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ABSTRACT

Research in public data communication typically focuses on improving the processes
of encoding and decoding, answering the question of how to design a visualization to best
communicate information to an audience. However, by treating visual communications as
simply conduits for information, we ignore an important aspect of how people interact with
communications. We ignore the attitudes — the thoughts, feelings, and intentions toward
action — a person may form from communicative artifacts based on their personal values and
experiences. Recent research has demonstrated that—much like natural language—readers of
visualizations make social attributions: inferences about the identities and characteristics
of an artifact’s makers, modes of distribution, and tools of production. In this thesis, I
contribute a method to systematically map the visualization attitudes of an individual and
the associated ideologies of their sociocultural group, by adapting the repertory grid technique
from clinical psychology, to the context of data visualization. I demonstrate the effectiveness
of this mixed methods approach by eliciting both the attitudes towards a visualization most
salient to an individual, and the design features of the visualization that inform each attitude.
This method offers a new way of exploring the content and latent structure of visualization
attitudes, which opens new avenues for socioculturally-informed and intervention-driven

research in data visualization.
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Chapter 1
Introduction

While traditional visualization research has primarily focused on evaluating the e ectiveness
of a visualization's design in transmitting the data it encodes, recent research has broadened
the scope of a visualization's purpose from an objective container for transmitting data,
to a socially-situated artifact that carries meaning beyond the data it represents [1, 2]. In
other words, when an individual engages with a visualization, they not only form impressions
about the presented data, but also impressions of the maker of the visualization, where
the visualization might have been published, and for what purpose [1, 2]. Viewers of a
visualization draw on their own personal experiences to forattitudes feelings, beliefs, and
intentions for behavior towards the visualization that in uence the way they choose to
interact with the visualization, including how much they trust the message and whether or
not they would be willing to share it on social media. While research in the visualization
design space has e ectively showcased the existence of thesealization attitudes e ectively
eliciting said attitudes remains a challenge.

Recently, Morgenstern & colleagues [1] and Fox & colleagues [2] demonstrated how visual-
ization attitudes can be elicited via interviews and surveys. Morgenstern & colleagues used a
series of ethnographically grounded semi-structured interviews to successfully elicit attitudes
for both visualizations with obscured takeaway messages and naturalistic visualizations taken
from published sources from users of the social media platform Tumblr. For both types
of visualizations, they found interviewees made value-laden social attributions (i.e. "socio-
indexical inferences about the identities and qualities of the actors human and non-human
entities they presumed to be involved in the creation and circulation of given visualizations"
[1]) grounded in their own sociocultural identities. Furthermore, many participants provided
similar characterizations and identi cations when making particularly socially salient attri-
butions: "I might expect it to be on Reddit or a shitty YouTubers page" (IN-7), "Some
stupid person on Reddit" (IN-14), "something you'd pull o of 8chan or Reddit" (IN-1) [1].
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These similar attributions between interviewees with the shared Tumblr identity revealed
how sociocultural groups can share indexical associations. This initial exploratory work by
Morgenstern & colleagues demonstrated the e ectiveness of semi-structured interviews for
eliciting attitudes towards visualizations for a particular sociocultural group [1].

Building on this work, Fox & colleagues set out to determine if social attributions
could be elicited asynchronously (i.e without a live interviewer) and at scale (e.g. via a
widely distributed web survey). Via a series of attitude elicitation surveys, they found that
participants were able to make inferences about the social provenance the socially situated
creation origin and chain of distribution of a visualization, both with and without the
context of a visualization's data-topic and takeaway messages.

Taken together, the work by Morgenstern, Fox & colleagues demonstrates the existence
of visualization attitudes, and that such attitudes can be elicited via both semi-structured
interviews and asynchronous survey instruments. The semi-structured interviews are powerful
for eliciting rich, nuanced, open-ended responses, allowing participants to elaborate on
the impressions most salient to them in a natural and comfortable guided conversation.
However, semi-structured interviews are time consuming in terms of both data collection and
analysis. The survey method used by Fox et. al. allowed for a combination of qualitative
and quantitative analysis that was not present in Morgenstern's qualitative interview study.
However, due to the asynchronous nature of the surveys, the qualitative data provided
is limited to the questions asked on the survey, missing the exibility of Morgenstern's
semi-structured interviews. The survey questions were designed based on the results of
Morgenstern's interviews, but how can we ensure all the relevant attitudes for a particular
viewer are present when visualization engagement is such a personal task?

