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초 ]

라이브 스트리밍을 통해 그리기 또는 디자인 소프트웨어 사용과 같은 시각�인 예술 \Ù 이 공유되고 있다.

라이브스트리밍의�요한측면은스트리머와시청자간의`��인실시간커뮤니케이션이다. 그러나�재

보편�으\사용되는텍스트기반의상8작용은시청자와스트리머의표�%을�한한다. 특�스트림에서

특� 순간이나 사물을 참p할 때 T 욱 그�다. 본 논문에서는 스트리밍 콘텐츠의 스냅샷을 이용하여 스트

리머와 시청자 간의 상8 작용을 향상시키는 방법을 연구하여 이를 가능하게 하는 시스템인 스냅스트림을

�안한다. 스냅스트림에서는 사용자가 라이브 스트림의 스냅샷을 찍어 글자, ˜ � 등의 ü석을 달고 이를

채팅창에 공유할 수 있다. 스트리머는 스트리밍 �에 특� 스냅샷을 구두\ 참p하여 시청자의 ¨문이나

� 글에 응답할 수˜ 있다. 사용자 실험 결과, 시청자들은 스냅스트림을 통해 보다 높은 참여˜ 를 보이며

풍�한 표�%으\ 명U하게 의사소통하였다. 참가자들은 스냅샷을 사용하여 공유되는 예술 \Ù 의 일�를

참p하고, �안하고, 재미있는 이미À를 만들고, �간의 결과물을 기]했다. 이와 같이 시각� 상8 작용이

라이브스트리밍에서 T 풍�한경험을가능하게함을보였으며,마À막으\스냅샷의다양한가능성에 � 해

논의한다.

u 심 낱 말 라이브 스트리밍, 비디오 인터랙션, 채팅 인터랙션, 컨텍스트 공유, 참p 기술

Abstract

Live streaming visual art such as drawing or using design software is gaining popularity. An important

aspect of live streams is the direct and real-time communication between streamers and viewers. How-

ever, currently available text-based interaction limits the expressiveness of viewers as well as streamers,

especially when they refer to specific moments or objects in the stream. To investigate the feasibility

of using snapshots of streamed content as a way to enhance streamer-viewer interaction, we introduce

Snapstream, a system that allows users to take snapshots of the live stream, annotate them, and share the

annotated snapshots in the chat. Streamers can also verbally reference a specific snapshot during stream-

ing to respond to viewers’ questions or comments. Results from live deployments show that participants

communicate more expressively and clearly with increased engagement using Snapstream. Participants

used snapshots to reference part of the artwork, give suggestions on it, make fun images or memes, and

log intermediate milestones. Our findings suggest that visual interaction enables richer experiences in

live streaming. Finally, we discuss various possibilities of using snapshots in live streams.

Keywords live streaming, video interaction, chat interaction, context sharing, referencing techniques
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Chapter 1. Introduction

As live streaming gains popularity, diverse contents from online game playing to live lectures are

being streamed [1, 2, 3]. Among these, visual art is a rapidly growing genre, in which streamers create

novel artifacts such as painting, drawing, design, and craft. Many artists share their creative process or

stream how-to tutorials on speci�c design tools or techniques on platforms such as YouTube, Twitch, and

Behance2. For instance, Twitch has a separate Art category for creative streams, which has on average

350 currently-live streams and 6,500 currently-live viewers at any moment [4]. Behance and Picarto3 are

platforms dedicated to visual art, where Behance hosts professional artists and Picarto allows novices to

stream their artwork.

A key bene�t of live streams that distinguishes them from recorded videos is the live interaction

between the streamer and the viewers. Live interaction during the stream drives engagement and en-

tertainment [5, 6, 7, 8], and provides unique opportunities for real-time learning [2, 4]. However, text

chat, which is the most common form of communication in live streaming, is limiting for several reasons.

First, both viewers and streamers struggle to make visual or temporal references, such as pointing out a

speci�c visual content in the stream or a speci�c time, e.g., \the person you drew 10 minutes ago". This

is especially important for visual art streams where the main focus is the creation of visual content. In

addition, for streams with many live viewers participating in the chat, questions or important comments

pertaining to the stream can get buried in the 
ow of the text messages [4, 9, 10]. For these reasons,

previous research suggests that live streaming can bene�t from supporting richer interactions [6, 7], such

as by providing separate channels for di�erent types of chat [4] or having a dashboard of real-time user

engagement metrics [8].

To improve the interaction in visual art live streaming, we �rst conducted a series of interviews

with streamers and viewers, and observed live stream sessions to understand the current practices and

challenges. We found that a recurring theme in these live streams is the need to refer to certain parts of

the artwork or a speci�c action that the streamer performed in order to ask a question, give feedback, or

make compliments. Viewers �nd it di�cult to describe these intentions accurately using text only, and

streamers often misunderstand the context, especially when a reference is made to previous parts of the

stream that are no longer visible.

To alleviate these challenges, we present Snapstream (Figure 1.2), a snapshot-based interaction tool

for visual art live streaming. Snapstream allows viewers to capture a screenshot of the current stream,

which we call a `snapshot'. Viewers can ask questions or give feedback by making annotations on the

snapshot. Streamers can reply to a speci�c snapshot with voice by saying\snapshot number X", and

direct the system to show the snapshot to all viewers. Both streamers and viewers can �lter messages

to see only text messages or snapshots.

We evaluate our tool in two real live streaming sessions, in which 2 streamers and 23 viewers used

Snapstream. Results show that participants communicated more expressively and clearly with increased

engagement using Snapstream. Viewers used snapshots in Snapstream for the expected purposes of

referring to a speci�c part, and other creative purposes such as giving suggestions, making funny images,

1source of video screenshot: youtu.be/9MmnZV3mmak
2youtube.com/live, twitch.tv, behance.net/live
3picarto.tv
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Figure 1.1: An example of visual art live streaming: The player shows the visual art the streamer is

working on. Viewers interact with the streamer and other viewers via text-based chat.1

and logging intermediate drawings. Snapshots helped viewers to send clearer messages and to stay in

sync with the streamer. Streamers also used snapshots as personal references.

The primary contributions of this paper are as follows:

ˆ Insights into the current practices and unique challenges of referencing and communication in visual

art live streaming.

ˆ Snapstream, a snapshot-based interaction tool to improve interaction and communication between

the streamer and viewers in visual art live streaming.

ˆ Results from an in-the-wild deployment that show how users use snapshots in various ways to

enrich interaction in live streaming.
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