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Fig. 1: Socio-Indexical Inferences from Message-Obscured Visualizations Four images of "message-obscured" visualizations,
followed by examples of socio-indexical inferences made by participants in response to open-ended interview prompts.

Abstract—In contemporary information ecologies saturated with misinformation, disinformation, and a distrust of science itself, public
data communication faces significant hurdles. Although visualization research has broadened criteria for effective design, governing
paradigms privilege the accurate and efficient transmission of data. Drawing on theory from linguistic anthropology, we argue that
such approaches—focused on encoding and decoding propositional content—cannot fully account for how people engage with
visualizations and why particular visualizations might invite adversarial or receptive responses. In this paper, we present evidence
that data visualizations communicate not only semantic, propositional meaning—meaning about data—but also social, indexical
meaning—meaning beyond data. From a series of ethnographically-informed interviews, we document how readers make rich
and varied assessments of a visualization’s “vibes”—inferences about the social provenance of a visualization based on its design
features. Furthermore, these social attributions have the power to influence reception, as readers’ decisions about how to engage
with a visualization concern not only content, or even aesthetic appeal, but also their sense of alignment or disalignment with the
entities they imagine to be involved in its production and circulation. We argue these inferences hinge on a function of human sign
systems that has thus far been little studied in data visualization: socio-indexicality, whereby the formal features (rather than the
content) of communication evoke social contexts, identities, and characteristics. Demonstrating the presence and significance of this
socio-indexical function in visualization, this paper offers both a conceptual foundation and practical intervention for troubleshooting
breakdowns in public data communication.

Index Terms—Semiotics, Socio-indexicality, Attitudes, Reception, Engagement, Visualization Psychology, Public Data Communication.
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1 INTRODUCTION

Communication breakdown characterizes much of our contemporary in-
formation ecology. Public data communication faces urgent challenges
in reaching polarized media environments with adversarial audiences
that increasingly disavow the validity of science itself. At the same
time, visualization (and visual media, more broadly) is being harnessed
to propagate misinformation and disinformation. [60, 73]. However,
the governing paradigm of visualization [14]—that visualizations func-
tion as a conduit for transmitting propositional information or insights
about data—offers inadequate explanations for these challenges. This
paradigm predisposes researchers, designers, and readers alike to di-
agnose communication breakdowns as essentially a problem of the
encoding-decoding process [79]. Therefore, to combat failures in pub-
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lic data communication, we primarily look for solutions that intervene
in that process: either developing design guidelines to more clearly and
efficiently represent the data (the visualization’s propositional mean-
ing), or improving data and visualization literacy to increase readers
ability to quickly and accurately extract propositional information.

While accurately communicating propositional meaning is undeni-
ably important, a wealth of research in linguistic anthropology and
sociolinguistics shows that natural language does more than just com-
municate semantic, propositional meaning (i.e. the content of the utter-
ance, what it is about). A substantial body of evidence demonstrates
that language also has a socio-indexical function: any utterance also
conveys ideas about the identities of, and therefore social relationships
between, speakers and listeners, because formal features of language
(e.g. aspects of accent, dialect, register, and choice of particular jar-
gon or slang) point to—that is, index—social categories, contexts, and
characteristics.

As a simple example, in spoken North American Englishes, the
deletion of the ’t’ and ’d’ sounds at the end of words (e.g., firs’ chil’
instead of first child) signals informality and, therefore, can mark a
social situation as a relaxed encounter between peers. Similarly, people
often view popular styles of digital communication (so-called “txt
speak”) as indicating youthfulness and ignorance or laziness, despite
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evidence that these stylistic choices involve skill, creativity, and added
effort [46,71]. Drawing such social inferences, even when faulty, is not
a failure of communication, but rather reflects a central feature of how
language connects people as social beings, allowing them to perceive
and navigate similarities and differences with others.

Moreover, socio-indexical inferences can have profound implications
for how propositional content is interpreted. For example, studies have
demonstrated that when transcribing recordings of speech they infer
to be "Black", court reporters in Philadelphia interpreted utterances
as having underlying criminal meaning [47]. While socio-indexical
meaning—and how it affects communication—is a well-documented
phenomenon in spoken and written language, its presence, consequence,
and significance has thus far been little studied in data visualization.
Although a nascent body of work has productively begun to broaden
the field’s definition of effectiveness beyond affording fast and accurate
decoding of propositional meaning to account for contextual factors
(including framing, affect, and personal background or disposition),
little attention has been paid to how visualizations may communicate
an entirely different type of meaning that goes beyond the depicted data
values and takeaway messages.

In this paper, we offer empirical evidence that, akin to natural lan-
guage, visualization has a socio-indexical function: beyond commu-
nicating propositional insights about data, visualizations convey ideas
about their social provenance because formal features of a visualization
(e.g., typography, colour, chart type, and data complexity) can index
types of people, situations, and qualities. Through a series of semi-
structured interviews, we show that readers make rich and varied social
attributions: value-laden socio-indexical inferences about the identities
and characteristics of the actors—human and nonhuman—involved in
a visualization’s production and circulation. For example:

“Whoever made this is not a researcher, not a scientist. They’re not
necessarily going to know the difference between a study published by
Dr. Oz and a study published by like Yale Medical.”

“Naive. I feel like the person who made this has the least idea data could
be presented differently to convey the story they want to tell [...] so it
makes it feel like the person has better intentions. ”

In our interviews, participants discussed both real-world visualiza-
tions gathered from a variety of sources as well as “message-obscured”
visualizations (the same images with the text altered to obscure its
propositional content). Through this, we demonstrate that readers can
make social attributions based not only on content (i.e., data topic or
takeaway message) but on design features alone (e.g. chart type, font,
etc.). From the design features of a visualization, readers draw indexi-
cal inferences about dimensions of identity such as the designer’s age,
gender, profession, and political orientation, as well as design tools
used and likely publication venues. Depending on the reader’s own
identity and social positioning—which informs their attitudes toward
those people, tools, and contexts—these attributions give rise to further
inferences about character traits such as personality, competency, in-
tentions, and trustworthiness. Together, these constellations of social
attributions have the power to frame how visualizations are received
independent of the specific data values and takeaway message they
depict.

We synthesize these results into a conceptual model (Figure 5) sum-
marizing the relationship between the concepts we introduce as central
to the socio-indexical function of visualization. Specifically, we illus-
trate how, influenced by a readers’ own sociocultural context (5-B),
socio-indexical readings establish chains of associations between: vi-
sualization design features (5-A); particular people, groups, tools of
production, and modes of distribution (5-C1); and qualities and char-
acteristics further attributed to those people and things (5-C2); that in
turn give rise to the reader’s subsequent reception and behaviour (5-D).
These chains of association reveal that design features are more than
adornments or containers for data. They can signify more than the in-
formation designer intended to impart. From typography to chart type,
design choices cannot be reduced to mere embellishments—superficial
aesthetic additions—nor semiotically neutral “best practices” for accu-
rately representing certain kinds of data. Instead, visualization design

features have the potential to be rich with socio-indexical meaning,
their presence able to evoke social personae, contexts, and qualities that
can affect how people respond to and engage with data visualizations.

2 BACKGROUND AND RELATED WORK

Our work joins recent efforts to broaden the scope of visualization
research and design beyond the encoding-decoding process. In this
section, we situate our contributions with respect to this prior work
and describe the conceptual background we draw on from linguistic
anthropology, sociolinguistics, and semiotics.

