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초 록

사회적 이슈에 대한 정보 기반 의견 형성은 정보 접근Ì으\ 이Ł어지지 않�ä. 개인은 주장을 그 너8의

å}에서 해석하고, 전제된 가정을 인식하p, 경쟁하� 관점에 비추어 근거| 따져야 한ä. 그ì� 사�들은

노%이 드� 추‘을 회피하고, 동기가 있어도 필요한 å}을 스스\ 떠올‹지 »하p, 오� 의 정보 환경은

그 å}을 오�$ �절시킨ä. 본 학위논문은 추‘자와 정보가 Ì�� 순간에 개입하여 정보| 해석 ·검토 ·
통합하� 대안적 방식을 제시하� 설계 개념인 해석적 스캐폴드(interpretive sca�old)| 제안한ä. 해석적

스캐폴드� 외� å}으\ 정보| 확장하� 보강형과 정보에 ·재한 측t을 드ì·� 재구조화형으\ 작동

한ä. 이 개념은 네 시스템으\ 구현된ä. StarryThoughts� 의견의 인구통계적 ·이념적 지형을, DataDive

� 통계적 주장 검토용 외� 데이터|, FrameIt은 의견에 ·재한 도덕적 기반을 드ì·고, DecideTogether

� 운영자가 의도| 규칙으\ 표현하도] 돕�ä. 사용자 연구와 기술적 평가| 통해, 해석적 스캐폴드가

추‘에 유입되� 정보와 그 처‹ 방식을 변화시켜 ä양한 의견에 대한 존중적 참여, 정보의 비판적 소비,

자신의 정보 기반 입장 표현을 촉진함을 보인ä.

핵 ì 낱 말 해석적스캐폴드, 정보기반의견형성, 정보해석, å}적추‘, 센스T이킹, 비판적사고, 숙의,

논쟁적 사회 이슈, 인간 중심 AI, 소셜 컴퓨팅

Abstract

Forming informed opinions on social issues requires more than access to information. Individuals

must interpret claims in light of more than the text itself, recognizing the assumptions on which an

argument rests and weighing evidence against competing perspectives. The Internet o�ers unprecedented

access to information, yet research in political psychology and cognitive science shows that people struggle

to do this work: they are often unmotivated to reason e�ortfully and fall back on heuristics and motivated

reasoning, they fail to generate relevant context on their own even when motivated, and contemporary

information environments fragment context rather than supply it.

This dissertation proposes interpretive sca�olds, a design construct for supporting individual reason-

ing at the moment of encounter between a reasoner and a piece of information by surfacing alternative

ways to interpret, examine, and integrate it. Interpretive sca�olds operate in two modes: enriching

sca�olds broaden the information under consideration with external context, and restructuring sca�olds

surface latent facets within it. I instantiate this construct through four interactive systems. Starry-

Thoughts surfaces the demographic and ideological landscape of perspectives on an issue. DataDive

provides relevant external data to support critical assessment of statistical claims. FrameIt makes the

moral foundations embedded in online opinions visible. DecideTogether supports articulation in online

community moderation, helping moderators translate community-speci�c intents into concrete rules by

analyzing community context and system-generated interpretations of those intents.

Across these systems, user studies and technical evaluations show that interpretive sca�olds change

what information enters reasoning and how people engage with it. Together, this thesis demonstrates that

interpretive sca�olds, by enriching information with broader context and surfacing its latent structure,



foster respectful engagement with diverse opinions, critical consumption of information, and articulation

of one’s own informed position on contested social issues.

Keywords interpretive sca�olds, informed opinion formation, information interpretation, contextual

reasoning, sensemaking, critical thinking, deliberation, contested social issues, human-centered AI, social

computing
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Chapter 1. Introduction

1.1 Informed Opinions

Social issues increasingly require individuals to engage with complex, contested, and rapidly evolving

bodies of information. Questions surrounding social issues, such as public health [1], climate change [2],

online governance [3], arti�cial intelligence [4, 5], immigration [6], and social equity [7], rarely admit

simple factual resolution. Individuals must interpret claims situated within broader social, political,

moral, and epistemic contexts. Forming a considered position on such issues involves not only acquiring

information but also examining how it should be understood, what assumptions underlie it, what values

it re
ects, how it relates to competing perspectives, what implications follow from accepting or rejecting

it, and ultimately deciding on one's own position.

I refer to such a considered position as aninformed opinion : a position on a social issue that is

grounded in relevant evidence, sensitive to alternative perspectives, and supported by reasons the holder

can articulate. The importance of such positions has long been emphasized in deliberative democracy,

which treats them as a normative prerequisite for legitimate collective decision-making [8, 9, 10]. While

deliberation is ultimately a social process, it depends onanalytic work |building an information base,

weighing values, considering alternatives|that individuals carry out even within group settings [11].

