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Persuading people to change their opinions is a common practice in online discussion forums on topics ranging
from political campaigns to relationship consultation. Enhancing people’s ability to write persuasive arguments
could not only practice their critical thinking and reasoning but also contribute to the effectiveness and civility
in online communication. It is, however, not an easy task in online discussion settings where written words
are the primary communication channel. In this paper, we derived four design goals for a tool that helps
users improve the persuasiveness of arguments in online discussions through a survey with 123 online forum
users and interviews with five debating experts. To satisfy these design goals, we analyzed and built a labeled
dataset of fine-grained persuasive strategies (i.e., logos, pathos, ethos, and evidence) in 164 arguments with
high ratings on persuasiveness from ChangeMyView, a popular online discussion forum. We then designed
an interactive visual system, Persua, which provides example-based guidance on persuasive strategies to
enhance the persuasiveness of arguments. In particular, the system constructs portfolios of arguments based
on different persuasive strategies applied to a given discussion topic. It then presents concrete examples
based on the difference between the portfolios of user input and high-quality arguments in the dataset. A
between-subjects study shows suggestive evidence that Persua encourages users to submit more times for
feedback and helps users improve more on the persuasiveness of their arguments than a baseline system.
Finally, a set of design considerations was summarized to guide future intelligent systems that improve the
persuasiveness in text.
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1 INTRODUCTION

Itis very common that people hold di erent stances on a topic and try to persuade others to change
their opinions during social interactions onlines[§. We can see a massive scale of interpersonal
persuasion on various social media platforms over topics ranging from political campaigns, business
pitches to daily issues, including but not limited to relationship consultati@®] There even emerge
dedicated online forums such as Debassnd ChangeMyViewfor people to communicate and
induce others to believe their opinions through written wordgf. While many people are actively
practicing interpersonal persuasion in online discussion forurag( ChangeMyView has over
700,000 subscribers), it is not an easy task to write truly e ective persuasive arguments to change
other people's viewsZ(. Enhancing people's ability to write persuasive arguments could not
only practice their critical thinking and reasoningdd, but also contribute to the e ectiveness and
civility in online communication B1]. However, it is still an open question as to the best way to
help people enhance their persuasiveness of arguments in online discussion.

There has been an extensive body of literature on persuasion theotigslB 22 50 53, many
of which target verbal, face-to-face communication context4,[27]. It is hence di cult for people
to apply persuasive theories in an online discussion setting where written words are the primary,
if not the only, communication channelll]. Some earlier works on persuasive writing focus
on analysis about persuasive arguments in business or charity-related scenarios such as fund-
raising campaigns]2 32 76 78 81]. They are not practical enough to guide people to improve
their interpersonal persuasion on casual topics in online forund§][ Recently, an increasing
number of methods and tools have been proposed to help people re ne written arguments with
natural language processing (NLP) techniques in a broader range of contgxtsdr example, AL,
introduced by human-computer interaction researchers, is an adaptive learning tool that provides
feedback on the argumentation structure to students' writing. These existing tools focus mainly
on analyzing the structure of arguments (i.e., the relationship of claims and premises) while lacking
guidance on persuasive strategies (e.g., logistic reasoning, emotional a ect®thdt can be
applied to written arguments. Previous literatur@$ 35 64, 66 has provided empirical evidence
that the composition of di erent exploited persuasive strategies may a ect the persuasiveness of
written arguments. For example, when analyzing the informal requests of 99 university students,
emotional appealgatho$ were used the most and were more successful than rational appezd§
or credibility appeal étho$ [64. In addition, these works have not made full use of enormous
discussion data collaboratively generated by peers in the online discussion environment. Showing
persuasive strategies and successful arguments from peers might encourage people to re ect on
their writing and construct more convincing arguments.

