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Abstract: The myth of transparency and truthfulness is the foundation for
contemporary theories of information design. Avoiding distortion and ambiguity
is the moral imperative of an upstanding data visualizer. Sometimes, though,
data that is collected is not accurate enough and the sources use indirect
indicators to approach a phenomenon: what to do then, if the need to graphically represent a phenomenon is urgent and necessary? Should the designer
wait to have the exact data, or should he indicate a trend, expressing the
hypothetical status of his statement? Can data visualization be designed to
express doubt rather than to inform about facts?
This essay will deal with the forms of expression of uncertainty in infographics. It will consider the designer as both an observer and a translator,
whose position of neutrality is only one of the possible realms of discourse. In
general, it will focus on the forms of visual expression of a self-criticizing mood
in quantitative research today and it will explore the ways in which data that is
not meaningful in statistical terms can become meaningful in semiotic terms.
Keywords: information design, data visualization, uncertainty, semiotics

1 Introduction
It can happen, in data journalism and information visualization, that a designer
has to visualize data he is not certain of, because of difficulties in retrieving the
sources, because of the indirectness of those sources, because of the informality of
the data collection process, or because the data represents an attempt to guess
what will happen in the future. If the numerical data collected offers no certainty,
and the sources inquired are not fully reliable, for the different reasons we
mentioned above, the idea of designing infographics should probably be abandoned. On the other hand, it would be a shame to lose the opportunity to inform
the public about an evident direction of a social phenomenon that cannot be
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backed up through data, because of the impossibility of being totally accurate:
even when data is doubtful, it can express a tendency and reinforce an impression
garnered through empirical observation. Thus, the designer’s possible answer
could be to visually declare, honestly, his lack of success in retrieving data and
his role as an observer and interpreter of a phenomenon rather than a facilitator
who clarifies and simplifies a subject that is already given.
By exploring these cases in which diagrams themselves explicitly incorporate the assessment of uncertainty towards data, we evidently reject the idea that
diagrams based on statistics should unambiguously and objectively represent
the data they stand for. They can represent both data and the impression the
researcher has about them. In general, we do not believe that the content of a
diagram is an object of the world, but rather a logical relationship, which is itself
the result of a convention (Eco 1976: 197–200). There is indeed a relationship of
proportionality and isomorphism between expression and content in graphs, but
this relationship is neither natural nor analogical. It is always a set of conventions that decides whether the lines and spots in a shape stand for the information they describe, so the supposed referential function of a diagram is always a
cultural construction (Lupton 1988). Moreover, figurative elements in diagrams,
which would be seen as decorative paraphernalia by the purists of information
design, could in this way recover an expressive function and convey effects of
meaning. The style of a diagram, in any case, depends on the visual culture of
an era and can in no case be a neutral transcription of reality.
The aim of this essay is, first of all, to enquire into the ways in which
uncertainty is part of the information transfer process and how in general it
moves research. We will also question concepts that are considered untouchable
in data journalism, such as accuracy, precision and clarity. An important part of
this essay will be dedicated to the forms of expression of uncertainty in quantitative displays. All in all, the essay is interested in a self-criticizing mood in
graphics today, expressed through visual means, in situations in which statistic
irrelevance can be turned into meaning.

2 Information and uncertainty: A dynamic duality
The Socratic “awareness of ignorance” as a first step towards wisdom is the
fundament of Western philosophy. Uncertainty can be considered the main motivator for curiosity and inquiry: all research is originated by a question. Knowingthat-I-do-not-know is the precondition for any movement of openness towards
information. Although “the game of doubting itself presupposes certainty”
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(Wittgenstein 1969: 115), it is also true that “where there is no doubt there is no
knowledge either” (Wittgenstein 1969: 121).
Information is indeed related to uncertainty and freedom of choice for the
pioneers of information theory. For Shannon and Weaver (1949), “the greater
this freedom of choice, and hence the greater the information, the greater is the
uncertainty that the message actually selected is some particular one. Thus,
greater freedom of choice, greater uncertainty, greater information go hand in
hand” (Shannon and Weaver 1949: 18–19). Information here is related to surprise and novelty and, as such, is opposed to redundancy. Shannon and
Weaver, clearly, were referring to the particular task of transmitting words in
English through telegraphy and any attempt to generalize their theories must
always take this into account. In any case, their mathematical theory of information tried to construct a system that was independent of the subjective
response and interpretation of the observer. For them, the higher the probability
of receiving a certain message, the less information the receiver receives.
Following these assumptions, information lies in a paradox: it depends on
an initial status of uncertainty – and the greater the uncertainty, the greater the
information – but its aims are to reduce this very uncertainty. As a consequence,
to allow the advancement of knowledge, the information received cannot reduce
uncertainty to zero. On the contrary, it must leave space for further inquiry. As
observed by Charles Sanders Peirce, the battle between doubt and belief is at the
basis of the dynamic advancement of knowledge, doubt being a stimulus to
action: “The irritation of doubt causes a struggle to attain a state of belief. I shall
term this struggle inquiry” (Peirce 1877: 5). In fact, all Peirce’s philosophy is
based on this cognitive movement from the known to the un-known, paving the
way towards unlimited semiotics (CP). As remarked by Vidali and Neresini
(2015), it is the responsibility of the observer to raise new questions in the face
of given answers: “Information depends on the observer, and more exactly on
the uncertainty that he raises regarding the possible messages reaching him that
he intends to process” (Vidali and Neresini 2015: 38, my translation). The
observer’s “will to process,” together with his rejection of redundancy, is necessary to produce new knowledge. In other words,
to have information it is not enough that a message reaches us in a correct, constant or
even incessant way, as most advertising campaigns do. Information depends on the
opening of a space of uncertainty. In other words, it depends on a question. (Vidali and
Neresini 2015: 38, my translation)