2.1

For the last twenty years visualization researchers have called for more
nuanced criteria for evaluating the effectiveness of visualization design,
beyond affording fast and accurate interpretation. Indeed, recent work
argues that there can never be general measures of effectiveness, be-
cause any evaluation can only be made in the context of a particular
communicative objective [26,51]. In response, the community has
shown growing interest in a broader range of communicative objec-
tives and measures of effectiveness in studies of rhetoric [40,53,66],
emotion [56,61], storytelling [52,85], and trust [24,25].

Exploring this broader range of communicative objectives requires
that researchers “zoom out” from measuring aspects of graphical per-
ception and cognition to investigate a more general class of behaviour:
engagement, described as “the processes of looking, reading, inter-
preting and thinking that take place when people cast their eyes on
data visualisations and try to make sense of them” [51, pg.2] (see
also [65]). Engagement research has explored how narrative [40] and
persuasive [66] functions of visualization interact with conventions that
mandate clarity and minimalism [53], and how use of embellishment
influences outcomes like trust [3]. Similarly, analyses of visualization
commentary has revealed readers of data-centric blogs [41] and subred-
dits [48] assess visualization creators’ design decisions and intentions,
as well as the structure and data-content of the artifacts under critique.
In addition, recent qualitative research has expanded our understanding
of how non-expert audiences receive visualizations. Interviews with ru-
ral Pennsylvanians demonstrated engagement is deeply grounded in an
individual’s assessment of an artifact’s personal relevance [77], and in-
terviews with Canadians active in public spaces revealed identity-based
differences in openness to interaction [38]. He & colleagues introduced
the term information receptivity to describe a viewer’s inclination to
engage with visualizations about a particular topic, in a specific context,
at a given time [38]. This research on engagement offers converging
evidence that understanding how and why people interact with visual-
izations necessitates an examination of their sociocultural contexts. We
join this chorus by offering a way to “zoom in” one level of abstraction:
connecting viewers’ responses to a visualization to their sociocultur-
ally grounded associations with particular design features which—if
consistent with the socio-indexical function in language—we expect to
influence engagement and reception.

Our attention to the relationship between design features, engage-
ment, and reception also complements the community’s renewed inter-
est in visualization aesthetics. Early guidelines for visualization often
construed aesthetics as extraneous to an artifact’s function as a vehicle
for insight; with design decisions other than the most perceptually-
discriminable forms of encoding characterized as chartjunk [89]. Mod-
ern perspectives acknowledge a more dynamic interplay between form
and function, with conceptual models differentiating between affective
and reflective responses to aesthetics [59], showing how aesthetics can
realize intended purposes [58], challenging the reductive dichotomy
between functionality and artistic expression [70] Research has demon-
strated that ‘discretionary’ embellishments can in fact positively affect
how an artifact is received [3,36], enhancing recall without impairing
comprehension [6, 11], and leading readers to judge a visualization
as more enticing [3]. Joining the field’s move away from terms like
chartjunk toward a more capacious understanding of the form-function
relationship, we attend to how research participants make value-laden
assessments of a visualization based on the people, tools, and contexts
with which they associate specific design features. Furthermore, we

Beyond Encoding-Decoding in Visualization Research



use the term ‘design features’ to include all representational choices
made in the development of a visualization (including chart types and
encodings), rather than solely ‘discretionary’ embellishments.

2.2 The Semiotics of Communication as Social Practice

Modern visualization research has incorporated semiotics—the study
of signs and meaning-making—throughout its history, and we join
colleagues who leverage semiotic theory for inquiry into human factors
of data communication. [2,8,27,40,91]. We argue that semiotician C.S.
Peirce’s triadic distinction between three different ways that a sign can
signify—i.e., make meaning—ofters crucial insight for contemporary
problems in visualization research [78]. Two Peircean signifying func-
tions have been widely studied in visualization (albeit not always using
Peirce’s terms): symbolic signs that signify by agreed-upon convention,
such as numerals, text, and coordinate systems; and iconic signs that
constitute the backbone of modern visualization and signify based on
resemblance to their referent, appearing whenever designers include
figural elements resembling the data topic and, more foundationally,
via mappings of number and association to arrangements of marks in
space [8,90]. However, indexical signs, which are the focus of our work,
signify based on real or imagined causal connection or co-occurrence,
and have not been widely addressed in visualization research [84], and
the indexical signification of social meaning, specifically, has yet to be
empirically explored.

By contrast, indexicality and social meaning have been core concerns
of modern linguistic anthropology, opening the door to understanding
how language use in everyday communicative situations involves both
the symbolic signification of propositional information and the indexi-
cal signification of social contexts, identities, and relationships. From
the Enlightenment onward, Western discourse about language and com-
munication has emphasized the symbolic, referential function of the
sign at the exclusion of all else. According to this conduit model
of communication [79], the core function of language is to transmit
propositional information through arbitrary, but conventionalized, signs
from the mind of the speaker to that of the listener [31,79]. However,
sociocultural studies of language challenge this view as a “semantico-
referential fallacy” [86], arguing it obscures the importance of social
(non-propositional) meaning in understanding pragmatics—how lan-
guage is actually used and experienced in practice [10]. Communicating
semantico-referential (propositional) meaning is only one of speech’s
key functions [44]. Speech can also function socio-indexically to sig-
nify identity and how speakers are related to each other in the social
context of use, an insight that provides “the fundamental basis of lin-
guistic anthropological analysis and theory today” [74]. We extend this
critique of pervasive semiotic ideologies [49] to suggest that the focus
on the accurate and efficient transmission of semantico-referential con-
tent in visualization similarly obscures how socio-indexical inferences
may condition readers’ responses to a data visualization.

As philosopher Mikhail Bakhtin writes, “All words have the "taste"
of a profession, a genre, a tendency, a party, a particular work, a par-
ticular person, a generation, an age group, the day and hour. Each
word tastes of the context and contexts in which it has lived its socially
charged life” [5, pg.8]. The socio-indexical function of language thus
refers to how certain registers, dialects, sociolects, accents, genres, jar-
gon, and “slang” point back toward their social origins: the contexts in
which they are presumed to be used and the characteristics of the people
presumed to use them [1,22,42,45]. In this paper, we explore how
design features of visualizations similarly retain the “taste” or—in the
contemporary terms of our participants—the “vibes” of those contexts,
identities, and qualities.

Socio-indexical inferences have profound consequences for commu-
nication in practice [35,69,92]. Research on language attitudes studies
this phenomenon through matched and verbal-guise techniques [32,33].
Using semantic-differentials, Likert scales, and free responses, partici-
pants in these studies offer evaluations of a speakers’ qualities—such
as kindness, honesty, and intelligence—that differ depending on the
speaker’s dialect, even if the words spoken are the same [9,54,55,93].
Such inferences about speaker identities can influence how people in-
terpret and respond to speech. For example, studies have demonstrated

that audience compliance with requests differ based on the accent in
which the request is delivered, and the participants’ assumptions about
the social groups who commonly use that accent [13].

More recently, linguistic anthropologists have demonstrated that
these semiotic processes are relevant to visual forms of communication,
in addition to spoken language. Empirical research has demonstrated
that aspects of visual communication—including images [75], script
[17], typography [72], graphic designs [73], visual aesthetics [75],
and even chart types [19]—are not semiotically neutral, but can be
laden with socio-indexical meaning. Typefaces, for example, link
"aesthetics of letterforms to ideas about what kinds of actors use them
and what kinds of discourse those typefaces are good at representing”
[73, pg.8]. In the present work, we build on this research to introduce
data visualizations as a further modality of visual communication with
semiotic capacity for engendering socio-indexical meaning.