Goodin [12] terms this \deliberation within" and argues that much of the re
ective work attributed to

group deliberation actually happens inside individuals as they privately imagine and weigh perspectives, a

claim supported by empirical evidence that participants' attitudes shift more during individual re
ection

than during group discussion [13]. This dissertation focuses on that individual analytic moment: the

cognitive work people do when they encounter and reason about information on social issues. Such

encounters take many forms across the process of forming an informed opinion | surveying the landscape

of perspectives on an issue, examining a particular claim or argument, or articulating one's own emerging

position. In contemporary society, much of this encounter happens through online platforms, such as

news sites, social media feeds, and discussion forums, where individuals engage with information about

social issues privately and at scale.

1.2 Challenges in Forming Informed Opinions

A growing body of work in political psychology and cognitive science suggests three distinct obstacles

to this analytic work, each pointing toward a di�erent aspect of the same design opportunity.

First, individuals are often not motivated to engage in e�ortful reasoning. Humans conserve cognitive

e�ort by relying on heuristics rather than systematic evaluation [14, 15], and even when e�ortful reasoning

is engaged, it tends to be directed by prior commitments. People selectively evaluate evidence to reach

conclusions they prefer [16, 17] and process information in ways that protect their standing within groups

they identify with [18, 19]. Mercier and Sperber [20] argue that these patterns re
ect the argumentative

function of human reasoning rather than a defect to be eliminated, suggesting that biased individual

reasoning is best addressed not by debiasing but by appropriate sca�olding.

Second, even individuals who are genuinely motivated to understand an issue deeply face a self-

generation problem. Making sense of a social issue takes many forms: weighing competing perspectives,
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examining a speci�c piece of information, or integrating it into one's own point of view. Each of these

requires considering perspectives that might disagree with the information at hand, the assumptions

and values that underlie it, and the concrete situations in which it would apply. Some of this material

lies outside the information at hand, in alternative arguments and considerations the reasoner has not

encountered [21, 22]. Some lies within it, in framings and commitments that remain implicit [23, 24].

In either direction, people often fail to generate or identify such context on their own. Judgments

are anchored on what is immediately available, with relevant counterfactuals and reference classes left

ungenerated [25, 26], and reasoners construct coherent accounts from the information at hand without

registering what is missing [27]. The limitation is not motivation but the cognitive reach of unaided

recall and introspection.

Third, the current information environment does little to supply this context and often actively strips

it away. Algorithmic curation favors fast, emotionally arousing content over re
ective comparison [28, 29]

and presents information stripped of the perspectives, assumptions, and comparative grounds that would

render it interpretable. Critically, providing more information does not by itself produce more informed

opinions: increased exposure to opposing views on social media reinforces rather than moderates prior

positions [30], and higher numeracy ampli�es rather than reduces polarization on contested empirical

claims [2]. The bottleneck is not access to information but the interpretive resources available at the

moment of reasoning.

Taken together, these three challenges point to a speci�c design opportunity. Because reasoners

are unlikely to undertake demanding analytic work on their own, because the relevant context does not

arise spontaneously even when they try, and because the surrounding information environment does not

supply it, support must be provided at the moment of reasoning itself. Interactive systems are well-

positioned to meet this need: interactive systems can interveneat that moment, o�ering interpretive

support in context, on demand, and tailored to the speci�c information the reasoner is engaging with.

1.3 Interpretive Sca�olds as Facilitators of Individual Reason-

ing

This dissertation explores how interactive systems can support individual reasoning about social

issues through what I call interpretive sca�olds : design elements that mediate the moment of en-

counter between a reasoner and a piece of information, surfacing alternative ways to interpret, examine,

and integrate that information into the reasoner's thinking. Interpretive sca�olds do not aim to replace

the reasoner's judgment or to deliver correct conclusions. Rather, they aim to make available the kinds

of cognitive resources that individuals tend not to generate spontaneously during reasoning.

In this dissertation, I speci�cally focus on two types of interpretive sca�olds, corresponding to the

direction of interpretation relative to the information under consideration.

Enriching sca�olds draw the reasoner's attention outward, to elements of the broader informa-

tion space beyond the immediate text. They may surface alternative arguments or perspectives the

reasoner has not encountered, or additional factual context that may alter the evaluation of a con-

tested claim. Enriching sca�olds can function as anudge, prompting the reasoner to look beyond their

current informational position, or as a lens, providing comparative grounds for critically assessing the

focal information. Enriching sca�olds primarily address the second and third challenge above: when the

surrounding environment fails to supply relevant context, the sca�old brings that context into view.
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Restructuring sca�olds , by contrast, draw the reasoner's attention inward, surfacing facets al-

ready latent within the given piece of information. They may function as a map, rendering visible the

argumentative or value structures on which a claim rests, or as aprobe, exposing assumptions that would

otherwise remain implicit. By identifying and surfacing these latent facets, restructuring sca�olds help

the reasoner grasp not only what the information claims but also on what basis. Restructuring sca�olds

primarily address the second challenge: when the analytic work of unpacking a claim does not occur

spontaneously, the sca�old externalizes the structure that would otherwise need to be constructed.