The observer, in any case, is himself a system for the selection of possible
messages. It is impossible, to speak or think of reality without integrating the
observer into this vision, as it is he who establishes the informational value of
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what he sees and processes (Vidali and Neresini 2015: 61). The choice of
indicators, the choice of variables, the choice of the timespan in which to
analyze the phenomenon, all are ways to frame reality and suggest a point of
view. They are questions posed by a researcher to data, ways to browse them
and attempts to construct a narrative. Information designers, as transformers of
data into visuals, play a role that is at the same time that of observers and
informers, which means that by receiving and processing information, they are
interpreters of some data and express their interpretation through a visual
model. When presented with a set of data, a designer tries to make sense of it,
even though it may be completely random and uncertain. As humans, we tend
to detect patterns and find a cause-effect explanation for everything. The
dynamic relationship between hypotheses and data is at the basis of any
research. A researcher should then always declare the step along the path of
knowledge he’s taking, the perfectibility of the data collected and the direction
in which he is going.
This is why a statistical chart that opens spaces for further inquiry, and does
so in a clear and honest way, is not necessarily a poorly made chart, but a
statement about the temporary status of knowledge.

3 Data journalism and the quest for truth
Although statistics may be considered “the study of uncertainty” and statisticians
“experts in handling uncertainty” (Lindley 2000: 294), the horizon of expectations
that is opened when statistics are embedded in the journalistic discourse, includes
objectivity and factuality. “When set in a textbook or a newspaper, statistics resist
the skepticism on which empirical method is founded, and project an authoritative image of self-evident factuality” (Lupton 1989: 151). This is why data journalists feel accountable for the facts and numbers they provide and feel the need to
be truthful and honest. Their job consists in three steps that are to gather, filter
and visualize what is happening with the help of data. Sometimes it is they, or the
team they belong to, that filter the data; other times they receive data that is
already packed and filtered by others. In any case, a certain dose of skepticism is
necessary, and double-checking both the numbers and the presence of a correlation (or of a co-correlation) before even conceiving the visualization, is a moral
imperative (see Gray et al. 2012: ch. 5). This preliminary but substantial moment,
consisting in testing the reliability of the sources and the correspondence of data
to facts, is highly important for Alberto Cairo, who has dedicated an entire book
(The truthful art 2016) to this topic, without – comprehensibly – wading into the
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swamp of philosophical themes. The most important property a visualization
should have, according to him, is to be “truthful” rather than “clear,” which
means “based on thorough and honest research” (Cairo 2016: 45). A data journalist, he says, should “get information as right as possible” (Cairo 2016: 48) and
“convey his best understanding of what the truth is” (Cairo 2016: 14). As a
journalist writing mainly for aspiring journalists, for Cairo fact-checking and the
search for truth is a core mandate: his idea of visual communication of data is
more “candid” than “strategic” (Cairo 2016: 13–16), based on transparency and
honesty. From a semiotic point of view, however, any journalistic act is strategic,
including those that present themselves as “candid,” objective and impartial.
What is called journalistic truth, in fact, is a discursive truth that is not measurable through the comparison with facts – which, like reality, are inaccessible –
but through the analysis of its consistency and logical solidity (see Lorusso and
Violi 2004: XIII).
Cairo is very conscious however that the only way to approach reality is
through models, thus not believing in an immediate correlation between a
diagram and the phenomenon observed. Nevertheless, although truth is unattainable, he says, “trying to be truthful is a realistic and worthy goal” (Cairo
2016: 15). Thus, more than truthfulness what he looks for in models is accuracy:
“the quality of any model is higher the better that model fits the reality it stands
for” (Cairo 2016: 86), as “accuracy,” according to the ISO (International
Organization for Standardization), stands for “the closeness of agreement
between a measured quantity value and a true quantity value of a measurand”
(BIPM 2008: 21, emphasis mine). A concept that is not very far from the
“measurement trueness,” “the closeness of agreement between the average of
an infinite number of replicate measured quantity values and a reference quantity value” (BIPM 2008: 21). Both those concepts – accuracy and trueness –
presuppose the existence of a “true value” and a “referent” that is, in any case,
unmeasurable. Designers often refer to accuracy as an important property at the
moment of collecting data. But what brings a designer up to the moral standards
of good journalism is integrity (Tufte 2001 [1983]: 53–77) and honesty
(Wiederkehr 2015: 428). Truthfulness is then based on trustworthiness and
knowledge depends on trust.
Because of his long experience in retrieving, selecting and elaborating
data, Cairo is perfectly conscious that “data is always noisy and uncertain”
(2016: 112), considering that the least that can happen in collecting data is
experiencing “random variation” or “sample variation”: however rigorous the
methods for drawing samples, there will always be some amount of uncertainty, due to the level of fortuitousness implied in forming statistical samples.
For Cairo, then,
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in many circumstances, truth may be unattainable, fuzzy, or even unknowable, but that
does not exonerate us of our obligation to be truthful. Someone who intends to communicate a message may not know all the information that is needed or— more importantly
for my argumentation – may not possess the skills to represent it correctly. But, if she
strives to do her best, she will be acting ethically. (Cairo 2016: 104)