3 EXPLORING SOCIO-INDEXICAL MEANING IN VISUALIZATION

To address the question of socio-indexicality in visualization, we lever-
age qualitative methodologies best suited for the exploratory study
of sociocultural phenomena: ethnographically-grounded interviews
of members of a specific sociocultural group [62]. We conducted
(n=15) semi-structured interviews over the course of 9 months, where
respondents were asked to describe their impressions of a series of visu-
alizations. In the following sections we describe how participants were
recruited, how visualization stimuli were selected, and the adaptive
interview structure and process of thematic analysis. The supplemental
materials include the full set of stimuli and interview guide.

3.1

Following research on socio-indexicality in verbal and visual lan-
guage [23], we expected that any socio-indexical readings of visu-
alizations would not be universal, but specific to the background and
experiences of particular readers, and the communities to which they
belong. Knowledge of a community facilitates more exact, rigorous
elicitation and recognition of themes emerging from socioculturally pat-
terned phenomena; thus, we chose to recruit participants in a sociocul-
tural milieu where the first author had conducted extensive ethnographic
research: the social media platform, Tumblr. Following a case-study
logic appropriate to documenting the existence of sociocultural phe-
nomena, participants were “by design, not representative” [87, pg.24]
of a population at large, but rather selected for their familiarity with
a shared set of social, aesthetic, and political norms acquired through
extensive engagement with Tumblr. Among social media scholars,
the platform’s users, and the wider digital public, “Tumblr” is not
merely a communication platform, but a social identity associated with
a unique—albeit not monolithic—Tumblr “culture” shared by long-
term participants [71]. Tumblr is widely associated with feminist, queer,
trans, and social justice oriented individuals, communities, and con-
versations [18, 68, 80]. It is characterized by aesthetic, linguistic, and
epistemological sensibilities that reject rhetorical and scholastic elitism
in favour of equally celebrating both prestigious and non-prestigious
styles, tastes, and ways of knowing [4, 71, 88]. Research has docu-
mented strong linkages between stylistic preferences and social identity
among Tumblr users [71], though we did not know whether this phe-
nomenon would extend to data visualizations, which are relatively
uncommon on the platform.

We recruited participants via an announcement on Tumblr yield-
ing 223 responses to an interview recruitment survey asking about
experience with Tumblr and data visualization. All respondents met
our eligibility requirement of 3+ years on the platform, and ( n=15)
participants were interviewed based on the order in which they sub-
mitted their surveys, scheduling availability, and an effort to represent
varying familiarity with data visualizations (from occasional viewers
on social media to academics in data-driven disciplines). Incidentally,
participants represented a diverse range of demographics in terms of
age (early 20s to 60s), educational attainment (bachelor’s degree to
doctorate), and experience on Tumblr (5-12 years). Participants were
compensated $15 USD/hour, and interviews were 40-90 minutes.

Participants
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3.2 Stimuli

We developed a corpus of 20 visualizations with the goal of optimiz-
ing heterogeneity in publication source, chart-type, data topic, and
our subjective assessment of aesthetic style and extent of embellish-
ment [3]. We began by sampling the MASSVIS dataset [12], adding
images from social media to achieve greater diversity in authorship.
After the first several interviews revealed that participants could make
social inferences from the presented stimuli, we decided to further
explore whether design features (in the absence of the context of the
underlying data) could also provoke inferences. For this we developed
message-obscured versions, where titles, captions, and legends were
replaced with placeholder text in an equivalent typeface, with attention
to matching typographic design elements such as kerning and spatial
hierarchy. Although it was not always possible to remove all reference
to a visualization’s topic given the iconicity of some design elements,
alterations did obscure specific arguments and take-away messages.

3.3

We conducted semi-structured interviews following an ethnographic
approach that intentionally emulates lightly prompted conversation,
avoiding a rigid question/answer structure to encourage interviewees
to speak freely without worry that responses would be assessed for
correctness (see §4.6) and to allow space for discussion exceeding our
predetermined questions. We drew on the ‘evocation phase’ of the elic-
itation interview technique [39] to instantiate an interactional context
for answering questions: encountering visualizations on participants’
Tumblr “dashboard”. Using a person-centered approach [62] following
case-study logic [87,95], each participant was presented with differ-
ent combinations of stimuli and slightly different prompts, responsive
to the emergent dynamics of the interview and insights drawn from
previous interviews. Interviews were conducted via Zoom and began
by establishing the aim of the research as exploring people’s thoughts
about a visualization, rather than evaluating their graph reading abil-
ity. The interviewer then presented a randomly-selected stimulus, and
posed a casual, open-ended question such as "okay, so: thoughts about
this visualization?" The interviewer progressively elaborated follow-up
questions based on the participant’s responses (see §4.1 for an example)
and themes surfaced in prior interviews. When the interviewer judged
the participant had nothing further to offer, they proceeded to another
stimulus, chosen with attention toward maximizing potential for the-
matic saturation. Each participant was presented with 8-15 stimuli,
alternating between aesthetic styles while ensuring each individual saw
both untreated and message-obscured stimuli. Throughout the 9 month
interviewing process, the author performed ongoing thematic analysis
in the tradition of ethnographic fieldwork and grounded theory [16].
This involved: taking field notes during each interview, identifying
emergent patterns, extracting representative quotations to illustrate
themes, and iterative reviewing of field notes and prior interviews to
revise, clarify, and elaborate upon themes.

Interview Structure & Thematic Analysis

4 RESULTS

In the following subsections, we present key themes emerging from
our analysis. Leveraging the documented strengths of vignette and
representative discourse for reporting ethnographic data and thematic
analysis, [20,76,94] we illustrate themes by providing quotations from
our interviewees, rather than quantitative accounts of how many partic-
ipants expressed a given idea, because the presented themes surfaced
from intentionally open-ended and variable prompts and not static ques-
tions that elicit specific numerable responses from every participant,
on each topic and stimulus. This accumulation of thematically aligned
quotations demonstrates more broadly how visualizations can function
socioindexically, whereby: (1) readers make inferences about the iden-
tities and characteristics of entities they presume to be involved in a
visualization’s production and distribution; (2) readers make such social
attributions even when the propositional content of stimuli is obscured,
revealing that design features in and of themselves carry socio-indexical
meaning; (3) social attributions include both identifications and charac-
terizations about a range of human and nonhuman visualization actors;

(4) socio-indexical meaning is socioculturally grounded; and (5) socio-
indexical readings influence reception of visualizations. In Figure 5 we
offer a conceptual model of the socio-indexical function of visualization
that summarizes these concepts and illustrates the relationships between
them. We conclude with a discussion of the methodological and the-
oretical implications of challenges in expressing social attributions.
Participant quotations are indicated as (Interview ID : Stimulus ID),
where -UN refers to untreated and -OB to message-obscured stimuli.
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When given open-ended prompts to discuss their thoughts about a visu-
alization, participants readily offered assessments of the artifact (“It’s
pretty”’) and the data represented (“these numbers were guestimated”),
similar to responses documented in research on public visualization
discourse [41,48]. However, all 15 also offered a form of response
that has yet to be systematically documented in visualization research.
Ranging from short descriptions to elaborate narratives, participants ar-
ticulated nuanced social attributions: socio-indexical inferences about
the identities and qualities of the actors they presumed to be involved
in a visualization’s creation and circulation.

