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The Persuasive Power of Data Visualization

Anshul Vikram Pandey, Anjali Manivannan,

Oded Nov, M

Abstract—Data vi
effects of data vig

sualization has been used extensively to inform
ualization in influencing user
research to fill this gap and present an evidence
psychology and user interfaces literature in order to explore the
define the circumstances under which data visualization can mak
quantitative and Qualitative analyses op studies conducted to teg
sented and li on_the one hand, treat
€Ir persuasiveness. The fi Ings represent a fir
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e
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1 INTRODUCTION

a remarkable increase in the adoption of
1vey messages through data. Popular and
New York Times and The Guardian have
of using data visualization to convey a
reasing number of scientists, Jjournalists,
activists, and businesses are following a similar path
However, as visualization
ity, it is necessary to better u;
people.
persuasi

ve i This and other sim

about the persuasive effect of visnalization,
In this paper, we take a first step toward.an evidence-based analysis

of visualization persuasiveness. | Persuasion has been defined as “hu-

unication designed 1o influence others by modifying their

beliefs, values, or attitudes” [36]. In our work, we study persuasion as

M Aftitude has been regarded as the ﬁeu%al evalua-
ple hold in regard to themselves, other people, objects, and

%}. While persuasio, 1

in psychology [29], little evi

data presentations on persuasion.

ble to investigate such a broad research question. This work focuses

on those cases where visualizatio

persuade through a carefully

0 is used with ad explicit intent 1o
message that includes pieces of

Play a major role through data tracking and visualization [9].
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$ or in making a message more per.
-based analysis of persuasive visu.
persuasive effects of visyal

lected topics
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users. However, little research has been done to examine the
suasive. In this study, we present experimental
alization. We built On persuasion research from
ization. In this experimental study we

a message more Persuasive, propose hypotheses, and perform

t these hypotheses. W visualh treatments with data pre-
ments with' d S on the other, and then
st step in exploring lveness of persuasive visualization.

hood model, evaluation

We also deem importan|
ualization on persuasion

t to clarify that by studying the effect of
we

. 6

In our work, we proceed from th, i ¢
7 icti ta have a more persuasive effect than rextual
More precisely, following the tradition of

]

and after being shown a persuasive

in which we progressivel
ization.on persuasion.. O

ditions and that per-
nitalattitude. Our qualitative anal-
our open-ended questions reveals in-
id patterns, which we describe later.

suasion is heavily modulated by
ysis of participants’ responses to
teresting possible explanations ar

We believe this study represents an important first step towards
evaluating visualization’s impact. While visualization research has
made tremendous progress in helping us understand how visual ep-
coding may affect the accurate perception of quantitative information

and trends, there is 2 lack of understanding of how visualization im-
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2 RELATED WoRK views. Munson and Resnick, for instance, studied the effect of pre-

Persuasion has been the subject of extensive research in social psy. ~ Senting dlversc? political op. Huens, ax}d fouqd that pe op le can be de-
chology. While it is beyond the scope of this paper to provide a com.  Scribed according to two main behaviors: (¥1Verse—seek1ng, those who
Plete overview of research in Tsuasion, in the following section, we welcome ideas contrary to their gur@nt beliefs, and cha]lenge-averse,
describe ag those who are not open to exploring ideas that challenge their current
views [25]. Liao and Fu studied selective €xposure (a form of con-
firmation bias) which is defined as the tendency to obtain information
preferably from sources that support one’s own views [11], and found
that €Xposing users to opposing views does not necessarily reduce the
effect, even rhough the effect g i
men i

- Finally,
olimpact in visualization,

we briefly review

attitude change.
is th

which the natwre of persua-
e receiver’s elaboration of the persuasive message.
ration as “the extent to which a person scrutinizes

100 as a dual process in
th

the issue-relevant arguments contained in the persuasive communica-
tion.”

especially
& co! 1cation channels.

Bateman et al. found thar embellished charts may lead to increased
memorability [2] of the message conveyed by the imi d-
ie. conducted (o better understand th -
but the results are mixed: most of the time they do not
Seem to negatively affect the correct perception of information from
the visualization [3, 38]. Borkin et al. ran a large-scale online study to
identify design elements that isualizatio i recognize
and fol

» éven though the study did not con.
1der the actual content of the charts. Hullman et al., studied the effect
V€Y @ persuasive message lead to different outcomes. Surprisingly, the =~ of social signals on data interpretation and found that biased signals
role of argument type in the formation and development of attitudes ~ lead to biased mterpretatnops [16]. ) )
is not very well studied [29]. Recent experimental studies show that In a study conducted with a group of medical students, Borkin et

misperception and, interestingly, has a larger effect on those who are  of the “the role of pictures in imprr)ving health communication” [14]
presented with information that g0o¢es against their own belief. show that visual representations as having a solid positive impact in
medical communication.