Both modes share a common stance toward the �rst challenge. Rather than attempting to debias

individual reasoning, interpretive sca�olds work with the argumentative grain of human cognition [20]:

they place the reasoner in the position of evaluating externally provided perspectives, structures, and

comparisons, a stance at which humans are markedly more capable than at critically examining their

own positions.

Critically, interpretive sca�olds are not merely items of information to be passively delivered. Their

e�ectiveness depends on how they are elicited from underlying material, surfaced at the moment of

information consumption, designed to invite engagement, and integrated with the reasoner's ongoing

thought.

1.4 Instantiations of Interpretive Sca�olds

I instantiate interpretive sca�olds through four interactive systems, organized along two dimensions:

the two sca�old modes, enriching and restructuring, and three components of informed opinion forma-

tion that the systems support, engaging with diverse perspectives, consuming information critically,

and articulating an informed position. StarryThoughts and FrameIt support engagement with perspec-

tives through enriching and restructuring sca�olds, respectively; DataDive supports critical consumption

through enriching sca�olds; and DecideTogether supports articulation by combining both modes.

StarryThoughts supports the exploration and respectful comprehension of diverse opinions by

surfacing the demographic and ideological landscape of perspectives on a social issue asenriching

sca�olds . Where readers ordinarily encounter opinions in environments that limit exposure to di�ering

perspectives, StarryThoughts visually externalizes the broader space of opinion diversity, situating each

opinion within the demographic and ideological diversity of those who hold it. This allows readers to

locate their own stance within that space and to engage with viewpoints they would not have sought out

unaided.

DataDive supports critical assessment of a statistical claim by surfacing relevant external data,

along with guidance on what to compare and how, asenriching sca�olds . Statistical statements in

everyday discourse tend to be evaluated in isolation from the broader empirical context that would

qualify or recontextualize them. DataDive surfaces relevant external datasets and supports the reader in

comparing them against the focal statistical claim, broadening the range of evidence the reader encounters

and enabling more in-depth evaluation of the information at hand.

FrameIt supports respectful engagement across disagreement by surfacing the moral foundations

embedded in online opinions asrestructuring sca�olds . Where readers might otherwise engage only

with the surface argument of an opinion, FrameIt makes the underlying moral foundations visible, ren-

dering the argument's value basis available for inspection. This allows readers to evaluate not only what

an opinion asserts but the deeper commitments that make it compelling to those who hold it, and to

share their own views while respecting those of others.
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DecideTogether extends the construct to a practitioner setting, online community moderation.

Moderators should translate their community-speci�c moderation intents into concrete rules, which re-

quires situating those intents within the community's lived context and examining the latent assumptions

underlying them. DecideTogether brings both modes of sca�olding together to support this work: it

provides analyses of community context as well as actual contributions from the community asenrich-

ing sca�olds , and system-generated interpretations of moderation intent, expressed in human-readable

rule text and machine-executable automoderator logic, asrestructuring sca�olds . By presenting the

system-generated interpretation of moderation intents and how a moderator's intent applies to real posts

and communities in action, the system supports iterative re
ection on and re�nement of that intent into

a concrete rule text.

Across these four systems, I examine not only whether interpretive sca�olds support better under-

standing and deeper reasoning on the issue, but also how they must be designed: how they are elicited

from underlying material and surfaced at the moment of reasoning to be integrated into the reasoner's

ongoing thoughts.

1.5 Contributions

This dissertation makes three contributions to the study of how interactive systems can support

informed opinion formation on contested social issues.

First, I introduce interpretive sca�olds as a design construct for supporting individual reasoning at

the moment of information encounter. I motivate the construct from three challenges to informed opinion

formation, and I distinguish two modes|enriching and restructuring|that target di�erent challenges.

The construct is o�ered as a lens for organizing the design of the systems in this dissertation and for

informing future work on systems for reasoning support.

Second, I contribute design strategies and computational techniques for realizing interpretive scaf-

folds in practice. Through four systems|StarryThoughts, DataDive, FrameIt, and DecideTogether|I

show how sca�olds can be elicited from external information sources and from the information of focus

itself using large language models and structured extraction, surfaced at the moment of reading without

disrupting it, and integrated with the reasoner's ongoing thought.

Third, I provide empirical evidence from user studies of each system, characterizing how interpretive

sca�olds shape reasoning across four tasks: engaging with diverse opinions, assessing statistical claims,

examining the value basis of arguments, and translating abstract moderation intent into rules. I synthe-

size these �ndings into an account of how interactive systems can support individual analytic work on

contested social issues.

Thesis statement : Interpretive sca�olds foster understanding of complex social issues by surfacing

latent facets from unstructured information and enriching it with broader contexts, contributing to

respectful engagement with diverse opinions, critical consumption of information, and articulation of

one's own informed position.