This means that one can be truthful, without pretending to be true. So, if it is
true that “graphical excellence begins with telling the truth about the data”
(Tufte 2001 [1983]: 53), a designer’s commitment to uprightness should go
through an expression of both his epistemic position of doubt and the variation
or distribution of a social phenomenon. “Telling the truth” would thus mean
being honest about the lack of certainty of data.
Tufte never introduced the theme of “truth” in his first book. His attention
was focused on the process of translating data into visuals, without questioning
the earlier stage of data collection. If the designer gets a “puny data set” (Tufte
2001 [1983]: 15), there’s nothing he can do but “write explanations of the data in
the graphic itself” (Tufte 2001 [1983]: 56). Thus, for him, graphical excellence
depended on clarity, precision, and efficiency (Tufte 2001 [1983]: 13 and 51).
Clarity has already been treated in semiotic terms as “the visual figure of a
veridiction contract” (Floch 1990: 114), in which a sender makes a commitment
to the receiver to make the appearance of his statements conform to their being.
Thus clarity is based on a relationship of trust in which it is assumed that the
other is not lying: an authentication agreement between sender and receiver
(Greimas 1989) Precision is also based on trust, having more to do with the
methodology of data collection than with a supposed relationship with the
referent, precision being “the closeness of agreement between indications or
measured quantity values obtained by replicate measurements on the same or
similar objects under specified conditions” (BIPM 2008: 22).1 If they have been
precise in the practices of data collection and quantification, then the sources
are probably reliable and can be reconsidered for further research.
Before Tufte, Jacques Bertin had also avoided being drawn into the tricky
topic of the relationship between data and reality, focusing more on efficacy
than on accuracy: “Generally we will not discuss here the content of the
proposed examples. It can be good or bad, “accurate” or “inaccurate.”
However what matters to us is the quality and the efficacy of its graphic
transcription” (Bertin 1967: 5). This graphic transcription has to lead to a unique
interpretation, since every graphic is a monosemic system, and as such it is
1 It is interesting to remark that in French – that is the other language used in the vocabulary of
metrology – ‘trueness’ becomes justesse, thus escaping, at least lexically, from the issue of the
reference. Moreover, ‘precision’ becomes fidelité.
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“undebatable” and “logical” (Bertin 1967: 2): Every shadow of ambiguity is
banned. Introducing figurative images in graphics would mean proposing an
ambiguous and polysemic element to the reader. This would introduce debate in
the reception of the diagram, thus invalidating its efficacy.
When present, the expression of doubt, for those advocates of clarity,
efficiency and precision, is referred to words and notes outside of the visualization itself. What we will focus on in the next paragraphs, is the way in which
infographics can visually incorporate the expression of uncertainty.

4 Between journalism and awareness campaigns:
The case of Amnesty International
Amnesty International’s communication strategies often use a certain statistical
appeal to show solid facts. Amnesty itself often collects the data that is used in its
communication campaigns. Amnesty is indeed considered not only as an organization that promotes and communicates against the abuse of human rights, but
sometimes as an autonomous agent of inquiry and a source of data. The British
newspaper Guardian, for example, often uses Amnesty’s data to feed its visualizations, as we can see in the example below (cf. Figure 1). As in the journalistic
discourse, truthfulness and accuracy are the values on which Amnesty bases its