Research on language attitudes in sociolinguistics explore a broad range of general charac-
teristics such as friendliness, intelligence, socioeconomic status, credibility, and competency
[3]. However, information visualization is a more constrained communicative genre than
natural language. Information visualization as a communicative genre encapsulates the entire
provenance of the visualization ranging from where it was made, who it was made by, for
what reason, and how it was distributed all the way to how the viewer came to read the
visualization. With so many moving parts, how can we knowhat questions are relevant to
visualization, and thus what questions should be included in future elicitation surveys?

In this thesis, | demonstrate a mixed methods interviewing technique that can provide
both rich qualitative data and quantitative data about the attitudes an individual has towards
a visualization. | show how therepertory grid techniquefrom clinical psychology can be
adapted to elicit the visualization attitudes most salient to an individual in their own words.
With this method, participants are able to make rich qualitative attributions such as the
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maker having no skin in the game or the publication source being more like Jstor or
Reddit (P5, P11). Statistical cluster analysis techniques can then be applied to explore the
structure of relationships between the elicited attitudes and the visualizations used as stimuli.
The attitude-elicitation interview and data analysis procedures in this thesis build on Kurzhals
and Weiskopf's Exploring the Visualization Design Space with Repertory Grids , where they
use the repertory grid technique to elicit how novice (vs) expert readers of visualizations talk
about the design features of a visualization artifact [4]. In this thesis, | further adapt the
repertory grid technique to elicit the attitudes brought to mind by the design features of the
provided visualizations.

From the interviews, we found di erences in the kinds of attributions participants tended
to make based on their educational backgrounds and job functions. Additionally, some
participants clustered visualizations more tightly together, expressing similar attitudes across
all visualizations in the same category, while other participants perceived charts within the
same category di erently, implying a more nuanced engagement style. There were also notable
similarities in the underlying structure of the elicited constructs both within and between
sociocultural groups.

Moreover, these results highlight how the repertory grid technique may be e ectively
employed in mixed methods research to understand how visualizations communicate more
than just the data they encode. | conclude by discussing the limitations of this method and
what future methods should include in order to be able to e ectively systematically map the
visualization attitudes of an individual, and the associated ideologies of their sociocultural
group. Fully mapping the visualization attitudes of an individual and the associated ideologies
of their sociocultural group has implications for how visualization designers in the future may
choose to encode their data to best communicate their message and intentions.

13



14



Chapter 2
Background and Related Work

Numerous research studies exploring the sociocultural aspects of visual communication have
concluded that how an individual engages with a visualization is grounded in their personal
values and experiences [5, 6]. Recent research by Morgenstern and Fox & colleagues have
furthered this argument, demonstrating via semi-structured interviews [1] and elicitation
surveys [1] that during engagement with a visualization, readers form rich and nuanced
impressions of the artifact's social provenancdieyondthe data it encodes. One way of
characterizing these impressions is as attitudes thoughts, feelings and dispositions toward
action. However, as demonstrated by sociolinguistic research on attitudes towards natural
language, attitudes can be di cult to elicit and measure [3]. In this thesis, | contribute

a method for eliciting and exploring the conceptual structure of visualization attitudes by
adapting the repertory grid techniquedeveloped in clinical psychology [7 9]. In the following
sections, | describe what visualization research tells us about the role of social and cultural
context in visualization behavior (section 2.1), and introduce the ternvisualization attitudes

as a way to structure our thinking about evaluative responses to visualizations (section 2.2).
| then describe the Repertory Grid technique (section 2.3) developed by George Kelly and
how it has been previously used in visualization research to study how readers characterize
the structure of a visualization design space (subsection 2.3.3).

2.1 Sociocultural Explorations of Visualization

A growing body of visualization research is demonstrating how visualizations function as
more than mere containers for visually encoding data. Rather, the visual design, source, and
personal relatability of a visualization all serve as factors that in uence how an individual
engages with the artifact, going as far as impacting an individual's assessment of the artifact's
trustworthiness [5, 6, 10] and usefulness [5], as well as the individuals' own openness to the
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information the artifact encodes [6]. In this thesis, | follow Kennedy & colleagues in their
broad de nition of engagement as the processes of looking, reading, interpreting and thinking
that take place when people cast their eyes on data visualizations and try to make sense of
them [11].