1.6 Thesis Overview

ˆ Chapter 2 reviews the theoretical background and prior work across four areas foundational to

this thesis: (1) Normative theories around informed opinion formation, (2) Cognitive challenges in

forming opinions, and (3) Interactive systems for supporting information engagement.
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ˆ Chapter 3 presentsStarryThoughts , an interactive system that supports the exploration of di-

verse perspectives on social issues with a respectful attitude towards di�erent opinions, leveraging

the demographic pro�les as the external interpretive sca�old.

ˆ Chapter 4 presentsDataDive , an interactive system to support a deeper understanding of statis-

tical statements with questions and an external dataset.

ˆ Chapter 5 presentsFrameIt , an interactive system that supports better comprehension of di�erent

opinions by exposing the moral foundations embedded in them.

ˆ Chapter 6 presentsDecideTogether , an interactive system supporting articulation of a solution

for a social problem

ˆ Chapter 7 summarizes the lessons from designing and evaluating interactive systems for interpretive

sca�olding to discuss main design considerations, potential tradeo�s, and the limitations of this

approach to guide future researchers.
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Chapter 2. Background

2.1 Informed Opinion and its Formation

In this section, I review the literature on informed opinion and its formation, its role in democratic

decision-making, and the normative and cognitive accounts of how individuals arrive at such opinions.

2.1.1 Informed Opinion in Democratic Theory

Informed opinion is a normative prerequisite for democratic decision-making. By \informed opin-

ion," I refer to a citizen's position on a social issue that is grounded in relevant evidence, sensitive to

alternative perspectives, and supported by reasons the holder can articulate. Forming such an opinion

requires exploring relevant information, considering alternative perspectives, and weighing them against

the values at stake to construct a defensible position.

The importance of informed opinion is most explicit in deliberative democracy. Deliberative theorists

reject the aggregative view that democratic legitimacy derives from the mere counting of preferences [9,

31, 10]. On the aggregative view, preferences are taken as given; on the deliberative view, they must be

formed and revised through reasoned exchange. Legitimacy depends not only on what citizens decide

but on how they arrive at their decisions [32, 33, 34]. Uninformed or unre
ective preferences, even when

aggregated through fair procedures, cannot confer legitimacy in the same way. Habermas [8] grounds

this in communicative action: legitimate opinions are those that could be defended with reasons to others

under conditions free from coercion. What makes an opinion \informed," on this view, is not only its

factual basis but its responsiveness to reasons others could accept [9].

2.1.2 The Individual Work of Deliberation

Deliberation is often described as a fundamentally social process, but this framing obscures the indi-

vidual cognitive work it requires. Black et al. [11] distinguish two processes in deliberation: an analytic

process|building an information base, prioritizing values, identifying and weighing solutions, and reach-

ing decisions|and a social process|comprising norms of balanced participation, mutual comprehension,

consideration, and respect. While Black frames both as discussion behaviors, a parallel line of work has

argued that much of the analytic work deliberation takes place within individuals rather than between

them. Goodin [12, 35] terms this \deliberation within," arguing that the internal-re
ective aspect of

deliberation must ultimately take place within each individual, even in collective settings. Empirical

work supports this: Goodin and Niemeyer [13] found that jurors' attitudes changed more during the

information-gathering phase, which involved substantial individual re
ection, than during the formal

group discussion. Pingree [36] theorizes the mechanism, showing that the anticipation of expression

and the act of composing one's position produce cognitive e�ects on the reasoner independent of social

exchange.
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2.1.3 How Individuals Form Informed Opinions

Two broad accounts of how individuals form informed opinions coexist in the literature. The nor-

mative account, drawn from deliberative theory and classical epistemology, treats opinion formation as

a deliberate process of seeking information, evaluating evidence, considering counterarguments, and up-

dating beliefs accordingly [8, 9, 37]. On this view, the individual approximates an ideal reasoner: open

to revision, attentive to opposing views, and motivated by the better argument.

The descriptive account, drawn from political psychology and cognitive science, complicates this

picture. Citizens routinely rely on heuristics and informational shortcuts rather than systematic evalua-

tion [38], and what appears as a stable \opinion" often re
ects whichever considerations are momentarily

accessible rather than a settled position [39]. The next section examines these departures in detail and

argues that they point to a speci�c design opportunity.

2.2 Challenges with Forming Informed Opinion Formation

Forming informed opinions about social issues is a demanding interpretive task. Such issues are

characteristically ill-structured: they involve contested values, incomplete and con
icting evidence, and

disagreement over which framings and trade-o�s are relevant [40, 41]. Reasoning about them thus

requires not the retrieval of a correct answer but the active interpretation and weighing of heterogeneous

considerations. This section reviews three challenges that make this interpretive work di�cult in practice:

motivation, cognition, and environment. Also, this section argues that the gap is not primarily about

access to information but about the interpretive resources available at the moment of reasoning.