Visualization does not always improve communication or under.
standing. For instance, Micallef et al. found that simply adding

wrtwal characters, em}
interfaces have been studied in numerous experiments to understand 3 STUDY RATIONALE anp METHODS
the impact digital interfaces have on persuasion. For instance, Zan- Given the limited literature on the study of argu
baka etal. studied the role of gender and realism in the persuasiveness i
of a virtual cat agent [39]; Schulman and Bickmore studied the effect

persuasion?”. While w,
of persuasion [24]. did not seek to answer all these questions at once, we worked to fin,
Selective exposure of information on the web is another area in g suitable angle o i
which researchers have studied the effect of user interfaces on per-
suasion; with the goal of using technology to promote more balanced
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bponents argue that higher impri:
€ss of Prison as Punishmen(”

isual fi n a video device. Controversies over video games

Os, video games have become

€ under the freedom of speech laws of many countries), and

and thus subject to legislative oversi urces : Wikipedia

Wwere 100 technical or of limited interest for the population at large)
and the need to have compelling evidence in the form of data to be
i for our experiments

In order to research this i i P
- Attitude change re-

¢ partic-
g changes in attitude as an effect of expo-

S 0.
ipants were randomly assigned to one of the 7 topics from the treat-

shown a short introductory paragraph, or cover story, about the topic
followed by the attitud i ire i i ked them to re-
port their opinion on For each of the

Negatively Polarized (NP): attitude range {-3,-2}
Neutral/Weakly Polarized (NWP): attitude range {-1,0,1}
Positively Polarized (PP): attitude range {2,3}

under discussion rded agam after the participant is exposed to
the persuasive message. Attitude change is measured as the difference
between the post-treatment and pre-treatment attitude.

Three main experiment design choices are confronted for this kind -
of study: a selection of one OT more [opics to test, an effective mech- ing federal corporate in-
anism to measure attitude and attitude change, and a persuasive mes. come tax rate creates jobs”. : “Incarceration does
sage. The persuasive message is the element of our experiment where  not reduce crime rates”. “Violent video games
alternative treatments are provided and compared. do not contribute towards youth violence”. It is worth noticing that
while the cause-and-effect narrative gives an impression that an ob-
Jective truth may exist for each topic, all the selected stories could be
presented with arguments in favor or against the advocated position as
evidence exists in support of both positions.

experimental study they .
should stimulate a certai ent and, most of qu each persuasive message
all, they shoul . Topic polarization is especially

important and cha cuging. Larly on in our pilot studies we realized
the need to use topics that do not evoke extreme initial atti i
Hoeken suggests, [12

Both very negative ang VETy positive des may o little ob-
served change: the former because people with strong beliefs do not
change their opinions easily, the latter because there is not much more
1o be persuaded when a participant is already strongly in favor of a gments on the same concept, o
given persuasive message. There are also practical purposes for not i scale [34] to capture the atdtude,
selecting an extremely polarized subject pool: if too few participants at plainly addressed the main question we wanted to ask (e.g.,
change their opinion one may be left with little discriminatory power 0 what exient do you agree that lowering the federal corporate in-
to compare alternative treatments in the study. come tax rate creates jobs 7). Early on in our pilot studies, we realized

Following a methodology similar o the one used by Liao and Fu thatusing a single item scale has the advantage of reducing the burden
[21], On memory when the participants need to express their opinion again
in the post-test questionnaire, thus making the measurement more re-

elicit repeated

under debate, providing equally weig correlation between answers in multiple items scales, thus making the
idence in favor and against them. i use of one single scale both effective and efficient for our purpose [21].

sured in absolute rather then relative terms (see [33, p.27]), that is,

- In selecting the topics, we without a pre-test attitude question, we preferred to uge 2 pre/post

took into account the need to provide topics people could easily under-  mechanism to make sure we could segment and study participants with
stand once they were given a description (i.e., we discarded topics that  negative, positive and no attitude change.
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me tax may not ensure

Evidence 1 - High corporate inco,
as unemployment rate than the
ina.

CIT

low unemployment rate. It was found th
US. The [eharts/tables] below show a comparison between the statutory corporate income tax and unemployment rates jn the US and

at China maintains a lower statutory corporate incorme tax as well

Evidence 2 - High corporate income {ax rates encourage US companies to relocate their employees overseas and increase the overseas employment instead of investing
into expansion and employment in the United States. The [charts/tables] below show how three major multinational companies, Walmart, Cisco and Intel, adopted this

strategy between 2003-2006 when the effective corporate income tax in the US was increased.
Evidence 3 - The average five-year unemployment rate decreased from 1987-1991 after the United States lowered jts top corporate income tax rate through the Tax

INC

games or not. To 1126 children
statistics of the survey are shown in the [charts/tables] below.