To illustrate our adaptive interview structure we give an extended ex-
ample from our first interviewee, Ann (IN-1), who offered wide-ranging
impressions of 15 visualizations. A decade-long user of Tumblr, Ann
is a lawyer: highly educated, data-literate, and a critical consumer of
information. Her comments reflect this, and she offered sharp assess-
ments of the artifacts’ clarity and aesthetic appeal—or lack thereof.
However, in addition to those assessments, the conversation was replete
with commentary of a very different sort:

INTERVIEWER: Alright, here is the next one. .. [Interviewer pulls up
the unobscured version of stimulus S4 then trails off to let Ann fill the
silence organically.]

Readers Make Social Attributions

ANN: Huh. I mean, at first, the image, you kind of expect it’s going to
be more conservative, but it’s not. [...] It seems it has a very Boomer
conservative vibe, but the data is the opposite of that [it portrays the
Trump administration negatively] [...] But it’s not professionally done
at all [...] It looks like someone put this together in Excel; but he
doesn’t really know how to make charts in Excel.

INTERVIEWER: What gives that impression?

ANN: As also being someone who doesn’t know how to make charts
in Excel ((laughter)) [...] I'd recognize the slanted lines, its labels,
anywhere. [Ann goes on to describe other design elements, including
font size and the spacing of the legend that remind her of Excel.]

INTERVIEWER: So would you share this, or something like this?

ANN: No. [...] I don’t know who would share it. [...] Maybe some
stupid person on Reddit? It has kind of like a Reddit vibe to it. But I
don’t know—I"m trying to think why.

INTERVIEWER: I would be very interested if you can pinpoint why!

ANN: It has like a faux academic-ness to it. [...] It’s not being like an
infographic and trying to look pretty. [...] It’s trying to be more, not
pretentious but [...] the person who made it, you know, thinks they’re
cleverer than they are.

Throughout the interview, Ann repeatedly volunteered comments about
the "feel" or "vibe" of visualizations, reading their socio-indexical
meaning—the contexts, personae, and characteristics evoked—rather
than data or takeaway messages:

“This is giving middle or high school. One of those teachers that’s not

bubbly, but outgoing. Has that PBS Magic School Bus, Scholastic Book
Fair kind of vibe. Like ’Look, we’re young and hip!’, trying to appeal
to students [but] knowing you're a little corny” (ANN : S11-UN)

“This one has more of a scientist feel.” (ANN : S17-UN)

This emerged as a persistent pattern throughout the subsequent inter-
views. When asked to speak freely about a visualization, participants
consistently made value-laden indexical inferences about a visualiza-
tion’s social provenance. Importantly, while all interviewees provided
such social attributions for several visualizations, 13 of 15 did not offer



attributions for at least one other visualization (see §4.6). This indicates
that any priming from the interview structure was not strong enough to
generate spurious social attributions. Social attributions only emerged
if a visualization did have socio-indexical meaning for that participant.

4.2 Social Attributions Arise From Design Features

Our results demonstrate design features are integral to how readers
construct inferences about the social provenance of a visualization.
That is, socio-indexical meaning can be derived from a visualization’s
design features above and beyond its propositional content (i.e. the
topic of the encoded data, its takeaway messages, etc.) We construe
design features broadly as any element of a visualization where a
representational choice was made, including structural features such
as chart type and visual encodings, as well as features more typically
described as aesthetic or discretionary (typography, use of whitespace,
spatial layout, etc.).

We observed that respondents made equally rich social attributions
when presented with untreated or message-obscured visualizations,
confirming that design features themselves can carry socio-indexical
meaning. Consider the similarity in elaboration between responses
from interviewees presented with the untreated stimulus in Fig. 2 (left)
and responses to its message-obscured equivalent in Fig. 2 (right).

UNTREATED IMAGE [S3-UN]  MESSAGE-OBSCURED IMAGE [53-08]
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“This is definitely from some sort of online news
article. It's not like sports news or whatever. It's a more
formal sort of news. Part of me thinks it might be the
Economist? I've never actually read the Economist, but
that sort of ballpark. Not like Breitbart far-right

“It kind of has an advanced high school or college
textbook feel ta it. It feels very educational, but the
colors are more muted, and it's relatively simple. So its
like very college-y. It just looks very professional. | feel
like the person who made this is a graphic designer, t
someane who does this for a living. Its not like [the territory, but a sort of center-right online news
previous stimLIiFlhere was a more a homegrown feel  publication. Its definitely trying to present itself

to the last one.” {IN-1) abjectively, so its nat full out F }I news or anything,

“This is definitely done by more of a scientific person but more right than (eft.”(IN-13

versus a marketing person. There is no glimmer toit, 1 don't think a Turnblr user made this. This is a little
it's just stating what it is. Somebody wha is probably in - more polished. The person is primarily facused on the
their forties and above. This is a much more serious  data, but not unfamiliar with presenting it to [non-
kind of person, much more straightforward. Not in experts] Not designed by the New York Times graphic
sales, or a marketing job. More into scientific design team, but like something the NYT got from
research.”(IN-2) whoever provided the interview cnnlenl.‘TlN 4)

Fig. 2: Attributions of Untreated and Message-Obscured Stimuli

If readers’ assumptions regarding the entities involved in a visualiza-
tion’s production were entirely determined by its message, they likely
could not make social attributions in the absence of that propositional
content. Moreover, even when presented with the untreated stimulus,
IN-1 still credited design features (colour and simplicity)—not the data
topic or message—with motivating her attributions. In fact, IN-13,
presented with the obscured visualization, made a more technically
accurate social attribution than participants presented with the untreated
stimulus, correctly identifying The Economist as the source. Despite
never having read the publication, IN-13 links impressions of main-
stream formality and an effort to seem "objective," with center-right
news outlets exemplified by the The Economist. This suggests that
socio-indexical readings, far from being separate or even opposed to
data literacy, may be a crucial part of it. We conclude that design
features alone are capable of conveying socio-indexical meaning. Just
as formal features of speech point toward the contexts in which they are
presumed to be used and the characteristics of the people presumed to
use them, design features of a visualization can similarly index social
categories, contexts, and identities. However, also like natural language,
the socio-indexical meaning of particular design features are not univer-
sal. In §4.4, we discuss visualizations that evoked the most consistent
responses among our research participants and how these responses
reflect the particular sociocultural context our participants share.

4.3 Readers Identify & Characterize Visualization Actors

During thematic analysis we attended to patterns in the attributions
participants made, identifying: (1) three categories of actors that inter-

viewees commonly implicated in the production and distribution of a
visualization (makers, tools, and modes) and (2) two distinct forms of
social attribution (identifications and characterizations).

4.3.1 Social Attributions Encompass Makers, Tools, and Modes

Consistent with the results of sociolinguistic guise studies showing
that listeners evaluate speaker qualities based on the formal features
of their speech [9, 15, 54], we found that interviewees readily drew
inferences about the imagined creator of a visualization, which we
categorized as maker, referring to properties such as age, gender,
education, occupation, and political orientation. However, in contrast
to sociolinguistic studies where inferences focus on a single speaker,
viewers made social attributions about several kinds of entities that
could be involved in an artifact’s production and circulation, including
collective entities as well as tools for creation and modes of distribution.
We categorized these entities—individuals, institutions, means and
methods of production and distribution—under the umbrella of actors,
to underscore the importance of recognizing both human and nonhuman
agents in the emergence of material and semiotic artifacts [57, 82].
Review of interview field notes alongside transcripts further revealed
that social attributions about the entities we originally categorized as
makers could be further subdivided using categories developed by
sociologist Erving Goffman [34] to reflect actors involved in different
aspects of the production process in communication: principal, the
person or collective responsible for the commission of the artifact;
author, the person responsible for materially creating the artifact; and
animator, the person responsible for distributing or sharing the artifact.
Figure 3 defines each category of actor we identified, alongside example
social attributions from our participants.

