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Figure 1: StoryChat, a live streaming viewer participation tool, obtains real-time comments in a chatroom and displays a narrative 
graphical design representing negative and positive comments. Left: The storyline and graphic design of StoryChat’s narrative 
design. Right: A screen capture of StoryChat’s interface including the live streaming video (left), narrative design (top-right) and 
chatroom (bottom-right). 

ABSTRACT 
Live streaming platforms and existing viewer participation tools 
enable users to interact and engage with an online community, 
but the anonymity and scale of chat usually result in the spread 
of negative comments. However, only a few existing moderation 
tools investigate the infuence of proactive moderation on viewers’ 
engagement and prosocial behavior. To address this, we developed 
StoryChat, a narrative-based viewer participation tool that utilizes 
a dynamic graphical plot to refect chatroom negativity. We crafted 
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the narrative through a viewer-centered (N=65) iterative design 
process and evaluated the tool with 48 experienced viewers in a de-
ployment study. We discovered that StoryChat encouraged viewers 
to contribute prosocial comments, increased viewer engagement, 
and fostered viewers’ sense of community. Viewers reported a closer 
connection between streamers and other viewers because of the 
narrative design, suggesting that narrative-based viewer engage-
ment tools have the potential to encourage community engagement 
and prosocial behaviors. 

CCS CONCEPTS 
• Human-centered computing → Collaborative and social 
computing systems and tools; Collaborative and social computing 
design and evaluation methods. 
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1 INTRODUCTION 
Live streaming becomes an increasingly ubiquitous form of enter-
tainment over these years, and there has been growing interest 
in exploring various ways for viewers to engage in the commu-
nities [37, 70, 90–92]. Researchers have also developed a variety 
of viewer participation tools for live streaming platforms in or-
der to improve interaction and engagement within the community 
via various new communication channels [88, 124]. However, a 
concerning side efect of these tools is the rising occurrence of 
negative behaviors in the community [94, 124, 133], which means 
that harmful, humiliating, profane, and toxic comments are spread 
through the live streaming chatroom, indicating the need for mod-
eration of these viewer participation tools as negative comments 
are likely to reduce viewers’ engagement [32]. Although many live 
streaming platforms have incorporated systemic moderation meth-
ods with human moderators, the growing scale of live streaming 
communities makes it increasingly difcult for platforms to regu-
late large quantities of comments efciently [57, 74, 96]. Besides, 
human moderators usually encounter an intensive workload and 
are emotionally stressed when moderating public discussion plat-
forms [41, 53, 56, 125, 130, 144]. These challenges have increased 
the interest in the use of automatic moderation, such as chatbots 
and machine learning [118]. 

While these approaches successfully manage the online commu-
nity, negative behaviors remain to be a critical concern [2] because 
these approaches are primarily reactive, which only responding 
to already-posted antisocial information [118]. Seering et al. [122] 
indicate that, in contrast to reactive approaches, proactive moder-
ation could have a substantial positive impact on the behavior of 
other viewers in the live streaming chatrooms. Proactive modera-
tion could also infuence the viewer to engage in prosocial behavior 
by creating norms [19, 20, 46]. Although research on proactive mod-
eration is limited [121], some studies leverage the idea of persuasive 
design to activate prosocial interaction [14, 121], which proactively 
moderate the online community and encourage viewers to behave 
prosocially. The use of narratives as a main form of persuasive 
design was found efective in increasing engagement and address-
ing harassment in online communities [8, 40, 101, 143]. Narratives 
have also been widely used as a non-invasive intervention strat-
egy [43, 47, 54] in psychology. Text-based narratives have often 
been used to improve feedback quality and decrease the incidence 
of harsh comments, particularly in online communities and news 
[126, 142, 145]. In addition to text-based narratives, the power of 
visual narrative could increase viewers’ empathy [7, 15, 78], and 
encourage prosocial behavior [7, 82]. However, there is limited re-
search devoted to using the narrative through visual graphics in 
online communities for moderation, although the narrative could 
function the same way in diferent media [60, 61]. The combination 
of narrative structure and story elements can also create a powerful 

method of conveying information that can assist in mental simula-
tion [137]. Inspired by these fndings, our study aims to develop a 
tool, StoryChat, that uses visual narratives as a persuasive design 
to prosocially and proactively moderate live streaming chatrooms. 

StoryChat was designed as a viewer participation tool that lever-
ages visual narrative to proactively moderate live stream chatrooms 
by the viewer community. We aim to enhance viewers’ sense of 
community and engagement without constraining their participa-
tion and encourage them to actively participate in the ongoing 
discussion by sending prosocial comments in response to negative 
ones. We frst crafted the narrative and visual design through a 
viewer-centered iterative design process and then integrated the 
narratives into StoryChat. To test the moderation and engagement 
efectiveness of StoryChat on live streaming viewers, we deployed 
the visual narrative in a Twitch-like interface with 48 volunteer 
viewers to simulate the experience of viewing real-time live streams. 
We carefully selected the live streams in the video game or just chat-
ting category based on the number of viewers and the frequency 
of comments determined by the pilot study. We then investigated 
how viewers perceived this viewer participation tool through a 
deployment study and semi-structured interviews with viewers 
that focused on (1) How viewers interacted with the narrative de-
sign, (2) If StoryChat efectively increased prosocial behavior in a 
live streaming chatroom, and (3) How StoryChat afected viewers’ 
engagement and their connection to the community. 

Our key fndings suggested that StoryChat enhanced viewers’ en-
gagement by involving them in changing the storyline, increasing 
both the degree of entertainment and sense of community during 
live streams. Additionally, participants reported a greater sense of 
community and connection as StoryChat encouraged them to proso-
cially engage with the conversation and play a more proactive role 
in changing the chat’s environment when they observed negative 
comments. StoryChat makes the following contributions to the CHI 
and the live streaming community: 

• A new interaction paradigm that employs visual narratives 
to motivate prosocial behavior and increase viewers’ consid-
erations toward a live streaming community. 

• Empirical evidence demonstrating the efect that visual nar-
ratives have on enhancing viewer engagement, promoting 
a sense of community, and increasing social interaction in 
chatrooms. 

• Implications on designing a narrative-based viewer partici-
pation tool for the live streaming community. 

2 RELATED WORK 
StoryChat builds on the fndings of previous research on viewer 
participation tools for live streaming, approaches to moderating 
online community content, and narrative research that underlies 
our approach. 

2.1 Viewer Participation in Live Streams 
In recent years, research on viewer participation has shifted the fo-
cus from traditional media to live streaming scenarios [68, 124, 132] 
and from passive spectatorship to active participation [129, 136]. 
As a result, several researchers and live streaming platforms, such 
as Twitch, have suggested various viewer participation techniques 
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to improve interactivity and promote social interaction [22, 58, 68, 
124, 133]. Some approaches have attempted to improve the viewer-
streamer interaction by designing tools to support emerging forms 
of community gameplay. For instance, Helpstone [88], enabled par-
ticipants to provide contextual information or hints to streamers. 
Twitch Plays Pokémon used viewer commands from a Twitch chat 
stream to control Nintendo games [84, 111] and CrowdChess [87] 
supported multiple viewers play chess together against an AI. Apart 
from games being directly designed for viewers, viewer participa-
tion can occur in a variety of other ways, such as chatting via text 
or special emoticons [68, 136], gifting [70], clicking likes or hearts 
[50], polling [28, 86], subscribing to streaming channels [65], mod-
erating chatrooms [122], or playing games with a streamer in video 
game stream [86]. Recognizing the growing attention that has been 
devoted to viewer participation techniques, researchers have also 
begun to investigate viewer experiences and interaction [22, 132], 
as well as the difculties associated with designing these viewer 
participation tools [124, 133]. One of the challenges encountered 
in designing these viewer participation tools is the negative inter-
personal interaction occurred in the community [94, 124, 133]. To 
address this [124], our research aims to design a viewer participa-
tion tool that can both increase viewer engagement and promote 
prosocial behavior or proactively reduce negative comments in a 
live streaming scenario. 

2.2 Content Moderation in Online Communities 
Content moderation refers to “the governance mechanisms that 
structure participation in a community to facilitate cooperation and 
prevent abuse [64]”, and is a signifcant topic in online communities 
such as live streaming platforms [67, 68]. Previous research has 
developed various moderation techniques, such as blocklist tools 
[52], rule-based word flters [74, 77, 122], and regular expression 
flters [74]. Prior research on assessing content fltering tools has 
focused on user-level interventions [4, 79, 122]. Jhaver et al. [73, 75] 
investigated the impact of implementing community norms and 
provided implications on improving user attitudes about fairness 
and posting frequency. This research has identifed the theoretical 
underpinnings of the deployment of user-level interventions to 
enhance community outcomes. On the other hand, there has been 
less research on community-level moderation [23–25, 100]. 