To Il this gap, we conducted a need- nding survey with 123 online forum users to understand
their demands and challenges on improving arguments persuasiveness in the online discussion. As
a triangulation, we conducted semi-structured interviews with ve domain experts who have rich
experience in debate competitions and knowledge on persuasive theories for suggestions that can
address users' needs. Overall, 121 out of 123 users expressed a desire for a tool to help them improve
the persuasiveness in written texts. Most of these participants nd it hard to come up with appropri-
ate examples, adapt the language style (e.g., professional language style or emotionally appealing

Lhttps://www.debate.org/
2https://www.reddit.com/r/changemyview/
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language style) to the topic, and improve the logic of arguments. By discussing these ndings with
experts, we mapped language styles from users' responses to di erent compositions of persuasive
strategies (i.elpgospatho$ in persuasive theories (e.g., Aristotle's theory of persuasio#])[and

built a taxonomy of persuasive arguments, which comprises two types of argument components (i.e.,
claim and premise) and four di erent persuasive strategies (pathoslogosethosandevidenck

In addition, by further referring to learning theories of example-learning[ 58 65 72 75 and
cognitive dissonance theory?H (i.e., people would become uncomfortable and introspective when
their existing knowledge con icts with the information presented), we derived the major design
goals of the tool to improve writing persuasiveness: (1) providing examples of high-quality per-
suasive arguments tting to the topic and support Itering by persuasive strategies; (2) displaying
the composition of di erent persuasive strategies in the user's input and compare it with other
well-accepted persuasive arguments; (3) showing the logical structure of the arguments; and (4)
o0 ering a web-based interface and visual augmented feedback for the arguments writing.

To satisfy the design goals, we rst analyzed and built a labeled dataset of ne-grained per-
suasive strategies in 164 arguments (1,269 sentences) with high ratings on persuasiveness from
ChangeMyView, a subreddit dedicated to civil discourse. We then trained a series of machine
learning models on this labeled dataset to automatically detect persuasive strategies in written
documents. Next, we developed an interactive visual system called Persua to provide example-based
guidance on persuasive strategies to help users strengthen their arguments. In particular, the system
constructs portfolios of successful arguments (as rated in ChangeMy¥jiemcharacterize the
composition of di erent persuasive strategies in response to a given discussion topic. It then plots
these persuasive portfolios onto a 2D space and visualizes the di erence in the portfolio of their own
arguments for users to compare. Based on the comparison, the system provides concrete examples of
di erent persuasive strategies for users' reference. Finally, we conducted a between-subjects study
with 36 university students, inexperienced at writing persuasive arguments online, to compare
Persua with a baseline in terms of e cacy on improving arguments' persuasiveness, intuitiveness of
visual design, and system usability. Suggestive evidence shows that Persua encourages participants
to submit arguments more times for feedback and improve the persuasiveness of the arguments
more than Baseline. Participants also rated Persua signi cantly more informative than Baseline.
We summarized our main contributions as follows:

An interactive visual system that assists people to enhance the persuasiveness in their
arguments in the online discussion. In particular, it constructs portfolios of ne-grained
persuasive strategies in arguments and provides concrete examples of di erent persuasive
strategies based on discussion data collaboratively generated.

A between-subjects study that demonstrates the e ectiveness and usefulness of Persua
compared with a baseline system.

A set of design considerations that guide the future design of the interactive system assisting
people in improving the persuasiveness of written texts for online discussion.

2 RELATED WORK

This section introduces the literature on persuasive strategies in general, persuasion analysis in the
online discussion, and computer-aided argumentation learning systems.

2.1 Persuasive Strategies in General

Persuasive strategies are devices people apply in communication to persuade difiersHich
date back to Aristotle. Aristotle's Rhetoric is an ancient Greek treatise on the art of persuasion,
developed in the 4th-century BGH. In the treatise, Aristotle proposed three persuasive strategies:
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ethos pathos andlogos Ethosmeans arguments that build the speaker's credibility by sharing
professional experienc@athosindicates persuading people by arousing their emotions; &gbs
represents arguments that use facts and logical reasoning. This theory has been widely adopted
in diverse domains beyond western countrie§.[Based on this theory, Carmine Gallo developed
nine practical skills to make public speaking persuasive, including Favor pictures over text and
Sticking to the 18-minute Rule 28. Robert B. Cialdini introduced six principles on how to enhance
persuasion and in uence [13]. For example, he added Social Proof (isaen we are unsure, we
look to similar others to provide us with the correct actions to take. The more people who undertake that
action, the more we consider that action coryel€athleen Reardonq3 demonstrates applications of
persuasion theory, incorporating Aristotle's theory, in four communication contexts interpersonal,
organizational, mass media, and political. In addition, many researchers investigated the application
of Aristotle's theories in other domains, including public speakint] 27], courtroom discus-
sions (4, and online hotel booking platforms3ds. These studies showed the e ectiveness of
Aristotle's theory or its variations.