Figure 1: Amnesty International, Death penalty in the world, 2014.
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inquiries. In fact, it promises to take every possible step to be reliable and accountable: “All our campaigning and research is fact-based … Before any statement,
publication or report is issued, its text is closely reviewed to ensure it is factually
accurate, politically impartial and consistent with Amnesty International’s mission.”2 Moreover, Amnesty’s rules are to always declare when figures are not
precise: “When Amnesty International deals with allegations rather than undisputed facts, it makes it clear in its findings and may call for an investigation” (from
the Amnesty International website). The failure to retrieve the data then must
always be declared, either verbally or visually. As an organization calling people
to action, Amnesty sometimes gives priority to the urgency of the theme in spite of
the insufficiency of the data collected. It is often the case that facts and figures are
used to communicate the scale of a phenomenon against which people are called to
action, even though these facts and figures are vague, not confirmed or not
particularly relevant. Does Amnesty always declare the imprecision of its findings?
Most times it does, sometimes it does not. We will consider two examples.

4.1 The death penalty and invisible data from China
The abolition of the death penalty is one of Amnesty’s main objectives. The
visualization of the statistics about death penalty in the world in 2014
(cf. Figure 2) is a histogram showing and sorting executions in different countries
in ascending numbers, from the lowest to the highest rate. The skyrocketing
height of the bars representing the two last countries (Saudi Arabia and Iran)
turns the geometrical shape of the last bar into a figurative element, transforming
it into a pole to which a condemned person is tied. The illustrative approach,
adding an illustration that is not necessary in terms of data communication, but
helps the reader to recognize the issue and to emotionally react to it, belongs to a
long tradition in the history of infographics: see for example the habit of Nigel
Holmes in the 80s to add a layer of storytelling to statistics through illustration
(this theme has already been addressed in Burgio and Moretti 2017b). What is
interesting for the contents of this paper, is that the most relevant information –
about the country that probably has the highest rates of death executions – is not
included in this graph, due to the lack of official data. Only a line of text at the
bottom of the poster states that: “these numbers dating from 2014 do not include
China, which alone has carried out more executions than all the other countries
combined.” A notation that, on its own, suddenly makes all the representation of
2 This and the following statements come from Amnesty’s website, http://www.amnesty.eu/en/
about-amnesty-international/faq/#.WnmFJGWIKFI (accessed February 2018).

Authenticated | valeria.burgio@unibz.it author's copy
Download Date | 8/8/19 8:37 AM

Uncertain infographics

9

Figure 2: The Guardian, Capital punishment in the world, 2013.

the data above less interesting and moves to further inquiry specifically regarding
the Chinese situation.
The case of China is included in a data map, based on data by Amnesty,
published by The Guardian in 2013. The dimension of the circle representing
Chinese figures is larger than the rest of the circles, though it does not stand for
a precise number. It visually translates the vague expression “thousands.” A note
states that “the figures [that were used for the graphics] do not include thousands
of executions likely to have taken place in China” (emphasis mine). Nothing visual
indicates this state of uncertainty in the collection of data from a precise country.
It is only the vagueness of the expression “thousands” and the verbal remark at
the bottom of the chart that provide information not only about the probable
number of executions in China, but also about the political situation of a nation
state that manages to keep sensitive data secret. In the era of Wikileaks, this looks
surprising to a Western eye and deserving of deeper inquiry.
The case of China is a source of frustration for an organization fighting to
abolish death penalty: as long as figures remain unpublished and protected by a
system of secrecy, no discussion or action is possible. This is why Amnesty has
engaged in an in-depth investigation, communicated through the final report
“China’s Deadly Secrets” (2017). This report is accompanied by statistics and
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data visualizations. We will now try to analyze one of them, to begin to reflect
on the visual elements that recur every time we tell a story of uncertainty and
the quest for truth through data visualization.
In the diagram (Figure 3), the area of the central circle, in orange, represents
the number of executions reported by the government database. The orange
circle is contained inside a red circle, which quantifies the number of executions
reported in Chinese media. In turn, the red circle is in a subset relation with a
larger grey one, whose numeric denotation is vague (“1000s”). The outer circle
and the inner ones are in a spatial relationship of inclusion (one is a subset of
the other one which in turn is a subset of the other one) and concentricity.
Concentricity is built on a correlation and spatial contiguity between an /encapsulating/ element and an /encapsulated/ one (/englobant/ and /englobé/ for
Greimas 1984; see also Leone 2014). The outer circle, despite being the element
that includes all the others, has no clear borders, especially at the top, where the
gray fades into the white of the background. On the contrary, the inner circles
are sharply closed. At a chromatic level, the dimness of the gray contrasts with
the brightness of the orange and red spots, while the plain and homogenous

Figure 3: Amnesty International, Chinese secret executions in numbers, 2017.
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surface of those two colors contrasts with the shaded gray circle, which is
patterned with a repeated white-bordered pictograph of a human being.
All those elements create a plastic opposition between /open/ and /closed/;
/dull/ and /bright/; /vanishing/ and /plain/; /patterned/ and /homogeneous/.
This network of plastic oppositions has some assonance with the categories that
Floch borrowed from Wölfflin about a Classic as opposed to a Baroque vision,
thus positing an ideology of a mathematical perfection and clarity as opposed to
an obscure world dominated by passions. This system of relations creates an
easily recognizable semi-symbolic system, which relates to a semantic structure:
“secret” versus “revealed”; “uncertain” versus “certain.” Due to the spatial relationship of inclusion between the circles, it appears that all the known elements
are merely a small part of an unknown sphere, where individuals who have lost
their lives because of legalized state-vengeance are lost and uncounted.

