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Engagement or Knowledge Retention: Exploring Trade-offs
in Promoting Discussion at News Websites
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How does presenting comments in a news article affect the ways that readers engage with and retain
information about news? This paper presents results from a controlled experiment investigating effects
related to different strategies for promoting discussion at news websites (N=336 participants). The strategies
include highlighting specific comments about a data visualization, providing prompts with the comments, and
annotating prompts on the visualization. By comparison to a simple list of comments (baseline), our analysis
found that annotations contributed to higher levels of participant engagement in the discussion, yet lower
levels of knowledge retention related to the article. These findings raise new considerations about whether
and how to integrate discussion content into news and points toward future content moderation systems that
assist in representing and eliciting discussion at news websites.
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1 INTRODUCTION
Many news outlets have tried to foster online discussion around news articles, but often only a
few comments add relevant questions, personal stories, and other valuable information to the
discussion [21, 36, 59]. Content moderation processes can increase the salience of the valuable
content in a discussion system, by reducing the noise caused by off-topic and toxic comments
[15, 21] and curating discussion threads to prioritize comments that exhibit valuable qualities (e.g.,
relevance [20, 58], thoughtfulness [84], or divergent perspectives [49, 56]). People who read and
post comments find value in a well moderated discussion; however, most people who read news
online avoid the comment sections altogether [23, 39, 80]. Another (and complementary) approach
to highlight valuable online discussion is to use visual and interactive features in the news website
user interface to orient people toward relevant comments as they engage with an article.
This later approach involves modifying how online discussion is elicited by and represented

in the user interface design of a news website [30]. Modifying how online discussion systems
elicit participation can affect discussion norms. For instance, requiring people to restate points in
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another users’ comment before posting a reply can promote social norms of active listening [46].
Similarly, modifying how online discussion content is represented can shape how people access
existing information and find opportunities to contribute. News website discussions are commonly
represented as a chronologically ordered list of comments [59], but there are many other ways to
represent discussion, including argument maps [3, 32, 37], pro-con lists [45], thread summaries
[62, 96], as well as socially constructed annotations [7, 90, 92, 93]. Grimmelmann [30] refers to
such decisions about how to elicit and represent online discussion in the user interface as Content
Organization, which is “the verb of moderation that most takes advantage of the informational
capabilities of computers, [by] remixing authors’ contributions to give readers a more satisfying
experience” [30, pg. 58].

Increasing the salience of online discussion content in the design of a news website may increase
participation in the discussion, but doing so may also introduce risks for the news outlet [21].
Exposure to toxic comments can polarize opinions about news articles [4] and diminish the trust
that people have in news reporting [17, 69]. Many news outlets mitigate these risks by designing
visual distance between articles and online discussion in the user interface, such as by hiding the
comments by default, positioning the discussion interface at the end of an article, and turning the
commenting features off entirely [21, 23, 39].

This paper presents results from an online experiment to investigate how various user interface
design strategies that increase the salience of reader comments might affect what people remember
about a news article and how they engage with the online discussion. By “salience of discussion
content” we mean the degree to which design elements separate and integrate content from the
discussion into the user experience of reading news articles online. Specifically, we investigated
the following research questions:

RQ 1: How does adjusting the salience of discussion content in an online news article
affect participant engagement with the online discussion?
RQ 2: If discussion content is salient in an online news article, what factors affect the
amount of information that people remember about the article?

Inspiration for the design strategies in this study include existing commenting systems at news
websites (e.g., The New York Times [20, 55]) as well as discussion systems in other contexts, such as
deliberation platforms (e.g., RegulationRoom [24, 71]) and data visualization systems (e.g.,ManyEyes
[90], CommentSpace [92]). Specifically, we developed the following conditions for the study: (“All”)
listing all comments chronologically in a single pane alongside a news article, (“Curated”) adding a
second tab to highlight specific comments, (“Prompts”) presenting discussion prompts along with
subsets of the highlighted comments, and (“Annotations”) using socially-constructed annotations
that connect each discussion prompt to relevant sections of the news article.
As a motivating case, the study involved a scenario where moderators want to use design

elements to highlight comments related to data visualizations in a news article. Existing computer
supported cooperative work (CSCW) research has found that comments about data visualizations
can offer journalists useful feedback and help to center an online discussion around information
presented in reporting, such as how data collection and visualization choices play into different
narratives of an issue [36, 43, 59]. The experiment involved three stages (N=336 participants): (1)
pre-survey to evaluate existing knowledge about a specific topic, (2) a news website experience that
involved reading an article about the topic, and (3) post-survey to assess the amount of information
participants remembered from the article. During the news website experience (Stage 2), each
participant was randomly assigned to join as a newcomer to an existing online discussion about one
of two news articles and one of four design conditions (i.e., All, Curated, Prompts, Annotations), in
a 2x4 factorial study design.
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Our analysis presents a design trade-off between participant engagement with a news website
(e.g., time spent, comments generated, positively recommending an article) and the amount of
information that participants are able to retain from a news article. Specifically, we find that by
comparison to the All condition, participants assigned to the Annotation condition spent more
time interacting with the discussion interface and were more likely to post new comments that
responded to the annotated content. However, we also find that participants in the Annotation
condition recalled fewer information items presented in the articles than participants in the All
condition, even after controlling for factors related to participant background (e.g., prior knowledge
about the topic, trust in the reporting), as well as the item-level difficulty associated with each
article. Additionally, the findings highlight how some types of discussion content, such as comments
about data visualizations, may be more memorable than other content irrespective of the discussion
interface design.

The findings illustrate the various considerations for integrating discussion content into a news
article, including where and how to represent discussion content. Participant characteristics should
weigh into these decisions, such as existing knowledge, ability, and feelings of trust in a news
source. Our findings also offer implications for content moderation systems [30], and specifically
at news websites [55]. While our analysis identified a stark trade-off between the Annotation and
All (baseline) conditions, we discuss how adding conversational prompts to a thread of comments
may promote engagement without negatively affecting knowledge retention.

2 RELATEDWORK
More than eight in ten adults in the United States of America consume news digitally (e.g., browsers,
smartphones, tablets) [77]. There are many ways that journalists can use digital technologies to
increase the salience of specific content in a news article [16]. Presenting news online enables
journalists to create interactive experiences around geographic [29] and statistical information
[35, 36, 59]. For example, Sultanum et al. [87] present a tool called VizFlow, which journalists can
use to compose articles that integrate dynamic data visualizations that update as a user scrolls
up-and-down through the content (called “scrollytelling”). Digital technologies can also collect
information about the technology users [1, 16]. For instance, PersaLog [1] is a digital publishing
protocol that journalists can use to insert rule-based content templates into an article that update
based on known and inferred information about the reader (e.g., location, demographics), thereby
transforming an article in order to make specific content personally appealing.
It is less clear whether it would be practical to highlight specific sections of a news article by

referencing comments from online discussions about the article. A primary concern is that online
discussions tend to elicit many comments that include off-topic and toxic content (e.g., profanity,
trolling) [15, 21], which can threaten the credibility of the reporting [17, 69] and drive other news
readers away from the comment section [80]. Another concern is that comments can affect how
news readers interpret topics in the news. Specifically, people are more persuaded by comments
that present disagreements in a civil tone than with toxic language [14]. Anderson et al. [4] found
that people are more likely to polarize towards their initial perceptions of an issue when they are
exposed to comments that contain toxic content (by comparison to civil content). Due to these and
other considerations, many news outlets have opted to shut down the commenting sections on
their websites altogether [23, 39].
In addition to these concerns, it is less clear how content from an online discussion might be

represented within the body of a news article. For example, Wood et al. [93] present a system
called Newsr that invites users to annotate, revise, and even redact parts of an article by using
a graffiti function, rather than text-based commenting. While graffiti in Newsr can draw reader
attention to specific sections of an article, in a field trial of the system, users reported that the graffiti
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was difficult to read and often hard to understand [93]. In this study, we investigate how several
common ways of integrating text-based comments into news articles (e.g., curating, prompting,
annotating) affect participant engagement with the discussion as well as what people recall about
an article. Specifically, this paper raises new considerations about whether and how to integrate
online discussion content into news articles.

2.1 System design strategies to promote engagement with an online discussion
The first research question asks: How does adjusting the salience of discussion content in an online
news article affect participant engagement with the online discussion? This study involved system
design strategies that can help people to discover content in an online discussion [20, 24, 65],
generate responses to existing comments [82, 97], and orient the online conversation toward
relevant sections of an article [7, 12, 90, 92]. Each strategy reflects a slight shift in the degree to
which content from the online discussion is integrated with content presented in a news article.
The following sections present related research about each design strategy.

2.1.1 Curate the discussion to help people find valuable content. For interactive online discussion
to occur there must be an initial critical mass of interest; however, as the volume of discussion
expands, individual participants reach a cognitive limit in their ability to process new information
in the discussion [41]. Content curation is a common strategy to address this limit by making
choices about which comments to present, when, and in what order [56]. Many news website
commenting sections are curated in chronological order by default, but some discussion systems
use comment-level ratings (e.g., likes, up/down voting) to curate the discussion (called “distributed
moderation”) [48, 49]. While commenting systems offer a range of tools for people to sort, filter,
and search the discussion on their own, it is worth noting that most people do not change the
content curation settings away from the defaults [48].

Moderators can play a key role by identifying valuable content to showcase in a curated discussion
[55]. For example, the moderators of RegulationRoom [71], an online deliberation platform, were
trained to recommend comments that they felt would promote desired social norms in the discussion
[24]. Without automated [20] or semi-automated support [65], it can take human moderators a
substantial amount of time and effort to search a discussion for comments worth recommending
[55]. CommentIQ [65] helps to alleviate these costs, by providing moderators with automated tools
to intelligently filter discussion comments based on preset criteria, such as article relevance and
whether the comment contains a personal experience.

After identifying comments to highlight, news websites can apply user interface design elements
to represent discussion curation, such as by listing comments in priority order, adding badges to
prioritize specific comments, and creating a designated space to showcase prioritized comments.
How do different strategies for representing the curation in an online discussion contribute to
participant engagement with the discussion?

2.1.2 Add conversational prompts to foster interactivity. Previous research about participant en-
gagement at news websites has found that many comments do not elicit a response, which reflects
a shallow level of interactivity among commenters [6, 15, 33, 81]. Similar to how a small group
discussion facilitator nudges conversation forward by occasionally offering questions [60, 66],
adding conversational prompts into news articles is a common way to promote interactivity at
news websites [82, 97]. Stroud et al. [82] suggest that asking people to respond to conversational
prompts in an article encourages them to reflect on the reporting from their own perspective, which
in turn can motivate people to write a response.

Ziegele et al. [97] offer some evidence of this. In a content analysis of 619 news articles and 11,218
related user comments on nine nation-wide Facebook news pages, Ziegele et al. [97] found that
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when reporters include conversational prompts in an article there are multiple potential benefits
to the online discussion. Articles that include conversational prompts are associated with higher
levels of inclusive and rational commenting in the discussion, as well as lower levels of toxicity,
than articles that do not include prompts [97]. How does providing conversational prompts about
comments in an online discussion affect participant engagement with the discussion?