Through semi-structured interviews, a number of authors have showcased how people's
interpretations and preferences for data visualizations (i.e., theiengagementwith the
visualization) are shaped by their social inferences about the visualization as well as their own
sociocultural identity. Through interviews in rural Pennsylvania, Peck & colleagues found that
highly educated people were more likely to value the source of a data visualization, and that
trust can align with political identity with some interviewees valuing clarity and simplicity
while others valued color and visual appeal, demonstrating the diversity in visual design
choices most salient to participants during engagement [5]. More importantly, alongside these
personal preferences, participants often referenced a relatable component of the graph's
content as part of their rankings in usefulness indicating that personal relevance was just as
important as the objective quality of the graph [5].

The personal nature of visual communication is further emphasized by Hogan & colleagues
who designed and employed the Elicitation Interview technique to uncover the rich emotions
and interpretations that go beyond the presented data encoded in a visualization from the
moment an individual begins reading the visualization to the moment they stop [12]. Via
thematic analysis, they found 10 recurring themes characterizing the varying experiences
participants had during their interpretation process. During engagement, six out of the 10
participants actively sought a personal connection to the data source and 9 out of the 10
participants used their previous knowledge in their interpretations of the data, expressing
contradictions, surprises, and met expectations. These themes provide insight into the
personal experience present during engagement with a visualization.

Similarly, He & colleagues elicited reactions to visualizations and perceptions of personas
related to the topic. Through their semi-structured interviews, they found participants who
perceived themselves as lacking the statistical and data wrangling skills to e ectively evaluate
information sources sought individual interpreters based on shared value systems, trusting
these information providers to correctly represent the data shown. On the other hand, those
who had extensive domain knowledge, domain-speci ¢ analysis experience, and access to
other professional energy analysts were wary of external interpretations preferring to
investigate the datasets themselves to reach their own conclusions [6]. The groups' di erent
experiences with the topic and data science in general directly impacted their assessments
of trust towards a visualization. For the rst group, a reputable external source such as a
news outlet was required for them to be able to trust the data being shown since they could
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not analyze the data themselves whereas for the second group, even a reputable external
source may not be enough for them to trust what is being shown without exploring the data
themselves, highlighting how an individual's personal training in data impacts the way they
engage with a data visualization [6].

Beyond synchronous interviews, the personal nature of visualization engagement has also
been revealed through analysis of online public visualization discourse by Hullman & colleagues
[13] and Kauer & colleagues [10], e ectively demonstrating how visualizations are not only
socioculturally situated when prompted by an interviewer, but also when observed in the
natural real world. Their research explores the signi cance of personal experiences in audience
engagement concerning both the content and context of a visualization. Such engagement
often involved critiques related to the creator's design choices, perceived intentions, and the
chart's data accuracy (i.e., the content) as well as comments related to any missing related
data (e.g., from external sources or personal experiences) and the framing of the issue (i.e.,
the context).

Hullman & colleagues analyzed 1,103 comments from a randomly sampled set of 38
posts with one or more comments each on The Economist's publicly accessible online blog
GD. They iteratively coded these comments and found that 38.9% of comments relate
[the] issue to personal knowledge; link to potentially related sources or suggest solutions,
expose hopes or fears around [the] issue [13]. These non-critical context-oriented comments
demonstrate how one's personal experiences in uence the way one interprets and interacts
with a visualization in the real world. Another 3.6% of comments analyzed by Hullman found
critiques directly addressing both the visualization and the creator, sometimes perceiving
traces of the designer's intentions in the visualization : ...too much e ort went into making
it clever rather than accurate [13]. They ultimately concluded that comments drew on
personal knowledge, opinions, experiences, or narratives [13].