ACTOR

entities involved in a visuali

production and distribution

MAKER

entity responsible for artifact

(role in making not specified)
Principal (MAKER) This seems [ike a women's magazine for liberals. [...] This could be like
responsible for having artifact made| Jezebel or like Gawker

Author gMAKER)
responsible for creating artifact

SOCIAL ATTRIBUTION
IDENTIF and CHARACTERIZATIONS of visualization ACTORS.

A company put this together [...] a newer company. | can't see somewhere
established [ike Ford putting this out [..] Tech startup! [ ] fesls like some
kind of techy bank startup like that Silicon Valley one that almost failed”

This: has to be some poor intern who is shuffling coffee around [... ] it
feels like the work of an earnest person who also dislikes their job

Animator (MAKER)

Thisi . L . A
vesponsibl fr circulating atfic is is something Majorie Taylor Greene [far-right US politician]

posted on her Twitter account.

MODE Like a glossy magazine that you see at the front counter of a
venues, sources, channels etc. of Walmart, with medical advertisements. Harketing people for
distribution pharmacological companies like using these colors.'

This looks like it could have been done in Google Sheets. It doesn't

TOOL
instrument(s) used in production seem like the kind of thing someone made up in R

Fig. 3: Examples of Social Attributions of Visualization Actors.

4.3.2 Attributions Include Identifications and Characterizations

In addition to categorizing common types of actors interviewees impli-
cated in the production of a visualization, we also noted two distinct
forms of attribution. The first involved identifications of particular
people, groups, or social categories, including remarks about properties
such as age and gender (“Someone sort of mid-20s, I'd guess female”),
occupation (“Someone’s admin assistant”), or specific source (“The
Washington Post”). The second entailed characterizations of traits,
qualities, or values, including statements about personal disposition
(“angry and unpredictable”), assessments of competency (“Don’t know
what they’re doing”), and a range of explicitly evaluative adjectives
(“biased”, “genuine”, “trustworthy”).

Importantly, identifications and characterizations can be equally
laden with social meaning—entangled with and reflective of social
norms, values, categories, contexts, experiences, and relationships.
Maker identifications may appear, on the surface, more value neutral
than characterizations, which make direct evaluative claims about a
maker (e.g. “passionate” or “lazy”). To identify a maker as “in their
30s”, “white lady”, “an intern”, or “FOX News” does not explicitly
express a social evaluation of that actor. However, identifications can
imply a host of associated characterizations. For example, ostensibly,
generation identifications simply mark when a person happened to be



STIMULUS IDENTIFICATIONS of social media platforms & users

CHARACTERIZATIONS of social media platforms & users

going to take care o

of way, not [radical ferinist]. [IN-14]

have an Instagram or a TikTok. [IN-

84-08 | might expect it to be on Reddit or a shitty YouTubers page. [IN-7] This is some right-wing bullshit. [IN-7]
Some stupid person on Reddit. It has a Reddit vibe to me. [IN-1] It has a faux academicness ta it.[...] The person who made it thinks they're cleverer
: : ‘ : : than they are. [IN-7]
This feels like something youd pull off of 8chan or Reddit. [IN-14] ) : :
Thisi bably like a Reddit post someane has put together. [IN-8] Like a teenage or early-20s white boy, or someone who aspires to be that
1515 probably - p : put togetner. demographic. Sad and pathetic, also angry and so unpredictable. [IN-14]
| immediately went: Reddit! | don't go on Reddit too much, but like my ‘ vith thi i | i
ideas of Reddit and stuf. [IN-15] [Iadénglpgwﬁgggt].t[nlb?_ ree with this person [on anything] and | don't expect to like them
$1-08 It giving young femme ‘cottage-core’ Tumblrina; that's the vibe. [IN-10] || would say, | don't trust the creator of this visualization. | don't think they'e trying to

This somebody Uoin? social media. 15-35 year old woman who is like I'm
the trees’ but isn't the best at recycling. [IN-12

This is Instagram millennial chic. Very light, girly, “I'm a plant mom” kind

This makes me think of like an Instagram influencer, derogatory. It sort
of fits the aesthetic—or [ m assumgl]lons of ] the aesthetic; | don't actually | Something like this, like Instagram-y, | would immediately be skeptical. [IN-14]

be dishonest, but | don't think they know what they're daing. [IN-10]
They are not inherently unreliable, but exlremelﬁ unprofessianal. Id be like 'l have no
idea where you gat this data or why you put it like that', [IN-12]

Instantly predisposed to discount whatever this person is saying, not because
they're a horrible persan, just haven't been to [any] research methods class. [IN-5]

Fig. 4: Sociocultural groups draw on shared indexical fields, leading to similar identifications and characterizations

born. However, from “OK Boomer” memes to articles critiquing "Gen
Z work ethic", these labels often index far-from-neutral qualities and
characteristics (e.g regressive social attitudes or laziness, respectively).
Seemingly neutral tool and venue identifications can be similarly value
laden. IN-13 describes stimulus S1-OB as “a very sort of Instagram
type of graph”, which could be a straightforward naming of the venue
in which the visualization might have been published. However, when
our interviewer asked what they meant by that description, IN-13 went
on to describe “Instagram type” with a series of characterizations they
associate with the platform, its users, and its content: less “masculine”,
focused on “style over substance”, and “not aimed at computer nerds”
(see §4.4 for further discussion). Similarly, when IN-4 said S12-OB
“has Microsoft Word vibes”, she elaborated “but not necessarily like in
a bad way”, implying that while being created with the tool Microsoft
Word can index qualities with negative connotations (e.g. a lack of
sophistication and beauty), in this case those qualities are positively
linked with sincerity or authenticity:

“If it’s so pretty that it’s clearly been made by a graphic designer and
approved by a marketing team, it’s trying to sell you something. But
this? Microsoft Olffice vibes are very neutral and a bit more objective.”

It is therefore crucial to recognize that seemingly neutral identifica-
tions can function as conceptual shorthand for constellations of value-
laden characteristics. Identities and characteristics are linked to each
other—and to additional identities and characteristics—through chains
of socio-indexical meaning. The socio-indexical significance of a vi-
sualization is rarely a direct one-to-one relationship between a single
feature and a single attribution, but rather comes into being through
elaborate entanglements of aesthetics, attitudes, and associations within
a broader, culturally-specific field of indexical meaning [23].

4.4 Sociocultural Context Influences Attributions

Our results illustrate that social attributions are contextual and cultur-
ally patterned, resulting in inferences that vary between individuals, but
also reflect the broader cultural attitudes and beliefs of the communities
in which readers participate. In general, our results showed significant
variance in the social attributions made for most stimuli, but S1 and
S4 garnered remarkably consistent and specific responses among the
8 interviewees with the most familiarity and alignment with Tumblr.
The bottom row of Figure 4 documents how, for these interviewees,
S1’s visual simplicity, figural leaf embellishments, ‘millennial pink’
and overall muted pastel colour palette consistently indexed a Gen Z
or Millennial woman who creates content online in places the intervie-
wees associate with ‘style over substance’ (e.g. Instagram, Pinterest,
the “cottage-core” corners of Tumblr), and whose politics could be
described as more liberal than conservative, but who does not engage
in enough critical thinking to have developed more actively anti-racist
and anti-capitalist stances and practices. In contrast, (top row) S4’s flag
imagery, “aggressive” saturated colours, and “unpolished look™ con-
sistently indexed the social media platform Reddit and interviewee’s
perception of its stereotypical user: an angry young man who couches
his far-right views in the rhetorical style of scientific authority.

