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Cleveland & McGill (1984) Kosslyn (1989)

I .  Perceptual Numerosity. The first constraint on a visual description must 
k on what is to count as a variable or node. Variables should stand for 
perceptual units of some sort, and not for any arbitrary subset of the light 
wflected from a scene (e-g., the set of all light patches whose dominant 
wavelength is divisible by 100). Kubovy points out that our perceptual 
systems pick out a "unit" o r  an "object" in a visual scene as any set of 
light patches that share the same spatial position, but nor as a set of light 
patches that share some other attribute such as wavelength, intensity, or 
texture. Thus, Fig, 4.5a will give rise t o  the visual description in Fig. 4.5b, 
which partitions the array into three variables according to spatial location, 
rather than that in Fig. 4 . 5 ~ .  which partitions the array into two variables 
according t o  surface markings. 
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ABSTRACT 
Guidelines for designing information charts often state that 
the presentation should reduc  visual 
embellishments that are not essential to understanding the 
data. In contrast, some popular chart designers wrap the 
presented data in detailed and elaborate imagery, raising the 
questions of whether this imagery is really as detrimental to 
understanding as has been proposed, and whether the visual 
embellishment may have other benefits. To investigate 
these issues, we conducted an experiment that compared 
embellished charts with plain ones, and measured both 
interpretation accuracy and long-term recall. We found that 

no worse than for plain charts, and that their recall after a 
two-to-three-week gap was significantly better. Although 
we are cautious about recommending that all charts be 
produced in this style, our results question some of the 
premises of the minimalist approach to chart design. 
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INTRODUCTION 
Many experts in the area of chart design, such as Edward 
Tufte, criticize the inclusion of visual embellishment in 
charts and graphs; their guidelines for good chart design 
often suggest that the addition of chart junk, decorations 
and other kinds of non-essential imagery, to a chart can 
make interpretation more difficult and can distract readers 
from the data [22]. This minimalist perspective advocates 
plain and simple charts that maximize the proportion of 

data-ink  or the ink in the chart used to represent data.  

Despite these minimalist guidelines, many designers 
include a wide variety of visual embellishments in their 
charts, from small decorations to large images and visual 
backgrounds. One well-known proponent of visual 
embellishment in charts is the graphic artist Nigel Holmes, 
whose work regularly incorporates strong visual imagery 
into the fabric of the chart [7] (e.g., Figure 1). 

  

 
F igure 1. A chart by Holmes [7 plain  version. 

These kinds of charts appear regularly in many mass-media 
publications, and the widespread use of embellished designs 
raises questions about whether the minimalist position on 
chart design is really the better approach. Two issues in 
particular are raised: first, whether visual embellishments 
do in fact cause comprehension problems; and second, 
whether the embellishments may provide additional 
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more pronounced effect on beliefs and behaviour. Transfer noise is 
minimized, allowing relevant information to be processed more 
easily.  

Yet the benefits associated with the efficiency benefits of 
personalization are problematized by findings that show that 
applying graphical adaptation features to interface design can 
optimize performance on particular tasks, but often comes at the 
cost of deeper understanding of the tool’s full functionality [26]. 
Hence some forms of personalization may become a crutch rather 
than a panacea for deeper understanding. Using tailoring to 
increase engagement and processing of visualized information is 
most likely to bring benefits where there are significant risks that 
users may not be sufficiently motivated to use the visualization in 
the first place. 

Figure 3: Guessing game version of an interactive health data 
visualization [22]. 

2.2.4 Challenge and Game-play 
 

Interest in external stimuli like visualizations can also arise from a 
challenging environment that demands high attention and an 
intention to explore. Like novelty, stimulation and challenge are a 
prerequisite of personal development through the development of 
knowledge and skills, which in turn is a basic human need (e.g., 
[57]). Introducing visual difficulties offer a promising way to 
leverage a user’s desire to be challenged in interaction.  

One implementation of visual difficulties supported by work in 
social computing and InfoVis is through elements of game play, 
such as rules and goals. These have been used in social computing 
applications like games with a purpose (GWAP) (e.g., [24]), and 
online movie recommender systems, where they have been shown 
to increase user contributions [6]. Within InfoVis, incorporating 
challenges or problem solving tasks into visualization tools has 
been suggested to help turn visual data analytics into a game-like 
activity and motivate exploration of data [28]. More recently, 
Diakopoulos et al. [22] used game elements like rules and goals in 
an information visualization of health data. An online experiment 
showed that gamification led to demonstrable effects on 
exploration of the visualization, insights and learning, and 
enjoyment of the experience. In particular a guessing game led to 
significantly more exploratory behavior (e.g., unique health 
parameters visualized, hover activity, volume of interaction with 
slider feature), learning (e.g., number of insights, self-reported 
learning), and enjoyment (self-reported reliability ratings). The 
guessing game frame is one implementation of a prediction task 
such as that suggested by Hegarty et al. [32] as a way of deepening 
understanding by inducing internal visualization.  

