

National Statistics

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Source: Office for National Statistics
This graphic massively exaggerates the
difference between CPI inflation and wage

inflation, while also being relatively difficult to
extract any precise information from.
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W1A1D1 Graphic W1A1D2 Graphic
Bitcoin falls below $6,000

Bitcoin exchange rate with US dollar
$ thousands $17500
20

1 Dec 1Jan 1 Feb
2017 2018

Price of bitcoin in US Dollars over three months, with overall trend in red.
Data source: coindesk.com

This graphic adds a bold red downward
trendline over the actual price of bitcoin, and
arrow showing the difference from the start of
the graph. This trendline is ignores any nuance
in the graphic, by being bolder and more
attention grabbing than the line itself, and
bolsters the narrative of an overall sharp
decline in price.

W1A2D1 Graphic W1A2D2 Graphic
Rise in life expectancy in England

) ) UK health care spending as % of GDP
Annual increase in years

©
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rg | Source: Public spending

This graphic focusses on a different detail
picked out in the article than the original
graphic, although it is from the same cited data
source. The article’s narrative suggests a link
between decline rate of life expectancy
increase with decline healthcare spend in an
apparent politic point. This graphic aims to
bolster that narrative.
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W2A0D1 Graphic W2A0D2 Graphic

B CPiinflation | Total pay (three-month-average)

May
Feb 2017
'/\/ Nov =

Inflation (CP1) and Wage Inflation
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Wincrease nWages W Consumer Price Inflation

n wages and consumer price inflation over three years. Data source: Office of

Source: ONS
This graphic massively exaggerates the
difference between CPI inflation and wage
inflation, while also being relatively difficult to
extract any precise information from.
W2A1D1 Graphic W2A1D2 Graphic

Bitcoin has lost more than half its value since its peak on 16 Dec 2017

Value of one bitcoin in dollars

$15000

$10000

$7500

8. Jan 22 Jan 5.F

Sardian arephic | seuree Thomson Reiets Price of bitcoin in US Dollars over three months, with overall trend in red.
Data source: coindesk.com

This graphic adds a bold red downward
trendline to the actual price of bitcoin, and
arrow showing the difference from the start of
the graph. This trendline is ignores any nuance
in the graphic, by being bolder and more
attention grabbing than the line itself, and
bolsters the narrative of an overall sharp

decline in price.
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W2A2A1 Graphic

There were 571,245 people aged 90 and over living in the UK last year - the
highest number ever

Thousands

W2A2D2 Graphic

Rise in life expectancy in England
Annual increase in years
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This graphic presents the information
differently to the D1 graphic, giving the
measure in change of life expectancy rather
than just life expectancy. The graphic also
appears to be incomplete.
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Appendix A9: Chi-squared Tables

DF 0.995 0.975 0.20 0.10 0.05 0.025 0.02 0.01 0.005 | 0.002 | 0.001
1 (0.0000393|0.000982) 1.642 2.706 3.841 5.024 5412 6.635 7.879 9.550 | 10.828
2 0.0100 | 0.0506 | 3.219 4.605 5.991 7.378 7.824 9.210 | 10.597 | 12.429 | 13.816
3 0.0717 0.216 | 4.642 6.251 7.815 9.348 9.837 | 11.345 | 12.838 | 14.796 | 16.266
4 0.207 0.4584 5.989 7.779 9.488 | 11.143 | 11.668 | 13.277 | 14.860 | 16.924 | 18.467
5 0.412 0.831 7.289 9.236 | 11.070 | 12.833 | 13.388 | 15.086 | 16.730 | 18.907 | 20.515
6 0.676 1.237 8.558 | 10.645 | 12.5392 | 14.449 | 15.033 | 16.812 | 18.548 | 20.791 | 22.438
7 0.989 1.690 9.803 | 12.017 | 14.067 | 16.013 | 16.622 | 18.475 | 20.278 | 22.601 | 24.322
8 1.344 2180 | 11.030 | 13.362 | 15.507 | 17.535 | 18.168 | 20.090 | 21.935 | 24.352 | 26.124
9 1.735 2700 | 12242 | 14.684 | 16.919 | 19.023 | 19.679 | 21.666 | 23.589 | 26.056 | 27.877
10 2.156 3.247 | 13.442 | 15987 | 18.307 | 20.483 | 21.161 | 23.209 | 25.188 | 27.722 | 29.588
11 2.603 3.816 | 14.631 | 17.275 | 19.675 | 21.920 | 22,618 | 24725 | 26.757 | 20.354 | 31.264
12 3.074 4404 | 15.812 | 18.549 | 21.026 | 23.337 | 24.054 | 26.217 | 28.300 | 30.957 | 32.909
13 3.963 5.009 | 16.985 | 19.812 | 22.362 | 24.736 | 25472 | 27.688 | 29.819 | 32.535 | 34.528
14 4.075 2.629 | 18.151 | 21.064 | 23.685 | 26.119 | 26.873 | 29.141 | 31.319 | 34.091 | 36.123
15 4.601 6.262 | 19.311 | 22.307 | 24996 | 27.488 | 28.259 | 30.578 | 32.801 | 35.628 | 37.697
16 5.142 6.908 | 20.465 | 23.542 | 26.296 | 28.845 | 20.633 | 32.000 | 34.267 | 37.146 | 30.252
17 5.697 7.564 | 21.615 | 24.769 | 27.587 | 30.191 | 30.995 | 33.409 | 35.718 | 38.648 | 40.790
18 6.265 8.231 | 22.760 | 25989 | 28.869 | 31.526 | 32.346 | 34.805 | 37.156 | 40.136 | 42.312
19 6.844 8.907 | 23.900 | 27.204 | 30.144 | 32.852 | 33.687 | 36.191 | 38.582 | 41.610 | 43.820
20 7.434 9.591 | 25.038 | 28.412 | 31.410 | 34170 | 35.020 | 37.566 | 39.997 | 43.072 | 45.315

Source: https://www.medcalc.org/manual/chi-square-table.php
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