This cohesion reflects the shared experiences and ideologies of those
Tumblr users who strongly self-identify with being part of a “tumblr”
community, and thus with the feminist, anti-racist, LGBTQ+, and leftist
perspectives, and various forms of aesthetic and rhetorical expression,
that flourish on the platform. A central part of identity formation
(individual and group) involves defining ourselves in contrast to others
around us—or at least our perceptions of others around us. Be it
countries, religions, or fandoms, “we” are largely defined as “not them”,
which requires constructing robust imaginaries of “them” [7]. For
dedicated Tumblr users, the “others” against which they understand
themselves are often different types of social media users. Therefore,
for individuals in this sociocultural milieu, “Instagram” and “Reddit”
are easily made and, most importantly, indexically rich identifications
that further imply a host of heavily value-laden characteristics that
influence interviewees’ reception of the visualization—as illustrated in
the last column of Fig. 4. In contrast, non-Tumblr survey respondents in
a follow-up study we conducted similarly described the design features
of these stimuli, but did not specifically associate them with Instagram
or Reddit (see Fox & Morgenstern et al. [28]).

This convergence, reflecting the shared experiences and ideologies of
these Tumblr users, substantiates the idea that socio-indexical meanings
are not universal, but culturally specific to particular communities of
use contexts. IN-11 herself acknowledged that her embeddedness in
Tumblr’s cultural context influenced her attributions. At the end of the
discussion, our interviewer confirmed to IN-11 that the visualization
had been sourced from Reddit, as she had surmised. IN-11 grinned
widely and said, “I don’t know if I should be proud of myself? Or...,” she
trailed off with a self-deprecating laugh before continuing, “questioning
how much time I spend on the internet”. Our interviewees responses to
S1 and S4 underscore that socio-indexical readings are always grounded
in prior sociocultural experiences, knowledge, or narratives, such that
design features can prompt adversarial responses to a visualization if
they index identities that a respondent opposes on the grounds of their
own social positioning.

4.5 Social Attributions Impact Trust & Reception

This study relied on self-reported attitudes and did not directly measure
engagement behaviour. Nevertheless, 12 of 15 interviewees made
remarks implying that, were they to encounter a given visualization
in the wild, their socio-indexical readings would influence how they
might engage—or not—with that visualization.

“If this were to come across my dash, for, like a [topic] I don’t know
anything about, I would automatically distrust that person’s opinion
on that [topic], I would be like, I don’t know [what this is about], but
you’re probably wrong.” (IN-4: S14-OB)

“I trust this the most [of all the presented visualizations]. I feel like
this comes from a newspaper which would have a political bias that
probably sits closer to my own personal political bias.” (IN-13: S7-OB)

Moreover, this study surfaced potential complications of seemingly
straightforward relationships between trust and qualities of a visualiza-
tion such as beauty [63] and bias. Responses indicated that qualities



that might be presumed to carry connotations that are widely regarded
as negative or positive, such as bias and beauty, respectively, often
had complex relationships with trust. For our participants, there were
instances where: beautiful design indexed corporate lies (S5); “terrible”
design and incompetency indexed authenticity and good intentions (S1,
S20); makers viewed as biased was nevertheless assessed as trustworthy
because they seem “closer to my own personal political bias” (S2); and
a maker read as unbiased was nevertheless deemed untrustworthy be-
cause they were presumed to also be incompetent. We further address
how socio-indexical meaning complicates the relationship between
trust and beauty in a series follow-up studies [28].

4.6

Our interviewees made a wide range of social attributions to presented
visualizations, but eliciting those attributions was not without chal-
lenges. The instances where participants were unable or reluctant to
express social attributions (see §4.1) highlight three factors that can in-
hibit the expression of socio-indexical inferences in the context of data
visualization: (1) visualization ideologies (i.e. beliefs about what data
visualizations are, how they communicate, and how readers should inter-
act with them) that make expressing socio-indexical readings a socially
precarious behaviour; (2) insufficient metavisual awareness (i.e. the
visual equivalent of metalinguistic and metapragmatic awareness—the
ability to consciously identify and describe elements of language and
how they are used); and (3) the indexical salience of particular design
elements for particular individuals.

Interpreting Challenges in Elicitation

4.6.1

People are enculturated beings, socialized into particular norms of com-
munication [83]—including norms of politeness [37] and widespread
ideologies about data visualizations that inform the range of socially
acceptable responses to probing questions. During interviews, partici-
pants made remarks suggesting that at times they felt it inappropriate to
make socio-indexical inferences (even while acknowledging that they
can and do):

Visualization Ideologies

“I'd guess female. But that’s terribly sexist of me.”

“Oh, I don’t know how to say this without sounding mean.”

“If [the maker] ever finds that I've said this, I'm going to feel so bad.”
“I don’t want to like judge people right off the bat”

Beyond the social undesirability of being prejudiced or “mean”, stu-
dents in the United States are often taught from a young age that
scientific data are objective, not socially-mediated, and practices of
formal instruction in STEM education reinforce such ideologies [67].
From this perspective, a maker’s identity, the tools used to produce a
visualization, and the venue where it circulates should have no impact
on how a visualization is designed or interpreted. This makes explicit
expressions of the fundamentally subjective socio-indexical meanings
explored in this study epistemologically transgressive; the very possi-
bility of socioindexically reading visualizations violates widespread
beliefs—among scholars, practitioners, and audiences—that data visu-
alizations should be neutral conduits for objective information [67].

For example, after characterizing pie charts as “reasonably trustwor-
thy” and having “more neutral vibes”, IN-14 sheepishly acknowledged
“that could be my experience making me a little biased”. She went on
to cite her workplace as the source of the association, explaining that
they often used pie charts to report straightforward demographic infor-
mation. This was a wonderfully articulated chain of socio-indexical
reasoning—exactly what this study sought to explore. Yet IN-4 offered
it apologetically, as if she had done something wrong. Such discomfort
with acknowledging how personal experience influenced assessment
of a visualization emphasizes how non-propositional readings are not
socially preferred within culturally dominant frameworks that situate
data visualizations as scientifically objective, making such readings
more challenging to elicit.

We discovered that the social force of such visualization ideolo-
gies could be partially mitigated by framing the interview as a casual,
friendly discussion where participants would not be evaluated on their

performance. Our interviewer did this by: (1) directly stating that
the point of the exercise was not to determine if participants could
“accurately” interpret a visualization; (2) following a semi-structured,
conversation-based interview structure; (3) using hedging language in
probes (e.g., “In your opinion”); and (4) maintaining a cheerful and
affirming demeanour. In some instances, however, participants were
willing but still did not make social attributions for a particular visu-
alization, indicating additional factors that can impact the elicitation
of socio-indexical readings: a reader’s metavisual awareness and the
indexical salience of particular visualizations.