VG supporting evidence is shown in the [charts/tables] below.

Evidence 3 - The United States has the highest incarceration rate in the world. Despite this, the United States has a higher homicide rate than comparable countries. The
Same was observed in 2011, when the homicide rate in the US was higher than the other Western countries. The supporting statistics are presented in the [charts/tables]

Sourees : FBI website, BIS website, Sentencing Project website, International Centre of Prison Studies, UNODC

Evidence T-1na 2007 scientific study conducted by a group of researchers in the Unites States, 1254 children (53% temale, 47% male) weore asked if they play video
who reported playing video games, 17 possible reasons for playing video games were presented. The children then selected one or
more reasons for playing video games. It was found that the majority of children play video games for recreational purposes rather than violence inciting reasons. The
Evidence 2 - Tt was found that the video games sales quadrupled between 1995 and 2008, whereras the overal] Jjuvenile crime and Jjuvenile murder rates declined. The

Evidence 3 - In another study conducted in 2005, a comparison between juvenile crimes and video games sales in the Unites States and Japan was performed. The

results showed that more juvenile murders happened in the United States as compared to Japan, whereas the per capita video games sales in Japan was much higher than

3.3((Treatments

In order to investigate the relationship between visualization and per-
suasion, we had to develop persuasive messages that allow the compar-
ison of graphical versus non-graphical depiction of information. There

intertwined with statistica] evidence. We also tried multiple ways to
present data, with text, tables and multiple visual represe ntations. (e.g
statistical charts and We ¢

4 Cd

The data presentation e ement i1s where alternative representations
can be used to test the persuasive et of visualization. In our final
experiment, we decided to prese for-
mat. Tables, by depicting information y eXt, limit the
number of graphical inferences one can readily make and in general
are processed sequentially with limited support for pattern recognition.
Charts and graphs, on the other hand, allow patterns to be detected at
a glance and, as such, may lead to more persuasive gh
a higher information through “vividne an
tesearch that describes the degree to
© and 1ts format “attracts and holds people’s attention
- In wrn, the treatments we built for

). The text we used in
3 : £€5 1s presented in Table 2. Data presentation for
a piece of evidence in one of our persuasive messages is presented in
Figure 1.
3.4 Degree of Elaboration

An important element of the ELM is the degree of elaboration of a per-
suasive message. ELM posits that the degree of elaboration predicts

W 2o viect ronvirs B Vet rmssons
L R RS e s e

Reasons for piaying video garmes EEEM IReason type 1
Ht's just fun 1 94.85 Non-viclent |

e T oG48 pooclent
‘Something 1o do when bared T 83 .05 Non-wiclent i
jits excan, M -viclent i
iChalies i 79.35
" e T TR0

7

14,75 Nen-viclent i
37 Violent {
T ——

piece of evidence (Evidence 1) from Video
Games (VG) topic as presented in the treatment with charts (fop) and
treatment with tables (bottom).

whether the message is processed mainly through the central or periph-
eral route. The more elaboration the message receiver goes through the

higher the likelihood he or she will carefully scrutinize the lo ic of the
e s been studied ashavingalh

dS beel
persuasion researchers, often with multip]
i a multifaceted factor.
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Need for cognition is a personality trait studied in social psychology
to characterize the extent to which individuals are inclined towards
effortful cognitive activities. Petty and Cacioppo define it as: “the
tendency to engage in and enjoy effortful cognitive endeavors”. They
devised numerous tests to measure this trait. In our study, we use their
short 18-item test [33, p.51] which they tested extensively and which
is considered the de facto standard for the measurement of need for
cognition.

Even though one of the previous studies [35] found no effect of need
for cognition on persuasion, we reran this analysis in the hopes that the
trait would be helpful in clarifying whether tabular or graphical data
presentations have different effects on individuals with high/low need
for cognition. In turn, the degree of elaboration can help explain if
graphical or tabular information has an impact on persuasion mainly
through the peripheral or central route as defined in the ELM model.

4 PROGRESSIVE HYPOTHESIS GENERATION

Before moving to the specifics of our study, we deem useful to briefly
describe how our hypothesis on the persuasiveness of visualization
came about through the development of a series of pilot studies we
conducted before running the final experiment presented in this paper.

While it seems natural that visualization is a more powerful com-
munication tool than other media such as text, we deemed important
to test our intuition through a series of exploratory experiments. These
studies familiarized us with the problem and helped to identify control
conditions and assumptions under which a set of findings will hold
true. We wanted to test our intuition that visualization leads to more
persuasive messages and conducted pilot stdies to turn this intuition
into a proper experimental set up._The purpose of the initial studies
WeIe (o tune up our experimentSioddentify

%hat conditions visualizal

We started our analysis with a crowdsourced pilot study (with 150
participants on Amazon Mechanical Turk) on an arbitrarily chosen
topic: the Stop, Question and Frisk policy of New York City Police
Department. We created graphical (charts) and textual (tables) treat-
ments in favor of this policy and determined persuasion as attitude
change using a pre-treatment/post-treatment attitude question. The re-
sults of this pilot study gave us first evidence that visualization may
have an effect on increasing persuasion likelihood. The study however
had a large percentage of participants belonging to the negatively po-
larized bucket of initial attitude, where typically a large percentage of
participants do not change their attitude.