In this work, we utilize existing theories, especially Aristotle's Rhetoric, as fundamental building
blocks to investigate how to employ persuasive strategies properly in writing scenarios, especially
online discussions.

2.2 Persuasion Analysis in Online Discussion

Previous works on persuasion in online discussion mainly focus on which factors a ect the
prediction outcome whether people are persuaded or n@4]. These factors can be classi ed into
three categories: argument informatiod,[6, 23 30, 33 71, 77, social interactions information21,

63, and audience background informatio2(} 43. Among them, argument content analysis attracts
more attention, where most studies are conducted.

As for arguments analysis, previous work has mainly investigated the structure of the written
argument B9. Toulmin model B], developed by philosopher Stephen E. Toulmin, is a famous
taxonomy of argumentation structure, in which arguments are categorized into six parts: claim,
grounds, warrant, quali er, rebuttal, and backing. Researchers progressively detected more struc-
tural components based on Toulmin model in the online discussion context. Filip and Jan rst
proposed the task, argument recognition, to detect arguments and non-arguments in an online
discussion as they are vague and poorly wordé€fl Amparo Elizabeth Cano-Basave and Yulan
further classi ed the arguments into claims and premises, and then analyzed how the support or
attack relationship between claim and premise in uences the persuasive e ect in the context of
political debates4]. To improve the prediction accuracy and understand why one argument is more
persuasive than another, lvan Habernal and Iryna Gurevych conducted an empirical analysis to ask
people to write down the reasons by comparing each pair of argumef® [They summarized
26000 unique reasons in nine classes. Following this work, the IBM research team took a step into
focusing on those reasons and evidences instead of the claim, using a Siamese neural network to
achieve higher accuracy in predicting which argument is more convincing [30].

With the development of NLP techniques, more recent work goes beyond the structure of the
argument and investigates more detailed persuasive strategies from the content perspective in
the online dialogue. For example, analyzing the persuasive strategies when persuading people to
donate money to a charityql, 77. However, they are not practical enough to guide people to
improve their persuasiveness in an online discussion setting over diverse topics.
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2.3 Computer-aided Argumentation Learning

Relevant research on improving the persuasiveness in online discussion is on computer-aided argu-
mentation learning. These systems and interfaces can be divided into three aspects: representational
guidance approach, discussion scripting approach, and adaptive support approach [55].

The representation guidance approach encourages students to use graphical elements to rep-
resent the structure of argumentatiorBf. For example, the authors indf] demonstrated that
graphically representing the claim-premise structure achieved a better performance than text read-
ing in the context of learning U.S. Supreme Court oral arguments. Discussion scripting approach
suggests students to compare and learn from existing augmentati@fis For example, show
students whether their arguments are related to others' discussion and let them choose a prede ned
opener when drafting new argumentsf. Adaptive support approache$§ 60, 62, 67, 69 try
to provide students with adaptive recommendations, hints, and suggestions during their writing
process. Adaptive support approaches are emphasized not only in the argumentation learning
scope but in a broad area of re ective writing?p, 59. The feedback provided by the system could
stimulate students to be self-critical, re ect on the action, and analyze their responses in writing,
which helps their development of critical thinking and reasoning7. One recent work combined
the representation guidance approach and adaptive support approach to guide students to learn
argumentation writing [68].

However, most of them only focused on the structure of the argumentation while ignoring the
ne-grained content analysis, where the persuasive strategies are re ected. In addition, few works
utilize three aspects (i.e., representational guidance approach, discussion scripting approach, and
adaptive support) together by providing adaptive feedback and concrete examples based on existing
arguments, which is vital for argumentation learning [58, 65].

3 FORMATIVE STUDY

Our target users are university students who constitute a considerable population in the online
discussion, but most of them lack professional experience in interpersonal persuasion over the
internet [44]. In the formative study, we rst conducted an online survey with 123 university
students to collect their habits of using online discussion forums and requirements in improving
persuasiveness in writing. For triangulation, we further conducted semi-structured interviews with
ve experts in debate to seek suggestions on how to address users' needs raise by our survey based
on existing theories and their professional experience. Finally, we derived a set of design goals for
an interactive visual system to enhance the persuasiveness of arguments in online discussions and
derived a taxonomy of arguments components, based on the user survey and expert interviews.