First, individuals are often not motivated to engage in the e�ortful reasoning that informed opin-

ion formation requires. Humans tend to conserve cognitive e�ort by relying on heuristics rather than

deliberate reasoning, a contrast captured by dual-process accounts of cognition [14, 15]. Even when ef-

fortful reasoning is engaged, it is often directed by prior commitments rather than open inquiry: people

selectively evaluate evidence to reach conclusions they prefer [16, 17], and process information in ways

that protect their standing within groups they identify with [18, 19]. Mercier and Sperber [20] argued

that these patterns re
ect the function of human reasoning, which evolved for argumentation rather than

solitary truth-seeking, suggesting that biased individual reasoning is not a defect to be eliminated but a

tendency to be channeled through appropriate sca�olding.

Second, even when individuals are motivated to reason carefully and have access to relevant informa-

tion, the interpretive context necessary for evaluating claims rarely becomes cognitively available on its

own. Here, interpretive context refers to the surrounding perspectives, assumptions, comparisons, and

application conditions through which a claim becomes meaningful and evaluable. Some of this context

lies outside the information at hand, in alternative arguments and comparative cases the reasoner has

not encountered, and some lies within it, in framings and commitments that remain implicit [23, 24].

In either direction, people rarely generate or identify such context on their own. Even when explicitly

prompted, individuals struggle to produce alternative theories and counterarguments to their own po-

sitions [21, 22], and they often fail to spontaneously coordinate across them to construct an integrated

interpretation [42]. Judgments are anchored on what is immediately available, with relevant counterfac-

tuals and reference classes left ungenerated [25, 26], and reasoners construct coherent accounts from the

information at hand without registering what is missing [27]. This limitation extends from abstract text

to situated application, where the latent implications of a principle remain invisible until brought into
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contact with concrete cases [43], and where probing for mechanism often reveals that con�dent positions

rest on shallower understanding than the reasoner had assumed [44, 45]. The broader evaluative context

is typically absent at the moment of encounter, not because individuals are unwilling, but because human

cognition struggles to actively construct it without external prompting.

Third, the current information environment does little to supply this context, and often actively

strips it away. Early commentary emphasized the �lter bubble e�ect, in which algorithmic curation

narrows the range of viewpoints users encounter [46, 47]. Subsequent empirical work has shown that

algorithmic �lter bubbles are more modest than initially claimed, with users on major platforms encoun-

tering substantial cross-cutting content, though still su�ering from selective exposure within homophilous

networks [48, 49, 50]. More fundamentally, algorithmic curation shapes the interpretive context in which

information is encountered: it favors fast, emotionally arousing content over re
ective comparison [28, 29]

and presents information stripped of the perspectives, assumptions, and comparative grounds that would

render it interpretable. Providing more information, by itself, does not produce more informed opinions:

increased exposure to opposing views on social media has been shown to reinforce rather than moder-

ate prior positions [30], and higher numeracy can amplify rather than reduce polarization on contested

empirical claims [2]. The bottleneck is not access to information but the interpretive resources available

when that information is consumed.

Taken together, these three challenges point to a speci�c design opportunity. Because individuals

are not naturally inclined to engage in open-ended re
ective reasoning, because the interpretive con-

text necessary for evaluating claims rarely becomes cognitively available on its own, and because the

surrounding information environment often fails to provide such context, support for informed opinion

formation must be embedded directly into the moment of information consumption itself. The systems

presented in this dissertation pursue this through interpretive sca�olds : design elements that surface

the perspectives, assumptions, comparisons, and application contexts relevant to a piece of information

as the reasoner engages with it. By externalizing interpretive operations that people rarely perform

spontaneously, lowering the activation barrier for re
ective reasoning, and making otherwise latent com-

parisons cognitively available at the moment of judgment, such sca�olds aim to support more re
ective

and contextually grounded opinion formation.

2.3 Interactive Systems for Supporting Information Engage-

ment

A substantial body of HCI research has explored how interactive systems can support people in

engaging more deeply with information. Although these systems were rarely framed as interpretive

sca�olds, many of them can be seen as design interventions that mediate the moment of encounter

between a reader and a piece of information. In this section, I organize prior systems along the two

modes introduced in Chapter 1| enriching and restructuring |and identify the gaps that motivate the

four systems presented in this dissertation.

2.3.1 Surfacing the broader information space

Reasoning about social issues depends on comparison with a broader information space|alternative

perspectives, related evidence, and the voices of people a�ected by the issue. In ordinary information

environments, this broader space is not automatically visible to the reader. One line of HCI research
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supports interpretation by bringing parts of this external space into view. From the perspective of

enriching sca�olds, this work falls into three groups.

The �rst group externalizes opinions and perspectives that the reader has not encountered. Ear-

lier approaches [51, 52] focus on surfacing the existence of diversity of perspectives. ConsiderIt [53],

Balancer [54], and Burst Your Bubble [55] visualize users' information consumption biases and nudge

toward balanced information consumption. More recent work re-ranks or restructures discussion content

to expose readers to a wider range of views [56, 57, 58, 59, 60, 61]. These systems act as a nudge: they

push the reader to look beyond their current informational position.