Researchers in HCI have investigated the challenges and draw-
backs of the above-mentioned content moderation approaches 
[72, 125, 144], and have begun to investigate the infuence of sanc-
tions on community users [26, 73, 75, 76]. For example, Seering 
et al. [122], discovered that banning any type of behavior had a 
negative infuence on the frequency of that behavior appearing in 
subsequent comments. They also highlighted a faw in current reac-
tive moderation approaches, suggesting that they were inefective 
at encouraging prosocial behavior. Although various studies have 
investigated content moderation techniques in online communi-
ties, many focused on the role of volunteer moderators [143] or 
social actions conducted by other community members or site users 
in reaction to negative behavior [97, 125]. Research on proactive 
interventions is still nascent [121], and only a few studies investi-
gating the infuence of moderation on viewer engagement [143]. 

Research examining the proactive prevention of negative behav-
ior has found that norms and rules established by a platform or 
moderator can infuence viewers’ to act prosocially in the online 
community [19, 20, 46]. User interfaces with persuasive designs 
such as CAPTCHAs [121] and the GLHF pledge [14] successfully 
activated prosocial interaction, and proactively preventing negative 
behaviors in online chats. The beneft of such implicit persuasive de-
signs [29, 39, 89, 104, 106, 109, 120, 147] is that they can be adopted 
subtly and unobtrusively to efectively modify user attitudes and 
behaviors without diminishing user engagement. Previous research 
leverages narratives to successfully promote prosocial behavior and 
address harassment in online communities [9, 40], providing a fun-
damental basis for us to design narratives as an implicit persuasive 
design to proactively moderate online community. Our research 
aims to explore the efectiveness of introducing a viewer participa-
tion tool that can promote prosocial behavior while strengthening 
viewer engagement and one’s sense of community. 

2.3 Narratives as a Moderation Approach 
Narratives can act as a cognitive tool for situated understanding, 
creating opportunities for mental stimulation and transportation by 
allowing individuals to develop a mental model of narrative through 
immersion or relating it with their personal experience [17, 18]. 
With narratives, viewers produce internal behavioral episodes that 
simulate an event and enable them to imagine actual or potential be-
haviors as if they were the main character of the episode[43, 47, 54]. 
These opportunities for mental stimulation or transportation often 
add persuasive power to the underlying messages in the narrative 
by immersing the individual in the narrative [55, 60]. Previous re-
search has suggested that reading narratives about others’ unpleas-
ant experiences triggers empathy [7, 15, 78], reduces tolerance for 
negative behaviors [48] and promotes prosocial behaviors [7, 82]. 
In our work, we frame the design process extended from prior 
research to elicit empathy from viewers by having the narrative 
design demonstrate how a protagonist experiences negative com-
ments and how viewers can help by sending prosocial comments. 
We also allow viewers to control the progression of the storyline be-
cause the ability to choose paths or actions within the story makes 
interactive narratives particularly favorable for mental simulation 
[66]. Research on the impact of introducing interactivity into narra-
tives suggests that they have a stronger efect on viewer attitudes 
than more traditional forms of narratives, like oral storytelling 
or episodes, because they evoke more vivid mental imagery, re-
duce counter-arguing, and increase the identifcation and character 
connection between a protagonist and reader [62]. 

In terms of online communities, prior research has found that 
sharing and reading others’ narratives that illustrate how they re-
spond to harassment assisted harassed people in adjusting their 
cognition and emotions toward their experiences [40]. The exten-
sion of this work applied narratives to understanding online ha-
rassment [9, 76] and found that participants draw comfort from 
sharing their experiences in the narrative. Previous research has 
also used narratives to assist LGBTQ individuals in coming out 
when recovering from personal crises and traumatic events [42]. 
Michie et al. [101] designed a storytelling platform for critical refec-
tion on the issue of abortion and found that narratives raise public 
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awareness due to their ability to motivate social action [51]. Wu et 
al. [145] utilized negative experience narratives to motivate online 
community members to provide more useful feedback. Although 
transportation imagery theory [60, 61] claimed that narrative trans-
portation could work on various forms of media, a growing body 
of research suggests the benefts of using visual narratives over 
more expository forms as a tool for persuasive communication 
through tools like suspension of disbelief and intense absorption as 
a consequence of engagement with the narrative – both of which 
can often reduce the likelihood of developing counterarguments 
[13, 33, 104, 127] compared the perception of transportation or 
mental simulation to a state similar to ‘fow’, and heavy immersion 
into the narrative allows individuals to reduce cognitive resistance 
and negative psychological reactance while also allowing them to 
construct a mental model of the narrative that impacts their attitude 
and behaviour [103, 104]. Although the current narrative modera-
tion research has shown the efectiveness of text-based narratives, 
there has been limited research employing graphical narratives 
to promote prosocial behavior in online communities. The most 
relevant research, by Murnane et al. [104], created a graphic nar-
rative design to motivate users to engage in physical activities by 
visualizing their activity progress. In a similar manner our research 
focuses on arousing viewers’ empathy and engage them in the chat 
prosocially to achieve engagement enhancement through the use 
of a graphic narrative. 

3 ITERATIVE DESIGN AND SYSTEM 
IMPLEMENTATION 

To examine the impact of narratives on viewer engagement during 
live streaming, we designed StoryChat, which was composed of 
a narrative graphical design and a Twitch-like interface (Figure5). 
The system included Twitch streaming content and a real-time cha-
troom (via Twitch’s API) to enable viewers to watch and engage 
with the chat as they would on an actual live streaming platform. 
The narrative design was crafted via a viewer-centered iterative 
design process (Figure6), which included a low-fdelity prototype 
workshop (N = 15), a high-fdelity survey (N = 50), and the fnal-
ization of the dynamic graphical narrative. Here, we outline the 
primary features of StoryChat, including how the chatroom com-
ments afected the narrative animations and the design process 
used to construct the narratives. 

3.1 Crafting the Narrative: Iterative Design 
To further explore user needs and suitable design factors for the 
narrative design, we conducted a viewer-centered iterative design 
workshop with 15 participants (7 female, mean age 22 years, SD = 
1.4 years) through convenience sampling. Participants were com-
pensated in accordance with local standards. We posted recruitment 
messages on social media and sent personal messages to partic-
ipants that were part of an internal recruitment mailing list. All 
participants were familiar with live streams and were intermit-
tent to frequent viewers of live streams. Participants were asked 
to create stories that they believed would be engaging during live 
streams by sketching or utilizing paper-based elements, which con-
sisted of characters in various emotional states, diferent locations, 

Figure 2: Participants ideation process during the narrative 
design workshop with experienced live streaming viewers 
and designers 

background elements, and objects that we provided (Figure 2). Par-
ticipants were asked to design a story whose main plot included 
the reactions of the protagonist when encountering negative and 
positive comments. Following this, we conducted semi-structured 
interviews to understand participants’ thoughts on their narrative 
design as well as their design considerations. From the interviews 
and observations of participants’ design progress, three key design 
considerations for narratives emerged. 

(1) Coherence and Simplicity The majority of participants (N 
= 11) suggested that they wanted a simple, concise design. 
This implies that the narrative should be easily understood 
without the need for explicit explanation, making it univer-
sally comprehensible while also ensuring the coherence of 
the story before and after the occurrence of positive and 
negative comments. 

(2) Emotional Resonance: Empathizing with the Charac-
ters Several participants believed that the style of the nar-
rative would afect their commenting behavior. Some par-
ticipants claimed that an adorable character could develop 
emotional resonance (P4: “I think cute characters could induce 
more empathy” ). Participants also emphasized the impor-
tance of a logical and understandable narrative that fostered 
cognitive empathy, stating that the design should immerse 
viewers in the story so that they can efortlessly imagine 
themselves in a character’s position or circumstances (P11: “I 
think the story should involve the live stream viewers to make 
it more immersive” ). 

(3) Symbolic Meanings Within the Narrative. All partici-
pants carefully considered the underlying meaning and rea-
son behind the use of certain components in their story, often 
describing the messages behind their design choices (i.e., dif-
ferent emotional states in the character symbolized the mood 
of the viewers). Participants also suggested the incorpora-
tion of a character as a signpost for negative comments in 
the chat. 