Participants: We conducted an online survey with 123 university students. The participants
064:17 28"40= = 2276 37 male, 86 female) were recruited by advertisement posts on online
communities in universities. Each participant was compensated with $5 for their time.

Survey Questions: Apart from the demographic information, the questionnaire contains (1)
Likert scale questions (Q1-Q5) about participants' habits of using online discussion platforms and
writing persuasive arguments.g, the frequency of their participation in the online discussion
and previous experience in persuading others; (2) open-ended questions about information needed,
di culties encountered, strategies they have used, and functions envisioned for the tool when
writing persuasive arguments online.

Analysis Methods and Results: The questions and answers of participants' habits of using
online discussion platforms and writing persuasive arguments) are shown in Table 1. For the second
part, two authors analyzed the feedback from all participants using thematic analy%i8gpsed on
participants' answers for all the survey questions, we summarize ve major ndings as follows.
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Table 1. Partial survey questions and results (Q1 - Q5). Score 1-5 are encoded using a sequential bule color
scheme . The number in each chunk represents the number of participants who gave that score.

Question Result

Q1| How frequently do you usually use
online discussion forumsg.g, Reddit,
Baidu forum, Quora ? (1: never, 5: vefy
often)?

Q2 | How often do you actively express opir
ions in the discussion on hot topics in
online discussion forums? (1: never,|5:
very often)

Q3 | How often are you worried that the con
tent of the published text is not conving
ing enough to convince others or get
recognition? (1: never, 5: very often)

Q4 | How often do you encounter situations
where you need to express your views
and persuade others by publishing text
content? (1: never, 5: very often)

Q5| How much do you want to improve
your text persuasiveness through learp-
ing so as to get more support/conving
others? (1: not at all, 5: very much)

[¢]

F1: Participants frequently use online discussion forums and tend to express their opin-
ions online. It con rms that university students t the behavioral pro le of our target users. As
shown in Table 1, nearly all participants used (121 out of 123) online discussion forums, such as
Reddif and Quora®* (Q1:"40= = 398 ( = 100 and 89% people (110 out of 123) at least once
expressed their opinions on hot topics in online discussion forums (@R= = 333( =1"11).

F2: Participants want to improve the persuasiveness of their arguments online.  Accord-
ing to the answers from participants of Q3-Q5, we found that many participants (118 out of 123) were
at least once worried that their arguments are not convincing enough (@8= =373 ( =105,
and 120 out of 123 participants at least once encountered the situations to persuade others (Q4:
"40= =344 ( = 103. Most of the participants (121 out of 123) wanted to improve text persua-
siveness through learning to some degree (Q8= =382 ( =0797).

F3: Participants nd it hard to come up with evidence to support their arguments. Many
participants wrote that writing or nding appropriate examples to support their opinions and make
arguments persuasive is most time-consuming and challenging. P46 (F, 20) explained the di culty
of nding proper examples,| want to nd some relevant statistics to persuade others, but it is hard
to nd the data. P31 (F, 20) saiihope to reinforce my arguments by some stories that can arouse
people's emotions, but it took me very long time to make the story.

Shttps://www.reddit.com/
4https://www.quora.com/
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F4: Participants want but consider it di cult to adapt their language style to the topic
they are discussing to improve text persuasiveness. Participants mentioned that they tried to
choose a more professional language style or emotionally appealing language style to make their
arguments convincing according to a speci c topic. For example, P36 (F, 22) said et to use
some professional words and gures in my arguments to show that | have some experiences in that
domain. P38 (F, 25) mentioned thatn some topic, people are very emotional, and it could be useful
to leverage euphemistic expressions to persuade others so that they are easier to accept my opiniol
However, | am a logical person and it is hard for me to write those emotional sentences.

F5: People want but are not sure how to improve the logic of their arguments.  Another
aspect frequently mentioned by participants is the logic of arguments, as arguments with a clear
and logical structure are more persuasivé? 6g. P15 (M, 21) gave the responskthink it is
necessary to make the whole structure of arguments clear, especially the relationship of the claim and
the premise. But | am not sure whether | am doing it well.