4.6.2 Metavisual Awareness

What do readers attend to when making social attributions? Our results
demonstrate that design decisions can carry socio-indexical meaning
(Sec. 4.2), but these findings also suggest that exactly which design
features readers attend to may often be beyond readers’ conscious
awareness, as evidenced by how interviewees articulated associations
between design features and attributions with varying degrees of ex-
plicitness. Sometimes participants did precisely link specific design
elements (e.g., colour, typography, chart type, and relative complexity
or detail of the graph) to specific social attributions. For example:

“Probably someone in their thirties or forties. That font is giving exceed-
ingly strong 80s/90s vibes.” (IN-5: §2-OB)

“It’s more scientific because the amount of data [. .. ] So I'm less likely to
think it’s from the IRS, and more likely to think it’s [a scientific article].”
(IN-4: S9-OB)

More often, participants made attributions without naming the specific
design features and just referenced an overall aesthetic (e.g. “The
presentation [of the visualization] makes me go, ‘you [the maker]
seem establishment-y’.” [IN-7: S7-OB]), and at times even expressed
uncertainty about what exactly provoked the social attribution (e.g. “I
don’t know why I say that?” [IN-6: S5:0B]).

Metalinguistic and metapragmatic awareness of how ways of speak-
ing are associated with types of people and contexts is widespread,
with metalinguistic discourse a ubiquitous feature of everyday conver-
sation. However, the kind of metavisual awareness we are studying,
particularly as it pertains to data visualization, is far more specialized.
Simply put, the vast majority of people speak—and speak about ways
of speaking—more frequently than they create, encounter, and reflect
upon data visualizations. Thus, even when interviewees made socio-
indexical readings, their capacity to articulate the chains of inference
that motivated those readings was often limited. This is exemplified
by IN-15 when she precisely links one design aspect of S6-OB to her
social attribution, but cannot articulate the intervening inferences: “Def-
initely reminds me of a women’s health presentation. Huh. [Laughter.]
That’s weirdly specific! I don’t know why this purple and blue is giving
women’s health.”

4.6.3

Because some visualizations prompted robust social attributions from
participants who saw them (e.g., S1 and S4; for 15 of 15 participants),
while others did not (e.g., S10 and S12; for only 2 of 5 participants),
we suggest that the likelihood of socio-indexical readings depends on a
quality we call indexical salience. Just as not every formal feature of
speech is strongly associated with a particular social context or identity,
not all design choices are strongly associated with particular social
attributes—some are more indexically salient than others. However,
this quality is not universal; the design choices that are indexically
salient for one person or sociocultural group, might not be for another.
It is important to note that embellishment should not be assumed to
inherently correlate with indexical salience. Interviewees made sim-
ilarly detailed or vivid attributions for both more (e.g. S2, S4) and
less (e.g. S12, S16) embellished visualizations. Simplicity itself can
index certain makers, tools, and channels (e.g. “someone trying to look
objective”, “a scientist”, or “Microsoft Word vibes”). In contrast, a
more embellished visualization like S10 was less strongly associated
with particular actors (e.g. merely described as “pretty”).

Indexical Salience



CONCEPTUAL MODEL OF SOCIO-INDEXICAL FUNCTION IN VISUALIZATION
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This gives me like a Newsweek type of vibe. This doesn't look like a default colour scheme I'm familiar with, so some attention was paid to [design}; it's not as
slick as Id expect in, say, the New York Times, but it's professional. [...] This looks like mainstream media [...] so | would be inclined to look into the actual
numbers behind it. Because of my personal politics, | am a little dubious of how [some] topics are covered [ by this kind of publication].

Fig. 5: Conceptual Model of Socio-Indexical Function in Visualization. The combination of features of the artifact and the sociocultural context of
the viewer combine to give rise to social attributions (expressions of socio-indexical inferences), that in turn impact reception and behaviour.

4.7 A Conceptual Model of the Socio-Indexical Function

Taken together, our findings demonstrate that visualizations communi-
cate more than the data they encode. In addition to a propositional func-
tion, visualizations also have a socio-indexical function—conveying
impressions of their social provenance. Our evidence shows how view-
ers respond to and engage with visualizations in the context of what
they imagine designers’ identities to be. We illustrate our conceptual
model of this socio-indexical function in Figure 5, describing how the
features of a visualization (A) act in concert with a viewer’s sociocul-
tural context (B) to give rise to social attributions (C) with the power to
influence reception and behaviour (D). In (E) we illustrate how these
concepts can be located in interviewee discourse. We offer our model
of the socio-indexical function of visualization not as a replacement
for information-processing models, but an extension that reveals an
additional dimension of meaning that can be made with visualizations.
As a conceptual model [30,43], it serves as a tool for thinking about the
consequences of design decisions; suggesting new research questions
(§5.2.1), and interventions in the design process (§5.2.2).

5 DiscussIiON AND FUTURE WORK

Inspired by linguistic anthropological research on socio-indexicality
demonstrating that listeners make inferences about speakers from for-
mal features of language—inferences that impact how listeners engage
with an utterance—we asked whether readers might make similarly
non-propositional readings about data visualizations. Our results doc-
ument the presence and consequence of a socio-indexical function of
data visualization, surfacing five key thematic findings: (1) readers
can make social inferences about the identities and characteristics of
visualization actors (e.g. makers, tools, modes of distribution) (§4.1);
(2) these value-laden social attributions, positive and negative, can
be made even when the propositional content of stimuli is obscured,
demonstrating that design features in and of themselves can function as
socio-indexical signs (§4.2); (3) socio-indexical meaning is contextual
and socioculturally grounded, emerging from chains of associations
rooted in readers’ own social positioning, experiences, values, and
cultural context (§4.4); and, ultimately, (4) viewers’ socio-indexical
readings of a visualization can influence reception and engagement
(§4.5). In Figure 5 we offer a diagrammatic representation of this
conceptual model, illustrating how readers make inferences about a vi-
sualization’s social provenance based on their socioculturally grounded
attitudes toward the people, tools, and contexts with which specific
design features are associated, which in turn influence behaviour. While
it remains of utmost importance that readers make accurate (proposi-
tional) inferences about visualized data, these results emphasize the
crucial role of non-propositional, socio-indexical readings in visual-
ization reception. Acknowledging this socio-indexical function offers
both theoretical and practical implications for visualization research
and design, from prompting new research questions not evident given

an information-processing model of communication (§5.2.1), to encour-
aging designer-driven exploration of socio-indexical meaning for target
audiences during the design process (§5.2.2).

5.1 Limitations: Measuring Socio-Indexicality

In this paper we provide evidence for the existence of a socio-indexical
function of visualization. While this demonstrates that the phenomenon
can occur, it does not enumerate all its possible expressions nor predict
the conditions under which it will occur. Ethnographically-informed,
person-centered interviews are highly effective for in-depth phenomeno-
logical study, but like any research method they have limitations. First,
our participants’ socio-indexical readings inevitably reflect perspectives
rooted in their specific sociocultural context. For example, Tumblr users
are known for their countercultural left-leaning politics and this influ-
enced their social attributions (e.g. negative characteristics associated
with identifications like “The Economist™). The structure of research
in disciplines like anthropology tells us that sociocultural phenom-
ena—Tlike socio-indexicality—can only be studied in the context of spe-
cific sociocultural groups because there is no such thing as a ‘general’
population: every individual belongs to intersections of sociocultural
groups. As Dourish writes, “ethnographic work often generalizes, but
it does so through juxtaposition contradistinction, comparison, sequen-
tiality, referentiality, resonance, and other ways of patterning across
multiple observations.” [20, pg.13] Thus, demonstrating the broader
contours of such phenomena requires an accumulation of studies with
different populations. We hypothesize such studies would also yield
socio-indexical readings, but with variance in the salience of particular
design features and specific indexical associations. Second, interviewer
efforts to mitigate the social forces constraining elicitation (see §4.6)
could lead participants to offer social attributions when they might
otherwise not, raising questions about the feasibility of eliciting socio-
indexical readings asynchronously. We address this in a follow-up study
exploring the structure of variance in social attributions via quantitative
analysis of attitude-elicitation surveys [28]. Third, our results reflect
only what interviewees are able or willing to verbally articulate (see
§4.6.2). We therefore recommend implicit measures and situated exper-
imental studies be used to address how socio-indexical readings may
affect graphical perception, comprehension, and behaviour in ways that
participants cannot consciously express. Finally, although this study
used both natural and message-obscured stimuli, we did not systemati-
cally attend to interplays between data and design. An important next
step that we address in subsequent work [28], is to explore how indexi-
cal and propositional meaning might interact when eliciting inferences
with untreated naturalistic stimuli.