Similarly, Kauer & colleagues coded 475 comments on the Reddit /r/dataisbeautiful
forum to reach a similar conclusion that personality does not only shape perception, but
also the sensemaking and communication after viewing a visualization nding that the
role of personal perspective and experience is prevalent across all types [of reactions] [10].
They coded personal ags in 29% of reactions about the topic of the visualization, 34%
of reactions about the visualization itself, 22% of reactions about the data, and 30% of
reactions involving an insight. These ndings from Hullman and Kauer both exemplify how
socioculturally situated visualization engagement really is. Individuals in the real world seek
personal connections with a visualization to assist with their sensemaking just as much as
individuals in semi-structured interviews do.

Building on these works researching the sociocultural aspects of visualization, in this
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thesis, | compare the visualization attitudes of two groups of people with di erent educational
backgrounds and experiences with visual communications to ascertain if the personal nature
of data will lead to di erences in visualization attitudes for di erent sociocultural groups.

| use the repertory grid technique from clinical psychology in a semi-structured interview
to elicit visualization attitudes and a mixed methods approach to both qualitatively and
guantitatively analyze the resulting data.

2.2 Visualization Attitudes Socioindexicality

The term visualization attitudesis adapted fromlanguage attitudesa research area at the
intersection of social psychology, linguistic anthropology, and sociolinguistics. Language
attitudes are "evaluative reactions to language'[3] that demonstrate the socio-indexical
function of language [1]. Early research in the area of language attitudes documented
how people form judgements about a speaker's social group memberships based on learned
stereotypical associations through voice alone leading to a variety of social and behavioral
consequences such as the attribution of more negative personality traits to speakers of lower
prestige language varieties (e.g., double negatives are illogical , therefore, people who use
double negatives are uneducated ) [3]. This exempli es the idea lainguage attitudesas a
function of people's salient beliefs about an attitude object (e.g., Italian is beautiful) and
their evaluations of those beliefs (e.g., beautiful is good) [3]. In other words, an individual's
attitude towards a language variety is based on their personal beliefs about the variety as
learned through personal experiences, personal group a liations, and personal stereotypical
associations of a group.

Recent works by Morgenstern, Fox, Jones & Satyanarayan argue that visualizations as
a form of visual communication also carry socio-indexical meaning, leading viewers to
form attitudes toward them [1, 2]. They o er evidence that viewers of a visualization form
impressions about the perceived social provenance of the visualization, just as listeners
of natural language form impressions about the perceived speaker. The ability to make
these beyond-data readings of a visualization are not unique to a particular sociocultural
group, but rather the speci c attributions themselves re ect a particular sociocultural group's
shared experiences and perspectives. These attributions are expressed as responses to a
visualization's design features and data. From sociocultural explorations of visualizations, we
know these attributions have the potential to impact a viewer's feelings of trust, usefulness,
and information receptivity.

Fox et al. demonstrate that the ability to form attitudes towards a visualization is
not limited to a particular sociocultural group and is not only performative as a result of
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the demand characteristics inherent in interview methods. Using a mix of multiple choice
guestions, semantic-di erential scales, and free-response text elds, Fox et al. were able
to elicit identi cations, characterizations, and explanations for how the identi cations and
characterizations provided came to be. The free response data was analyzed with a thematic
analysis with new ndings added to an analytical framework useful for describing the content
of social attributions being made. Through an exploratory factor analysis, Fox et al. also
demonstrated that a viewer's inferences about a maker's skills, values, and intentions strongly
in uence trust [2].

In their works, Morgenstern et al. and Fox et al. demonstrate the e ectiveness of ethno-
graphic semi-structured interviews and asynchronous surveys as methods for eliciting social
inferences about visualizations. Morgenstern et al.'s method [1] focuses on an ethnographic
interview approach within the Tumblr community while Fox et al.'s method [1] focuses on
the capability to elicit inferences asynchronously at scale with no particular focus on any
community. Building on their work, this thesis contributes a mixed methods semi-structured
interview approach to systematically elicit an individual's visualization attitudes. This thesis
also aims to demonstrate an analysis method for this approach that showcases a sociocultural
group's visualization ideology, based on the structure of visualization attitudes shared by
members of that group.

2.3 The Repertory Grid Technique

Based onpersonal construct theoryfrom clinical psychology [7 9], the repertory grid technique

is a mixed methods research interview technique for systematically eliciting the most salient
constructs about a topic to an individual within their range of convenienceand personal
repertoire (i.e. eliciting the way a person makes sense of a topic in the way that makes the
most sense to them using the words they normally use) [8, 9].