These findings led to the topic selection experiment we described
above and to the design of a new pilot study. We conducted another
crowdsourced (50 participants) pilot study and chose a topic we knew
would have a majority of participants in the NWP category (taken from
[21]). The new study confirmed that visualization does have a more
persuasive effect than tables when people are not strongly. polarized.
In order to investigate this hypothesis further{ we designed the final
Wdescﬁbed below.which,on purposéfocuses mainly on neu-

or weakly polarized participants. The experiment also investigates
our hypothesis with three independent topics in order to increase the
generality of our findings.

S EXPERIMENTS

To incorporate the design decision as described in the previous section,
We ran a topic selection procedure in which we asked the participants
about their existing opinion on a variety of topics. See section 3.1 for
more details about topic selection.

We conducted three independent studies, one for each topic se-
lected. All the experiments were performed in a crowd-based setting
with the primary goal to test our final hypothesis, H1, and additionally
capture other interesting trends. The following section describes the
experiments in detail.

5.1 Final Hypothesis

We progressively iterated the hypothesis as described in the previous
section. Based on the knowledge acquired by running initial studies,

we established a new hypothesis with modified study design. Follow-
ing is the hypothesis we composed for the final user study, taking into
account the new design decision: [H1] - Treatments with graphical
representation of the data (charts) have a higher likelihood of persuad-
ing participants who belong to the NWP category and higher attitude
change as compared to treatments with tabular representation of the
data (tables).

5.2 Participants and Apparatus

The experiment consisting of three independent smdies was conducted
using Amazon Mechanical Turk (MT). We chose MT as our experi-
mental platform as it allowed us to perform more iterations quickly
and progressively to test our hypotheses on a diverse subject pool. In
conducting research based on crowdsourced self-reported measures,
we draw on an emerging research trend which demonstrates the via-
bility of this approach [19, 27]. For instance, Paolacci et al. [32] com-
pared results of classic experiments in judgment and decision-making
using traditional and crowdsourcing methods and found that partici-
pants behave consistently.

Thwes  were performed sequentially, in the following or-
der < Incarceration, Video Games, ate Income - We.made
sure that each parti e three studies.

We recruited*720"patticipants (240 for each topic) from Amazon
Mechanical Turk who self-reported a United States location and whose

Previous task approva was equw.m—
W and the participants were paid .50

for participation.

5.3 (Procedure

Ouce on thefexperiment web page, each participant proceeded through
9 stages of reading and responding. Figure 2 contains a flow diagram
of all the stages the participants undergo during the experiment, which
we briefly describe below.

On the web page, we provided introductory information about the
overall experiment, payment details, contact information and a down-
loadable consent form. Once the participants agreed to participate in
the experiment, we directed them to Sd% at which we asked fof ine
formation about their gender) age an ication level. All the studics
Wwere anonymous and we did not store any information through which
participants could be identified. I% we presented 4 cover si
during which we introduced thd selec i
tion to thei es (Figure 3). e

S : contained theé pre-treatment, single-rated, attitude
ation question which changed according to which topic was
tested. They all followed the same structurd asking: "7o whart extent
do you agree that [... ], followed by topic-specific statements as fol-
lows: Corporate Income Tax: “Lowering federal corporate income
tax rate creates jobs”; Incarceration: “Incarceration does not reduce
crime rates”. Video Games: “Violent video games do not contribute
towards youth violence”. After this, aa% we randomly assigned
one of the two treatments: the persuasive t@emﬁ tex-
tual evidence €s) or graphical evidence (charts) as summarized in
Table 3.1. Based on the information. presented.on the treatments page,
we asked?wMeck questions at Stage 6, eac rresponding
to one piece of evidence. After answering the i
HOnS, the participants were asked Ppost-treatment al
unestions, which were the same as those presented in the pre-
treatment stage. The participants responded to the involvement and
attitnde questions using Likert scales ranging from —3 to +3. On
the next page, a we asked for feedback from the participants

througl% €d questions regarding oughtl their
opinion changed, © what extent %:? tho

, the participants rest to
the simplified need for cognition scale. By restricting the participants
lo navigate between pages using the browser’s forward/back button,
we ensured that the participants could not 8o back to change their an-
swers on the pre-test questions after seeing the treatment. Once the
study was successfully completed, the participants were paid through
Amazon Payments.