2.1.3 Use annotations to link parts of an article to relevant online discussion. Many online comments
about news articles are off-topic [15, 33, 59, 74, 81]. Adding annotations may be a viable strategy
to promote online conversation that builds on specific parts of a news article [93]. Balestra et al.
[7] define socially-constructed annotation systems as including three primary components: i.e., a
resource, users, and metadata created by users as they identify parts of the resource to annotate with
keywords, descriptive labels, categories, ratings, comments, and notes, etc. Socially-constructed
annotations enable a “doubly-linked” discussion, in that users are able to follow links from a
resource to relevant conversations in the discussion or they can follow links from the discussion to
observations in the resource [90, 92].
Existing research has explored how annotation-based systems can facilitate interactive online

discussion around budget documents (e.g., FactFul [44]), data visualizations (e.g., ManyEyes [90],
CommentSpace [92]), and news articles (e.g., Newsr [93]). In a field study involving college students,
Brush et al. [12] found that socially-constructed annotations can help anchor an online discussion
to specific topics in course material. Additionally, annotation-based systems yield a higher volume
of participant comments as well as replies to comments, by comparison to traditional discussion
systems [12]. While socially-constructed annotations can help anchor conversation around specific
topics, Brush et al. [12] also note fewer comments in the annotation condition about broad and
general topics related to the materials. How might annotation-based strategies for representing
discussion content in a news article affect participant engagement with the discussion?

2.2 Factors that contribute to the knowledge retention of news article content
User interface design strategies to promote participant engagement with an online discussion may
have an unintended impact on other desired outcomes for people reading news online (e.g., feelings
of trust in reporting [17, 69], accurately recalling information about news [4]). In this study, we
investigate how strategies to promote participant engagement in an online discussion may also
affect what people remember about a news article. Specifically, the second research question asks:
If discussion content is salient in an online news article, what factors affect the amount of information
that people remember about the article?

For several decades cognitive science research has investigated alternative ways to structure news
articles for learn-ability, by studying how formating decisions in publishing play into knowledge
retention [5, 18, 19, 22, 51, 89]. Knowledge retention has been operationalized by assessing the
amount of information that people remember correctly after reading an article, often by employing
open-response questions (e.g., “list all of the facts that you remember”) and closed-response ques-
tions about specific facts from an article. Previous literature has identified several factors that play
into the amount of information people retain from reading news, which we group into two broad
categories: personal characteristics and information processing behaviors.

2.2.1 Personal characteristics play into how much people retain from news articles. News websites
are complex information spaces which can be challenging for people to access. Information foraging
theory is a cognitive model describing how aspects of a complex information space interact with
personal characteristics of people immersed in the space, such as their prior knowledge and
capabilities [68]. News websites present information with text, visual, and interactive components,
which Pirolli and Card [68] describe as the various “patches” of information where people gather
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knowledge throughout a space. People make choices about the amount of effort they are willing to
spend gathering knowledge from a specific patch versus looking for new patches. These choices are
informed by information scarcity within the space, as well as their personal appetite for information
and skill searching for it (by tracking information “scents” through the complex space).
People also have different motivations for searching an information space. For example, when

reading about a controversial topic people tend to (unwittingly) prefer information that supports
their own stance on a topic, potentially ignoring information about alternative stances (referred
to as confirmation bias [63]). To account for this cognitive bias, existing studies about knowledge
retention that involve controversial topics have included metrics related to participant opinions
and knowledge about the topic (e.g., abortion [14], genetically modified foods [50], fracking and
synthetic biology [83], nanotechnology [4], protest movements [38]). Additionally, people have
more and less trust in various news outlets [9, 10, 75], which may play into whether they prioritize
information reported by a specific news source [5, 17, 69].

However, elements of an information spaces design can also play into the trust that people have
for both the provided information and information provider(s) [68]. Balestra et al. [7] experimentally
varied whether socially-constructed annotations were included in a consent form to participate in
genomics research. While the rate of consent to participate did not vary by condition, Balestra et al.
[7] found that participants assigned to the annotation condition reported a heightened sense of
confidence in their decision, but felt less confident in their understanding of the consent material
and less trusting of the research organization requesting their consent, than participants in the
control condition without annotations. How (if at all) do participant characteristics play into the
information people remember from reading a news article online?

2.2.2 Information processing behaviors can affect knowledge retention. Information foraging theory
suggests a framework for how people search complex information spaces [68], but particular
search behaviors within a space can also affect information recall. For example, many people
scan an article for relevant information, by quickly reading headlines [51]; prior research about
knowledge retention has found that this information processing behavior is negatively associated
with remembering facts in an article [26, 89]. Thorndyke [89] investigates how information density
in print news articles contribute to recall. Participants exposed to a full text article recalled fewer
facts about the article than participants exposed to a condensed version, which excluded extraneous
information (e.g., tangential background, commentary), but participants also took more time to
read the condensed article. Thorndyke [89] suggests that extraneous information in the full-text
version increased the likelihood that participants “selectively scanned” the article for facts, but in
doing so, skipped over relevant information.
Different from a print article, at a news website there may be interactive components that can

capture a readers’ attention [19, 22, 26, 64, 88]. Eveland and Cortese [26] found that participants
retained more information when they incremented through a health news website using “next”
and “back” buttons (called linear navigation), by comparison to a nonlinear navigation system
that included hyperlinks within the text and a sidebar site menu. Eveland and Cortese [26] also
found a negative relationship between knowledge retention and (self-reported) selective scanning
of the material; however, the selective scanning behavior was not related to the website design
manipulations (i.e., linear versus nonlinear navigation). Journalists can promote information recall
by paying attention to information density in an article [89] and system designers can promote
recall by paying attention to how people navigate information online [26], but some user behaviors,
such as selective scanning, can counteract these efforts [26, 89].

A limitation of prior research about information processing behaviors, like selective scanning, is
that the metrics have been based on self-reported data [26, 89]. Digital news publishing protocols,
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such as IdylL [16] and PersaLog [1], have streamlined the process of collecting information about
online news reading behaviors, by accessing system logged user activity data. Grinberg [31]
demonstrates how a few easy-to-calculate user behavior statistics—including dwell time, maximal
depth reached by a user, and the amount of interaction with the page through any form of input—can
be used to investigate information density in news articles. Through an analysis of 7.7 million page
views and 66,821 news articles from seven popular publishers, Grinberg [31] found that articles
presenting more information in the first few paragraphs are associated with longer reading times
than articles with comparably less information early on. How (if at all) do user behaviors at a news
website correspond with what people remember about an article?

3 METHOD
This paper presents results from an online controlled experiment designed to investigate how vari-
ous user interface strategies for representing relevant information from a news website discussion
might affect the ways that (RQ 1) people engage with the discussion and (RQ 2) how much they
remember from news articles. As a motivating case, the study involved a scenario where a team of
content moderators want to use design elements in a news website user interface to highlight a set
of comments that are related to data visualizations in a news article. Prior CSCW research about
online discussion related to data visualizations in news articles has emphasized the potential value
that these comments can generate for journalists and toward an informed discussion [36, 43, 59].

3.1 Materials
3.1.1 News website system design. Many news outlets have opted to shut down their commenting
systems, but the New York Times (NYT) has continued to scale up content moderation resources
to facilitate larger online audiences [55]. The quality of discussion at the NYT website is highly
regarded by regular commenters [54]. The NYT commenting system was custom built and is
regularly updated [25, 61, 85, 86]. The NYT discussion is actively moderated by a team of people
who remove problematic content (e.g., toxic, off-topic, misleading) and investigate high quality
comments that are worth elevating in the discussion [55]. For these reasons the NYT website is
a viable context for our motivating case, which is why we chose to model the baseline design
decisions after the NYT commenting system.

The NYT commenting system includes several features that are similar and different from other
platforms. Similar to other platforms the NYT discussion interface is not visible on page load, but
can be accessed through buttons at the top and bottom of each article. Unlike other platforms the
NYT presents comments in a panel to the right of an article, in a two-column design, which is similar
to how online deliberation platforms present discussion alongside policy materials to promote
informed commenting (e.g., RegulationRoom [71]). Additionally, NYT community moderators use a
badge to signify high quality comments (called “NYT Picks”), which are also listed in a separate
tab within the commenting column. The most active commenters at the NYT have referred to the
coveted NYT Pick badge as akin to “the gold medal of the commenting olympics” [54]

We applied some aspects of the NYT interface design to all conditions in the study: (1) comments
are presented alongside the articles, in a two-column design, (2) highlighted comments are presented
in a separate tab within the commenting column. Additionally, we chose to make the comments
visible on page load, rather than hide them until a user decides to access the discussion. We
felt that hiding the comments would give an advantage to the Annotation condition, because
discussion content in this condition is linked to relevant sections of the news article. Since the
research questions are about what people contribute and remember when exposed to different
representations of online discussion, we also felt that hiding the discussion by default would limit
our analysis to the subset of people who opened the discussion panel.
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3.1.2 News article selection and discussion content. Study participants were presented with one of
two articles on a simulated news website. The articles were selected from prior NYT reporting, so
that we could incorporate actual user comments posted to a commenting system resembling the
study interface (see section 3.1.1). We selected articles about climate science, which is considered a
controversial topic [11, 42, 52], so that we could evaluate whether participant perspectives on the
topic factor into what people remember from the articles.
Modifications to the articles involved reducing the number of words, changing the data units

for consistency and removing extraneous graphics within the article text. The location of the data
visualizations in each article reflects the relative position of the data visualizations within the
original reporting (see Appendix sections A.1 & A.2).

Article 1. Based on “Greenhouse Gas Emissions Accelerate Like a Speeding Freight
Train in 2018,” written by Kendra Pierre-Louis (New York Times, Dec. 5, 2018).

Article 2. Based on “As Coal Fades in the U.S., Natural Gas Becomes the Climate
Battleground,” written by Brad Plumer (New York Times, Jun. 26, 2019).

It remains possible that participants may have seen the articles before participating in the study,
but we felt that specific details about the articles may have faded in memory given the 1-2 year
time lag between when participants were recruited and the articles were originally published.

3.1.3 Independent variable: Different interface designs for presenting discussion. The simulated news
website included authentic comments associated with the original articles (i.e., [67, 70]). In prior
research, the comments were hand-coded for topical relevance to the article and relevance to the
data visualization within the article [59]. We selected 24 comments from each article to include
in the study interface: i.e., 20 topically relevant and 4 that relate to the data visualizations. Each
comment was assigned a random timestamp and presented in chronological order.
Each design condition presented the 24 comments in a distinct way. The salience of discussion

content was adjusted incrementally, in that each condition builds from the last by adding emphasis—
in the news reading experience—to the online discussion (Figures 1 & 2).
All (Baseline). In the baseline condition, all 24 comments were listed in chronological order

in a single column next to the article. This design strategy is similar to how online discussion is
represented in deliberation platforms [24, 71] and commenting at the NYT website [55].
Curated. The design conditions (i.e., Curated, Prompts, Annotations) were presented in a two-

tabbed interface that included an “All” tab containing the 24 comments in a chronological list and a
“Highlights” tab containing the design intervention. Specifically, the “Highlights” tab included the 4
moderator selected comments related to the data visualizations, similar to how “NYT Picks” are
represented at the NYT website [54].
Prompts. This design condition built on the Curated condition by grouping the comments in

the “Highlights” tab into 2-3 relevant conversational prompts [57, 82, 97], such as “Should carbon
emissions be displayed differently on the graph?” with comments that argue both for and against
displaying emissions in per capita numbers rather than totals. In addition to article specific prompts,
we also included a general prompt, “What additional graphs might help to improve the article?” in
each condition. The prompts were displayed in an accordion style menu where the initial question
could be expanded into a deeper description of the prompt with a “See Comments” button that
would display the relevant comments when clicked.