2.3.1 Personal Construct Theory

Personal construct theory, developed by George Kelly, refers to the system of mental theories
people create to explain how the world around them works[7]. People construe actions, people,
and things in the world around them in terms of what they perceive the world to be as
well as what they perceive them not to be, forming a set of mental theories based on what
they expect to see in a situation (e.g., if x happens, then y will likely happen, but not z).
These theories are continuously modi ed based on each person's personal experiences and are
formed from their own learned belief, value, and judgement systems, di ering from person
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to person [14]. Moreover, these mental models can be expressed as bipolar constructs with
opposing axes under the assumption that if something is one axis, it cannot simultaneously
be the other axis (e.g., beautiful vs. ugly, informative vs. persuasive) [8]. The dichotomous
construct serves to identify the precise meaning or avor of the word: the axipleasant in
pleasant vs exciting is di erent from the axis pleasant in pleasant vs ugly. We can better
understand the two ends of the constructs using the phrasas opposed to in place of vs

(e.g. pleasant as opposed to excitingr pleasant as opposed to ugly4, 8, 14].

2.3.2 The Repertory Grid Technique

The repertory grid consists of three main components, as seen in Figure 4.2.

" Constructs elicited from the interviewee by the interviewer, separated into its two axes,
and placed on the leftmost and rightmost columns of the grid. In this study, | adapt
the idea of constructs to also include categorical impressions such as the publication
source of a visualization.

Elements either provided by the interviewer, interviewee, or a combination of the two,
encompassing the entire range of examples of a topic, and placed at the top of the grid.
The set of elements are used for systematic comparison to discover a person's constructs
[8] and can be thought as the concrete people, events, objects, institutions, and so
on [14] that are abstracted by a construct. In this study, | provide 10 visualizations
optimized for a diversity of embellishment styles, chart types, and publication sources
as the set of elements.

Ratings provided by the interviewee, linking each construct to the elements for
statistical analysis, and placed in each cell of the grid [14]. In this study, | adapt the
method to include both continuous numerical ratings (as used by previous research
studies) and discrete categorical classi cations.

Constructs are typically elicited using a dyad or triad approach. In a dyad approach, the
interviewee is asked to select two elements that di er from each other in some way, forming
the construct based on their di erence. In the triad approach, interviewees are asked to select
two elements that are similar in some way and one that is di erent from the others. The
way the rst two elements are similar forms one pole of the construct and the way the third
element is di erent from the rst two elements forms the second pole of the construct [4].
Further constructs may also be elicited through classic interview techniques such as laddering
down and pyramiding. In this study, | use the triad approach for eliciting initial constructs.
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2.3.3 Repertory Grids in Visualization Research

Kurzhal and Weiskopf proposed an interviewing process, visual interface, and data analysis
procedures for using repertory grids to explore how readers think about design features in
visualization research [4]. They conducted 10 50-100 minute interviews with 15 of the most
popular visualizations from Tableau public. Out of the 10 participants, ve were experts in
visualization research and ve were non-experts with no further knowledge of visualization
techniques. Kurzhal and Weiskopf conducted the interview with the motivating question
What are important aspects for you to describe a visualization? , using the triad method to
elicit constructs and an additional text box in the interface for participants to explain what
each term they used meant. They demonstrated the grid's capability to answer the following
research questions regarding the visualization design space:

~

Q1: Which features of a visualization are important to a group of people in general?
Q2: How strong is the correlation between di erent features?

Q3: What are individual di erences between people interpreting visualizations?

Q4: Which visualizations are seen as similar?

In addition to the research questions above, this thesis demonstrates the grid's ability to
also answer questions regarding the socio-indexical function of a visual communication. By
shifting the motivating question to center on impressions of a visualization rather than its
design features, we are able to address:

" Q5: What evaluative responses to visual communication are shared by a sociocultural
group of people?

~

Q6: What features of the visual communication cause each response?

A

Q7: How strong is the correlation between each response and an individual's receptivity
and engagement?