ged, and why
they think it changed. Finally, a
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Figure 2. Stages of experiment (consists of all the stages, numbered by their order of appearance that participants go through)

For the purpose of quantitative analysis, we take into account the

following variables. In our study design/self-reported pre-treatment

i esentation arcw’$. Other'de-
%s include aftitude change and persuasion likelihood.
We define atlitude change as the change in user’s self-reported atti-
tude, i.c./ mtﬁmdc minus pre-treatment attitude, when
exposed to a persuasive message. We define the other dependent vari-

able, persuasion likeli, | as the rati the number of persuaded
partici number o when exposed to a cer-
tain persuasive message. Persuasion ood 18 further subdivided

into (+) change, no change, anm, 1.e., the fraction of partic-
ipants showing positive attitude change, no attitude change, and neg-
ative attitude change, respectively.(Zotal need for cognition and total
topic involvement are two addiﬁonmsm by umm‘g
ers” Te : ¢ espec-
egree of

6 RESULTS

Out of the 720 participants (240 per topic), 183 answered all the at-
tention check questions for the Corporate Income Tax topic correcily,
whereas, 175 and 219 participants answered all the attention check
questions for the Incarceration and Video Games topics respectively.
The distribution of participants for each of these topics, segmented by
treatment and initial attitude is given in Table 3. The table shows that,
due to our topic selection procedure, we have a higher percentage of
participants falling in the NWP category for both types of treatments
as expected; whereas, due to the attention check step, the distribution
of participants across treatments gets imbalanced.

In what follows, we present the statistical analysis of the effect of
presentation type on the two selected dependent variables: persua-
sion likelihood and attitude change as defined above. We first present
the results obtained with neutral/weakly polarized participants which
show a positive effect of charts on both measures as we hypothesized.
We then provide the results of analyzing polarized participants, which
we included because they show some interesting and unexpected pat-
terns; namely that tables display an increased likelihood and attitude
change for participants in the NP class. We conclude with a discussion
and interpretation of the results we obtained from our experiments.

Table 3. Distribution of participants (who answered all the attention
check questions correctly) by treatment and initial attitude categories
(NP, NWP, PP).
Corperate Income Tax
Treatment | Total | NP | NWP | PP
Charts 101 29 54 18
Tables 82 23 45 14

Incarceration
Treatment | Total | NP | NWP | PP
Charts 79 6 50 23
Tables 96 11 56 29

Video Games
Treatment | Total | NP | NWP | PP
Charts 103 12 55 36
Tables 116 13 63 40

6.1 Neutral/Weakly Polarized participants

Across all the three topics, we find i i e
persuasion likelihood: its value is h%.
Persuasion likelihood for the three topics is shown in Figure 3. Table 4
provides the raw numbers and the percentages displayed in the figure.
In Corporate Income Tax the percentage of positively persuaded par=
ticipants is 66.67% for charts and 44.44% for tables; in Incarceration
respectively 72% for charts and 41.21% for tables; in Video Games
63.63% for charts and 36.51% for tables.

To test for statistical significance of the observed patterns we use
themher's Exact Test, testing the null
hypothesis that presentation type has no effect on the participants dis-
tribution across the three possible outcomes ((+) change, no change,
and (-) change). (The findings are statistically significant at the p <0.05
level for all three topics (Corporate Income Tax: p = 0.024; Incarcer-
ation: p = 0.035; Video Games: p = 0.006). The test on the aggre-
gated data from the three topics also provides a statistically significant
result using Chi-square test (as N >300) (y32(2,323) = 20.7915, 14
= 0.000031), with 67.29% participants positively persuaded through
charts and 42.68% through tables.

Table 4. Persuasion likelihood of participants (who answered all the
attention check questions correctly) in the NWP category.

Corporate Income Tax

Treatment | Total (+) change No change (-) change
Charts 54 36/54 (66.67%) | 18/54 (33.33%) 0/54 (0%)
Tables 45 20/45 (44.44%) | 22/45 (48.88%) | 3/45 (6.66%)

Incarceration

Treatment | Total (+) change No change (-) change
Charts 50 36/50 (72%) 13/50 (26%) 1/50 (2%)
Tables 56 27/56 (48.21%) | 26/56 (46.43%) | 3/56 (5.36%)

Video Games

Treatment | Total (+) change No change (-) change
Charts 55 35/55 (63.63%) | 19/55(34.54%) | 1/55 (1.81%)
Tables 63 23/63 (36.51%) | 38/63 (60.32%) | 2/63 (3.17%)