3 APPLYING VISUAL DIFFICULTIES IN INFOVIS 
An important conclusion to be drawn from Sections 2 and 3 is that 
designing visualizations with lasting effects on knowledge 

formation may not be achieved simply by easing users’ effort and 
providing high levels of flexible interaction. In many cases, 
effective visualization practice requires navigating tradeoffs 
between the benefits of active processing through learning 
obstructions on the one hand, and the benefits of representation 
efficiency through more immediate pattern detection on the other. 
In this section, we demonstrate how the visual difficulties 
perspective can be applied to the “talking points” or common 
design concerns addressed by  efficiency-based principles. A series 
of design implications intended to act as guiding goals for 
designers interested in using visual difficulties in their designs are 
then laid out. Additionally, we consider the implications for 
evaluation, and suggest ways in which InfoVis evaluation models 
can be adapted to account for benefits of visual difficulties.  

3.1 Revisiting Common InfoVis Concerns 
Table 1 summarizes how the visual difficulties findings on 
common InfoVis concerns compare to recommendations from the 
cognitive efficiency view. 
 
 Cognitive efficiency Visual difficulties 
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cognitive steps 
required to process 
visualization 

Induce constructive, self-directed 
cognitive activity on the part of the user 
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Maximize the ratio of 
data to ink 

Design representations that are most 
likely to engage a user to actively process 
the information 
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n Choose the format 
which makes 
important information 
most visually salient 

Choose the format that best stimulates 
deep cognitive reflection on the important 
data 

A
ni

m
at

io
n Use animation to 

quickly and 
intuitively visualize 
important processes 

Use static representations to induce 
interval visualization processing around 
causal mechanisms; consider animation in 
cases where mental animation lies beyond 
users’ capacities 

La
be

lin
g Use labels rather than 

legends to optimize 
immediate clarity 

Use legends to stimulate deeper reflection 
on data 

 

Table 1: Efficiency versus difficulties recommendations in InfoVis. 

3.1.1 Cognitive operations 
Cognitive efficiency research proposes minimizing the number of 
cognitive steps required by a graph (see Section 2.1). The visual 
difficulties work suggests that cognitive steps do not accurately 
capture learning by a user (including comprehension and recall). 
Instead, researchers seek to increase the depth of cognitive 
operations. Classifying users’ statements in response to a graph 
based on whether they represent low- or high-quality self-
explanations [55] or spurring internal visualization manipulations 
[32] are several ways that this has been accomplished.  

3.1.2 Visual representation – Data-Ink Ratio 
Charts with higher data-ink ratios have conventionally been 
equated with ‘embellishment’ or ‘decoration’ (see Section 2.2.1). 
However, in a meta-analysis of 39 experiments, Carswell [15] 
found no support for the data-ink rule.  The visual difficulties 
perspective provides evidence that low data-ink ratios may be 
functional in cases where the extra ink is used to personalize, 

.  

Hullman,  Adar, & Shah (2011) Borgo, et al. (2012)

(a) WM Stimulus 1.1 (g) LM Stimulus 1.3 (m) VS Stimulus 3.3 (s) CG Stimulus 1.3

(b) WM Stimulus 1.2m (h) LM Stimulus 1.4m (n) VS Stimulus 3.4m (t) CG Stimulus 1.4m

(c) WM Stimulus 2.3 (i)LM Stimulus 2.1 (o) VS Stimulus 1.5 (u) CG Stimulus 2.5

(d) WM Stimulus 2.4m (j) LM Stimulus 2.2m (p) VS Stimulus 1.6m (v) CG Stimulus 2.6m

(e) WM Stimulus 3.4 (k) LM Stimulus 3.5 (q) VS Stimulus 2.1 (w) CG Stimulus 3.5

(f) WM Stimulus 3.6m (l) LM Stimulus 3.6m (r) VS Stimulus 2.2m (x) CG Stimulus 3.6m

Fig. 4. Examples of stimuli used in the study, where those tagged with a letter “m” are stimuli with visual embellishments.
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Fig. 1. The three different style demonstrators showing an identical 
view. In this view, the user has selected a specific news story about an 
art theft. Note the differences in visual treatment of the scatter plot 
technique and the graphical integration of the news article title, date, 
abstract and tags in the screen layout. Top: Analytical Style (ANA). 
Middle: Magazine Style (MAG). Bottom: Artistic Style (ART).  

2 BACKGROUND 

2.1 Style  
Style is an abstract concept that relates to how an artefact – such as a 
visualization – can be recognized, and be potentially grouped in a 
specific category. By choosing a specific way how a visualization is 
given an externally recognizable form – visually as well as in its 
interactive features – a developer consciously or unconsciously 
establishes a set of ‘rules’. If other developers consider these rules 
inspirational for their own approaches, they might also apply 
identical, or very similar, characteristics, so that the according 

visualizations then take over that specific ‘style’. Some empirical 
evidence exists that style plays an important role in the perception of 
users, as it is often the only ‘way’ to make a product stand out [28]. 
However, it is often the “social circumstances” surrounding the 
design of an information presentation that determines the choice of a 
style, which more often than not tends to “differ from those 
described by the rational approach” [30]: developers deliberately 
tend to adopt different stylistic preferences (e.g. the use of depth), 
depending on whether they aim to create a favorable impression 
versus providing information for optimal decision-making.  