4.2 The global weapons trade: On leaking data
We have now seen a case in which it is recognized and admitted that a certain
phenomenon occurs, but the entity of the phenomenon is unknown. Since the
aim of Amnesty is to abolish the death penalty everywhere rather than providing
quantitative information about it, the lack of precision in the graphics is totally
justified and tolerable.
Another burning question for Amnesty International has always been the
global weapons trade: a global embargo on arms could possibly make wars less
bloody and dictators less powerful. In a campaign denouncing the responsibilities of Western countries in selling weapons to the Middle East (Figure 4),
Amnesty builds a correlation between the arms trade and the repression that
followed the Arab Springs. Although the data comes from an official report by
the research service of the US Congress (Grimmett 2011), the graphics present
many inadequacies.
When the poster claims “Just six countries export 74% of the world’s
weapons,” the legitimate question is “When?” or “In what span of time?”.
Only after examining the sources (something that a simple reader should not
be compelled to do), can we be sure that the statistics refer to the year 2010. In
fact, 2010 was a year that witnessed a major reduction in the demand for
weapons, because of the negative effect of the international recession on the
arms market (Grimmett 2011: 4). The choice of another year would have made
the graphic more blatant and the message of the campaign more dramatic. It is
not very clear, then, how the (official) weapons traffic in 2010 should be connected with the uprisings and the consequent repression in the Middle Eastern
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Figure 4: Amnesty International, Who’s arming the
world, 2012.
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countries the following year. The countries from the Middle East (Syria, Egypt,
and Libya) that are mentioned in the second chart are treated as if they were the
major arms importers, while the real main importers (India, Saudi Arabia, and
UAE) are not mentioned, although they are the ones often indirectly arming
countries at war and terrorist groups.
From a visual point of view, the graphics try to include figurative elements
in an abstract chart, to immediately introduce the topic. These figurative elements are mainly bullets and blood, which are in a relationship of metonymy
with the figurative field of weapons. The first chart responds to the question
“Who’s arming the world?”. The 74 percent is represented by a bloodstained
bullet that is colored for approximately three quarters of its height. The six
bubbles that follow represent the contribution of each of these six countries to
the arms trade, that is the income every country derives from the weapons trade:
each rate is represented by a pool of blood. This visualization has many problems. First of all, at a figurative level, it leads to misinterpretation: the use of
black and white makes the spots of liquid look more like ink than blood, and the
bloodstained bullet more like the nib of a pen. Then the borders of the pools of
blood are imprecise and leaking, thus hampering the possibility of reading the
precise quantities expressed.
There is probably an objective reason why these figures are not precise.
Quantifying the international arms trade is indeed generally considered difficult
by researchers in this field, because of the different ways of defining arms and
military equipment (often called “dual-use goods,” to be used either for civilian
or military purposes); then, trade does not take into account gifts and donations;
moreover, many major exporters, such as China again, do not release trustworthy data about their arms exports (see Holtom and Bromley 2010). Thus, the
indented border of the figures could be a way to express the insufficiency of the
data collected through the above-mentioned report.
In the second visualization (“Who’s fueling bloodshed?”), the use of the liquid
spots helps to feed the visual metaphor of the flux from the exporting countries to
the importing ones as a leaking bloodstain, that risks spreading further. The
imprecise borders of the stains free the designer from the need to be precise in
the representation of the figures behind their visualization. In this case, a note at the
bottom of the poster informs us that “the data presented is not exhaustive.”
In the third part of the poster (“What’s the human cost?”), we are informed
about the number of the victims of repression after the Arab Spring. Here, Libya
is ranked second but the data is missing. Numbers are vague (“thousands”).
Why? Probably because the number of civilian casualties during Gadhafi’s
reprisals and as a result of the NATO bombing has never been released. The
dismantling of the state after the fall of Gadhafi has not helped to make things
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clear. As in the case of China above, the vagueness of this number is represented
through the shading into gray of the repeated highly generic pictograph of a
standing man. A /vanishing/ element is opposed to a /precise/ element to
declare the imprecision of one’s statement.
This example helps us to draw a line between biased information and an
honest expression of doubt.
On one hand, however tight the correlation might be between the weapons sold
by Western countries and the governmental repression of popular revolutions in the
Middle East, the question is too complex to be dismissed in such a simplified
manner. The arms race has always been one of the reasons why civil or international
wars break out, but not the only one. On the other hand, declaring uncertainty about
the data referring to countries that import weapons or about the number of Libyan
victims can be a statement about the difficulties in retrieving data, but it can also be a
way to lower one’s sense of responsibility when claiming a position.
Amnesty must have felt that it was important and urgent to raise the issue of
the arms trade and to call out the responsibilities of the western countries in the
wars in the Middle East. But this campaign has too many problems to be
perceived as efficient and trustworthy, far beyond the problems of quantification
mentioned above.
To conclude, in the case of the graph about the death penalty in China, the
designer’s statement was very clear: there is a serious attempt to get verified
data, but until we have it, we will communicate the failure of our research.
Uncertainty is the horizon towards which we tend to clarify it, with the help of
activists and media in China. In the second case, the general question is misplaced, and the horizon of the research not visible.
From a visual point of view, however, it is interesting to see how an
expression matter– the liquid element of blood – has been used not only to
carry simple numerical content, as an abstract shape should, but also to refer to
the difficulties in containing and controlling the arms market. Moreover, the
declared “un-exhaustivity” of the data could not have been expressed by clear,
sharp and solid shapes.