Annotations. This design condition builds on the Prompts condition by incorporating anno-
tations (e.g., [7, 12, 92, 93]) that link content in the “Highlights” tab to conversational prompts
that are displayed next to visualizations in the news article (Figures 2 and 3). The Annotations
condition is the only system design where engaging with a prompt will automatically scroll the
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user interface to the visualization in the article and relevant comments in the discussion. This
interaction was inspired by the “doubly-linked” discussion navigation possible in collaborative
visualization systems [44, 90, 92].

To maintain some parity in the initial experience of the commenting interface across the baseline
and treatment conditions, in all cases the interface defaulted open to the “All” tab.

Fig. 1. Layouts for the All, Curated, and Prompts conditions. The article interface and “All” tab were the
same across all 3 conditions. The “All” tab included all 24 comments. The “Highlights” tab showcased four
comments that relate to observations in the data visualizations. In the Curated condition, the four comments
were presented in a chronologically ordered list within the “Highlights” tab. In the Prompts condition,
conversational prompts were added to organize the highlighted comments.

Fig. 2. Layout for the Annotations condition. The Annotations condition is the only design that changes the
article interface by adding conversational prompts next to the data visualization. Similar to the Prompts
condition, the conversational prompts also appear in the “Highlights” tab.
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Fig. 3. The Annotation condition included several conversational prompts alongside the data visualization.
Two interface features are triggered when a prompt is clicked: (1) labels are added to identify parts of the data
visualization that relate to the prompt, and (2) the discussion interface changes to present information and
comments related to the prompt. Similar to how socially-constructed annotations “doubly-link” resources to
the discussion [92], participants can also access relevant parts of the data visualization by clicking open a
conversational prompt in the discussion interface.

3.2 Recruitment and Procedure
Participants were recruited online through a university study participant recruitment portal, called
SONA. Prior to signing up, participants were informed that they would receive 1 academic credit
for completing the task and that the task was estimated to take 30-40 minutes to complete. We
received IRB-approved informed consent from all participants.
Prior to entering the news website stage, all participants were required to complete a pre-

survey which included questions related to their personal interest in various news topics, news
consumption patterns, and familiarity with the specific topics included in the study, e.g., greenhouse
gas emissions. After completing the pre-survey, participants received the following instruction:

“Please read and think about the news article, take as much time as you need. After 1
minute a button will appear in the upper right corner of the user interface, which will
direct you to the final stage of the study.”

Participants were also prompted to “create an avatar” by selecting a color and animal (e.g.,@blue-
Monkey), which is similar to how many news websites require new users to create a pseudonym
for the online discussion [28].
Upon entering the news website stage the participants were randomly assigned to article and

design conditions, in a 2x4 factorial study. The news website stage included an article, discussion
interface, and a banner at the top of the page with the following instructions alongside a Next
button that was initially disabled:

“The next button will be enabled in [60 and lower] seconds, but please take as much
time as you need to read and think about the article.”

The Next button was enabled automatically after the first minute within the experience, permit-
ting participants to progress to the post-survey whenever they felt inclined.1

1To be clear, we opted for a minimum required period of participation (1-minute), rather than an upper bound, such as
10-minutes, because we were concerned about artificially inducing participation. Reported in the findings, average dwell
time in the news website stage was 7.6 minutes (SD 8.3 minutes).

Proc. ACM Hum.-Comput. Interact., Vol. 6, No. CSCW2, Article 303. Publication date: November 2022.



Exploring Trade-offs in Promoting Discussion at News Websites 303:11

During the post-survey participants were asked knowledge retention questions about the news
article they were exposed to during the news website experience, and then they read and responded
to questions about a text-only version of the other article. For example, participants presented
Article 1 in the news website experience also read a text-only version of Article 2 as part of the post-
survey. As information density [89] and website navigational systems [26] can affect knowledge
retention, this within-subjects step was taken to account for participant-level ability to retain
information from news articles, in general, separate of the study website and conditions we created
(referred to as “Retention ability” in the Metrics section 3.3.2). This step in the procedures also
allowed us to evaluate differences in article-level difficulty and item-level difficulty (see Tables 8 &
9 in the Appendix).

In total, 414 people attempted the study; however, only 354 completed the pre-survey and post-
survey (85%). During our preliminary analysis of the data we retroactively removed 18 participants
who had large gaps in their session activity, resulting in 336 participants included in the analysis
(81%). Table 1 presents the participant assignment by article and discussion system design conditions.
In the Findings, we also present direct quotes from participant contributed comments. To preserve
anonymity, we assigned each participant to a unique identifier: P1-P336.

Conditions Article 1 Article 2 Total
All 40 42 82
Curated 40 42 82
Prompts 48 43 91
Annotations 39 42 81

Total 167 169 336
Table 1. Participants were randomly assigned in a 2 (Article) x 4 (Design Condition) experiment.

3.3 Metrics
The study measured participant engagement with an online news article discussion (RQ 1) and
what participants remember about the article (RQ 2). The metrics are based on responses to the
pre- and post-surveys as well as participant contributions and system logged behaviors during the
news website experience. To account for factors unrelated to the user interface design, we also
include metrics related to participant characteristics (e.g., prior knowledge, ability, trust in news
reporting) [63, 68] and information processing behaviors (e.g., selective scanning) [26, 31, 89].

3.3.1 Participant Engagement. The analysis included measures of participant engagement that
were automatically generated by the system and hand-coded by the research team. In order to
build a qualitative understanding of participant engagement with the news website experience,
we tracked participant scrolling activity, clicking activity, and comment posts through Google
Analytics. The user activity data was transformed into “Activity Plots” for each participant, which
were used to study how participants engaged with the experience (Figure 7).

Similar to existing research about information density in news articles based on system logged
data [31], we calculated four user activity metrics per participant session:

• Session dwell time. From article load to when the “Next” button was clicked.
• Session active time. Summation of periods when the participant actively engaged with the
interface (e.g., scrolling, clicking, hovering, keystroke).

• Highlights dwell time. Total time a participant had the “Highlights” tab open.
• Highlights active time. Summation of periods when the “Highlights” tab was engaged.
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In addition to measures based on user activity, an implicit measure of participant engagement is
whether people are willing to “recommend” or “share” an article.

• Recommends the article (Agree, Neutral, Disagree): Participants indicated whether they agree,
disagree, or feel neutral about the statement, “I think that other people should read this article
to learn about climate change.”

3.3.2 Knowledge Retention. Our operationalization of knowledge retention involved open-response
and closed-response questions related to the news articles. Participants were asked in the post-
survey several open-response questions, “What topics do you remember in the comments about the
news article?” with the option to respond “I don’t remember” to deter participants from guessing.
The hand-coding of the responses was to identify participants who remembered anything about
the comments included in the “Highlights” tab within the discussion. The following are excerpts
from two of the highlighted comments:

• “[...] this graph doesn’t include nuclear (along with a bunch of other energy sources) [...]”
• “[...] per capita numbers are used to deceive and manipulate people to ignore the important
facts. Mother nature does not care one whit about per capita emissions. [...]”

Additionally, many participants chose to add a comment to the discussion (42.5%, N=143). Two
researchers hand-coded each to evaluate whether the comments contained information related to
topics expressed in the highlighted comments. Due to the relatively small collection of participant
generated comments, coding disagreements were resolved by consensus among the researchers.

• Responded to highlighted topics (Binary): Comment contains information related to topics in
the comments highlighted in the user interface.

The research team also developed twelve closed-response questions to evaluate participant’s
ability to retain information from each news article (twenty-four total questions included in
Appendix sections A.1 & A.2). Each question included four assessment options as well as a standard
fifth option “I don’t remember” as a way to reduce the incentive to guess. As the interventions were
designed to highlight comments in the discussion that engage with the data visualization, we also
tried to balance the number of response questions based on information in the paragraphs above
and below the data visualization included in each news article.

Performance on the closed-response questions is reported in terms of the total number of items
answered correctly as well as with a standardized score that accounts for question difficulty. To
account for question difficulty we appliedmethods from ItemResponse Theory (IRT), which includes
a collection of statistical models that attempt to establish a link between participant responses on
an assessment and an underlying ability being measured by the assessment [72, 78, 95]. For the
purpose of this study we considered a Rasch Model of participant ability, which assumes each item
has a constant discrimination factor of 1, but may vary in difficulty [94].

All of our quantitative analyses were conducted with the R software environment for statistical
computing and graphics. We used the R ‘ltm’ Package “Latent Trait Models under IRT” (version
1.1-1) to fit the one parameter IRT models (a.k.a., Rasch model) [73]. The R ‘ltm’ package includes a
suite of functions which we used to fit and test a model, evaluate item difficulty for each closed-
response item, as well as to estimate participant ability scores. The models for Article 1 and Article
2 are based on 169 and 167 responses respectively, which is above the minimum acceptable sample
size for a Rasch Model.2

2The minimum sample size for a Rasch model analysis is subject to some debate. Foundational work by Wright and Stone
[94] presents a Rasch model analysis based on 35 subjects and an 18 item test; however, Linacre [53] estimated that ∼61
responses is a more conservative minimum sample size.
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In the study procedures, each participant was asked to read two articles; the first was incorporated
into the news website stage and the second was presented text-only and as part of the post-survey.
We fit a Rasch Model for each article based on responses from the post-survey to estimate a
participant’s general ability to retain news article content, separate of the study interface design
conditions (called “Retention ability” and treated as an independent variable). Then we applied
each model to evaluate participant ability to retain information from the simulation (called “Article
retention” and treated as a dependent measure in the analysis).

• Retention ability (logit scale score): Recall based on a text-only version of the news articles
during the post-survey. Included as an independent variable in the analysis.

• Article retention (logit scale score): Recall based on the articles presented in the news website
experience. Included in the analysis as a dependent variable (Table 7).

The item-level statistics for the Retention ability models are presented in the Appendices A.1
Table 8 & A.2 Table 9. Listed below are sample questions that reflect low and high levels of difficulty.

• Low difficulty (difficulty = -0.44): According to the article, approximately how much did
extreme disasters cost the United States in 2018?
– Answer : $300 billion.

• High difficulty (difficulty = 1.51): What reason does the article offer to explain China’s
recent rise in greenhouse gas emissions?
– Answer : More coal-based manufacturing.