The second group brings in external evidence and information to contextualize a claim. Factful

links statements about public budgets to external data [62]. Contexti�er and NewsViews visualize the

time-series or geographic data behind news stories [63, 64], and VizByWiki and Silva et al. extend this

to general news articles [65, 66]. Work on academic reading, such as ScholarPhi [67], Paper Plain [68],

CiteRead [69], and Threddy [70], uses a similar mechanism, pulling in external information to support

comprehension of di�cult text. A related body of work re-expresses unfamiliar numbers in terms more

familiar to the reader, so that the magnitude of a claim can be assessed against known reference points [71,

72, 73, 74]. These systems act as a lens: they provide the reader with a point of comparison against

which to evaluate the claim at hand.

The third group treats not the claim itself but the people behind it as the external information.

Saveski et al. expose users to feeds from political opponents to humanize them [75], and Nelimarkka et al.

study how revealing partisan a�liation shapes engagement [76]. Other systems surface lived experience

behind a position through personal narratives [77] or stakeholder pro�les [78]. In discussion threads,

source-position indicators [79, 80] and tension indicators [81] make the origin and con
ict structure of

opinions visible. These systems provide a lens by attaching identity and context to opinions, so that

readers can interpret what is said in light of who is saying it and why.

2.3.2 Making Latent Structure Visible

A second line of work focuses on making the structure already present in a text visible. From the

perspective of restructuring sca�olds, this work uses two mechanisms: showing the latent structure itself

or prompting the reader to examine it through probing questions.

The �rst mechanism externalizes the structure of a text in an alternative representation. Charagraph

and Elastic Documents generate charts from data-rich text so that the quantitative structure of a passage

becomes visible alongside the prose [82, 83]. Papeos links a paper to the author's presentation video,

surfacing the argumentative structure across modalities [84]. Work on coupling text and visualization

within documents follows the same idea at �ner granularity, linking phrases to chart elements so that

readers can move between textual and visual representations of the same content [85, 86, 87]. A separate

tradition of argument visualization renders the claim-evidence-warrant structure of arguments explicitly,

so that the reasoning behind a position can be examined rather than only read [88, 89, 90, 91]. Baumer

et al. [92] explored the impact of visualizing political framing from texts. These systems treat the text

as something whose internal structure can be drawn out and inspected.

The second mechanism prompts the reader to examine the latent structure themselves through

guiding questions. CritRainer and CReBot generate questions to support critical reading of academic

papers [93, 94], while ReviewAid and Marvista take a similar approach for news articles [95, 96]. An-

gleKindling reframes press releases into alternative angles a reporter might pursue [97]. Tanprasert et

al.'s debate chatbot prompts users to re-examine positions formed from watching videos [98]. Lim et al.'s
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browser extension highlights fallacious passages and o�ers questions for further inquiry [99]. Wang et al.

take a related approach in the context of moral reasoning, building a discussion platform where users

annotate news articles with moral labels and self-report the moral foundations behind their positions,

thereby supporting mutual understanding across viewpoints [100]. Rather than drawing the structure

out for the reader, these systems provide the reader with probes to �nd it.

2.3.3 Combining Enrichment and Restructuring

Some interpretive work cannot be done by examining a single text. Forming a policy, deciding how

a community should be governed, or making sense of an unfamiliar domain begins from an intent that is

underspeci�ed. The reasoner knows roughly what they want, but its concrete shape emerges only through

contact with speci�c cases. Recent HCI work supports this articulation by combining enrichment and

restructuring.

One thread supports individual sensemaking. Sensecape [101] and Graphologue [102] let users ex-

ternalize the structure of their understanding on a canvas, while LLMs generate content that extends

it. ChoiceMates [103] and Selenite [104] elicit the dimensions along which options can be compared and

generate alternatives along them. The user's understanding is not stated in advance and applied; it

is shaped through interaction with generated cases and structures. A parallel thread supports policy

articulation. PolicyCraft [105] helps community members develop moderation policies by surfacing cases

the policy would apply to, allowing re�nement in response. Botender [106] supports the construction of

moderation bots through iteration on rules against example posts. A parallel line of work on LLM align-

ment shares the same mechanism. ConstitutionMaker [107] converts a user's case-by-case feedback on

chatbot outputs into natural-language principles that steer subsequent behavior. Policy Projector [108]

lets users de�ne LLM behavior policies by mapping concepts and cases onto the same plane, re�ning

policies against the cases they would apply to. EvalLM [109] and EvalGen [110] support the iterative

re�nement of evaluation criteria for LLM outputs, with EvalGen explicitly identifying criteria drift: users

cannot fully specify their criteria in advance, and re�ne them as they encounter outputs. Across these

systems, abstract intent | whether a moderation policy, a chatbot principle, or an evaluation criterion

| is treated not as something to be speci�ed up front, but as something to be drawn out through

interaction with concrete cases.