While some people fear the danger of perceiving style as more 
important than substance, style has become a ubiquitous 
phenomenon of which the positive effects should not be ignored. 
Although the use of style does not overcome evident issues of bad 
usability or reliability of a particular system, it tends to matter when 
all else is equal [20]. For instance, the main motivation of applying 
an ‘artistic’ style in visualization has been linked to the aim to 
convey insights that are neither objective nor connected to 
productivity metrics, but instead have a forceful or actionable 
meaning [32], to provide insights into mundane activities [21], or to 
create the awareness that “the data exists at all” [12]. On the other 
hand, aesthetics, one particular aspect of style, can reach well beyond 
the experiential or the superficial, as it has been shown to positively 
influence task performance [13, 29]. For instance, latency in task 
abandonment and erroneous response time are correlated to a 
visualization's perceived beauty [3], search task efficiency improves 
with a more “classical” layout of visual objects [26], and non-
utilitarian “visual embellishments” do not seem to affect 
interpretation accuracy, and positively influence long-term recall in 
the case of simple infographic charts [1].  

2.2 Insight Reports 
Information visualization research has dedicated an increasing 
amount of attention to develop objective evaluation methodologies. 
One direction focuses on how visualization amplifies analytical 
reasoning by measuring its ultimate purpose, that of conveying 
insight [18, 23]. Although a commonly accepted definition of insight 
has yet to emerge in the community, some early classifications [4, 5] 
and insight-acquiring processes [33] have already been proposed. In 
our study, we have compared how the use of style in visualization 
impacts the generation of insight, in order to “enable the direct 
comparison of visualization design alternatives” [18]. To the best of 
our knowledge, few studies exist that deployed an insight analysis 
methodology to benchmark different visualization approaches 
against each other, and those that did were accomplished in a 
controlled lab environment applying the talk-aloud method to record 
the insights [19], focused on comparing analytical methodologies 
[23] or determined the impact of a particular design approach [8]  

3 DEMONSTRATOR DESIGN 
The first phase of our study involved the design of three 
visualization demonstrators that differed in stylistic approach.  

3.1 The Dataset  
Each demonstrator was based on an identical dataset, in order to 
guarantee their comparability in terms of the insights that they could 
potentially generate. The dataset was chosen to be agnostic to a 
specific stylistic approach, in that some datasets inherently carry a 
style metaphor. For instance, people might expect data about dance 
music to be shown through a rather ‘experimental’ style, while 
cancer statistics might require a more ‘scientific’ style. Therefore, 
each demonstrator displays the same collection of historical news 
stories gathered from the U.S. newspaper The New York Times. The 
topic of news was chosen because it forms a common subject of 
many existing popular visualizations online, and because it has a 
natural affinity to science as well as art. News is ‘scientific’ in terms 
of being quantifiable, such as in terms of an article’s word count or 
its date of publication; and categorical, in its thematic focus.  
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EXPERIMENT

• Conducted on

• 261 participants

• Game with 17 levels

‣ 120 visualizations per level

‣ up to 2,040 visualizations per game

‣over 57% of participants played 
whole game





EXPERIMENT

• Visualizations presented for 1 second

• 1.4 second break (‘dot’) between 
visualizations

• Measurements:

‣ “Hit rate” = number of correct IDs 
of repeated viz

‣ “False alarm rate” = number of pre-
mature responses



RESULTS
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Memorability?
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#3 #4 Government ReportsNews media



A visualization was more memorable if...
it contains human recognizable objects.



A visualization was more memorable if...
it is distinct.



A visualization was more memorable if...
it is a distinct visualization type.



A visualization was more memorable if...
it is colorful.



A visualization was more memorable if...
it is visually dense.



A visualization was more memorable if...
it has a low data-to-ink ratio.



A FEW MORE RESULTS...



Visualization memorability 
is consistent and intrinsic



IN SUMMARY...



Top 12 Top 12 (w/o ‘objects’) Bottom 12



Distinct visualizations are more memorable.



Memorability varies across publication type.
#1 Infographic #2 Scientific Journals

#3 #4 Government ReportsNews media
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MEMORABLE

“GOOD”
IMPACT

ENGAGEMENT

...



FOR MORE INFORMATION...

On this paper/project:  http://bit.ly/vizmemory

On my other research:  http://bit.ly/mborkin

Special thanks to Krzysztof Gajos, the Harvard SEAS IT team, 
Sean Yeh, Chelsea Yeh, the Department of Defense through the 
NDSEG Fellowship Program, the NSF through the NSF Graduate 
Research Fellowship and grant #1016862, Google, and Xerox.


	Text1: http://vcg.seas.harvard.edu/files/pfister/files/experiment-screengrab.mp4