5 Data from an undocumented past/data from
a still undocumented future
When data is provisional and anticipatory, its adherence to reality can only be
proved in the future. Scientists in fields such as economics, medicine, meteorology, climatology, and ecology need to communicate forecasts, probability and
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previsions. This is why, in this particular case, expressing uncertainty about the
future is accepted by the scientific community, even though this uncertainty and
its degree have to be communicated in a codified manner, and even though the
progress in research tends towards the reduction of this uncertainty. The “forecast cone,” for example, also known as “cone of uncertainty” represents the area
where certain events could occur, such as the trajectory of a hurricane
(Spiegelhalter et al. 2011: 1397). The cone represents the probable pathway of
the center of the storm. The example below (Figure 5) refers to hurricane Katrina,
which hit Louisiana in 2005.3 Here the level of uncertainty is absolutely quantifiable, as it is expressed by the width of the cone at a certain latitude and within
a certain time frame. The shape of the cone indicates a lower margin of error in
the near future than in the farther one. The improvement in science and
technology will allow forecasting to create smaller cones, and be more precise
in locating the possible path of the hurricanes.

Figure 5: Forecast Cone of Hurricane Katrina, 2005, National Weather Service, US.

3 The images are both taken from the site of the National Hurrican Centre, Miami, US. http://
www.nhc.noaa.gov/outreach/presentations/2013_06nhcL311_windSpeedProbabilities.pdf
(accessed July 2017).

Authenticated | valeria.burgio@unibz.it author's copy
Download Date | 8/8/19 8:37 AM

16

Valeria Burgio

Even though its shape looks very similar, the so-called wind swath, the
impact map which is designed after the hurricane, is very different from the
forecast cone (McNoldy 2013). It is indeed an ex-post map, visualizing the impact
of the hurricane through different shades of color: red is for the areas which have
been most seriously affected by the effects of Katrina; orange is for the areas less
damaged by the hurricane, here downgraded as “tropical storm” (Figure 6).

Figure 6: Wind Swath of Hurricane Katrina, 2005, National Weather Service, US.

In world population prospects or in economic growth expectations
(Spiegelhalter et al. 2011), the line of growth is surrounded by a shade the
darkness and width of which depend on the degree of confidence: as in all
kinds of projections, the amount of uncertainty increases with time. We are less
certain of what the world population will be in 2100 than in 2050 and this is why
the shape of this graphic is, again, a cone or a funnel (Gerland et al. 2014).
In other cases, it is data from the past that is missing. For example, the
famous hockey stick chart (Figure 7), designed by climate scientists Mann et al.
(1998) and made famous by Al Gore in his documentary “An Inconvenient
Truth” (Guggenheim 2006), represents climate change and global warming,
using codes to display uncertainty (see also Cairo 2016: 43–44).
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Figure 7: Mann et al. (1998), the hockey stick graph.