In conclusion, many people frequently use online discussion forums and often encounter situa-
tions to persuade others. Therefore, they have a strong motivation to improve their arguments’
persuasiveness, but their lack of expertise and experience prevents them from convincing others
or even articulating their opinions online. In summary, they mainly want to improve the persua-
siveness in text by learning from examples, adapting their language styles to given topics, and
re ecting on the logic structure.

3.1 Expert Interview

We conducted semi-structured interviews with ve experts who have rich experience in debate to
seek suggestions on addressing users' needs. Debating experts can help us better understand the
gaps between the current practices of the lay public and experts, as well as how to bridge the gaps
for ordinary users. They also have more experience utilizing existing persuasive theories to write
persuasive arguments.

Fig. 1. Experience of experts in debate.

Participants: Our ve interviewees (three males and two females) are members of the debate
teams in four di erent universities who have rich debate experience and are good at persuading
people. All experts have theoretical knowledge and practical experience in debate. Their exper-
tise (Figure 1) in debating ranged from 2 years to 7 years with a mean of 4 yéars=(1"78).

All experts have patrticipated in several debate competitions at the university or national level
("40= = 1220 ( = 30J);two of them (E1 and E2) are captains and have won the national debate
competitions and used forum discussions for debate preparation.

Proc. ACM Hum.-Comput. Interact., Vol. 1, No. 1, Article . Publication date: April 2022.
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Interview Protocol: Each interview lasted about an hour. We interviewed one expert at a time
with open-ended questions about their experiences in persuading people, suggestions on how to
address users' needs, and considerations on how to adapt existing persuasion thexiriés [ For
example,How do you prepare your arguments for persuading othevgRat strategies do you usually
use to make your content more persuasjvVé/hat are your suggestions if we design a computer-aided
tool for helping ordinary users to write more persuasive arguments in an online discysdion?
existing persuasive theories can be adapted to support the online discussion aattisgdn. We
also asked the experts follow-up questions according to their answers and speci c instances of
their debating competitions that they had experienced.

Analysis Methods and Results: We took notes and recorded audios during each session
throughout the interviews. Two authors analyzed the notes and interview transcripts and organized
them based on their responses to ndings (F3- F5) from the users' survey.

First, in terms of F3 (i.e., participants think it hard to nd evidence to support their arguments),
experts mentioned the importance of providing abundant examples in arguments. E2, E4, and E5
appreciated the strategy of using examples that t the context and said that they usually need
to learn from examples while preparing persuasive arguments, e.g., searching examples online
or from books. Therefore, they thought it is essential to provide enough examples of persuasive
arguments for users to learn from and make use of. Second, they considered the di erent language
styles in F4 (i.e., people want to adapt their language style to the topic they are discussing to
improve text persuasiveness) can be mapped to di erent compositions of persuasive strategies
(e.g.logos pathos etho$ in persuasive theories (e.g., Aristotle's theory of persuasion). If there
are morelogos (e.g., gures and reasoning) andthos (e.g., speakers' credibility or authorized
language) in the arguments, the language style would be more professional; and if there are more
pathos (e.g., emotionally appealing expressions), the language style would be more evocative and
a ecting. They emphasized that the composition of di erent persuasive strategies might vary as
the topics and audience background di er. They explained that some audiences are more likely
to trust objective data while others might be attracted to personal anecdotes or stories, even the
same person may be persuaded using di erent ways under di erent topics. In addition, E3 and
ES5 stressed the importance of repeatedly improving arguments based on the re ection on one's
arguments or the comparison with other arguments. For example, they usually ask their team
members to comment on their arguments or discuss them by treating each other as the opposite
side. Third, they talked about the logic of (F5) persuasive arguments and emphasized the need to
use logical structures to string together di erent examples and objective data. For instance, E5
mentioned that the claim would be less e ective if there were insu cient supporting premises.