Besides the three design considerations from the design work-
shop, we identifed two types of storyline development: (1) Com-
forting the main character - Amazing Planet (Figure 3 (bottom right). 
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Figure 3: Low-fdelity prototypes of two storyboards repre-
senting diferent storyline development. (bottom-right) Sto-
ryboard of Amazing Plant; (top-right) storyboard of Berry 
and the Ghost; and (left) detailed settings of Amazing Plant. 

Eight of the participants (P3,5,6,9,10,11,12,13) designed their story-
line such that when negative comments were received, the main 
character would become distressed, whereas when positive com-
ments were received, the character would be comforted. (2) Driving 
away the villain - Berry and the Ghost (Figure3 (top-right)). The 
plot was designed by seven participants (P1,2,4,7,8,14,15) such that 
whenever negative comments arose, a villainous character appeared 
to threaten the main character. However, if more positive comments 
appeared, the villainous character would be punished and driven 
away. Both of these story developments were the result of the 
viewer’s sympathy for the main character, either through a more 
progressive or conservative approach, in an efort to save or comfort 
the protagonist. 

To compare these two storyline developments, our research team 
refned the scratch to a higher fdelity design and then conducted 
a survey study with N=50 volunteer participants (i.e., 21 males, 1 
non-binary, 2 prefer not to disclose, ages 18-34, Mean=21) recruited 
via email, word of mouth, and snowball sampling, who have more 
than one year of live stream watching experience. According to pre-
vious study, paid participants tend to act diferently than volunteer 
participants of live streams [135]. Thus, we centered on recruiting 
volunteer participants who were intrinsically motivated to watch 
live streams [94, 95]. Participants were asked to select the most 
suitable storyline for the live streaming platform and to provide 
detailed considerations. The survey included likert-scale questions 
asking participants to rate the design features like background, 
characters, color scheme, and storyline from 1 (strongly dislike) to 
5 (strongly like). In addition, the survey contained the Narrative 
Engagement Scale [18], which measured participants’ engagement 
in narratives from four dimensions: narrative understanding, at-
tentional focus, emotional engagement, and narrative presence. 
Participants answered 3 questions from each dimension via a 7-
point Likert scale ranging from 1 (strongly disagree) to 7 (strongly 
agree). At the end of the survey, we asked participants to respond 
to open-ended questions, such as “Why or why not do you want the 
design adopted in the live streaming chat room?” And we did a the-
matic analysis [12] of these responses to establish initial codes that 
were refned and integrated iteratively into overarching themes that 

assisted us make sense of participant feedback on the two story-
line developments. From the results, participants overall preferred 
design B to be implemented in the live streaming chatroom over 
design A because: 1) symbolic representation of negative com-
ments. With the ‘negative comments’ appearing symbolically in 
the story, participants reported having more empathy for the main 
character and a deeper emotional connection to the story. 2) En-
gagement and Thrill. The Narrative Engagement Scale reported 
that design B (Mean=16.21, SD=2.97) received higher score than 
design A (Mean=7.92, SD=4.37) in all four dimensions. Participants 
mentioned that the interaction with the villains was more engaging 
and thrilling because of the way the storyline progressed and their 
interest in returning the main character of the story to the stable, 
happy state it was in before the arrival of the villain 3) Obvious 
Symbolic Meaning of Characters. Participants reported they 
prefer characters in design B (Mean=3.72, SD=0.23) over design A 
(Mean=2.97, SD=1.2). They mentioned that the characters in de-
sign B are more comprehensible, and the symbolic meaning behind 
each character (i.e., bear is representing streamer) could easily be 
identifed, resonated with, and be closely related to. 

3.2 Dynamic Graphic Narrative: Final Version 
In accordance with the fndings of the iterative viewer-centered 
design process, we fnalized the dynamic graphical narrative with 
animations. The Figure4 illustrated the major plots in the storyline. 
The stable state of the story involves a bear character (meant to 
represent the streamer) interacting with their computer (Figure4. 
However, as the incidence of negative or toxic comments increase 
in the actual chatroom, the storyline responds by showing an atmo-
spheric shift - going from a warm, cozy room to depicting thunder 
and lightning (Figure4. At a certain threshold of negative comments 
in the live stream chatroom, the symbolic representation of these 
comments (an evil ghost) appears and the bear reacts in a scared 
and frightened manner to arouse viewer empathy and encourage 
them to send positive comments in the chat(Figure4. These positive 
comments are represented in the form of hearts emerging from 
the bear’s computer and battering the ghost away (Figure4. After a 
certain number of positive or prosocial comments in the live-stream 
chatroom, the hearts in StoryChat swarm the ghost and the ghost 
is chased away - returning the storyline to it’s base state (Figure4 

This storyline and graphical design aligned with our design con-
siderations: 1) Coherence and Simpleness. Some participants in 
the survey study suggested that the story background distracted 
their viewing experience. Therefore, we reduced the number of 
elements in the story as well as ambiguous components in our fnal 
design to reduce distraction. 2) Emotional Resonance: Empathiz-
ing with the Characters. In the survey, 6 participants noted that 
the original design of the ghost was not attractive and did not match 
the design style. Thus, we redesigned the ghost and the main charac-
ter to depict more facial expression. The bear’s reaction towards the 
ghost turned from furious to frightened to be more synchronized 
with participants feeling and more likely to arouse theirs empathy 
because of the vulnerability [31]. 3) Symbolic Meanings behind 
the Narrative. Our purpose was to develop an allegory-style story 
that could correlate participants’ behavior to the storyline devel-
opment. Participants’ reaction towards negative comments further 

https://Mean=2.97
https://Mean=3.72
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Figure 4: StoryChat’s narrative design can be divided into six 
major plot points that refected diferent events that occurred 
in the chatroom. 

Figure 5: StoryChat’s admin interface with live streaming con-
tent on the left, admin control with multiple threshold ad-
justments in the middle and chatroom with narrative design 
on the right 

refect on the protagonist’s action in the narrative. To enhance the 
participants’ emotional resonance, a translucent red mask appears 
on the screen when the ghost character suddenly appears to signify 
the danger and evoke visual stimulation for the participants. 

3.3 System Overview and Implementation 
StoryChat was developed as a web-based system to allow users to 
access it on desktop and mobile devices. The system was written in 
NodeJS under the VueJS front-end framework and used Firebase’s 
database service. StoryChat had four primary visual sections (Figure 
5): 1) Live Streaming Content, which visualized the concurrent 
interactive frames of a live stream using the Twitch video API; 
2) Admin Control, which is only visible to the admin to change 
the flter range and negative comment threshold for triggering 
narrative change. Additionally, there was a broadcasting function 
that used by the research team to take participants’ attendance 
during the deployment study; 3) Narrative Design, incorporated 
the visual narrative design via a series of short clips; 4) Chatroom 
(Chat), utilized the Twitch Chat API to connect to the real-world 
Twitch IRC (Internet-Relay-Chat) server. To avoid interfering with 
real-world chatrooms, we created an additional chatroom that uses 
the Firebase Realtime Database to connect all participants recruited 
to our study, while this chatroom will still receive real-time chat 
from real-world chatrooms via the Twitch API. 

3.4 Negative Comments and Pilot Tests 
In terms of the mechanisms through which narrative design evolved, 
we began by defning ‘negative comments’ according to the default 
setting on one of the most extensively used Twitch conversation 
moderation bots1. By defnition, negative comments were those con-
taining profanity, excessive use of emotes [49, 80], capital letters, or 
symbols. StoryChat passed each comment through a comment flter, 
upon receiving chat from the Twitch IRC server via a socket connec-
tion, and determined if it was negative via if-else conditional state-
ment with the defnition mentioned above. The classifed results 
afected the narrative’s plot change when the number of comments 
had passed a threshold. To determine the threshold, we conducted 
six pilot tests with eighteen volunteer participants and collected 
the number of negative comments in proportion to all other com-
ments. The threshold was set to be 1.12 negative comments per 
ten thousand viewers every 10 seconds (SD = 1.83), which means 
that whenever negative comments exceed the threshold in the time 
window, the narrative plot would change. However, we eventually 
adapted a more fexible solution by providing the research team a 
section to adjust the threshold in the admin interface because the 
distinction between various live streams is obvious. 

Since it is difcult to defne ‘prosocial’ comments with existing 
rule-based or machine learning classifcation techniques in real 
time, the narrative plot was controlled via the negativity of the chat 
room, i.e., when there were less negative comments, the narrative 
plot shifted to a positive plot (i.e., plot 3, 4, 5 in Figure4). After 
the study, we conducted a Deductive Thematic Analysis [11, 45] 
and two researchers classifed all comments as either prosocial, 
negative, or normal. 