Figure 4(a) shows the mean attitude change with standard error by
treatment across all three topics. The mean attitude change in Corpo-
rate Income is 1.07 for charts and 0.68 for tables; in Incarceration it is
1.16 for charts and 0.95 for tables; in Video Games it is 1.10 for charts
and 0.57 for tables. We analyze the results using confidence inter-
val analysis of the mean difference of attitude change between charts
and tables using bootstrap confidence intervals for non-normal distri-
butions. The results are presented in Figure 5 (right-hand side). The
mean difference for the three topics is the following: Corporate In-
come Tax: Mean(charts - tables) = 0.386, 95% CI = [-0.014, 0.796],
p = 0.087; Incarceration: Mean(charts - tables) = 0.214, 95% CI =
[-0.206, 0.638], p = 0.271; Video Games: Mean(charts - tables) =
0.538, 95% CI = [0.165, 0.922], p = 0.005 under Mann-Whitney U-
test. The aggregated data generated by combining the three topics to-
gether is statistically significant (Mean(charts - tables) = 0.381, 95%
CI=[0.150, 0.611], p = 0.0008).

6.2 Polarized participants

Similar trends, as those observed for the NWP category participants,
were found for the PP participants. However/ an unexpected and in:
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Table 5. Persuasion likelihood of participants (who answered all the
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| O
e attention check questions correctly) in the NP category.
Corporate Income Tax
—Tmalment | Total | () change No change —(-) change
mm 11729 (37.93%) | 1879 (62.06%) | 0/29 (0%)
m 8/23 (34.78%)

(0% |

Incarceration

) change

three topics is the following: Corporate In-
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consistent trend in terms of th

shows the persuasion likelithood for
includes the raw numbers and
Corporate Income Tax the percentage of positively persuaded
ipants is 37.93% for charts and 65.21%
33.33% for charts and 90.90% for tables;
charts and 92.309% for tables.

For statistical significance of the results, we ran Freeman

extension of Fisher’s Exact Test testing the similar gui] hypo

te for charts vs.

P participants.
ly polarized participants. A

icipants to be

percentages displayed in the figure

for tables; in Incarceration
in Video Games 58.33% for

-Halton

- tables) = -0.510, 959,
n: Mean(charts - table
0.023; Video Games:

CI=[-1.090, 0.071],
s) = -1.970, 95% C1

come Tax: Mean(charts
P = 0.083; Incarceratio
[-3.119, -0.779], V4

=-1.199,95% CI = [-2.498, 0.097], p

le 5
. In
partic-

the one tested for NWP. On the data obtained, we found that the re-

sults were statistically significant at the p <0.05) level for only 1 of .’ ; 2

the 3 topics (Corporate Income Tax : p = 0.092; Incarceration - p= ;](;::q Olggﬁtl:m S o] i Ch;;;[;()fsl:z;i(zlﬂiz (;)feﬂxl]z é 18 ;iflﬁ;i

0.027; Vi 1p =0.073). i data from th ot SSIEIEnIS) amd 5 . 181
e e £ = 0.073). Upon aggregating the datafrom the correlated (Spearman’s (575) = 0.003, p = 0.77. 659 Cp - [-0.078,

three topics, statistical significance has increased
42.55% participants positively persuaded through
through tables.

Figure 4(b) shows the mean attitude change wi
treatment across all three topics. The mean attitude ch
rate Income is 0.62 for charts and 1.13 for tables;
0.67 for charts and 2.63 for tables; in Video Game

ange in

s is 1.41 fo;

(p = 0.00063) with
charts and 78.729

th standard error by

in Incarceration is

0.084]).

6.4 Discussion
Corpo-

T charts
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Figure 6.

topic (a = Corporate Income Tax, b = Incarceration, ¢ = Video Games).

charts having a larger likelihood of positive change than tables, with
improvements ranging between 66.67%(CIT: Charts) - 44.44%(CIT:
Tables) = 22.239, (CIT) and 63.63%(VG: Charts) - 36.51%(VG: Ta-
bles) = 27.12% (VG) when charts are used in place of tables. Charts

sent plausible values for the mean difference and the estimated mid-
point is about 7 times more likely than the values at both ends of the
scale. All values for NWP (blue dots in the figure) fall on the posi-
tive side of difference thus showing a consistent trend across the three
independent studies. When considering the three topics aggregated
together we obtain an effect size estimate for the mean difference of
0.38 with 95% CI = [0.15,0.61]. Considering that the maximum posi-
tive change participants in NWP can theoretically have is 4 (from —1
o +3 in the Likert scale) we have a_potential improvement-of 8%,
ranging between 3% and 15%. (These f

charts can lead to a moderate but consi: i i ion
with people ‘Whodo 1ot already have a strong opinion gut Ee 5 e-
bated subject.