3.2 Design Goals of the System

Based on the survey and interview results, we derived the following four design goals for a
computer-aided system to facilitate users to write persuasive arguments in online discussions.
DG1: Provide examples of high-quality persuasive arguments tting to the topic and
support ltering by persuasive strategies. From the needs- nding survey, we found that more
than half of the users referred to others' examples when writing persuasive arguments (F1). In
particular, participants pointed out that they usually spent their time nding suitable examples and
imitating others' writings. The expert interviews also con rm that providing abundant examples
that t the topic and demonstrated success in persuading others is bene cial for users to learn
from and improve accordingly. Previous works also pointed out example-learniigq8 65 is
an e cient way to learn argumentation skills. In addition, as mentioned in F1, some participants
wanted to nd statistics, and others wanted to nd real stories. Therefore, the system should
support Itering examples with di erent persuasive strategies.
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DGZ2: Display the composition of di erent persuasive strategies in the user's input and
compare it with other well-accepted persuasive arguments. According to the survey, many
participants wanted to adapt their original content to the corresponding language style of the
target topic (F2). More importantly, experts mapped the language styles mentioned by users into
di erent compositions of persuasive strategies (elggos pathos etho$ in persuasive theories
(e.g., Aristotle's theory of persuasion). In addition, experts also emphasized the importance of
repeatedly improving arguments based on re ection on one's own arguments and comparing them
with other persuasive arguments. Moreover, cognitive dissonance theddyghowed that people
would become uncomfortable and introspective when their existing knowledge con icts with the
information presented. Therefore, the system should display the composition of di erent persuasive
strategies in the user's input and compare it with other persuasive arguments.

DG3: Show the logical structure of the arguments. In the survey, participants mentioned the
structure of the arguments might a ect the persuasiveness (F3). Experts also pointedrduttive
display of the logical structure is important for writing because | can have a clear grasp of what people
have written. For example, the visualization of logical structures based on the relationship between
claims and premises is helpful to check whether there are any unsupported claims [68].

DG4: O er a web-based interface and visual augmented feedback for the arguments
writing. Most participants mentioned that they hope there would be a system as intuitive as
Grammarly, a commercial website that helps grammar checking. They said that one of the key
features of Grammarly is in-situ and visual augmented feedback. This requirement echos one
previous research [68].

3.3 Taxonomy of Argument Components

To address the design goals and guide the generation of feedback on persuasive strategies and
logic structure, we then constructed a taxonomy of argument components, including persuasive
strategies based on experts' suggestions and existing theories of persuasion. We discussed existing
persuasive theories with experts, mainly including the classical persuasive strategies of Aristotle (i.e.,
ethoslogospatho3 [57 and the extended persuasiveness measurements proposed in the context
of students' essay writing (i.especi city, eloquence evidenf®. According to their experience,
strategies or metrics that are impractical or semantically ambiguous are not easy to learn for lay
users. We then did not adopipeci city andeloquencéom Carlile's work [9]. We agreed to keep the
evidencaes this is easy to understand and can satisfy users' needs for concrete examples. We also
discussed the structure of the arguments with experts based on existing argumentative discourse
structures in persuasive essay&]], and we decided to focus on the claim-premise relationship as
in previous research [68]. We present our nal taxonomy of argument components as follows.

As shown in Figure 2, the taxonomy has two types of argument components (i.e., claim and
premise) in the argument and four persuasive strategies (pggospathosethosand evidence) in
the premise. Each category of the label is explained below.

Argument : The statements that include claims and premises.

Non-argument : The statements that do not have a clear position or support the overarching
argument.

Claim : The statements that express the speaker's stance on something.

Premise: The statements that support a claim to persuade the audience.

Logos: A persuasive strategy that uses facts, logic, or reasoning to persuade people, such as
presenting statistical results or giving logical explanations.

Shttps://app.grammarly.com/
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Fig. 2. A taxonomy with two types of argument components (claim and premise) in the argument and four
persuasive strategies (i.4ogos pathos ethos andevidencgin the premise.

Pathos: A persuasive strategy that persuades people by arousing their emotions, such as
telling a personal story or using emotional expressions.

Ethos: A persuasive strategy that builds the speaker's credibility by sharing some professional
experiences or using credible sources for persuasion.

Evidence: A persuasive strategy that describes a concrete example. Noteettidenceefers

to the practical experience that has happened, which is not requiredagos, pathos, and
ethos For example, "If it is so much trouble to get dates, maintain a relationship, and not be
yourself, why are you still chasing these goals" belongéagosbut not evidence

4 PERSUASIVE STRATEGIES MINING

This section introduces how we collect corpus and label persuasive strategies and mine persuasive
strategies of written texts using machine learning models based on the labeled dataset.