At the end of the study, we also asked participants to report if they had decided to take notes
during the study and, if so, whether they had changed their note-taking behavior when presented
with the text-only article in the post-survey. While we did not ask (or suggest) that participants
take notes during the study, we thought that some may choose to do so independently. This data
was hand-coded to consider the extent to which our measure of retention ability was inflated due
to familiarity with the assessment format.

3.3.3 Personal Characteristics. Several factors beyond user interface decisions may affect what
people remember about a news article. Personal characteristics, such as existing knowledge and
ability, can affect how people search for information [68]. As the study context involved reading
and commenting about online news articles, prior to entering the news website experience we also
asked participants about their news consumption habits and experience participating in online
discussions about news [76, 77].

• News consumption habits: Participants were asked several questions related to the amount of
time they spend consuming news, by media (e.g., print journalism, television), and whether
they have ever participated in online discussions about news.

Personal beliefs about a topic can play into whether people pay attention to or skim over some
information [63]. As reporting about climate science has been politicized and can be polarizing
[11, 42, 52], we asked participants a series of questions about their personal interests and prior
knowledge about specific topics covered by the selected news articles.

• Interest and beliefs about climate science: Participants were asked several questions about
their personal interest in climate science research and feelings about climate change policy.
The questions were based on statements in the selected news articles (i.e., greenhouse gas
emissions [67], shifting away from coal energy [70]).

• Self-rated knowledge (Low, Moderate, High): Self-rated familiarity with specific climate science
topics, “How knowledgeable are you about global climate change?”

• Assessed knowledge (Binary): Participants were asked one ranking question related to each of
the article conditions (two questions total). Example: “Based on your own intuition, please
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drag the following country tiles to reorder them from largest (#1) to smallest (#8) in total
carbon emissions per year.” If participants correctly ranked the first item in each ranking
question then the variable was coded TRUE, otherwise marked FALSE.

Additionally, personal trust in the credibility of a news outlet can factor into whether and how
people value information in a news article [9, 10, 75]. As the study context involved system design
decisions and news articles based on the NYT, we asked participants to rate their trust in various
news outlets, including NYT, The Guardian, Breitbart News, BuzzFeed, etc. However, in the analysis
we chose to only include participant ratings of trustworthiness related to the NYT.

• Trust in NYT Reporting (Agree, Neutral, Disagree): Participants were asked, to what extent do
you agree with the statement, “This news website is a trustworthy source of information.”

3.3.4 Information Processing Behaviors. In addition to personal characteristics, information pro-
cessing behaviors may also affect what people remember from reading a news article online. Rather
than rely on a self-reported measure of information processing behaviors, such as selective scanning
[26, 89], our analysis involved a qualitative coding of system logged activity data presented in the
Activity Plots for each participant (Figure 4).

Fig. 4. An activity plot based on system logged data. Each plot was hand-coded for participant engagement
features. As an example, the following refer to time periods A-J on the x-axis: (A) read article above the
visualization, (B) performed a selective scan of the article, (C) read the data visualization (D) performed
a selective scan of the comments, (E) read below the visualization, (F) posted comment, (G) performed a
selective scan of the comments, (H) highlights tab opened, (I) performed a selective scan of the comments,
and (J) exits session.

To determine whether a behavior was present or not, we defined several thresholds for what
constitutes scrolling “quickly” or spending a “considerable time” reading. Specifically, we estimated
an approximate reading time of 3 minutes for each article (∼750 words) based on the average adult
reading speed (∼200-250 words per minute) and then defined approximate time (t) thresholds for
the following hand-coded measures.
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• Selective scan of the news article (Binary): Quickly scrolled (t < 30 seconds) through the entirety
of the news article at the beginning of their session.

• Selective scan of the All tab (Binary): Quickly (t < 30 seconds) scrolled through the entirety of
the comments in the All tab before slower engagement with the commenting interface.

• Read above the visualization (Binary): Considerable time (t > 30 seconds) scrolling through
the news article before the visualization comes into view.

• Read the visualization (Binary): Considerable time (t > 30 seconds) scrolling or paused while
the visualization is in view.

• Read below the visualization (Binary): Considerable time (t > 30 seconds) scrolling to the end
of the news article after the visualization goes out of view.

Two researchers trained on the Activity Plot coding scheme with a sample of 40 user activity
plots and then iteratively tested on samples of 20 until a Cohen’s Kappa score above 0.70 was
reached for each code. See Table 2 for inter-rater reliability scores.

Obs. IRR
Selective Scanning

Article 93 0.87
Comments 106 0.80

Reading
Above 312 0.77
Visualization 265 1.0
Below 194 0.73

Total participants 336
Table 2. The number of observations and the Cohen’s Kappa score for inter-rater reliability (IRR) by code.

3.4 Statistical Analysis
Multiple linear regression analysis was used to evaluate the effect of the baseline and treatment
design conditions on article knowledge retention, while accounting for several factors unrelated to
the user interface design, including differences among the articles (e.g., Greenhouse gas emissions).
Factors related to personal characteristics were included, such as prior knowledge, ability, and
trust in the reporting [63, 68]. Additionally, factors related to information processing behaviors
were also included, such as behaviors identified through the activity plot analysis (e.g., selective
scanning, reading the visualization) [26, 31, 89]. Table 6 presents descriptive statistics for each
factor and Table 7 presents the regression analysis.
As the dependent measure is on a logit scale from (−∞, +∞) the coefficients are interpreted

as the change in predicted Article retention expected from a one-unit increase in an independent
variable, holding others constant. The linear regression model significance was evaluated with
𝑅2 and F-test statistic. The multiple 𝑅2 considers the variance among the fixed-effects, whereas
the adjusted 𝑅2 accounts for the number of fixed-effects in the model. The F-test statistic is also
included, demonstrating the overall Fit of the model to the data.

4 FINDINGS
In total, 336 participants are included in the analysis. The majority of participants identified as
Female (70%), speak English as a primary language (75%), and are 21 years of age or younger (83%).
These sample characteristics are typical of studies that recruit from university student populations
in the United States of America [34].
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As the study context involved reading and commenting about online news articles, we asked
participants about their news consumption habits and experience participating in online discussions
about news. More than half of the participants report that they spend more than 1 hour per day
consuming news (58%). During a typical week, participants might consume news through a variety
of media. A few participants read print journalism (4%) and listen to radio/podcasts (14%), but the
most common news sources include news websites (42%), online video (74%), and social media (85%).
By comparison to Pew Research Center studies of news consumption patterns among U.S. adults
[76, 77], participants in our sample make higher use of social media and lower use of news websites
to get news. While most participants regularly consume news, few report participating in online
discussions about news. Specifically, two in five participants report having posted a comment to
social media about a news article (40%), though just one in five have ever posted a comment at a
news website (20%).

We also asked participants about their familiarity with the specific news topics selected for the
study: i.e., global greenhouse gas emissions [67], shifting trends in U.S. domestic energy generation
[70]. Most participants believe that there is solid evidence that the average temperature on Earth has
been getting warmer due to greenhouse gas emissions (95%), global warming requires immediate
government action (92%), and rich countries have a moral obligation to reduce greenhouse gas
emissions (86%). In contrast, there are considerable divisions among the general public about
evidence surrounding climate science [11, 52].
The following sections present how the interface conditions contributed to different levels of

participant engagement with the online discussion (RQ 1) and retention of information from the
news articles (RQ 2). The findings illustrate a design trade-off in that some discussion interfaces
that result in relatively high levels of participant engagement with the discussion, specifically
the Annotations condition, can also have a detrimental impact on what information participants
are able to recall from the news article. Additionally, the findings highlight how some types of
comments are more memorable than others irrespective of the discussion interface design. Prior
research demonstrates that toxic news is more memorable than average news stories [18]; our
findings indicate that comments referencing the data visualizations in a news article may also be
more memorable than other topics in the discussion.

4.1 RQ1. How does adjusting the salience of discussion content in an online news
article affect participant engagement with the online discussion?

In this section, we describe engagement with the discussion in terms of how participant’s spent
their time within the news website stage, interacted with the discussion interface, and whether
they would be likely to recommend the news article. The time that people spend engaging with
an online system can be an important predictor of their future involvement with the platform.
Pursuant to the study protocol the participants were permitted to exit the news website stage
after 1 minute, but most spent more time using the system: Average dwell of 7.6 minutes (SD 8.3
minutes). Our analysis found no significant difference in the total dwell time or total active time
spent in the news website stage (Table 3), but we found that the study conditions contributed to
different levels of involvement with the discussion interface (Table 4).

Specifically, participants in the Annotation condition spent significantly more time engaged with
the “Highlights” tab, by comparison to participants assigned to the other design conditions (i.e.,
Curated, Prompts). Table 4 presents summary statistics related to the time spent actively engaged
with the “Highlights” tab. Our measure of active time captures when participants directly interact
with the news website interface, such as by scrolling or hovering over comments. By contrast, dwell
time reflects the total amount of time that the “Highlights” tab was clicked open and visible to the
participant. In the Limitations we discuss how dwell and active time capture an upper and lower
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bound of interaction, yet without eye-tracking we have no way of knowing whether participants
may have glanced back to the comments as they read the news article.

News website session duration
Active time (minutes) Dwell time (minutes)

Conditions Mean (SD) Max Mean (SD) Max
All (Baseline) 4.43 (3.37) 21.40 7.40 (4.82) 26.83
Curated 4.34 (4.34) 28.37 7.30 (8.18) 57.10
Prompts 3.59 (3.06) 13.09 7.14 (6.06) 30.87
Annotations 4.26 (3.86) 17.32 8.82 (12.55) 101.67

F(3, 332) = 0.95, p = 0.417 F(3, 332) = 0.71, p = 0.546
Table 3. The design conditions did not significantly affect participant dwell time within the news website
stage of the study or the total amount of time participants spent actively engaging with the user interface
(called active time). Dwell time is the duration between the moment a participant enters the news website
stage and when they click the “next” button to exit the stage. Active time is the summation of each period
when the participant showed some cursor or keystroke activity.

Discussion “Highlights” tab session duration
Active time (seconds) Dwell time (seconds)

Conditions Mean (SD) Max Mean (SD) Max
All (Baseline) NA NA NA NA
Curated 0.11 (0.98) 8.87 26.25 (72.48) 361.63
Prompts 1.69 (6.44) 59.30 41.33 (75.71) 304.07
Annotations 6.51 (14.19) 63.08 114.64 (181.08) 775.49

F(2, 81) = 11.43, p < 0.001 F(2, 81) = 4.16, p = 0.018
Table 4. Participants in the Annotation condition spent significantly more time interacting with the High-
lights tab (active time in seconds) than participants assigned to other design conditions (Curated, Prompts).
Additionally, participants in the Annotation condition also left the tab open longer as they engaged with
other parts of the simulated news article experience (dwell time). As the “All (Baseline)” did not include a
“Highlights” tab, the active and dwell time within the tab are null.