The results obtained from the segme ively polarized par-
ticipants show some interesting and s s. Figure 6 shows
areverse trend in terms of likelihood, that is, the table conditions have
a higher percentage of participants with positive change than the charts
across all three topics. Probably due to the small number of partici-
pants in NP, only one out of three topics presents statistically signifi-
cant effects of presentation type on likelihood. When the three topics
are aggregated, however, we do find a statistically significant effect
(p = 0.00063) and an overall aggregated improvement of tables over
charts of 36.16%. The results of attitude change follow the same trend
(Figure 4) but they also display a much higher uncertainty. Figure 5
shows the estimated mean difference in NP (green dots in the figure)
and their respective confidence intervals, done in the same way we cal-

ing, however, that the confidence intervals are much
that much smaller values are still plausible. When
three topics together, we find an effect size estimate for the mean dif-
ference of —1.06 with 95% CT = [~1.63,-0.47], which corresponds
to a potential improvement of 17%, ranging between 7% and 27%,
considering a maximum theoretical attitude change of 6 (i.e., for a
participant with initial attitude —3 and post-treatment attitude equal to
+3). Itis also worth noticing that in NP one of the topics (INC) shows
a stronger effect of tables, suggesting that topic may be a modulator
for this effect.

In su , our &ults suggest thal tation We
an el Onl persuasion and that the! eﬁw y 1ni-
ﬁﬁue to our experimental set up, where we purposefully
aimed at having a higher number of participants in the NWP category,
we have much hi certainty in It is worth noting, however,
that both' NW; show verygﬂamrends across three inde-
pendent experiments and topics, thus increasing our confidence on the
observed results. We deem very important, as part of future work, to

bigger for NP and

b

B Charts
B Tabtes

B Chants
& Tabtas

Video Games

Pamcipants <

Mo change .
No change .

{+} change
(-} change

No change
i~} thange

{+) change

c

Persuasion likelihood of participants (who answered alf the attention check questions correctly) in the NP category by treatment type and

replicate these results with an additional number of new topics and
a more balanced distribution of participants across the initial attitude
factor.

7  QUALITATIVE ANALYSIS

As outlined in Section 5.3, at the end of the experiment, the partic-
ipants were asked to reflect about their change of attimde (or lack
thereof) and to provide Justification for their change. In this section
we provide an analysis of their responses. The analysis provides nu-
merous hints as to why people do or do not change their opinion and
points to a number of useful guidelines on what designers should take
into account when designing persuasive visualizations.

7.1 Why do people NOT change their opinion?

In order to answer this question, we sorted our results to_single out
participants who did not change their opinion and segmented them
according to what kind of initial attitude they had. As a result of our
analysis, we identified 5 kind of effects:

1) Skepticism! (data/source). One very common justification for
not changing opinion is related to 2 lack of trust towards the presented
data, statistics and trends. This was particularly prevalent among par-
ticipants with.a.negative initial opinion.(strong or weak). Phrases like
“cherry-picked data”, “manipulated data” appeared multiple times,
For instance one participant in the NP class commented: “Iz did not
change, because evidence exists 1o support both opinions. Data iy
easily manipulated to support each.” Another participant in the same
category: “/ don’t base my thinking upon alleged “fucts’ presented 1o
me by an unknown entity”. Similarly, a participant in the NWP cate-
gory: “The statistics I read did not change my opinion because | know
that statistics can be manipulated to suit whatever outcome.”

2) Skepticism (ogic). Another form of skepticism we have found
is when the individual questions the logic rather than the data itself.
Many such people believe that the topic under discussion was pre-
sented in a somewhat simplistic way and that reality is much more
complex than what is presented in the persuasive message. For in-
stance, some of the comments in this class include: “J really didn’t
change it because that statistic doesn’t represent the whole picture or
the entirety of what has happened to the US economy.”; “There are
other factors about unemployment. Correlation does nos imply cau-
sation”; “I'm skeptical of the data because it is 100 simple. There are
many other factors that may-influence unemployment rates”.

3) Anchoring to core beliefs. An often cited reason in persuasion
research for people not changing attitude is that the persuasive mes-
Sage may go against the core values of the receiver. In our feedback,
we found a good number of people who justify their attitude with rea-
sons that have nothing to do with the data or the logic — they just refuse
to consider it because it goes against what they believe to be true. For
instance one participant commented: “J stand firm in my beliefs about
unemployment.”; “I think it didn’t change much for me because my
thoughts and, feelings about incarceration are kind of tied into my core
being”.

4) Complexity. Although not very common, we found cases of peo-
Pple who consider.the whole logic presented in the persuasive message
too complex to elaborate and/or they don’t have enough background
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knowledge 1o form an opinion, even afier reading the message. One
participant in the NWp category stated: “7 digdn’s really understand iy
Jilly to form an educaied opinion”.

5) Persuaded already. Finally, as we move on to people who are
already persuaded, it became harder to persuade them even more about
the advocated position. This is reflected in comments like: “J didn’t
change my opinion. It just proved what | already believed™; or
supported everything I believed S0 my opinion didn’t change™; or “It
8ave more support for my previously held opinion”,

7.2 (Why DO People change their Opinion?