4 DEPLOYMENT STUDY AND POST-HOC 
REVIEWS 

The goals of the study were to understand the efect of modera-
tion on viewers and their sense of community and to understand 
the degree to which StoryChat improved viewer engagement us-
ing a narrative-based tool. To this end, StoryChat was evaluated 
via a controlled deployment study with six live stream sessions 
that simulated a real time live streaming experience. We chose to 
conduct a small-scale deployment study using a ‘staging instance’ 
[63] due to methodological limitations of conducting this study at 
scale. Previous research has found that larger population samples 
are needed to thoroughly evaluate the usability of a live streaming 
tool [94, 102], however, a large proportion of Amazon Mechanical 
Turk-hired viewers tend to be more active than volunteer viewers 
[135], which might lead to distorted results. Moreover, as discov-
ered in a pilot study, participants would not actively send negative 
comments throughout the experiment. Therefore, we created a stag-
ing instance with a massive real-time chat copied from actual live 
streams [23]. Similar to real-world live streams, the study replicated 
an environment where active viewers could comment and interact 
with the live streaming community through chat in real-time and 
experience the mental or behavioral changes that resulted from 
the occurrence of negative comments. Because the chatroom of 
StoryChat was linked to an actual Twitch stream, there were view-
ers of the Twitch streams who were not involved with our study 

1Twitch bot: https://moo.bot/ 
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Figure 6: The fowchart of the iterative design process and studies for StoryChat, from left to right, including the low-fdelity 
design workshop, the survey study on the high-fdelity prototype, the fnalization of the dynamic visual narrative, the pilot 
testing, the deployment study with the post-stream interview, and the post-hoc evaluations from moderators and streamers. 

(non-participants) but their comments were presented during the 
deployment study. 

In addition to the deployment study, we conducted a post-hoc 
review study with two moderators and two streamers to collect 
their perspectives and refections on the fndings and StoryChat. 
One of the design considerations for StoryChat is to leverage the 
concept of ‘community-led,’ utilizing narrative to infuence viewers 
to make prosocial comments and avoid negative ones. Our research 
focused on learning how viewers’ behaviors changed when using 
a narrative-based tool, and we did not want the new interface to 
distract streamers, which would afect viewers’ experiences. As a 
result, we did not design features for streamers or moderators to 
interact with StoryChat. Although we did not involve streamers and 
moderators in the deployment study, their refections about such 
a narrative-based tool are critical for future design and contribute 
deeper insights and implications to our fndings. 

4.1 Participants 
Using social media and gaming networks, 48 volunteer participants 
(24 female, mean age 22 years, SD=2.1 years) were recruited from 
streamers’ Discord channels (N=11) and word-of-mouth and snow-
ball sampling (N=37) within live streaming communities. All the 
participants had watched live streams for at least six months and 
watched live streams at least 3 times a week. Participants for this 
study were limited to the ages of 18 - 24 and recruited largely from 
university campuses based on Twitch metrics, which suggested 
that this was the biggest demographic on Twitch [1]. 

For the post-hoc review study, two streamers (S1 and S2) with 
more than two years of experience in live gaming streaming and 
two moderators (M1 and M2) with at least one year of experience 
moderating live streaming chat rooms and Discord channels were 
recruited through personal connections. Streamers and moderators 
were compensated with a $30 PARKnSHOP Gift Coupon for the 
approximately 45-minute session. 

4.2 Apparatus, Method, and Procedure 
After considering several live streaming platforms, Twitch was 
selected as the streaming platform for the study because of its 
community-based structure [123], abundance of large-scale live 
streams with massive chatrooms, and vulnerability to disruptive 

behavior [10, 122]. To enable participants to experience a change 
in the narrative design in a short time, we selected six streaming 
sessions (4 from the game category and 2 from the just chatting 
category) with an average of 10k viewers and 1.67 comments per 
second, and we attempted to select chatrooms that contained the 
similar occurrence rate of negative comments as in the previous 
pilot test. The 48 participants were evenly distributed among six 
sessions (i.e., eight participants per session). Four of the participants 
begin viewing the live stream in the with-story mode (Figure7 Left) 
of StoryChat, while the remaining four were assigned to the without-
story mode (Figure7 Right). 

Before the study, the participants received a consent form and a 
demonstration of StoryChat via a video call that explained how the 
narrative design changed based on the comments that were made 
and how the basic interface features worked. Participants were then 
asked to complete a survey about their live streaming habits and 
to use their own desktop or laptop computer to conduct the study. 
Participant participation was implemented and maintained via a 
web-based system [117] to facilitate the online deployment study. 
Once every viewer entered the designated streaming session, they 
started watching live streaming content and interacted with the 
community through chat for 15 minutes. The research team then 
asked them to complete a questionnaire and switch to the other 
mode. Four participants were picked at random from each session 
to participate in a semi-structured interview, resulting in a total of 
24 interviewees. 

Following the deployment study and preliminary data analysis, 
we invited two streamers and two moderators to provide us their 
perspectives toward StoryChat and refections on the fndings from 
the deployment study. Before the review, moderators and streamers 
were given a consent form, information about the study, and they 
were instructed to freely explore the interface and familiarize them-
selves with StoryChat’s key features. During the review session, 
they evaluated deployment study clips, system logs indicating how 
the study participants engaged with StoryChat, and participants’ 
responses from post-stream interviews. 

4.3 Metrics 
We collected quantitative data from system logs and questionnaires 
and gathered qualitative data from semi-structured interviews to 
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Figure 7: StoryChat’s deployment study which used a with-story mode (Left) and without-story mode (Right) 

gain a deeper understanding of the factors that contribute to par-
ticipants’ behavioral changes and sense of community. 

4.3.1 System Log Data. For each session, we logged every com-
ment submitted by participants and non-participants in the live 
stream. These comments were saved with a timestamp, the com-
ment type (negative or neutral), and context. All of the logged data 
was saved in a Firebase Realtime Database in the JSON format. It 
should be noted that 1) The system automatically categorized the 
negative comments using the aforementioned classifcation tech-
nique ( paragraph 3.4), however the remaining comments were 
manually coded as neutral or prosocial during analysis. We eval-
uated several sentiment analysis APIs [69, 93, 98] and machine 
learning algorithms [6, 30, 80, 112], but the results were either insuf-
fciently accurate or unsuitable for the unique language used in the 
live streaming chatroom [71, 107]; and 2) we collected comments 
from both participants and non-participants, but only analyzed 
comments and report on the fndings from our own participants. 

4.3.2 Post-Stream Surveys. We designed two sets of surveys for the 
with-story mode and without-story mode, both of which used the 
(1) System Usability Scale (SUS) [5] to evaluate the usability of Sto-
ryChat for live deployment, on a scale from 1 (low) to 5 (high). The 
(2) Inclusion of the Other in the Self (IOS) [3] was used to measure 
the sense of relationship between participants and non-participants 
during the study. This questionnaire has been adopted in video 
gaming contexts to comprehend the connection between players or 
viewers [27, 34, 116]. Participants were presented pairs of circles 
with varying degrees of overlap, ranging from just touching to al-
most completely overlapping. In each pair, one circle was labeled “I” 
and the other “Other.” Participants were asked to choose one of these 
seven pairings to answer “Which image best depicts your connec-
tion with the community?”. The (3) Brief Sense of Community Scale 
(BSCS) [108] was used to evaluate participants’ connection to the 
community and operationalize sentiments of group membership, 
need fulfllment, mutual infuence, and emotional connection [99]. 
On a 5-point scale ranging from 1 (strongly disagree) to 5 (strongly 
agree), participants rated their agreement with eight statements. 

For the with-story mode, participants were also asked to com-
plete the Narrative Engagement Scale, which measured their narra-
tive understanding, cognitive perspective taking, narrative engage-
ment, and emotional engagement [18] using a 7-point Likert scale 
ranging from 1 (strongly disagree) to 7 (strongly agree). This scale 

has been adopted in video and audio narrative scenarios before 
[114]. They also completed self-defned 5-point Likert questions 
which were tailored to the StoryChat and narrative design probed 
participants’ feelings toward StoryChat (Figure8). 

4.3.3 Post-Stream Interviews with Participants. To gain more in-
sight from participants’ connection with community and behavioral 
changes, we conducted a semi-structured interview (questions in 
Appendix:A) to collect participants’ perceptions of the diferences 
between using the system with and without story mode in several 
aspects, including comment sending, sentiment changes, and mod-
eration efectiveness. All 24 interviews were conducted remotely 
over Zoom, and lasted between 30 to 50 minutes. Interviews were 
recorded and then transcribed using a paid transcription service2. 
Finally, two co-authors read through the transcripts and coded them 
using thematic analysis with 201 extracted key phrases. 