Both threads share a mechanism. External cases or alternatives are introduced (enrichment), and the

reasoner's intent is re-expressed against them | surfacing assumptions, exposing gaps, and prompting

re�nement (restructuring). Through the iterative process, the user re
ects on their intent and better

shapes it.
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Chapter 3. StarryThoughts: Facilitating Diverse Opinion
Exploration on Social Issues

This chapter presents StarryThoughts. This chapter has adapted, updated, and rewritten content

from a paper published at ACM CSCW 2021 [111]. All uses of \we", \our", and \us" in this chapter

refer to the coauthors of the aforementioned paper.

3.1 Motivation & Contributions

The deliberative ideal of democracy suggests that the main virtue of democracy is the free and

equal exchange of arguments in a respectful manner [112, 37]. Online spaces have shown the possibility

of achieving this ideal by facilitating information and opinion exchanges between people [113, 114, 115].

However, at the same time, the current designs of online spaces are responsible for aggravating the

problem of political polarization by providing places where like-minded people can come together to

form networks. As these networks come together, individuals begin to form group identities. Ingroup-

outgroup relationships are formed and, as people form stereotypes and biases towards the outgroups,

interaction between groups becomes limited and results in a further polarized online space [116]. Online

spaces also provide methods to �lter content depending on users' preferences, which is known to be

a cause of the �lter bubble [46], where personalized and algorithmic �ltering limits access to diverse

information, thereby creating an invisible barrier that presents a biased worldview for the user. In this

way, polarization also hinders democratic communication by prohibiting each person from being exposed

to various alternative ideas [34, 117]. These barriers hinder communication and, in turn, prevent the

achievement of an ideal deliberative and democratic space.

Previous work on mitigating polarization has mainly focused on increasing people's awareness of

diverse opinions on an issue. Common approaches include explicitly presenting the bias of the user [54,

55, 53] or showing the diversity of opinions [56, 51]. However, simply knowing the existence of diverse

opinions might not be enough. Prior research suggests that the mere exposure of diverse opinions

might not immediately mitigate polarization [30]. Deliberation literature suggests that listening to other

opinions with respect is essential for understanding di�erent points of view [37, 118], but designs for

fostering respect towards diverse opinions have been relatively less explored. One of the few examples is

Re
ect [119], which introduced interaction designs based on active paraphrasing to promote listening in

online discussions.

In this work, we aim to explore the possibility of using demographic identities to foster respect

towards people with di�erent opinions in the online space. We believe that the identities of individuals

could provide context for each opinion to support the user's role-taking process [118] and judgment of

opinion credibility. We also use the identity information as a method to bring attention to stereotypes

that a user might have, as well as to increase their perceived variability of outgroups, ultimately mitigating

outgroup stereotypes and facilitating democratic conversation [120].

We propose StarryThoughts, an online system that supports users to explore diverse perspectives

on social issues. The system primarily aims to present the diversity of opinions as well as the context

behind the opinions by introducing a visualization of opinions on a 2-D space, following the metaphor of

\starry nights" (Figure 3.3). On top of that, the system provides several di�erent support mechanisms
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to help the users explore the opinion space. First, the system enables users to perceive the diversity

of backgrounds and experiences behind the opinions by presenting the demographic information of the

author of each opinion. The system supports the users in understanding the perspectives of a speci�c

social group by �ltering the opinions by the demographics of the authors. Second, using the demographic

information of the authors, the system explicitly enables the user to state and test their expectations on

the demographic identities of the supporters and the dissenters of the issue. Finally, the system engages

users to explore the broader range of opinions in the 2-D space by visually recommending opinions with

the least semantic similarities to guide them to engage with opinions that contain di�erent perspectives.

We conducted a lab study to investigate how participants would use the features of the system

to explore a large number of opinions and how exploring diverse opinions might a�ect participants'

opinions on social issues and their attitudes toward disagreeing opinions. Study results with a total of

56 participants showed that with StarryThoughts participants explored a diverse range of opinions with

a 2-D visualization of opinions and presentation of demographic identities of the opinion authors. The

di�erence in participants' opinions, level of con�dence in their opinions, and argument repertoire before

and after using the system showed that StarryThoughts helped the participants to express more concrete

opinions and recall more arguments around the issues.

The contributions of this chapter are as follows:

ˆ Design implications for systems facilitating the diverse exploration of opinions and fostering a

respectful attitude toward di�erent opinions;

ˆ StarryThoughts, an online platform for sharing and exploring a diverse range of opinions on social

issues;

ˆ Findings from a user study showing that with StarryThoughts participants explored a diverse range

of opinions with respectful attitudes towards them.

3.2 Initial Design & Iteration

We designed an initial version of the system with the primary goal of exposing the diversity of

opinions. (Figure 3.1). The system aimed to provide a visual platform that users could freely navigate

among various opinions, stances, and identities. This version was designed to help users understand

the variability and diversity of opinions (through the navigation of space), as well as to emphasize the

multifaceted relationship between identity factors and opinions. Table 3.6 shows the design elements of

the system compared to existing approaches. Below, we elaborate on the speci�c design elements we

used to implement these goals on an interactive system.