However, by shifting the focus on the motivating question from the design or structural
features of the visualization to the participant's impressions of it, we are still able to
elicit answers to research questions Q1-Q4, because when askeit® each visualization
stimulus (i.e. element) along each elicited construct (i.e. row in the grid), participants often
spontaneouslyjustify their ratings by describing "what about™ the visualization gives them
that impression most often a combination of particular design features. For participants

21



who do not o er this explanation spontaneously, it can be explicitly requested by prompting
the participant to explain their reasoning.

Using the grid, | sought to understand thevisualization attitudesformed when someone
interacts with a visual communication for the rst time. By focusing on theimpressionsa
viewer may have, this thesis emphasizes the role of visualizations as not just a functional
design but also a social artifact embedded in cultural and communicative contexts. In
addition to the interview method , this thesis contributes practical recommendations for how
to conduct repertory grid interviews in both in-person and remote online formats (via Figma
and Zoom). Through gqualitative and quantitative analysis of the resulting grids, this work
explores how experts in data (e.g., cognitive scientists and neuroscientists) and experts in
design (e.g., graphic designers) di er in how they engage with and evaluate visualizations.
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Chapter 3

Methods: Adapting the Repertory Grid

In this thesis, | employed two repertory grid interview procedures to explore how individuals
trained primarily in either data analysis or design form impressions of data visualizations.
Using a xed set of visual elements in the grid, the interviews focused on eliciting rich, nuanced
perspectives and constructs that reveal how participants interpret visual communications as
a social artifact.

3.1 Participant Pool

A total of fteen participants were recruited for the study.

" Pilots (n=3): Three participants were interviewed during the pilot stage. Their data
has been excluded from further analysis and from the rest of this paper, dropping the
participant pool from n=15 to n=12.

Neuroscientist/Cognitive Scientist Researchers (n=5): Five participants were
researchers in neuroscience/cognitive science from MIT. Four were recruited from the
MIT Postdocs Slack group and one was recruited through snowball sampling. They
included four postdoctoral students and one technical associate. All four postdocs were
interviewed in-person, while the technical associate was interviewed using the remote
format. These ve participants represented our experts in data analysis sociocultural
group, all trained in working with data analysis and collection as a part of their
professional backgrounds.

Graphic Designers (n=7):  Seven participants were graphic designers, recruited from
the Data Visualization Society Slack group. These participants were all interviewed
using the remote format. They represented our experts in design sociocultural groups,
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all trained in working with visual artifacts and design as part of their professional
backgrounds.

Participants trained in both data and design were excluded from the study. There was
no speci ¢ demographic eligibility criteria. All participants gave informed consent and were
debriefed at the end of the interview. Participants in the researcher pool were compensated
with a $50 Visa Gift Card, while participants in the designer pool were compensated with a
$75 Amazon or Visa gift card depending on the country they were based in.

Stimuli

To explore the range of visualization attitudes that can be elicited with the repertory grid
technique, | optimized for a diversity of chart types, embellishment styles, and publication
sources in the stimuli. Stimuli were chosen from a mix of online publication sources and
the MassVis dataset based on which ones were the most potentially salient for a group
of researchers and designers. Based on initial pilot interviews, | concluded a set of 10
visualizations would provide enough stimuli for rich discourse within a 2 hour interview
session without being overwhelming. The stimuli were not message-obscured as Fox et
al. demonstrated message obfuscation had signi cant e ects on attributions identifying
or characterizing the author as well as the participant's trust towards the visualization.
Additionally, the message and topic of a visualization were often referenced during construct
elicitation in the pilot interviews. However, while the message was not obscured, the
publication source annotations of the stimuli were blurred in order to prevent a stated
publication source from in uencing the participant's social attributions about the visualization
itself. During piloting, participants who noticed the publication source oftentimes based their
ratings on the publication source rather than the actual visualization itself even when the
stated publication source of the visualization did not match their expectations. The blur
e ect was chosen over a direct removal to maintain the perceived trustworthiness of the chart
as a publication source annotation could potentially indicate higher trustworthiness. While
the goal of the procedure was to show all non-pilot participants the source-blurred stimuli,
participants 4, 5, and 6 were accidentally interviewed using the non-obscured stimuli. The
blurred stimuli are shown in Figure 3.1.

3.2 Interview Procedure

Interviews were conducted in a semi-structured format with a standardized script to ensure
consistency across sessions. Each interview lasted approximately two hours and was divided
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