4.3.4 Post-Hoc Reviews with Streamers and Moderators. The post-
hoc review interviews were semi-structured, audio recorded, and 
think-aloud data [141] was collected from these additional partici-
pants. We focused on how they refected on the results and how they 
anticipated how the features of a community-led narrative-based 
tool in a live streaming setting could be enhanced. 

5 FINDINGS 
In this section, we present fndings from the deployment study 
of StoryChat to understand how participants interacted with, en-
gaged with, and perceived the narrative-based participation tool, 
the extent to which participants changed their behavior, and how 
the narrative proactively moderated live streaming chatrooms. In 
addition to the deployment study results, we also report streamers’ 
and moderators’ refections on StoryChat during post hoc reviews. 
In general, both the deployment study and the post hoc reviews 
found StoryChat to be engaging and efective in promoting prosocial 
behavior. 

5.1 Use of StoryChat 
At the beginning of the study, participants were curious and made 
many diferent comments and tried to infuence the narrative due 
to the novelty of the system. Participants found that the StoryChat 

2https://www.ifyrec.com/ 

https://2https://www.iflyrec.com
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is well integrated and the SUS usability score indicates the Sto-
ryChat is easy to use for many participants albeit there is space for 
improvement. 

5.1.1 System Usability. The SUS was used to assess the diference 
between usability of with and without-story mode. We conducted a 
Wilcoxon Signed-rank test on the result of all SUS questions for the 
with-story (Mean=70.67, SD=10.46) and without-story (Mean=67.87, 
SD=13.28) modes. We chose this test because the Likert scale result 
is interval (normality assumed) ordinal data from two paired groups. 
Among all the questions, only one showed signifcance: “I thought 
the features in this StoryChat were efectively integrated” (W =17.0, 
p < 0.05). This indicates that with narrative design, features in 
the system were more efectively integrated. Apart from this, all 
other scales had a p-value greater than 0.05, indicating that the 
narrative design integrated well with the system interface, without 
introducing negative impact. 

5.1.2 Novelty Efect. Participants were frst intrigued by this new 
appearance and sent numerous comments attempting to understand 
the mechanism behind StoryChat. One user stated that “I attempted 
to send a great number of monetary symbols, thinking that it would be 
a sort of negative comment” (P3). According to the comment analysis, 
participants submitted 53.71% of the total comments, 89.35% of the 
negative comments, and 43.1% of the prosocial comments in the 
frst two minutes. However, considering that this was caused by the 
novelty efect, we excluded these comments from our quantitative 
analysis. The participants’ curiosity about how comments impacted 
the narrative (P1, 8, 12, 14) at the beginning made them contribute 
more negative comments. Two participants also stated that they 
would be tempted to send some prosocial or negative comments to 
see more graphical changes in the narrative design because they 
felt that it provided a more enriching and fascinating live stream 
experience. P8 stated that “if there are no negative comments, I’ll 
troll to see the story’s response”, while P14 expressed an interest in 
seeing “how bad the story could go”. 

5.2 Viewers’ Engagement and Participation 
When viewing a live stream using the narrative design, partici-
pants contributed an average of 84.5 (SD=67.82) total comments, 
Mean=1.17 (SD=1.34) negative comments, and Mean=20.83 (SD=21.04) 
prosocial comments to the chatroom (Figure9). In the without-story 
mode, they provided an average of 37.33 (SD=36.35) total comments, 
Mean=1 (SD=0.82) negative comments, and Mean=4.17 (SD=5.58) 
prosocial comments. A paired T-test was conducted on the number 
of chat comments between the two modes, and the results showed 
that with the narrative design, participants sent signifcantly more 
chat comments (p=0.0286). 

The Self-Defned Likert Scale (questions in Appendix: B) Re-
sults revealed that participants were afected by the narrative de-
sign (Mean=4.13, SD=0.97) and were helped in interacting more 
with chat (Mean=4.02, SD=0.83). Although they believed that their 
comments had little efect on the narrative (Mean=3.43, SD=0.84), 
they were inspired to respond after seeing the negative comments 
(Mean=4.18, SD=0.75) due to their concern about the narrative 
(Mean=4.13, SD=1.04). The level of narrative engagement was also 

evaluated via the Narrative Engagement Scale (Figure10). Partici-
pants showed high scores on Narrative Understanding (Mean=13.73, 
SD=2.88), and Narrative Presence (Mean=13.38, SD=3.06). The ma-
jority of the participants were easily able to comprehend the narra-
tive plot (Mean=4.1, SD=1.43), both in the characters (Mean=4.73, 
SD=1.34) and the story thread (Mean=4.9, SD=0.99). This was sup-
ported by the fndings of the interview, where all the participants 
were able to recall the plot of the story when asked to do so, al-
though some were not able to remember all the minute details. 
However, some participants noted that they lost interest in the 
narrative after watching it repeatedly, stating that: “I was interested 
in it at frst, but I lost my interest later since it is monotonous ” (P15) 
and “I was interested in it at frst, but I didn’t pay much attention to it 
later” (P12). This may suggest that the story used in this study was 
too easy to comprehend. The following are detailed descriptions 
of emotional engagement and attentional focus, the highest and 
lowest scores on the Narrative Engagement Scale, respectively. 

In general, the narrative design enabled participants to connect 
with streamers and comment in an engaging manner, and par-
ticipants believed that the story had an efect on the chatroom’s 
environment (Mean=4.23, SD=0.97) (Figure 8). They indicated that 
using the narrative design to watch live streams and interact with 
the chat was engaging and fun (Mean=4.0, SD=0.96), and they felt 
more active in the community while doing so (Mean=3.9, SD=0.87). 
For example, P9 noted “I felt more engaged with a feeling of partici-
pation” and P11 concluded the reason for the attentional focus was 
that “I will take more time to read the chat”. Another reason might 
be that they were worried about the narrative development. Many 
participants stated that they were worried about the main charac-
ter when negative comments appeared. In addition, we discovered 
that the majority of participants did not feel they were responsible 
for moderating the chat (Mean=3.08, SD=1.12), but were instead 
participating in the community,e.g., “I believe the story helped me 
participate more actively in the community, but I do not see myself 
as a moderator.” (P12). This result suggests that the narrative de-
sign may not lead participants to become moderators or assist in 
developing a sense of responsibility, but it helped them to partici-
pate more in the community and increase their engagement while 
watching the live stream. 

5.2.1 Atentional Focus. While the presence of the narrative design 
made the experience novel and appealing for participants, the ma-
jority of participants mentioned that most of their focus remained 
on the streaming content since that was their primary reason for 
using Twitch and that they “focused more on the streamer” (P6). 
However, participants acknowledged that watching the stream ac-
tually motivated them to check back from time-to-time so they 
were aware of what was going on in the chat and did not miss any-
thing, paying “more attention to the chat and story” than usual (P19), 
as well as to the “negative comment and others’ reaction” (P7) and 
driving their “attention to the negative comment” (P4). Although P5 
mentioned that they “felt a bit distracted since they had to pay more 
attention to the right-hand side, which is not the streaming content”, 
and the Attentional Focus (Mean=8.83, SD=3.87) score related lower 
in the Narrative Engagement Scale. The fndings suggested that the 
narrative was an attractive, but not disruptive, tool for most of the 
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Figure 8: Responses of the Self-Defned Likert Scale questionnaire about the experience of using the narrative design in 
StoryChat. 

participants and infuenced their community participation but not 
their live stream watching experience. 

Several participants also pointed out that they stopped frequently 
checking the chatroom and the narrative once they understood the 
link between comments in the chat and changes in the narrative, 
only switching their attention back to the chatroom once they 
observed graphical design changes, which indicated the potential 
presence of negative comments. In short, participants treated the 
narrative as a summary or indication of the atmosphere of the 
chatroom and used it to make sense of the events occurring in the 
chatroom (P4, 5, 6, 9, 10, 13). P9 stated that “the most important 
element for me is the function of summarization”, while P12 men-
tioned that they “don’t usually watch chat, it’s too distracted, but the 
story helped me to summarize the current situation of the chat”. This 
fnding was particularly prominent for participants who were not 
used to viewing or participating in the chat, with many of them 
pointing out that they were more inclined to pay attention to the 
chatroom in the conditions with StoryChat. 

5.3 Moderation Efectiveness Figure 9: Amount of comments sent by users from the six 
The following section demonstrates how participants moved from sessions in two diferent modes (i.e., with-story and without-
becoming emotionally attached to the story, to becoming more story). 
connected to the community, to sending more prosocial comments. 