When the user enters the system, the user is presented with a 2-D spatial visualization of opinions

that resembles a \starry night sky of opinions". We used a 2-D spatial visualization to present a visual

impression of opinion diversity and the relationship of opinions and demographic identities. Compared

to commonly used lists of opinions, the spatial visualization also removed the hierarchy of elements in

organizing the opinions so that each element was as equally accessible as any other. Each opinion is

visualized as a dot on the screen. Unlike previous research that placed the opinions by the similarity

of opinion pro�le [51], the horizontal position of each dot was determined by the author's stance on the

issue. By doing so, we expected the users to see the opinion distribution easily. While each opinion has

information on the author's identity, we intentionally did not encode any information in the vertical axis
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Figure 3.1: The initial version of the system. The initial version of the system presents the variability

and diversity of opinions by plotting them as dots in a 2-D space.

to not give an impression that each social group is segregated. Instead, we placed each opinion randomly

on the vertical axis so that each opinion could be equally noticed. The data points are color-coded with

regard to which demographic group the author is in. Users can choose between three modes of color-

coding: age group, gender, and political alignment, to see how the distribution of each demographic

characteristic matched up within the opinion distribution.

One of the signi�cant design considerations was deciding which and how many identity factors to

disclose. If the factors were too few or too general, they might not have enough informational value.

Fine-grained identity factors would provide the readers with a more detailed context for the opinions.

However, it can also lead to various problems, such as an increased level of stereotyping of or prejudice

against the authors, or the possibility of disclosing personal information. With such considerations, we

chose a combination of four general categories for the users to classify themselves in: age group, gender,

occupation, and political stance. These were criteria that were already being used widely for public

opinion polls, so they are easy to understand and general enough not to pose a threat to the users'

privacy while still providing meaningful context.

The user can �lter the opinions by selecting a demographic to focus on, so that they are able to

choose and focus on the opinion distribution of a particular demographic group. By doing so, the user

could investigate the opinion distribution of speci�c groups. For example, the user can check whether

their peers share the same view on an issue or verify the validity of their preconceptions on speci�c

groups. The user can hover or click on the dots to see the arguments of others. The user could also

use the recommendation feature of the system to discover new perspectives. In the initial version, the

user could see the opinions of the `most distant' authors, who are the people with di�erent stances and

di�erent demographic characteristics from the user.

We deployed the initial version of the system in collaboration with a nationwide broadcasting com-

13



pany in South Korea. The system was open from October 9th, 2019, to October 31st, 2019. During the

deployment, 1,209 people visited the website, and 335 people signed up. A total of 1950 opinions and

144 open-ended arguments were shared on the platform, spanning over six controversial social issues.

From the experience of deployment and several pilots for design iterations, we came up with several

design lessons to better help users explore diverse opinion landscapes. In the following subsections, we

introduce some of the lessons (denoted as L1-L3) that led us to the second version of the system.

3.2.1 L1: Inspecting �ne-grained demographic groups

In the initial version, the system supported �ltering opinions with only one demographic character-

istic at a time. For example, a user would select the `Male' �lter from the `Gender' category to see all

the opinions that male-identifying authors provided. However, pilot study participants mentioned that

using only one demographic characteristic was too coarse-grained. We revised the system to support

multiple �ltering options simultaneously after receiving feedback on the lack of speci�city in the group

selection during pilot studies. Users can select multiple �lters across the three categories to control the

level of granularity and also the amount of information provided at a given moment.

3.2.2 L2: Leveraging users' prior knowledge for engagement

From the pilot studies, we learned that one of the most common usage scenarios of the system was to

discover the trend of opinions according to demographic factors. Speci�cally, the participants had prior

expectations of the strongest supporters or dissenters of an issue in terms of demographics. They used

the system to check whether such expectations were aligned with the opinion distribution in the system.

The participants mentioned that discovering an unexpected trend of opinion to a speci�c demographic

group or discovering opinions that are out of trends made exploration more intriguing and made them

explore the opinions to understand the reasoning for such instances. Inspired by Kim et al. [121], we

aim to support the users of the system to externalize their prior expectations and verify them.

3.2.3 L3: Active guidance for exploring diverse opinions

The users of the initial version of the system were only able to see the dispersed opinions, with

support from a simple recommendation feature focusing on presenting opinions from di�erent social

groups. So, the initial algorithm suggested opinions that are the most distant from the user regarding

the authors' demographic pro�les and their stance on the issue. However, from a series of pilot studies,

we learned that the users heavily relied on the recommendation feature when they started exploring

the opinions, as they tended to be overwhelmed by seeing a large number of data points all at once.

The participants were also concerned that randomly selecting opinions would often return opinions too

similar to what they had read before. Therefore, we decided to improve the recommendation by focusing

on fostering exploration of more diverse arguments with more transparent criteria.

3.3 System

In this section, we introduce StarryThoughts, an online platform to support the exploration of a

diverse range of opinions. Upon entering the system and adding their own opinion and demographic

information, the user can see a 2-D visualization of opinions, arranged by the stance on the issue. Then,

the user can freely explore the space and read individual opinions using various system features.
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