4.1 Data Collection and Labeling

Source DataWe collected the source data from ChangeMyVigewhich is a popular online
discussion forum of Reddit All users can create a discussion thread under a topic by posting their
claims and describing the reasons as premises. Other users attempt to change the poster's view by
writing persuasive arguments. The original poster givegoints to the argument that persuades
him/her to be successful. The morepoints one reply gets, the more persuasive it is. Thus, to
build a dataset of high-quality persuasive arguments for argumentation learning, we ltered the
replies with low points under the discussion threads. Moreover, there are a variety of domains on
CMV span economic, energy, entertainment, history, religion, politics, etc. We chose the category
Human Life for data labeling and processing since it reduces the need for professional background
knowledge and contains numerous discussion posts. In total, we derived 164 discussion threads,
covering eight topics, including abortion, dating, eugenics, immortality, marriage, parenthood,
pride, and suicide.

Annotation of DataTo provide detailed and concrete examples for persuasive strategies, we
labeled the posts at the sentence level. Altogether, there are 1,269 sentences. For each sentence, we
rst mark it as a claim or premise. If one sentence is labeled as the premise, we further label its
persuasive strategy athospathoslogos or evidenceSimilar to the annotation methods in the
previous works [LO 41, 62, 69, three authors rst labeled 10% of the dataset and then discussed
any confusing cases until a detailed coding manual was developed. For example, the annotators

Bhttps://www.reddit.com
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Fig. 3. The distribution of argument components across selected discussion threads in eight di erent topics.

at the beginning were unclear on how to di erentiatibgosand evidenceAfter discussion, the
annotators decided thatvidenceefers to the practical experience that has happened, whilgps

has a broader scope, including logical reasoning and what-if analgsgs."If it is so much trouble

to get dates, maintain a relationship, and not be yourself, why are you still chasing these goals"
belongs tologosbut not evidenceln addition, the annotators discussed whether showing other
people's expertise can be countedetbos and then decided only the expertise of the poster of

the arguments can be counted athos The coding manual includes: (1) sentences are split and
labeled based on the full stop while run-on sentences would be split into as multiple sentences;
(2) sentences are labeled based on the context; (3) all the codes should be labeled based on the
de nitions introduced in Sec. 3.1; (4) one sentence can only be labeled as a claim or premise; (5) the
premise that have di erent persuasive strategies is allowed to have multiple labelgvi@ence
refers to the practical experience that has happened in reality, while it is not required for other
types of persuasive strategies (7) only the poster of the arguments can be counetddasBased

on the coding manual, three annotators further labeled all the data. In our dataset, we labeled 1,269
sentences, including 102 non-arguments, 235 claims, 1,034 premises.

Finally, we have labeled 588gos 525evidencgl35pathos and 79%thos Among 79 sentences
labeled asethos 39 came from the original 164 discussion threads we selected. To balance the
dataset in terms of the class distribution and increase the detection accuraethof we reviewed
all the other discussion threads from the same eight topics in Human Life and collected 40
more sentences that were labeledethosunanimously by the three authors. The IRR (Inter-rater
Reliability) of claim, premisdpgospathosethosevidencare 0.75, 0.69, 0.74, 0.85, 0.72. We resolved
con icts through discussions among all three annotators. As for the relationship among arguments,
two authors annotated the relationship between claims and premises independently. If a premise
supports a claim, the corresponding claim-premise pair is labeled 1; otherwise 0. We achieved 0.78
Cohen's Kappa agreement for the relationship labeling and resolved the con icts by discussing
with a third author. The labeled result (a 0-1 array) was then used as the input of the detection
model. The details of the derived dataset are shown in Figure 3.

4.2 Mining Method

To build the system, we need to identify the argumentation tree (as shown in Figure. 2) in users'
input. This process includes the detection whether a sentence is an argument or not, the detection
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Table 2. Details about the best model's performance on the testing set of three argumentation classification
tasks: (1)LRfor Arguments Identification; (2)RF for Argument Relation Detection; (3).inear SVMor
Premise Classification.