5.3.1 Emotional Engagement and Empathy. According to the Emo- change in my mood, but I think it is not nervous” (P10). Other partic-
tional Engagement questions (Mean=14.73, SD=3.36) from the Nar- ipants reported several types of emotions, which were summarized 
rative Engagement Scale (Figure10), participants reported that the into four main categories: curiosity, empathy, irritation, and hap-
narrative afected them emotionally (Mean=4.8, SD=1.3), and they piness. Curiosity was one of the main feeling while watching live 
felt the same way the main character (the bear) was experiencing streams with StoryChat at the beginning of the study. Participants 
(Mean=5.1, SD=1.28). Some participants could not describe their were “curious about how the story would go when there was a neg-
emotional change in detail, and they just stated that there was some ative comment” (P16). This curiosity also drove them to infuence 
change: “it afected my emotions at frst,” (P15) and “There is some the story by themselves, e.g., “I was curious, so I participated in the 

https://Mean=14.73
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Figure 10: Participants’ responses to the Narrative Engage-
ment Scale. 

chat to infuence the story” (P1) and “I was curious about whether 
the story plot would change because of my sending comments” (P12). 
Some participants were more interested in the principle behind the 
narrative, expressing curiosity about the “working principle of the 
story system ... by the sentiment analysis?” (P11). Overall, most par-
ticipants were quite interested in the graphic and storyline changes 
occurring in the narrative, at least in the frst two minutes. 

The interactive narrative also helped participants cultivate a 
sense of empathy during their viewing experience. Observing the 
bear protagonist become scared or angry as a result of the ghost 
antagonist appearing as a representation of negative comments 
occurring in the chat, led participants to feel sympathetic towards 
the bear and made them want to engage in actions that could im-
prove the situation for the bear, citing that the “bear is so poor. It is 
always scared by the ghost” (P1) and that they could “feel that the 
bear’s emotions are not good” (P5). Increased empathy with the bear 
protagonist also resulted in increased levels of irritation towards 
negative comments, especially since these comments were visual-
ized, for many participants. P3 stated that “this story amplifed the 
annoyance of the negative comment”, P21 noted that “I felt annoyed 
when the ghost comes out, and this feeling was emphasized by the 
story” and P6 also suggesting that they were “annoyed by the same 
comments repeatedly sent”. 

Participants also reported feeling happy once the ghost antag-
onist was expelled from the narrative and the plot returned to its 
original peaceful setting, with P6 explicitly referencing the impact 
of the hearts that chased away the ghost antagonist, “making the 
audience feel better” and “happy that the bad scene was gone” (P9). 
P9 also compared their experiences between the two modes, stating 
that “after the two tasks, I felt I was happier with the story than 
without it”. 

An analysis of the chat logs showed a dramatic increase in the 
number of prosocial comments being sent by viewers right after the 
ghost antagonist appears in the story (256% increase ten seconds 
after the event), suggesting that the main motivation behind viewer 
behavior was the desire to help the protagonist of the story by 

eliminating the features that were causing the main character pain 
or unhappiness. Participants explained their behaviour through 
statements like “I wanted to protect the bear” (P5); “I wanted to do 
something for the story” (P4). Although these motivations seem to 
be rooted in empathy for the main character of the narrative, a 
deeper probe into participants’ emotional engagement suggested 
that the ability to infuence something greater than the narrative 
(i.e., the community) inspired participants to continue to engage 
with the chat and the narrative. This was supported by statements 
such as “the story motivated me to type something nice,” (P20) “I want 
to infuence the chat,” (P5) “I want to participate in the community,” 
(P16) and “I feel that it is my task to improve the chat” (P9). 

5.3.2 Connecting to the Narrative, Chat, and Community. While 
participants’ beliefs that their actions were having an impact on 
the community led many to actively contribute in the chatroom 
and make a diference in the community, the system did not induce 
any forced behavioral change, as there were no punishments for 
not participating in the chat. Participants felt that they were “not 
responsible for doing anything” (P7), but they were more likely 
to think about the type of comment they wanted to send in the 
chatroom and the impact it would have on the community. They 
often choosing to take time to think about what they would like 
to say, with P12 stating that “I want to send some comments, but I 
don’t want the story to go badly”, while P16 said the presence of 
the StoryChat narrative may “lower the negative comments, because 
people will worry when it begins to afect the story”. This suggests 
that the presence of StoryChat was a non-intrusive yet reliable 
behavioral nudge, with participants thinking about, and interacting 
with, the community more despite not being forced to do so. 

Connecting to the Chat. The results of the survey and the inter-
views suggest that participants were either infuenced by the chat 
or infuenced the chat when viewing live streams in the with-story 
mode. Participants were able to identify a connection between the 
narrative design and events in the chat, with P5 summarizing this 
relationship by stating that “the chat is refected in the story and 
the story could infuence the chat. They are connected”, while P9 
succinctly described the relationship as “the story is afected by 
the chat”. Almost all of the participants comprehended the logic 
behind how the narrative refected the events of the chat and en-
gaged with it by sending comments and observing changes in the 
plot. The fndings of the qualitative interviews further suggested a 
marked efect of changes in the graphical design elements of the 
narrative on participants’ attention towards the chatroom. During 
plot changes in the narratives, participants became “curious about 
what happened in the chat” (P3) and “motivated to look at the chat” 
(P11). P16 and P19 stated that they were interested in using the 
narrative to identify the negative comments in the chat, checking 
the “negative comment when the ghost came” or “who was trolling”, 
respectively. These unexpected fndings allowed participants to 
connect more closely with the chatroom and quickly understand 
the atmosphere and trend of the chatroom discussions in real-time. 

Connecting to Other Viewers. Findings from the interviews sug-
gest that participants increased level of interaction with the chat 
by sending comments resulted in feelings of a stronger sense of 
community and belonging. Although it is difcult to completely 
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quantify such feelings, the IOS scale (Figure 12) showed a signif-
cant increase from the without-story mode (Mean=2.81, SD=1.31) 
to the with-story mode (Mean=4.52, SD=1.55). The results from 
the Brief Sense of Community Scale (BSCS) (Figure 11), reporting 
higher scores in with-story mode in all four categories, includ-
ing Needs Fulfllment (with-story: Mean=6.0, SD=1.67 / without-
story: Mean=5.68, SD=1.71), Membership (with-story: Mean=8.1, 
SD=1.61 / without-story: Mean=5.35, SD=1.8), Infuence (with-story: 
Mean=8.0, SD=1.16 / without-story: Mean=5.4, SD=1.79), and Emo-
tional Connection (with-story: Mean=8.18, SD=1.67 / without-story: 
Mean=5.05, SD=1.86). 

The results suggested that participants did feel a sense of inclu-
sion and belonging to the live stream viewer community as a result 
of the presence of the narrative in StoryChat. P13 contrasted their 
experiences of watching the live stream with and without-story 
modes, noting that she was “upset when no one responded to my 
comments. The story makes it better and more interactive”. Partic-
ipants also enjoyed the sense of camaraderie that occurred as a 
result of all of the participants working towards the same goal, 
i.e., eliminating the negative comments, e.g., “the community can 
help drive the ghost away” (P16) and “I felt that the community 
and I win the fght together when seeing the ghost expelled” (P23). 
Other participants reported feeling more connected to other view-
ers in the community in the presence of the narrative (P5, P6, P9, 
P19), with some participants explicitly stating that the presence of 
the narrative strengthened their interaction with the chat and the 
community, encouraging them to send more comments to make a 
diference to the atmosphere in the chat (P1, P6). Although some 
participants were uncertain about the extent of their impact on 
the community, believing that their main focus was to alter the 
narrative (P5, P12), the majority of participants strongly believed 
that their actions infuenced both the community and the narrative. 
P10 stated that “I defnitely infuenced the community since I was 
sending comments” and P23 noted that “positive comments are good 
for the chat and us”. Some participants also believed that they were 
indirectly protecting the streamer by sending prosocial comments 
into the chat, with P1 believing that their actions could help them 
“protect the streamer and the community” while P13 believed that 
sending prosocial comments in the chat “changed the atmosphere be-
cause they protected the streamer”. Participants also reported a sense 
of achievement after sending a few pleasant or friendly comments 
to the chat, which inspired them to continue sending prosocial 
comments and improve the community once they started receiving 
similar responses. 