The gray strip that surrounds the black and blue lines indicate the range of
possible changes in the data about temperature. The temperatures over the last
thousand years were reconstructed collecting data through indirect techniques
of measurement such as tree rings, corals, ice cores, and historical records.
Indeed, it is impossible to acquire precise and accurate knowledge of temperatures in the past. This overly large gray zone of incertitude about the past has
been the basis for much debate and, unfortunately, for denial theories. The
closer we get to the present, the thinner the gray band grows. This is the result of
scientific and technological development in measurement tools and techniques.
This chart states that the industrial revolution implied both an increase in the
average temperature and improvements in its techniques of measurement and
control. The paradox of progress.
Talking about codes: the legend invites us to interpret the change in the
color of the line from blue to red as a change in the techniques of measurement
(from indirect reconstruction to thermometers): in fact, the color red associated
with the sudden rise of the line, visually screams an alarmist red alert: a global
warning about global warming.
Jacques Bertin writes sensible pages about the difficulties of retrieving data
from the past. In fact, he was asked to process a map by analyzing a set of
historical data on economic census in Spain, collected centuries ago using
untrustworthy methods and unrepeatable procedures. Processing historical
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data requires a greater effort in cross-checking and finding confirming documentation. The credibility of a graphic designer in this case is linked to a certain
degree of historical criticism of the sources. Information will necessarily be
imperfect, and this imperfection will have to be translated into “degrees of
error, which oscillate between the acceptable and the unacceptable” (Bertin
1967: 400). Nevertheless, however inaccurate this representation can be,
the graphic representation of erroneous data always yields useful information, either
concerning the content – to the degree that, for example, even if all the numbers are
false, the general tendency can still remain valuable and confirm a relationship discovered
elsewhere – or concerning the extent of the error, or its principle characteristics. It allows
us to approach the problem of historical error from the error itself, not from the potential
causes. (Bertin 1967: 400)

Thus, unreliable data regarding a phenomenon that took place in the past can
however describe a tendency, and, in any case, be symptomatic of an archaic
way of conducting social research. However, when eventually exposed to the
risk of giving visibility to uncertain data, Bertin decided to stick to the imperative of unambiguousness and to leave any doubt out of the visualization, on the
level of theoretical reflection on the design process. No gray areas or blurred
borders then, but a sharp visualization that conceals the crisis of the researcher.
The expression of doubt is assigned, in fact, to the verbal texts accompanying or
commenting the visualization.

6 Expressing doubt through movement:
Visualizing the uncountable
Animating the graphics can help give new forms of expression to uncertainty. In
his analysis of the rates of maternal mortality worldwide, Hans Rosling reports
uncertainty about the data collected, in particular the data from central African
countries (Rosling 2007; Nordenstedt and Rosling 2016). The different range of
uncertainty in the data depends on the different survey methods: while in
Western countries, deaths and births are counted through certifications and so
the figures are almost 100% certain, in most third world countries, the count is
based on indirect estimations by scientists themselves. In others, data collection
depends on the so-called “sisterhood methods,” which means asking every
woman if she has lost a sister giving birth. This system is considered more
reliable than indirect estimation even though it still leaves a high level of
indeterminacy. Rosling expresses this range of uncertainty, which varies from
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country to country, through a movement of oscillation from the highest to the
lowest data. The different period of movement for different countries gives the
observer information about the difficulties involved in gathering data in a
specific place (and therefore about the lack of institutional medical services).
Given this lack of strict and precise scientific material on which to base a
research study, Hans Rosling asks himself: “if the uncertainty about maternal
mortality is so high, is there any point in measuring maternal mortality at all?
And how can we tell if things are improving?”. His answer is: Yes it is.
While maternal mortality cannot be used to measure progress year by year towards safe
motherhood, at least not in low income countries, we need to know the magnitude of the
problem. Therefore, we need to know roughly how many women die every year while
giving birth. (Rosling 2007)

This data, though “rough,” needs to be cross-checked with another set of data,
which is more reliable, about the access to skilled staff supporting motherhood
in different countries. This could be a way, not only (and primarily) to avoid
negative consequences in giving birth, but also to control and count a phenomenon by supplying a medical service.
The same frustration about the uncountability of a phenomenon, due to a
lack of jurisdiction, was the basis for another case-study in which the author of
this essay was involved. The web-project Europa Dreaming (http://www.europa
dreaming.eu), 2015, had the aim to gather and compare various ways of understanding the “European dream” by putting together a montage of different
media and languages (photography, video, infographics, reusing images from
the archives). It thus responded through a kaleidoscope of points of view to the
hyper-simplified story of the presumed migrant invasion of Europe and its
portrayal as an emergency by the sensationalist press (Burgio and Moretti
2017a). Europa Dreaming’s use of data was highly problematic, though, as
claimed by the design team (Moretti et al. 2017), who felt the need to use a
more qualitative approach to counterbalance the irrelevance of the numbers
shown. Migrants entering Europe, for example, were not easy to quantify. Even
Frontex, the agency devoted to control and patrol European borders and the
institution that should have had a better grasp of these figures, admits its
uncertainties in that regard: out of the 710,000 entrances from the beginning
of 2015 (data collected in September) “ … a large number of the people who were
counted when they arrived in Greece were again counted when entering the EU
for the second time through Hungary or Croatia.”4 The migrants were thus
4 https://reliefweb.int/report/greece/710-000-migrants-entered-eu-first-nine-months-2015
(accessed 20 June 2019).
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counted at least two times, despite the Dublin III regulations that should have
obligated them to file their asylum request in the first country of entrance, often
Italy, Greece or Spain. Moreover, other migrants managed to escape control, and
were thus never counted. The data from UNHRC was then used for a visualization, even though it was recognized as inaccurate. The infographic about the
number of arrivals in Europe translates that data into a bubble of spots, where
every spot represents one thousand migrants (cf. Figure 8). The color of every
spot represents the country in which the migrants disembarked, showing that a
vast majority of people landed in Greece, many others in Italy and less in Spain.
The design team could have chosen a more explicit data map or a flux-chart.
Instead, they decided to use an animated dot-based pie chart, where the circular
sections, whose different colors express the percentages of migrants who landed
in different Mediterranean countries, are not sharply separated. As soon as the
dots appear and converge at the center of the screen, the bubble bursts and “the