As shown by our statistics in Section 6, a large number of participants
changed their attitude after being exposed to a Persuasive message. We
have categorized them into the following 3 effects.

1) Struck by evidence. Among the Pparticipants who reported a

opinion. Many mention z mismatch between their previous views and
the message shown, and most{mentioned the statisticglas the driving
factor for the positive attitude change. Quotes similar to these were
common: “it changed becayse the facts are clearly laid out in Jront
of You”; or “You can’t argue with statistics. If they support q different
conclusion then the one you were believing, you have no choice but
to change your belief”, or “Is changed because it ywas supported by
research versus jus believing whar others are saying and forming my
opinions based on those”. In this case, the participants acquired pew
knowledge and were positively influenced.

2) More persuaded,

“It changed because | was shown empirical evidence”, or “Jt provided
more evidence to reinforce ideas | had understood, thereby incregs-
ing my agreement.”; or “The facts Just reinforced my opinion”; or “It
only confirmed whay | believed about video games not contributing to
violence”.

3) Negative thoughts (boomerang effect). Finally, albeit in only a
few cases, we found what persuasion researchers call the b(mmerang
effect, that is/ participants who arg negatively affected by th¢ message.
In the literature, this js explained with the fact that an argument (espe-
cially if perceived as weak) can elicit negative thoughts about the topic
under discussion and lead 1o a negative attitude change [33, p 32]. We
have foun%tﬁect among participants with an initially favorablé ag:
titudé whenlthey feel thag theme mncomplete: “ Nothing abouy
how studies were conducted was in the information”. Also, mere ex-
bosure to statistics can lead to negative thinking that goes against the
persuasive message: “It really didn’s change my opinion 100 much, [
am just a little less sure than I was before reading the statistics.”

7.3 The Persuasiveness of Charts and Statistics
After looking into common effects in attitude formation and change

I already knew thay increased incarceration didn’t lower crime, byt
I wasn’t sure of the statistics. To see it on the graphs is really eye
opening.”; [ was influenced by the buy graph showing the reasons
why the survey respondents played video games.”; “I would not know
exact numbers on this issue - the graphs gave a visual and helped
identify the numbers™; “Seeing the graphs conflicted wih, my previous
opinion, 5o 1 feel like | need 1o reevaluate my stance in a way.”

It is also important to mention that the graphical appearance of
charts is not the ouly factor that has a strong impact on people’s at-

sense of objectivit' evidence supported by numbers carries. We found

comments like: “/f was concrete data that seere compelling s 5Seo-
tﬁs ?W indicator of change 1 i
what s 0°5ay”; "It showed o large amount o different
sources, which made if more credible”, More research is needed to
disentangle what kind of specific effects each of these components
have on persuasion.

8 ConcLusions, Open ISSUES AND FuTugre WoRrk
The present study aims at better understanding theffole of vi

m. Our experiments suggest that the pers
% visnalization is dependent on the initial atti
1]

e

We found consistent resuls that.charis lead
en participants do not POssess a strong initia
€S, on the other hand, seem { eIfOLm

th have strong initialattitude
sage. ough thes¢ results are much mor neertain and need further

across multiple open issues, some of which are limitations to our study
and point to interesting future research directions. Three very impor-

tant % issues arc briefly discussed below.
a. Bllect of Topic on Persuasion: While on the one hand, our choice

of three different topics leads o some degree of generality of our find-
ings, it is important to keep in mind that ajf of them were selected

strong initial attitudes; they are all based on cause-and-effect type
of argument; and they all leverage statistics. Understanding thy t

i ion (in a visualization research context) is fﬂ
ocus of this work and more research is needed to better tease out the
effect of this factor.

b. Role of Medium on Persuasion: While our studies show an ef-
fect of presentation Lype on pessuasion, wé have nolinformation yet
what ca effects. More precisely, %tfno if
th Tsuasive efiect of charts over tables, that we observed in the
not polarized segment is mostly having more information avail-
ablé or)just because thé medium itself (its visual appearance) is more
persuasive (an issue that mirrors the well-known ELM central-route
vs. peripheral-route modes of Persuasion mentioned in Section 2.1).

In a similar fashion d eads/ negati po-
b cE )

larized participants/to be more

i)y an arts
¢. Multiple Dimeénsions of Persuasion: Our analysiS{#es exclu-
sively®n the attitudeeo,  of attitude change with, taking into

effect on their confidence.

As part of our future work, we plan to target these open issues.
For instance, we will include a comprehension assessment to quantify
the amount of information (and its accuracy) extracted from the data
presentation. This will be used as a proxy to gauge whether charts lead
to higher information transfer.
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