Another common measure used to gauge participant involvement at a news website is whether
they add to the online discussion. Across all of the conditions, many participants chose to add a
comment to the discussion (42.5%, N=143). The conditions were intentionally designed to promote
specific topics related to each data visualization. Specifically, the Highlights tab in each condition
showcased four of the twenty-four comments from the existing discussion (all comments were listed
chronologically in the All tab). How many participant comments respond to the seeded topics? Our
qualitative analysis identified 17 comments that respond to the highlighted topics (11.48%). Sixteen
of the comments were generated by participants in either the Curated, Prompts, or Annotations;
however, most were contributed by participants in the Annotation condition (N=9), based on a
Fisher’s Exact Test for count data (p = 0.031).
For participants in the Prompt and Annotation conditions the Highlights tab included several

prompts specific to each data visualization as well as a general prompt that appeared in both of
the news articles that read: “What additional graphs might help to improve the article?” Several
participants responded to this prompt, for instance, six participants recommended modifications to
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a graph depicting the share of total electricity generation in the U.S. by energy source. Most of the
comments were about the lack of additional energy sources in the graph, which merely presents
trends in coal, natural gas, wind and solar. Participants wondered about other sources, such as
nuclear energy, but also about whether presenting each energy source categorically is an accurate
representation of the data as, according to the article, many community power-grids rely on a mix
of energy sources to provide consistent electricity.

• (P45) “Although renewable energy is seen as the right choice, it requires other sources of
energy [...] It may be more efficient to do research on hybrid energy sources and graph
different hybrid combinations rather than individual sources.”

• (P20) “It would be more helpful if the graph were more comprehensive and included other
sources of power generation. Overall, finding the right mix of energy sources (wind, solar,
nuclear, etc.) across the country is key to tackling the issue of climate change.”

• (P105) “Renewable and clean Energy like wind or solar must become far more common than
it already is, replacing coal and gas as the main producers of energy for our country, with
gas acting only as a backup in case these sources become unavailable to due weather.”

Rather than depict individual energy sources in a line graph, the authors might have responded to
these suggestions by presenting the data as a series of percent stacked bar charts or chord diagrams
to depict how strategies for combining sources may have shifted over time.
The article about Greenhouse gas emissions included a visualization of the percent change in

total emissions by country (e.g., India, China, USA). The prompt receiving the highest response
from participants asked, “Should carbon emissions be displayed differently on the graph?” and
highlighted two existing comments that discuss how total emissions versus per-capita emissions
shift the relative ranking of the countries to either present the USA or China as most responsible
for climate change. Several participants responded directly to the highlighted comments, posting
comments in support and opposition to changing the units:

• (P8) “@tomatoSquirrel I agree that looking at total emissions helps us understand which
countries are most responsible [...]”

• (P31) “@tomatoSquirrel I agree [...], but the reality is that in order to help the problem of
global warming (which effects everyone), it is worth considering what can be done on an
individual level and how countries can aim to reduce their emissions to be the same per
capita as other countries that are doing better in that regard.”

Participants also proposed improvements to the visualization. A participant discussed how only
presenting the most recent greenhouse gas emissions data is limited in that, “Only showing the
greenhouse gas emissions for one year makes it difficult to put the data in perspective, since the
article is discussing change over time and not just emissions that year” (P80). This example of
constructive feedback can help data journalists to improve the clarity of their reporting [36].

Although only a few of the participants posted comments about the topics seeded in theHighlights
tab, our analysis of the post-survey responses indicate that more people recalled the topics than
commented about them. In the post-survey participants were asked in an open-response question,
“What topics do you remember in the comments?” which we hand-coded to identify responses
related to the highlighted topics. Our analysis identified 52 participants (15%) who recalled relevant
information about the data visualization based on the comments highlighted in the discussion.
However, we found no significant difference by condition, which indicates that even in the All
condition—without additional scaffolding to promote the discussion topics—the comments about
the data visualizations were memorable [𝜒2 (3, 336) = 0.074, p = 0.994].
While time spent and interaction with an online discussion are useful measures of participant

engagement at a news website, an important question for news outlets is whether readers are likely
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to recommend an article (Table 5). Significantly more participants exposed to the design conditions
agreed (and fewer disagreed) with the statement “I think that other people should read this article to
learn about climate change,” by comparison to participants in the baseline [𝜒2 (2, 336) = 10.152, p =
0.006]. Whether agreeing with this statement may manifest into a behavioral response—e.g., a like,
share, or feelings of trust—are open questions for future research.

Other people should read this article
Conditions Agree Neutral Disagree

All 57 (69.5%) 14 (17.0%) 11 (13.4%)
Curated 70 (85.3%) 8 (9.7%) 4 (4.8%)
Prompts 71 (78.0%) 17 (18.6%) 3 (3.2%)
Annotations 65 (80.2%) 13 (16.0%) 3 (3.7%)

Total 263 (78.2%) 52 (15.4%) 21 (6.2%)
Table 5. Descriptive statistics related to how participants responded to the statement (i.e., Agree, Neutral,
Disagree): “I think that other people should read this article to learn about climate change.”

In response to RQ1, we found that participants in the design conditions by comparison to the
baseline, spent more time in the discussion interface, generated more comments about the data
visualizations, and were more likely to recommend the article to others. These observations were
especially pronounced among the participants assigned to the Annotations condition. In short,
increasing the salience of discussion content within a news article can translate into various forms
of engagement with the online discussion.

4.2 RQ2. If discussion content is salient in an online news article, what factors affect the
amount of information that people remember about the article?

A primary purpose for a news outlet is to effectively communicate insights about current events
[89, 91]. For that reason, it is important for system designers to consider how interactive components
related to the online presentation of news articles may affect information recall. In this section,
we present results from an analysis of what participants recalled from the article presented in the
news website stage of the study based on a closed-response assessment.

Consistent with existing literature comparing knowledge retention across low levels (e.g., print
journalism) and high levels of interactivity (e.g., online news articles with hyperlinks) [22, 88],
participants who read just the text of an article as part of the post-survey recalled more information
items (M=5.38, SD=2.84) than participants who read the same article as part of the news website
stage (M=4.52, SD=2.42) [F(1, 670) = 17.58, p < 0.001]. Our analysis found that the total number
of items recalled correctly varied by condition [F(3, 332) = 3.70, p = 0.012]. Specifically, a Tukey
based post-hoc comparison of the conditions indicates a significant difference in the number of
items recalled between the Annotation condition (M=3.83, SD=2.21) and the All condition (M=5.01,
SD=2.31) [diff=-1.18, p-adjusted=0.009] as well as a marginally significant difference between the
Annotation and Prompt conditions (M=4.75, SD=2.67) [diff=-0.92, p-adjusted=0.059].

As the items reflect information that was presented throughout each article, we investigated
whether information presented earlier in the article (i.e., above the data visualization) was more or
less memorable than information presented later in the article (i.e., below the data visualization).
Our analysis found a significant difference in recall by position in the article, such that more of the
information above the data visualization (M=2.40, SD=1.50) was recalled than information below
(M=2.11, SD=1.50) [F(1, 670) = 5.92, p = 0.015]. Figure 5 presents the mean number of items recalled
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(with standard-error bars) by condition as well as by the item position in the article relative to the
data visualization.
A Tukey based post-hoc comparison of each condition revealed that participants assigned to

the Annotation condition recalled significantly fewer items below the data visualization (M=1.54,
SD=1.03) than participants in the All condition (M=2.32, SD=1.49) [diff=-0.78, p-adjusted = 0.017] as
well as the Prompt condition (M=2.45, SD=1.66) [diff=-0.91, p-adjusted = 0.001]; however, participant
recall of information above the visualization in the article (M=2.28, SD=1.60) was not significantly
different from that of participants assigned to the All (M=2.68, SD=1.40) [diff=-0.39, p-adjusted =
0.679] or Prompt conditions (M=2.29, SD=1.58) [diff=0.01, p-adjusted = 1.000].

Fig. 5. Presents the amount of article information retained (average count of items recalled and standard
error), by condition and relative position of the information to the data visualizations.

Beyond the relative position of information within the news article, many other factors might play
into these findings, such as item-level difficulty as well as factors related to participant characteristics
and information processing behaviors. To account for item-level difficulty, we constructed a Rasch
Model [73] of participant ability to recall information from each article, presented in Tables 8 & 9
in the Appendix, and then applied the model to generate factor scores based on participant recall
of information presented during the news website stage of the study. The article retention factor
score is normally distributed (on a logit scale) with a mean of -0.23 (SD = 0.76).

We applied a multiple linear regression analysis to investigate possible relationships between the
article recall factor scores and the system design conditions as well as other factors related to the
news article topic, participant characteristics, and information processing behaviors. Descriptive
statistics related to participant background and logged activity with the system are presented in
Table 6. Results from the multiple linear regression analysis are presented in Table 7. The reported
𝑅2 (0.412) and adjusted 𝑅2 (0.379) indicate that the model explains ∼37-41% of the variability in the
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Trust in NYT Reporting Count (%)
Agree 70 (20.8%)
Neutral 246 (73.2%)
Disagree 20 (5.9%)

Self-rated knowledge of climate science Count (%)
High 183 (54.4%)
Moderate 78 (23.2%)
Low 75 (22.3%)

Assessed knowledge related to the article Count (%)
Correct 143 (42.5%)
Incorrect 193 (57.4%)

General ability based on post-survey Mean (SD)
Retention ability 0.01 (0.79)

News website logged activity Count (%)
Scanned article 93 (27.0%)
Read [Above] 312 (92.8%)
Read [Visualization] 265 (78.8%)
Read [Below] 194 (57.7%)
Scanned discussion 106 (31.5%)
Posted comment(s) 143 (42.5%)

News website active time Mean (SD)
Article (seconds) 146.6 (155.2)
Discussion (seconds) 101.71 (139.0)

Table 6. Descriptive statistics related to participant background (e.g., trust in NYT reporting), prior knowledge
(e.g., self-rated, assessed), and retention ability based on the article recall assessment in the post-survey stage.
Additionally, the table presents summary statistics related to the logged activity and time spent interacting
with the news website system.

article recall factor scores. Additionally, the significant F-statistic indicates that the explanatory
variables meaningfully add to the model fit with the data.

The model Intercept is significant and negative, which reflects the lower average level of recall
from the news website stage by comparison to the text-only versions of each article presented
in the post-survey. Additionally, the small, yet significant Intercept indicates that there is some
additional variability in the data that is not captured by the predictors. The News article condition is
included as a control for differences among the news article content and recall assessments. Our
analysis found that the participants assigned to read Article 2 (U.S. emissions [70]) recalled more
information about the article, by comparison to participants assigned to read Article 1 (Greenhouse
gas emissions [67]). These differences are important to account for in analysis, but it is less clear
what factors related to the article content may have caused this difference.