Figure 8: Europa Dreaming, Infographic about total arrivals of migrants in 2015, 2016.
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cloud turns into a disorderly agglomerate of randomly moving color dots”
(Burgio and Moretti 2017b: 8). This visualization is inefficient in communicating
precisely the number of people disembarked in Italy, Greece or Spain. It does not
divide the different countries of arrival into different delimited areas, but mixes
them up (/multiplicity/ versus /unity/). It is thus efficient in expressing the
confusion that grips every migrant when he’s forced to remain in his “first
country of arrival” due to the Dublin regulations. A second step in the graph
projects the dots in smaller clouds representing the countries of asylum
requested. The direct and firm movement through which those dots move from
the first graphic to the second one, is in a relation of opposition with the gentle
swarming of the dots, a movement with neither direction nor stability. While the
latter movement expresses a lack of directionality and a visual buzzing, the
former visualizes a strong intentionality. Thus, the two kinds of movement on
one hand express two different modes of existence: a passive waiting attitude
versus determined and active behavior; on the other hand, they oppose the
inexactitude of the data on global arrivals in Europe by sea to the quantifiable
and official data on asylum requests.
As in the case of Hans Rosling’s maternal mortality mentioned above, it is
movement that represents the oscillation of doubt or the lack of direction both of
the people who are the objects of inquiry (the migrants) and of the researcher
who cannot trust any sources about an informal and uncontrolled movement.
Both those graphics are visual statements implying a political wish for more
transparency, control and legal channels.
In the same project, there was another case in which collecting data was
difficult and the results were not reliable enough: an infographic about the time
it takes to process asylum requests in different countries (Figure 9). Even though
the European normative on this matter establishes that the maximum timeframe
to process an asylum request has to be no longer than six months, the individual
countries are far from respecting the law and usually take much more time. The
expected timeframe for processing an asylum request is expressed by the regular
white circle which is inscribed within an irregular black blob. The precision of
the circle (“how it should be”) contrasts with the dripping imprecision of the
blob (“how it is”). The unpredictability of the delay is expressed by the overflowing of the border. If an abstract formal geometric expressiveness should be
the way to convey meaning for data visualization (Bihanic 2015: 33), here the
opposite happens: the visualization diffuses some meaning that is not inherent
to data. The figurative reference to ink, bureaucracy and dribbling liquid
enriches the image with imagery that is not content with the mere communication of numbers.
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Figure 9: Europa dreaming, Time for asylum’s processing, 2016.

The designer, instead of purporting to be a neutral voice and a transparent
channel for information, denounces his inability to be precise, thus expressing
the difficulties of a continent to control and understand a human flux pushing
on its borders. This imprecision is a statement of critical distance towards
numbers, the same numbers that are repeated and played up in electoral
slogans and xenophobic campaigns, with little interest in their accuracy.

7 Conclusions
In an ideal world, infographics should respect the laws of science, be clear and
precise. Never distort, lie or confuse the reader. What happens when the
designer cannot trust his source of information, as in most cases we described,
is that the visualization embeds a feeling of skepticism and frustration and a
detachment from data that cannot be considered accurate. It is in relationship
with the context then – a website that includes historical material and qualitative research – that infographics are inserted into a narrative structure in which
numbers become less important than people.
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All the cases that we have examined embody not mere facts but hypotheses
and statements of uncertainty. Rather than being a truthful and objective mirror
of reality, they express the position of the author and his request either to the
scientific community to help him continue his work or to public opinion to fight
for the disclosure of the information. It is important not to hide those uncertainties, but to make them as evident as possible. How to make them evident has
been the object of our analysis: from blurry borders to figures vanishing in the
background; from color gradients that vary according to different degrees of
probability to the omnipresence of shades of gray; from oscillation to swarming
in animated information visualization. Sometimes the level of uncertainty is
quantifiable, as in the gray area of the forecast cone or of the forecasts on
population growth; the oscillation between the highest and the lowest value is
also a way of measuring the amplitude of doubt. In other cases, the lack of
precise borders or jagged outlines become means to express the incertitude of a
number whose order of magnitude risks tending to infinity. Unmeasurable doubt
looks much scarier than measurable doubt.
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