5.3.3 From Thought to Action. A notable impact of narrative was 
that it not only motivated participants to consider elements of com-
munity and togetherness, but it also encouraged them to put them 
into action. Once participants gained familiarity with the system, 
the majority of the participants sent prosocial comments as a way 
to support and protect the community and the streamer against neg-
ative comments. Prosocial comments were more prevalent in the 
with-story mode than in the without-story mode (Figure9), How-
ever, it is difcult to discern the diference in the quantity of negative 
comments since, after the frst two seconds, there are merely no neg-
ative comments in both with and without-story mode. This fnding 
is consistent with our pilot test observation and past research [58] 

Figure 11: Brief Sense of Community Scale score distribution 
of with and without-story modes. 

Figure 12: Mean (+/-SE) ratings to the Inclusion of the Other 
in the Self (IOS) of with- and without-story modes. 

indicating that participants in the ‘research study’ were unlikely 
to provide negative comments. Although there was no discernible 
efect in terms of the number of negative comments, participants 
stated that they were less likely to send negative comments due to 
the empathy evoked by the narrative and the community’s aware-
ness, e.g., “I aware that people don’t swear as much as usual. I think 
maybe it’s because we don’t really want to afect others and let the 
story turn bad because of us.” Participants noted that the narrative 
had a positive impact on them as well, with their “behaviour being 
afected and infuenced in a good way” (P13), and that this gave them 
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a chance to “strengthen their communication with others” (P1). Two 
participants elaborated on this by stating that although they were 
not able to change the behavior of the negative comments, they 
could still improve the live stream viewing experience for other 
viewers by sending prosocial comments with others and adopting a 
“haters gonna hate” attitude towards the negative comments (P14). 

5.4 Refections and Perceptions from Streamers 
and Moderators 

Both streamers (S1, S2) and moderators (M1, M2) found the idea of 
leveraging a graphical narrative as an implicit and proactive mod-
eration tool interesting and valuable in terms of setting norms in 
the chat and increasing engagement. However, they also suggested 
a few limitations of doing so, which needed to be addressed in the 
future. 

Usability, Engagement, and Community Sense. Both the stream-
ers and the moderators noticed that both prosocial and negative 
comments increased in the frst few minutes. While they under-
stood that this is a common phenomenon when a new extension 
is applied to a chatroom, the novelty efect is more severe with 
StoryChat than chatbots. S1 suggested that this might be caused 
by the visualization involved, i.e., “the appearance of the story on 
top of the chat allows viewers to see the visual change based on what 
they just sent without the need to consider consequences”. They also 
recognized that viewers tended to be more interactive than usual in 
the with-story mode, which they believed was a positive indication 
they were engaged in both the community and the chat. However, 
both S1 and S2 indicated that most of the chat was related to the 
storyline, suggesting that they might possibly be distracted from 
the live streaming content, e.g., “Although more comments were sent 
by these viewers, I feared that they were actually more engaged with 
the chat than with our streaming content” (S2). Both streamers and 
moderators also noted that viewers participated more in the chat 
and built stronger relationships with other viewers, which is an 
important factor in feeling more connected to a streaming session 
and being more willing to participate in the future (e.g., “I love the 
bonding between them (the viewers) as they fght the ghost together” 
(S1) and “Although the quality of the stream is the most important 
thing, belonging to the community that developed through the story is 
also valuable when speaking to attract viewers to our channel” (M1)). 

Moderation Efectiveness. Although the streamers and modera-
tors observed that the disparity between the number of negative 
comments made by modes with- and without-story did not vary, 
they were surprised to observe an increase in prosocial comments, 
which encouraged more viewers to participate in the chat and avoid 
negative comments, e.g., “I believe it is a great achievement that most 
of the moderation tool I used before can only decrease amount of 
negative comment and might even decrease the volume of chat after 
ban” (M1). However, both moderators noted that comment removal 
is still required, since some viewers continued to propagate toxicity 
in the chat and might irritate other viewers or the streamer. M1 
also mentioned that the story facilitates the community’s pursuit 
of justice, which is what most moderators and viewers anticipate 
when unpleasant comments are made. 

Moderators also reported that the narrative would reduce the 
mental and emotional toll of moderating because moderators often 
play the role of ‘bad guy’ between the interactions of viewers and 
streamers. The narrative design could divert viewers’ attention, and 
the protagonist (bear) could serve as a role model in the chat, which 
is typically the moderators’ responsibility. This was supported by 
statements such as “it’s nice that I can hide behind the story and 
communicate with the chat like a normal viewer” (M2) and “the bear 
has replaced me as the good example in the chat, which means I don’t 
have to act as the ‘good student’ that everyone hates in school” (M1). 

M2 mentioned that the narrative would allow him to spend more 
time on the chatroom or answering questions from viewers, e.g., “I 
would prefer to join in the chat and answer viewers’ questions rather 
than spend too much time banning users or setting up moderation 
rules” while M1 would prefer to maintain their professionalism by 
keeping a distance from the viewers and focusing on moderation. 
M1 also raised concerns about the idea of content moderation since 
the tool only validates the comment and treats all viewers the 
same, e.g., “I believe the design, like most chatbots, has a faw in 
that it does not consider that the importance of diferent comments 
varies. If the negative comment is from a superfan, for instance, we 
don’t usually ban it as it’s most likely to be some sort of joke.” This 
suggests that chat is often tolerated diferently by diferent viewers 
and that identifying violators is signifcantly more difcult than 
distinguishing them based on their comments. 

6 DISCUSSION AND IMPLICATIONS 
This study has laid the groundwork for future research on the efects 
of visual narratives on prosocial behaviors and highlighted several 
future directions and challenges for improving viewer engagement 
and viewer sense of community. 

6.1 Engagement and Empathy Arousal 
The results demonstrated that participants were emotionally en-
gaged in the narrative and were motivated to behave prosocially. 
One possible explanation is that the participants built a mental 
model of the story plot points by combining their own beliefs, emo-
tions, and goals with the story they are watching [17, 18]. Previous 
studies demonstrated that such narrative involvement might have 
a substantial efect on the behavior or attitude of viewers [35]. 
The Extended Elaboration Likelihood Model ofers an alternative 
explanation for our fndings, namely that narratives may drive 
individuals to engage in prosocial behavior with less cognitive re-
sistance [103, 110, 128] and the more enjoyment with a narrative, 
the greater the likelihood of overcoming negative psychological 
barriers [31]. Our fndings also revealed that viewers identifed with 
the protagonist and claimed they were driven by a desire to help. 
This is congruent with the Entertainment Overcoming Resistance 
Model, according to which a ‘vulnerable’ character might evoke a 
higher emotional response [31, 103]. These fndings open up new 
avenues for designing and exploring narratives that can engage 
and immerse viewers on a deeper level, particularly by incorporat-
ing themes related to real-world issues such as racism, sexism, or 
harassment. 

Our results have also shown that proactive moderation provided 
by the narrative could increase user participation and engagement 
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with the narrative and others in the community. This fnding is con-
sistent with previous work, which suggested that positive feedback 
can encourage users to become more active [119, 143] and more 
engaged in the online community [16, 44, 83]. This engagement 
could also translate into “on-the-ground” activism [85], encour-
aging viewers to post prosocial comments in the chatroom. This 
fnding is similar to previous research on implicit persuasive de-
sign [101], which suggested that the more users engage with the 
design, the more likely they are to develop empathy and engage in 
prosocial behavior [7, 82]. Future work can leverage these feedback 
loops to encourage overall shifts in attitudes in the chatroom, bring 
about proactive behaviors in online communities, and examining 
how narratives can afect individual viewers. 

In addition to narrative engagement, our fndings revealed that 
empathy was another critical component in promoting prosocial 
behavior. The results were consistent with previous research, sug-
gesting that narratives enhance the quality of feedback and decrease 
negative feedback [7, 78, 82, 145]. The ability for narratives to elicit 
empathy and encourage prosocial conduct is supported by studies 
on perspective taking, which claim that when viewers are engaged 
in a narrative and envision how the protagonist feels, empathy is 
elicited and altruistic motivation is stimulated [7]. Future research 
could design tools aligned with these narrative models and theories 
to investigate viewer motivation in depth. Future work could also 
extend the research to provide a more participatory narrative or 
system to viewers, which could increase their involvement and 
enjoyment [62, 115]. 