After accounting for item-level difficulty and differences among the articles, our analysis found
a significant and negative general effect of exposure to the Annotation condition by comparison to
the All condition (Est. = -0.23, p = 0.019). While our findings related to RQ1 by in large demonstrate
that the Annotation condition resulted in higher levels of participant engagement (e.g., active time
spent in the discussion, posted comments, willingness to recommend the article), the heightened
levels of engagement may also contribute to lower levels of article recall. However, factors related to
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Predictors Est. Conf. Int. p
(Intercept) -0.39 -0.74 – -0.04 0.030 ∗
Article condition (compared to Article 1)

Article 2: U.S. Energy 0.48 0.34 – 0.61 0.000 ∗∗∗
Discussion condition (compared to “All”)

Highlight -0.13 -0.31 – 0.06 0.177
Prompt -0.02 -0.20 – 0.17 0.840
Annotation -0.23 -0.42 – -0.04 0.019 ∗

Trust in reporting (compared to “Neutral”)
Agree 0.21 0.05 – 0.38 0.012 ∗
Disagree 0.27 -0.03 – 0.58 0.080 ·

Self-rated knowledge (compared to “Moderate”)
High -0.13 -0.30 – 0.03 0.105
Low -0.11 -0.28 – 0.05 0.187

Assessed prior knowledge and ability
Article knowledge [Correct] 0.19 0.05 – 0.33 0.006 ∗∗
Retention ability (SD) 0.27 0.20 – 0.34 0.000 ∗∗∗

Article interface logged activity
Scanned article 0.10 -0.05 – 0.25 0.202
Read [Above] -0.43 -0.70 – -0.15 0.003 ∗∗
Read [Visualization] 0.20 0.01 – 0.38 0.039 ∗
Read [Below] 0.20 0.05 – 0.34 0.008 ∗∗
Active time (SD) 0.06 -0.02 – 0.13 0.127

Discussion interface logged activity
Scanned discussion -0.14 -0.29 – 0.01 0.059 ·
Posted comment(s) -0.08 -0.25 – 0.08 0.322
Active time (SD) 0.07 -0.02 – 0.15 0.114

Model performance
Observations 336
Multiple 𝑅2 / Adjusted 𝑅2 0.412 / 0.379
F-statistic 12.35 (p < 0.001)

Table 7. Presents a linear regression predicting the article knowledge retention. Fixed-effects include the
news article condition, discussion system design condition, participant trust in the news reporting, prior
knowledge and ability to retain information from news articles, as well as participant activity related to
the news article and discussion interfaces. The multiple 𝑅2 considers the variance among the fixed-effects,
whereas the adjusted 𝑅2 accounts for the number of fixed-effects in the model. The F-test statistic is also
included, demonstrating the overall Fit of the model to the data.
Significance codes: p-value <0.001 ‘∗∗∗’, 0.001 ‘∗∗’, 0.01 ‘∗’, 0.05 ‘·’, 0.1 ‘ ’

participant background as well as engagement with the news website system appear to counteract
the negative effect on article recall associated with the Annotation condition.

Prior knowledge about climate science affects article recall. Most participants in the study have
a favorable view of climate science (95% believe that there is solid evidence of global warming)
and perceive their prior knowledge of climate science as high (54.4%). Our analysis found that
participants with actual (assessed) prior knowledge related to the article exhibited a higher on
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average recall score (Est. = 0.19, p = 0.006); however, we found no significant effect of participants’
self-rating of their own knowledge.
Additionally, some people are better at retaining information generally than other people. Our

analysis found that a one standard deviation increase in retention ability—based on the post-survey
assessment—relates to a higher on average article recall score (Est. = 0.27, p < 0.001). We asked
participants to report any change in their reading behavior between the first article presented
during the news website stage and the second article they read as part of the post-survey. About
half of the participants (52.6%, N=177) reported that they paid more attention to the second article,
by reading more carefully and taking notes; however, we found no significant difference in reported
change in reading behavior by condition [𝜒2 (3, 336) = 3.512, p = 0.319].
While most participants in the study have a favorable view and prior knowledge of climate

science, their feelings of trust in New York Times reporting were mixed. Our analysis found that
participants with an opinion, either disagreeing or agreeing with the statement “The New York
Times website is a trustworthy source of information,” had a higher on average recall of information
in the news article than participants rating the statement neutral. This phenomena may in part be
due to a confirmation bias where participants were looking for evidence within the article that
supports their existing beliefs [63].
Our analysis of system logged activity patterns found that participants adopted various path-

ways through the news website experience. Participants with activity to suggest reading the data
visualization and reading the article text below the visualization had higher on average recall of the
article content, which complements our analysis of the number of items recalled by position within
the article (Figure 5). Possible interactions among the participant logged activity predictors and
system design conditions did not significantly improve the model performance, so were left out of
the final model (Table 7). Finally, our analysis found a significant and negative effect associated
with reading above the data visualization, which may be due to the fact that we observed this
behavior among most participant sessions (92.8%).
In response to RQ2, our analysis found that the system design conditions affected retention of

information presented in the article. Specifically, participants assigned to the Annotation condition
recalled fewer of the information items by comparison to participants assigned to the All condition.
Our multiple linear regression analysis demonstrates that the negative and significant effect of the
discussion system design remains even after accounting for potential confounding factors related
to the news article content, as well as participant knowledge, ability, and trust in the reporting.

5 DISCUSSION
Presenting comments as part of a news article is not standard practice. Online commenting sections
have become less common at news websites, as many news outlets have opted to shut down their
discussion forums and redirect the conversation about news to social media (e.g., Twitter, Facebook)
[23, 39, 47, 79]. News outlets that host commenting sections tend to create visual distance between
articles and discussion, such as by hiding the comments by default and positioning the discussion
interface at the end of an article. At a fundamental level, this study challenges that standard by
demonstrating that decisions related to the presentation of comments in the user interface can
promote desirable outcomes in the reading experience.

As amotivating case, the study involved a scenario wheremoderators want to use design elements
to highlight comments related to data visualizations in news articles. Prior CSCW research has
found that comments about data visualizations can offer feedback for journalists [36] and contain
personal stories, new sources of information, and insights that stem from data presented in an
article [43, 59]. How does presenting comments in a news article affect the ways that readers engage
with and retain information about news? Our analysis reveals a trade-off between user experience
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system designs that promote participant engagement with an online discussion (e.g., time spent,
comments generated, positively recommending an article) and participant recall of information
presented in an article (i.e., knowledge retention [5, 18, 19, 22, 51, 89]).
As outlined in the sections that follow, the findings illustrate the various considerations for

integrating discussion content into a news article. These include deciding where and how to repre-
sent discussion content related to news articles. While making these design decisions, participant
characteristics should also be considered, such as existing knowledge, ability, and feelings of trust
in a news source. Additionally, our findings offer implications for content moderation systems [30].
Moderating content from the back end of a discussion involves identifying problematic content to
reject [13, 40] and valuable content to recommend in a discussion [20, 65]. Our findings offer in-
sights about how moderation systems might assist with the integration of recommended discussion
content into the front end of online news articles.

5.1 Considering the trade-offs of making discussion more salient
For the purpose of this study, we define “salience of discussion content” as the degree to which
design elements separate and integrate content from the discussion into the user experience of
reading news articles online. This conceptual definition was operationalized as curating, prompting,
and annotating recommended comments to an article (section 3.1.3). In this section we review the
findings in terms of specific decisions involved with adjusting the salience of discussion content in
the “complex information space” [68] of a news website.

If the preferred outcome for people reading news online is to promote discussion about specific
topics in an article, then our findings suggest that Annotations are more effective than the other
strategies (i.e., All, Curated, Prompts). Similar to existing research about online discussion in an
educational setting [12], our analysis found that participants in the Annotations condition were
more active in the commenting system and contributed comments that add relevant topics to the
discussion, by comparison to the baseline. In the Annotations condition, participants contributed
comments that offer useful feedback for journalists [36] and engage with various aspects of the
data visualizations [43, 59] (section 4.1).

If the preferred outcome for people reading news online is to enhance their knowledge retention
of topics in an article, then Annotations are less effective than other system design strategies.
Information foraging theory [68] may offer an analytic lens to interpret how participants experienced
each of the design conditions. For example, in the baseline condition (i.e., “All”) participants were
presented with at least two “patches” of information: i.e., the news article and discussion. In the
Curated and Prompts conditions, the “scent” associated with the discussion patch was enriched
by using structural elements (e.g., tabs) and conversational prompts. While the same highlighted
comments were included in each treatment, participants who were exposed to the Annotations may
have viewed the comments as enriching the news article patch, specifically the data visualization,
and then shifted their attention towards the discussion.

As evidence of this shift in attention, our analysis found that people in the Annotation condition
recalled fewer information items located below the visualization, as well as overall (Table 7). This
result is similar to existing research about how navigational systems that encourage users to take a
linear path through a complex information space contribute to higher levels of knowledge retention,
by comparison to a non-linear path [26]. This result is also similar to findings reported by Balestra
et al. [7], that participants exposed to socially-constructed annotations in a consent form felt less
confident in their understanding of the materials.

An alternative hypothesis is that our study designwas not social enough for participants to benefit
from the socially-constructed annotation design pattern, as each participant experienced the news
website by themselves in a one-shot experimental design. Prior research about online collaboration
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has found that the “doubly-linked” navigational structure of socially-constructed annotations can
be useful for team-driven analysis tasks (e.g., reviewing budget documents [44], exploring data
[92]). Rather than investigate how individual readers engage with and recall information from a
news website, future research should consider opportunities for groups of people to read news
together. For example, community moderators at the New York Times website rely on regular
commenters to help fact-check online discussions [55]; future research could explore how this
ad-hoc group activity may be formalized into a team-driven task.

5.2 Paying attention to how participant characteristics relate to desired outcomes
Our findings illustrate how personal characteristics, such as existing knowledge, ability, and trust
in the credibility of the news source, play into what people remember about online news articles.
It is important to note that some types of information in a news article are difficult for people to
recall, in general. While our research team carefully developed the twenty-four closed-response
questions for this study (presented in Appendix A), the item-level analysis presented in Tables
8 & 9 indicate that some information was significantly easier to recall than other information.
Additionally, our linear regression analysis of article knowledge retention, presented in Table 7,
found that the information in Article 2 [70] was significantly easier to recall than information
presented in Article 1 [67] (Est=0.48, p < 0.001). News outlets could adopt a similar approach as
described in the Methods (section 3.3.2) to anticipate information items in an article that may be
difficult for people to understand.

However, people have different levels of existing knowledge and ability, which can significantly
affect their information recall. While the discussion system design conditions in our study signifi-
cantly affected knowledge retention, our analysis found that a participants’ general retention ability
is among the most consequential factors. For every one standard deviation increase in assessed
retention ability, predicted article knowledge retention increases by 0.27 (p < 0.001). A design im-
plication is that news outlets might use publishing protocols, like PersaLog [1], to present different
experiences of a news article and online discussion based on known and inferred information about
a readers’ level of prior knowledge and ability, as a way to promote reading comprehension and
specific competencies, such as civic, data, and digital literacy.
Some information processing behaviors can also impair knowledge retention. Our findings

confirm existing research about how selective scanning in particular can detrimentally affect
knowledge retention [26, 89]. Selective scanning was not uncommon, nearly a third of partici-
pants selectively scanned the news article (27.0%, N=93) and the discussion thread (31.5%, N=106).
Additionally, selective scanning the discussion had a (marginally) significant negative affect on
knowledge retention (Est=-0.29, p=0.059). While existing research about selective scanning has
relied on self-reported measures [26, 89], our findings demonstrate that system logged activity
data could be used to monitor and respond to this behavior. For example, publishing protocols, like
IdylL [16], that streamline the process of accessing activity data to create interactive online news
articles, could be used to recognize when people begin to scan an article and then suggest topics
for them to read or discuss, in-situ and in real time.
The act of selective scanning may be similar to how people using social media can slip into

a state of mindlessly scrolling news content without remembering what they had read (called
“dissociation”). In a controlled experiment, Baughan et al. [8] explore how system designs that
increase the salience of mindless scrolling can disrupt periods of dissociation in social media (e.g.,
by highlighting usage statistics, setting reminders to move onto another activity). While mindless
scrolling is widely considered a symptom of social media addiction, Baughan et al. [8] discuss how
some forms of dissociation can serve various cognitive purposes and even yield creative results.
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Future research should explore ways of inviting readers to reconnect with articles after periods of
dissociation at a news website.