5.2 Implications of the Socio-Indexical Function

We argue that socio-indexicality has important implications for visu-
alization research and design, as readers’ reception and engagement



with a visualization is influenced by not only content or even aesthetic
appeal, but also their sense of alignment or disalignment with the actors
they imagine to be involved in its production and circulation. This
exploratory study thus serves as a starting point and call to action for a
much broader programme of sociocultural inquiry in visualization; one
with practical implications for both research and design.

5.2.1

At the highest level, our model of the socio-indexical function reveals
new research questions that more canonical models of (propositional)
information processing do not afford. For example, what other forms
of social meaning might design features index? Figure 5-C show-
cases the actor attributions revealed in this study; however, linguistic
features can index not only the identities and characteristics of partic-
ipants in an interaction, but also the type of interaction itself—what
sort of situation it is, and therefore what roles and behaviours partici-
pants are expected to take up [21]. Just as certain features of natural
language can frame an interaction as cooperative, competitive, edu-
cational, or playful—encouraging certain behaviours while limiting
others—might certain visualization design features similarly define a
reader’s encounter with an artifact in ways that facilitate certain forms
of engagement? Part B of the model provokes us to ask, what are
the processes (e.g., branding, historical accumulation) through which
design elements come to be enregistered as exemplars of particular
social characters and characteristics? That is, what experiences and
narratives establish associations between design features and social
personae in the first place—and is there space for intervention in the
generation of these associations? Each part of the model, and each point
of connection between them, offers opportunities for further inquiry.

Implications for Researchers

5.2.2

Because the contextual nature of socio-indexicality precludes the gen-
eration of universal mappings between design features and meaning
that generalize across all contexts and audiences, the actionable de-
sign recommendation we offer is a procedural intervention, rather than
one of specific design guidelines (e.g. the best font to index trustwor-
thiness.) In the design process, we suggest designers systematically
document associations between design features and social attributions
among their target audiences. Visualization designers already account
for aspects of audience via designerly ways of knowing [81]; however,
as evidenced by empirically-driven guidelines [29], greater emphasis
is currently placed on the reader’s cognitive-perceptual characteristics
than the fields of socio-indexical meaning with which they interact.
While such guidelines remain important for affording efficient reading
of data, socio-indexical readings can influence if and how an audi-
ence engages with a visualization in the first place. Our conceptual
model provides a reference for what needs to be discovered to predict
the socio-indexical consequences of design decisions, or troubleshoot
breakdowns in communication. For example, to communicate scientific
health data (D. Behaviour: engage with science communication) to a
particular community (B. Sociocultural Context: that community) wary
of medical professionals (C1: Identifications: hospitals, doctors; C2:
Characterizations: uncaring, arrogant), designers could employ user
research to work backward through the model to determine what design
features (A. Visualization Features: to be discovered) the community
associates with those identifications and characterizations and involve
those discoveries in design decisions. For an example from the current
study, designers seeking to address long-time Tumblr users might avoid
the combination of flags and an “unpolished look”, unless they wish to
index “right-wing bullshit” that would be immediately dismissed—even
if the content suggests otherwise (e.g. S4). Alternatively, to index sin-
cerity (e.g. S6, S15), they might aim to produce similarly “unpolished”
artifacts, but with “softer” colours and minimal iconic elements. How-
ever, determining precisely what design features this audience sees as
contributing to an “unpolished look™ (e.g. what fonts, spatial organiza-
tion, or chart type) necessitates further study. We encourage designers
to look beyond perception and cognition when making design deci-
sions, to consider what social meaning their choices convey, and how

Implications for Designers

they might leverage visualization’s robust capacity for engendering
socio-indexical meaning, to achieve their design objectives.

5.3 Sociocultural Visualization Research & Design

Our study demonstrates the need for greater attention not only to social
and cultural factors in visualization, but to sociocultural functions of
visualization. Our model of the socio-indexical function of visualiza-
tion echoes Keating & Javenpaa’s “Communication Plus” model of
language, particularly the core tenet that all language—including visual
language—is both social and cultural [50]:

“In every interaction, language provides its speakers with
unique ways to build, rebuild, or destroy relationships be-
tween people. [...] language use is intertwined with im-
portant ideas about what a person is supposed to be (and
how a person is supposed to behave as a moral person) and
aesthetic aspects of behaviour.” [pg. 20]

The ever-growing sophistication of visual mis- and disinformation
and the burgeoning mobilization of data literacy against science it-
self present challenges for public data communication that cannot be
adequately addressed by framing the problem—and thus possible solu-
tions—solely in terms of the encoding-decoding process. From such a
perspective, the obvious solutions are to improve design and data liter-
acy. Yet, while these are valuable interventions, recent studies of visual
misinformation reveal that failing to adhere to best practices in visual-
ization design guidelines is not the primary way people “mislead with
visualizations” [64], and that viewpoints counter to scientific consensus
“do not result from a deficiency of data literacy”’(emphasis ours) [60].
Alternatively, a sociocultural approach to visualization emphasizes that
effective visualization not only requires attention to how efficiently en-
coded propositional information can be decoded, but also recognition of
the way visual artifacts mediate relationships and identities. Visualiza-
tion, like all communication, both conveys information and constitutes
social action. A visualization is not just a message, it is also a semi-
otic act, positing and constructing relationships between a range of
stakeholders: analysts, designers, publishers, platforms, and ultimately
readers. Readers are socially-situated actors, embedded in networks of
relationships that shape their personal identities. Of course, whether
readers infer visualization actors to hold similar social positions and
values to themselves has profound implications for trust. Extending
trust to an entity a reader perceives as “not on [their] side” (IN-2) is a
risky venture. Most importantly, however, as receptions of stimuli S1
and S4 demonstrate: visualizations can provoke adversarial readings
if a reader presumes the maker is not merely someone untrustworthy
but, more fundamentally, someone they don’t “expect to like”, “don’t
expect to agree with”, and—as these responses suggest—someone they
do not want to agree with.

Depending on what socio-indexical meaning someone reads into a
visualization, interacting with that visualization can either reinforce or
challenge their sense of socially embedded identity. Particularly for
divisive issues, public data initiatives that seek to go beyond ‘preaching
to the choir’ need to consider that adversarial readings may not be
failures of data literacy, but rather enactments of social meaning. For
effective public engagement with data, clarity, lack of apparent bias, and
appealing aesthetics alone may not be sufficient to reach disaffiliated
publics. Indeed, a public hostile to the scientific establishment may
well take qualities of visual clarity, objectivity, and beauty as indexical
identifiers of groups they oppose. A reader’s decisions about how to
engage with a visualization certainly concern its data, but perhaps more
importantly, deciding if—and how—to interact with a visualization
can be a statement of a reader’s own identities, politics, aesthetics, and
dispositions as aligned or disaligned with all the actors they infer to be
involved in its production.
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