Task Class Precision Recall F1
Claim 0.73 0.31 0.43
Argument Component Extraction Premise 0.79 0.97 0.87
Non-argumentative 0.91 0.53 0.67
Argument Relationship Detection Support 0.93 0.80 0.86
Non-support 0.98 0.95 0.96
Premise Classi cation Logos 0.79 0.87 0.83
Pathos 0.83 0.29 0.43
Evidence 0.75 0.66 0.70
Ethos 1.00 0.65 0.79

of the relationship among claims and premises, and the detection of four sub-categories of the
premises, includindgogospathosethosandevidenceWith the thriving of deep learning models(g,
ELMO [§, BERT [LG, and GPT-2 §1]), the feature extraction process can be automated and the
performance of various natural language processing (NLP) taskg $entence classi cation) has
been signi cantly improved. Inspired from a state-of-the-art model for argument classi catibd [

we use BERT as the feature extractor and train a series of machine learning models on the contextual
word embeddingi(e, features) output by BERT on the following three tasks, including argument
component extraction, argument relationship detection, and premise classi cation. Thereafter, we
select the model with the best performandes( highest F1 score) of each task for our application
purpose (see Table 2). We illustrate the details of our method as follows.

Argument Component Extractioie formulate the argument extraction as a multi-class clas-
si cation task. Each sentence in the document corresponds to either a claim, a premise, or a
non-argumentative component. First, we split the labeled data (1,269 sentences, including 102 non-
argumentative, 235 claims, 1,034 premises) into two strati ed folds: a training set (80%) and a testing
set (20%). Each set contains approximately the same ratio of target argument components. After
converting the sentences in the dataset into high-dimensional vector representations using BERT,
we trained classical classi ere(g, Logistic Regression (LR), Random Forest (RF), Multinomial
Naive Bayes (NB), Gaussian Naive Bayes (NB), Nearest Neighbor (NN), Support Vector Machine
(SVM) with linear kernel and RBF kernel, and AdaBoosted Decision Tree (DT)) to derive argument
components. Speci cally, we used 5-fold cross-validation with a strati cation to measure model
performance on the training data. For the detailed performance, please refer to Appendix A.1. Then,
we selected the model with the highest average cross-validation F1 score and tted the model to
the whole training data. Finally, the model was evaluated using the testing set. The performance is
shown in Table 2. Since the recall of claim detection was a little low, we added a rule in the user
study that if no claim is detected, the rst sentence is labeled as a claim by default. With this rule,
the precision, recall, and F1 scores were improved to 0.79, 0.49, and 0.61, respectively.

Argument Relationship Detectidkfter extracting the claims and premises, we detected the
support or non-support relationship between a premise and a claim, which is a binary classi cation
task. Apart from the labeled support relationship of a claim-premise pair, we generated an equal
number of negative pairs for each detected claim. In total, we derived 250 positive pairs and
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Fig. 4. The user interface of Perusa. It contains an Input View (A) for highlighting and summarizing argument
strategies applied in the user input, a Node View (B) for visualizing argument structures, an Example View
(C) for presenting a collection of persuasive argument examples, and a Compare View (D) for comparing the
users' argument strategies with the strategies applied by the successful arguments in the dataset.

250 negative pairs. Similar to the previous task, we trained and selected the best classi er using
cross validation on the training data. The detailed performance of each model is summarized in
Appendix A.2. Then, the best model is trained on the whole training set and evaluated on the

testing set. Its performance is shown in Table 2. Given a claim and a premise, the resulting model
predicts whether the premise supports the claim or not.

Premise Classi catiorBased on the extracted premises, we performed multi-label classi cation to
output the types of premises. In our dataset, we have labeled&®3s 525evidencgl 35pathosand
79ethos Di erent from the previous two tasks, each premise can have multiple labels. To address
this problem, we reduce it to multiple binary classi cation tasks using a simple one-vs&ll [
strategy. Speci cally, we trained a binary classi er for each label, with the premises of that class
being positive examples and the premises of all other labels being the negative ones. Following
previous procedures of model selection for argument extraction, we selected the best model for
predicting the type of premise using strati ed 5-fold cross validation. Please refer to Appendix A.3
for the cross validation results. Then, the best model is tested on the testing set (see Table 2).

5 INTERFACE DESIGN

In this section, we describe the interface design of Persua, as well as a usage scenario, to show how
our system addresses four design goals (DG1 - DG4) (Section 3.2).
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