5.3 Moderating content for the front end of a news website
Community moderators at news outlets balance a variety of considerations when deciding whether
to reject, approve, and highlight a discussion comment [55]. Our analysis found that presenting
comments as part of a news article raises new considerations about how to highlight user-generated
content on the front end of a news website.

Simply highlighting a comment can affect reader opinions about reporting. Balestra et al. [7] found
that participants exposed to socially-constructed annotations on a consent form felt less trusting
of the research organization requesting their consent, than participants in the control condition
without annotations. Our analysis found the opposite. Participants exposed to the treatment
conditions by comparison to the baseline were more likely to agree (and less likely to disagree)
that “other people should read this article to learn about climate change.” Pirolli and Card [68]
suggest that people follow “scents” as they search a complex information space for content that is
credible [68], in a news website discussion these scents can include comment tone [17], commenter
expertise [69], and whether journalists are active in the thread [82]. In our case, surfacing the
online discussion around data visualizations and recommending them as “Highlights” contributed
to participant willingness to recommend the article.
Highlighting a comment with a badge like the “NYT Pick” [54], is a relatively simple user-

experience by comparison to complex organizations of user-generated content, such as argument
maps [3], pro-con lists [45], thread summaries [62, 96], and the design conditions central to our
research. To facilitate complex organizations of user content at scale, moderators could leverage
crowdsourcing systems to coordinate the online community of news readers [2]. As an example
based on the findings, conversational prompts appear to have boosted engagement, while not
reducing knowledge retention. Participants in the Prompts and All (baseline) conditions retained
similar levels of information (Figure 5). Participants in the Prompts condition also spent more
time in the “Highlights” tab than participants in the Curated condition, though not as much as the
Annotation condition (Table 4). Including conversational prompts in news articles can have multiple
benefits for an online discussion, such as higher levels of inclusive and rational commenting and
lower levels of toxicity [97]. Crafting a good conversational prompt is not an easy task for a
moderator [60, 66]; however, existing CSCW research demonstrates that newcomers to an online
discussion can be scaffolded through a crowd-writing process [27] of generating conversational
prompts from existing discussion comments [57].

Presenting comments as part of a news article is not standard practice, but it could be. Existing
news publishing platforms (e.g., CommentIQ [65], VizFlow [87]) and protocols (e.g., IdylL [16],
PersaLog [1]) could be leveraged to help moderate discussion content in the body of an online news
article. Our research demonstrates that doing so can offer new opportunities for people to benefit
from the news reading experience.

6 LIMITATIONS
A key limitation is that the study involved a one-time controlled online experiment, rather than
investigate the system design conditions over an extended period of time and with real news
readers at a news website with a vibrant online community. Although the reported demographics
of participants in the study are similar to other studies that have involved university students [34],
the article topics related to climate change may have elicited different behavior in ideologically
diverse online communities [11, 52]. The majority of study participants trust climate science and
feel that there is a moral obligation to address global warming.
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Additionally, our measures of participant engagement are relatively crude by comparison to
higher fidelity measures, such as eye tracking and screen recording. These alternative research
methods may offer a more precise understanding of how participants navigated and experienced
our news website stage; however, they are unlikely to change our general findings related to the
discussion system design conditions. Future research should investigate more novel system design
strategies, by applying a “talk aloud” study protocol to gain a deeper sense of the experience.

Another limitation is that the user experience of the discussion system design conditions could
be improved. In this study, we carefully designed each of the conditions so that they were distinct
in specific ways, e.g., adding highlighted comments to a new tab, using a discussion prompt to
group related comments, using annotations to create a bridge connecting the data visualization
with the prompts. While not the most exciting user experience, consistency in the design decisions
enabled us to make relatively fair comparisons among the conditions.

Finally, our choice of a controlled, simulated one-time discussion experience leaves open questions
about engagement in long-term and ongoing discussions. A more social experience of the study
materials may affect engagement. For instance, in a multiple-worlds online discussion experiment
McInnis et al. [58] found that participants post more and longer comments when other people
are synchronously adding to the thread, but fewer and shorter comments when the thread is less
active. In our study, participants were not able to “discuss” the topics with each other, so we do not
know how these designs might have contributed to discussion as it may have naturally unfolded
over time. Future research should investigate how the discussion system design conditions affect
participant engagement and knowledge retention in-the-wild at online news websites and through
multiple news cycles.

In order to facilitate the news website experience in this study, our research team generated a lot
of content by hand (see Materials section 3.1). Presenting discussion content on the front end of a
news website involves deciding what types of content to highlight [20, 65], how to represent that
content (e.g., [3, 45, 96]), and how to facilitate the content moderation work within the fast-paced
news cycle [55]. Our findings offer some insights toward making these decisions.

7 CONCLUSION
In this paper, we explore how strategies to elevate comments about data at news websites can
affect participant engagement and knowledge retention. We found that participants exposed to
our design conditions spent more time engaging with the discussion, posted more data relevant
comments, and were more likely to recommend the news articles by comparison to a baseline
condition. While participants in the Annotation condition had higher engagement metrics, they
recalled less information than participants assigned to our baseline. The findings illustrate a design
trade-off and suggest new considerations for integrating discussion content into a news article.
Additionally, we found that participant characteristics, such as existing knowledge about a topic,
ability to retain information, and trust in the credibility of a news source, also play into what people
remember about news. Finally, our findings offer insights about future moderation systems that
assist with the integration of discussion into the reading experience of news online.
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A ARTICLE TEXT AND CLOSED-RESPONSE QUESTIONS
A.1 Article 1: Greenhouse gas emissions
Note that the text presented in the news website stage was a modified version of the article
“Greenhouse Gas Emissions Accelerate Like a Speeding Freight Train in 2018,” written by Kendra
Pierre-Louis and published by the New York Times on Dec. 5, 2018. Modifications involved reduc-
ing the number of words and changing the data units for consistency. The location of the data
visualization in the article text used for this study reflects the relative position of the visualization
included within the original article.

A.1.1 Article text. Greenhouse gas emissions worldwide are growing at an accelerating pace
this year, researchers said Wednesday. Scientists described the quickening rate of carbon dioxide
emissions in stark terms, comparing it to a “speeding freight train” and laying part of the blame
on an unexpected surge in the appetite for oil as people around the world not only buy more cars
but also drive them farther than in the past — more than offsetting any gains from the spread of
electric vehicles. “We thought oil use had peaked in the U.S. and Europe 15 years ago,” Dr. Jackson
said. “The cheap gasoline prices, bigger cars and people driving more miles are boosting oil use at
rates that none of us expected.”
Worldwide, carbon emissions are expected to increase by 2.7 percent in 2018, according to

the new research, which was published by the Global Carbon Project. The recent rise in global
emissions, combined with other factors such as natural temperature fluctuations, could bring those
dire consequences a decade sooner, by 2030. The analysis found that the world is on pace to release
a record 37.1 gigatons of planet-warming emissions in 2018, led in large part by China, the United
States and India. That is roughly 100,000 times the weight of the Empire State Building.
Reducing carbon emissions is central to stopping global warming. Three years ago nearly 200

nations hammered out the Paris Agreement with a goal of holding warming below 2 degrees Celsius
over preindustrial levels. For the Paris goals to be met, scientists say, global emissions from power
plants, factories, cars and trucks, as well as those from deforestation, would need to swiftly begin
declining to zero.

President Trump, however, has vowed to pull the United States out of the accord and has moved
to roll back Obama-era regulations designed to limit emissions from vehicle tailpipes and power-
plant smokestacks. On Tuesday he wrote on Twitter that the Paris Agreement was “fatally flawed”
because its system of voluntary pledges let other countries off the hook, adding that “American
taxpayers — and American workers — shouldn’t pay to clean up others countries’ pollution.”
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An American withdrawal would represent a serious blow to the pact. The United States, one of
the wealthiest nations in the world, is responsible for a third of all human-caused carbon emissions
to date, more than any other country. United States emissions are expected to rise this year after
several years of declines. Dr. Jackson attributed part of the increase this year to a colder-than-normal
winter in some parts of the country and a hotter summer in other parts, which inflated demand for
heating and cooling.

Fig. 6. Global Greenhouse Gas Emissions Are Rising Again, Source: Pierre-Louis [67]

China is now the largest emitter of heat-trapping gases. China’s emissions are projected to rise
4.7 percent in 2018, the report said. The country is stimulating manufacturing to counterbalance
its slowing economy, allowing more coal-based manufacturing that it had avoided in the past, Dr.
Jackson said. China is investing heavily in renewable energy, but it is also building new coal-fired
power plants at home and planning others in new markets such as sub-Saharan Africa.

In India, a projected emissions increase of 6.3 percent is linked to the country’s effort to provide
electricity to 300 million people who currently lack it. While many countries have seen an increase
in emissions, emissions in the European Union are expected to decline by 0.7 percent this year, but
the bloc averaged a 2.2 percent annual decline last decade. The weaker number was attributed to
an increase in oil consumption linked to transportation.

The earth has already warmed by 1 degree Celsius above preindustrial levels. The effects of that
warming could be seen this year across the United States, from the wildfires that raged in California
to the hurricanes that buffeted the Southeast. The warming climate did not cause the individual
weather events, but scientists say it created conditions that increased their likelihood. Last year,
extreme weather disasters cost the United States a record $306 billion.
Dr. Jackson said the new report was “not good news,” but added that it still contained “some

glimmers of hope,” particularly about air pollution associated with the burning of coal for fuel.
“Coal use has dropped 40 percent in the United States, replaced by natural gas and renewables,” he
said. “That’s saving lives as well as helping the climate problem.”