6.2 Connection to the Community 
In addition to the moderation efectiveness brought by the narra-
tive engagement, our fndings indicated that an increase in viewers’ 
sense of community prompted them to consider their comments 
more thoroughly. This result might be explained by studies on 
bystander intervention, which emphasized the signifcance of es-
tablishing norms to curb negative behaviors [79, 105]. Empathic 
sympathy, a psychological method for encouraging bystander in-
tervention, could enable bystanders to perceive the harm caused 
to victims (bears) by negative comments and behave prosocially 
[81, 146]. StoryChat’s narrative design encouraged viewers to post 
prosocial comments rather than interfering with negative com-
ments. This fnding is similar to the study on cyberbullying in 
social media [138], which indicated that empathic concern pre-
dicted the likelihood of participants clicking the ‘like’ button on a 
cyberbullying victim’s post but not other intervention behaviors. 
Future works could examine the bystander intervention regarding 
to the efectiveness of narrative-based moderation tool. It is also 
possible to focus on the examination of bystanders and explore the 
ways in which visual narratives are or are not able to infuence their 
behaviors. Both IOS and BSCS indicated that bystanders were more 
interconnected, which increased their accountability and framed 
themselves as a major factor in bystander interventions [36, 38]. 
Research on in-group framing provides an extra rationale for the 
efcacy of moderation in our research, i.e., perceptions of others as 
in-group members may increase prosocial behavior [134]. The use 
of in-group framing may elicit empathy from viewers and enhance 
inter-group connections [131]. Future research may employ the 

idea of in-group framing to design the narrative-based moderation 
tools and investigate the efcacy of viewer-in-group framing across 
time to determine how framing evolves. 

6.3 Community-Led Moderation 
Current methods of content moderation on Twitch are both ‘visible 
and invisible’, with viewers being able to view the moderation oc-
curring in real-time chat but being unaware of or unable to access 
information about the backstage processes relating to sanctions 
or suspensions by human moderators [21]. Although Twitch’s re-
liance on human moderators often allows for the development of a 
relationship between viewers and moderators through the use of 
live explanations of moderation or creating accountability through 
the deletion of content, timeouts, or bans, there are still occasions 
where moderation cannot occur quickly enough or exceeds the mod-
erator’s capabilities [139]. Additionally, moderators often choose 
to dismiss actions that would generally result in moderation either 
because they consider such behavior as being part of the viewer’s 
persona, they feel they have a good grasp on the viewer’s intentions, 
or they just want to distance themselves from the situation [21]. 
However, the presence of such behavior may still have a negative 
impact on viewers, who may not agree with or understand the mod-
erator’s rationale. StoryChat’s narrative design provides viewers 
with the opportunity to actively participate in the chat to ‘drown 
out’ the toxicity and negativity of other comments by engaging in 
their own type of moderation, with successful eforts on the part of 
the viewers resulting in the return of the story to its baseline state. 
The presence of StoryChat itself acts as a motivator to engage in this 
type of behavior, with viewers being encouraged to work together 
to create a harmonious environment in the chatroom in response to 
watching StoryChat state-changes. Future studies can take the next 
steps in harnessing the power of StoryChat to inspire prosocial and 
empathetic behaviors in other online social media communities. 
This includes exploring the development of dynamic visual narra-
tives based on the nature of feedback, discussion, or comments, to 
building connections and prosocial behavior in interactions with 
content creators, moderators, or other users. 

7 LIMITATIONS AND FUTURE WORK 
The current StoryChat was tested as a proof-of-concept in a con-
trolled staging instance. To understand the extent to which narrative-
based moderation paradigms can impact and infuence viewer be-
havior, future versions of this study can expand to the use of feld 
observations in regards to how viewers respond to the presence of 
StoryChat and how well it facilitates user-initiated community-led 
moderation. It is also important to note that the efectiveness of the 
moderation tool may change over time, as the platform, content, 
and viewers evolve. This opens up the scope of this line of research, 
allowing for the exploration of various methods and design tools to 
develop a generalizable version of narrative-based moderation. Key 
limitations identifed in this study included the impact of narrative 
based moderation on viewer’s cognitive load, opening up avenues 
to test whether the use of this tool predominantly increased viewer 
engagement with the community or acted as a distractor as well 
as questions about the efect of this tool on specifc communities 
[113], inviting investigation on the extent to which the narrative is 
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useful for minority communities as well as exploration on specifc 
narrative for such communities. 

Additionally, the growing occurrences of targeted negative be-
haviour like hate-raids and harassment towards women (particu-
larly women of color) and LGBTQ+ groups [59, 140] may require 
the need for narrative structures that take into consideration their 
experiences. Besides viewers, we acknowledge that the fndings 
may not apply to all live streams as the norms vary in diferent live 
streaming communities [20]. The narrative structure tested in this 
study is uniform and repetitive in the case of longer live streams. 
In the future, research can expand to investigate narrative designs 
that are customizable for each live stream. Lastly, while initial fnd-
ings suggest that StoryChat is successful at encouraging viewers to 
post positive comments and proactively intervening with viewers’ 
intentions to post negative comments, it is difcult to gauge the 
impact it has on viewers who are purposely being toxic. We hope 
that future iterations of StoryChat can be implemented in tandem 
with moderators to reduce the negative impact of viewing toxic 
chats while also creating a sense of community. 

8 CONCLUSION 
In this paper, we developed a novel, narrative-based viewer partici-
pation tool, StoryChat, that was designed to encourage prosocial 
behavior and enhance viewer engagement in live streaming chat-
rooms. We frst utilized an iterative, viewer-centered design process 
to conceive and construct a captivating, yet simple, interactive nar-
rative with a graphical design that altered the narrative’s plot based 
on the current chatroom comments. We then implemented Sto-
ryChat in a controlled staging instance that simulated the Twitch 
viewing experience connecting to a real-world chatroom. The de-
ployment study analyzed the StoryChat’s usability, the efectiveness 
of moderating, the viewers’ engagement, and their sense of com-
munity. Qualitative data from interviews and quantitative results 
from a questionnaire and system logs indicated that StoryChat’s 
increased the likelihood of viewers engaging with the chat, partic-
ularly in the form of empathetic or prosocial comments and also 
enhanced the viewers’ sense of community with the streamer and 
other viewers in the live streaming, resulting in increased feelings 
of responsibility and consideration when sending comments. Over-
all, we believe that these fndings support the benefts of using 
graphical narratives as a moderation tool for viewer-led commu-
nity moderation and increasing viewer engagement and set the 
stage for future works that explore the benefts of encouraging 
behavior change through the use of dynamic, graphical narratives. 
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A POST-STREAM INTERVIEW QUESTIONS 
Live Stream General Questions. 

(1) For what purposes do you watch live streams? 
(2) How many times a week do you think you watch live streams 

on either Twitch, Youtube Live, TikTok, or any other plat-
form? 

(3) In general, when you interact with the live streaming chat 
room, what kind of messages do you post? 

Ryan Yen, et al. 

(4) Why do you post these kinds of messages and what do you 
hope to gain from interacting with the chat channel? 

(5) In one of the streams, there was a short story playing repeat-
edly. Can you recall what the story’s plot was? 

(6) Can you explain what you think the story was put there for? 
(7) Which part of the story did you think was the most impor-

tant? 
(8) What elements or aspects made you think this part of the 

story was the most important? 
(9) In what ways do you think the story impacted your overall 

live streams experience? 
(10) Can you outline some diferences you felt while watching 

the stream normally or with the story? 
(11) How does the story infuence you? Why? What in the story 

infuences you? (chat behavior, perception to community) 
(12) Can you give us an example of how the presence of the story 

infuences your behavior or perspective towards the live 
streaming chatroom? Why? 

(13) Going back to your response on how often you interact with 
the chat channel – do you think you would interact with 
chat or community more because of the story? Why would 
you like to do this? 

(14) Do you think you can infuence the community? Why do 
you want to infuence it? How can you infuence? 

(15) In what ways do you think the story infuenced your ability 
to engage with the chat channel? 

(16) What elements of the story were particularly interesting for 
you? Why? 

(17) What elements of the story would you change if given the 
opportunity? Would you even want to have a story at all? 
Why? 

(18) Which character were you more interested in - the bear or 
the ghost? Why? 

(19) When and why do you send a message? 
(20) When and why do you pay more attention to the story? 

B SELF-DEFINED LIKERT QUESTIONS 
(1) I enjoyed using the StoryChat interface to watch live stream-

ing. 
(2) My attention is often being attracted by the narrative design. 
(3) I felt StoryChat helped me better interact with live streaming 

chatroom. 
(4) I felt more active when watching live streams with Sto-

ryChat. 
(5) I felt like I have been infuenced by the narrative design. 
(6) I felt worried about the story when the troll appears in chat-

room. 
(7) I felt like I was able to infuence the narrative story by send-

ing messages. 
(8) I felt urgent to send good messages after the trolling mes-

sages appeared in chat. 
(9) I felt like it is my responsibility to moderate chatroom. 
(10) I felt that the presence of the narrative afected the atmo-

sphere of the chatroom. 
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