A.1.2 Item Response Theory Analysis. Table 8 presents the item level position relative to the data
visualization as well as statistics based on the Rasch Model: Difficulty, probability correct, and
item-level Goodness-of-Fit.
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Article 1: Greenhouse gas emissions Goodness-of-Fit
Item Difficulty Position Pr(correct) 𝜒2 Pr(>𝜒2)
Q11 -0.44 P8-Below 0.61 19.80 0.05 ·
Q10 -0.04 P3-Above 0.51 12.73 0.32
Q3 0.05 P5-Above 0.49 14.75 0.21
Q2 0.36 P2-Above 0.41 12.91 0.32
Q4 0.39 P6-Below 0.40 5.90 0.85
Q1 0.60 P1-Above 0.35 9.73 0.57
Q7 0.66 P7-Below 0.34 12.36 0.29
Q5 0.69 P6-Below 0.33 6.75 0.83
Q9 1.11 P8-Below 0.25 6.11 0.83
Q6 1.51 P6-Below 0.18 5.81 0.84
Q8 1.51 P2-Above 0.18 18.08 0.05 ·
Q12 1.77 P9-Below 0.15 11.21 0.30
N: 167 (assigned Article 2 in the news website stage)

Table 8. Item-level statistics for a Rasch Model of participant ability to recall information from the text
of Article 1: Greenhouse gas emissions, sorted by item difficulty (from low to high). The table includes
information about the item paragraph number (P#) and position relative to a data visualization (i.e., Above,
Below) as well as the item difficulty, probability, and Fit. The Rasch Model is based on item response data
collected during the post-survey for participants randomly assigned Article 2 during the online discussion
simulation. Item-level Goodness-of-Fit indicates that Q11 and Q8 may not fit the model well; however, the
overall model fits the data reasonably well based on a 𝜒2 test of 200 bootstrapped data-sets (p = 0.07).

A.1.3 Closed-response Knowledge Retention Questions.

Q1. The article identifies numerous potential causes for the unexpected 2018 surge in the appetite
for oil. What option, if any, was NOT mentioned in the article?
- Answer : People are consuming more meat.

Q2. The article described the quickening rate of carbon emissions in stark terms, comparing it to
a speeding freight train, likely to increase by what percentage in 2018?
- Answer : 2.0-2.99%.

Q3. Based on your memory of the article, fill in the blank: "The United States, one of the wealthiest
nations in the world, is responsible for [BLANK] of all human-caused carbon emissions to
date, more than any other country"
- Answer : 1/3 (third).

Q4. As of 2018, what country was the largest emitter of heat-trapping gases?
- Answer : China.

Q5. According to the article, China’s greenhouse gas emissions are projected to increase by what
percentage in 2018?
- Answer : 3.0% or more.

Q6. What reason does the article offer to explain China’s recent rise in greenhouse gas emissions?
- Answer : More coal-based manufacturing.

Q7. What reasons does the article offer to explain India’s recent rise in greenhouse gas emissions?
- Answer : Efforts to provide electricity to people who lack access.

Q8. Data presented in the article suggests that the world is on pace to release a record 37.1
gigatons of planet-warming emissions in 2018, led in large part by China, the United States
and India. What is 37.1 gigatons relative to the weight of the Empire State Building?
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- Answer : About 100,000 times.
Q9. According to the article, the earth has already warmed by how much above pre-industrial

levels (degrees Celsius)?
- Answer : 1 degree Celsius.

Q10. The Paris Agreement is an international partnership of countries with the common goal to
hold the earth’s global temperature at what temperature above pre-industrial levels?
- Answer : 2 degrees Celsius.

Q11. According to the article, approximately how much did extreme disasters cost the United
States in 2018?
- Answer : $300 billion.

Q12. The article offers some glimmers of hope for curbing greenhouse gas emissions, for exam-
ple, coal use has dropped, being replaced by natural gas and renewable sources, by what
percentage in the United States?
- Answer : 40%.

A.2 Article 2: U.S. Energy generation
Note that the text presented in the news website stage was a modified version of the article “As
Coal Fades in the U.S., Natural Gas Becomes the Climate Battleground,” written by Brad Plumer and
published by the New York Times on Jun. 26, 2019. Modifications involved reducing the number of
words and changing the data units for consistency. The location of the data visualization in the
article text used for this study reflects the relative position of the visualization included within the
original article.

A.2.1 Article text. Some large utilities are now planning to sharply cut their coal and gas use in
favor of clean and abundant wind and solar power, which have steadily fallen in cost. But in the
Southeast and other regions, natural gas continues to dominate, because of its reliability and low
prices driven by the fracking boom. Nationwide, energy companies plan to add at least 150 new gas
plants and thousands of miles of pipelines in the years ahead. A rush to build gas-fired plants, even
though they emit only half as much carbon pollution as coal, has the potential to lock in decades of
new fossil-fuel use right as scientists say emissions need to fall drastically by midcentury to avert
the worst impacts of global warming.
In some states, policymakers are now pushing to leave gas behind to meet ambitious climate

goals. Since 2005, most power companies have lowered their carbon dioxide emissions significantly,
in large part by shifting from coal to gas. Coal plants have become uncompetitive with other kinds
of energy generation in much of the country, despite the Trump administration’s efforts to save
them by rolling back federal pollution regulations.

Last fall, in North and South Carolina, a pair of utility companies filed plans with state regulators
to continue retiring coal plants and largely replace them with more than 9,500 megawatts of new
natural gas capacity by 2033. The utilities also plan to add a smaller amount of solar capacity, about
3,600 megawatts, over the same time frame. One challenge with using more solar power is finding
a way to supply electricity when the sun isn’t shining. Although large lithium-ion batteries can
store solar energy for less-sunny hours, batteries still haven’t reached the point where they’re as
cheap or effective as gas power, which can run at all hours.
Opponents of the plan have urged state regulators to push the utility companies to reconsider.

These disputes are popping up in states around the country. Over the last decade, groups like the
Sierra Club have tried to persuade utilities and regulators that they could save money by retiring
coal and shifting to a cleaner mix of gas and renewables. Now they’re running the same playbook
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Fig. 7. A Shift in Power Generation, Source: Plumer [70]

against gas, arguing that the costs of wind, solar and batteries have declined so drastically that it’s
time to stop building new gas plants, too. But, so far the results have been mixed.
However, renewable energy sources are gaining in several states. Last year in Indiana, the

Northern Indiana Public Service Company, or Nipsco, opened bidding to outside energy developers
and found that adding a mix of wind, solar and batteries would be cheaper than building a new gas
plant to replace its retiring coal units. (The company will keep its older gas plants online to fill
in gaps when wind and solar aren’t available.) Doing so, the utility estimated, would reduce its
emissions 90 percent below 2005 levels by 2030.

Officials at Nipsco noted that the utility had advantages that others might not have: Its territory
sits near land that’s ripe for wind development, making it easier to build new turbines close by
without the need for lots of costly new transmission lines. In short, the right mix of energy sources
might look very different for utility companies just 100 miles away.
Indeed, things look very different nearby in the vast regional grid known as PJM that serves

65 million people from Ohio to New Jersey. There power plants compete in a largely deregulated
market and companies are expected to build over 10,000 megawatts of new gas plants by 2024 to
take advantage of cheap natural gas from the nearby fracking boom in Ohio, Pennsylvania and
West Virginia.

State legislatures are increasingly weighing in on which energy sources get built. To date, 29
states have enacted laws that require their utilities to get a certain fraction of their power from
wind and solar. Now, some states are going further. Over the past year, California, Colorado, Maine,
Nevada, New Mexico, New York and Washington have all passed laws aimed at getting 100 percent
of their electricity from carbon-free sources by midcentury, which would eventually mean phasing
out conventional gas plants.
Getting to 100 percent carbon-free power will likely require new technology that can supplant

natural gas as a cost-effective backup fuel. Some possibilities include burning clean hydrogen
instead of gas in power plants, developing techniques that enable carbon produced by gas plants
to be captured and stored underground, advanced nuclear power or the invention of new energy
storage techniques. Perfecting that technology would likely require big new investments in research
and support from policymakers.
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A.2.2 Item Response Theory Analysis. Table 9 presents the item level position relative to the data
visualization as well as statistics based on the Rasch Model: Difficulty, probability correct, and
item-level Goodness-of-Fit.

Article 2: U.S. Energy generation Goodness-of-Fit
Item Difficulty Position Pr(correct) 𝜒2 Pr(>𝜒2)
Q4 -1.37 P3-Above 0.80 7.15 0.73
Q3 -0.97 P3-Above 0.73 19.82 0.01 ∗
Q6 -0.59 P9-Below 0.64 6.67 0.79
Q9 -0.53 P8-Below 0.63 12.12 0.38
Q7 -0.35 P1-Above 0.59 16.03 0.12
Q1 -0.20 P1-Above 0.55 30.34 0.01 ∗
Q5 0.12 P5-Below 0.47 6.80 0.83
Q2 0.15 P2-Above 0.46 3.22 0.99
Q10 0.20 P3-Above 0.45 9.61 0.61
Q11 0.29 P4-Below 0.43 12.59 0.37
Q12 0.77 P8-Below 0.32 10.61 0.55
Q8 1.03 P7-Below 0.26 12.26 0.43
N: 169 (assigned Article 1 in the news website stage)

Table 9. Item-level statistics for a Rasch Model of participant ability to recall information from the text of
Article 2: U.S. Energy generation, sorted by item difficulty (from low to high). The table includes information
about the item paragraph number (P#) and position relative to a data visualization (i.e., Above, Below) as
well as the item difficulty, probability, and Fit. The Rasch Model is based on item response data collected
during the post-survey for participants randomly assigned Article 1 during the online discussion simulation.
Item-level Goodness-of-Fit indicates that Q3 and Q1 may not fit the model well; however, the overall model
fits the data reasonably well based on a 𝜒2 test of 200 bootstrapped data-sets (p = 0.08).

A.2.3 Closed-response Knowledge Retention Questions.

Q1. In the Southeast and other regions, natural gas has continued to dominate the energy sector.
Nationwide, energy companies plan to add at least how many new gas plants in the next
several years?
- Answer : 150.

Q2. By shifting from coal to gas many power companies were able to lower their carbon emissions
significantly. When did this shift begin?
- Answer : 2005.

Q3. What units of energy does the article use to compare the capacity of each energy source?
- Answer : Megawatts.

Q4. Why is gas power still more effective than solar power, according to the article?
- Answer : All of the above.

Q5. The article offers several examples of how utility companies might integrate more renewable
energy sources in the short-term, such as adopting a mix of gas and renewable sources. What
other recommendation did the article offer?
- Answer : All of the above.

Q6. Moving to a 100% carbon-free power plan would require new technology that can supplant
natural gas as a cost-effective backup fuel, such as burning clean hydrogen. What new
technologies and strategies does the article discuss as possibilities?
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- Answer : All of the above.
Q7. According to the article why is natural gas still dominating in the Southeast region?

- Answer : All of the above.
Q8. There has been a fracking boom in Ohio, Pennsylvania, and West Virginia. According to the

article, approximately how many people does the PJM utility company serve?
- Answer : More than 60 million.

Q9. State legislatures are increasingly weighing in on which energy sources get built. According
to the article, how many states have enacted laws that require their utilities to get a certain
fraction of their power from wind and solar?
- Answer : 20-29 states.

Q10. According to the article, which source of energy is currently the most cost effective?
- Answer : Natural gas.

Q11. Organizations like the Sierra Club have advocated for a reduction in coal-based dependence,
by encouraging utility companies to adopt what strategies?
- Answer : A mix of gas and renewables.

Q12. According to the article, which state has NOT passed laws aimed at getting 100% of their
electricity from carbon-free sources by midcentury?
- Answer : None of the above.
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