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Fig. 1. Note-taking using VideoSticker. While watching the video about Phases of the Moon, the viewer (a) captures the video frame
for ‘new-moon’ as a frame sticker. From this captured frame, the viewer (b) extracts the Earth and Moon as object stickers, and (c)
expands the object sticker to show the motion of the moon around the Earth and annotates these key phases.

Video is an effective medium for knowledge communication and learning. Yet active viewing and note-taking from videos remain a
challenge. Specifically, during note-taking, viewers find it difficult to extract essential information such as representation, composition,
motion, and interactions of graphical objects and narration. Current approaches rely on creating static screenshots, manual clipping,
manual annotation and transcription. This is often done by repeatedly pausing and rewinding the video, thus disrupting the viewing
experience. We propose VideoSticker, a tool designed to support visual note-taking by extracting expressive content and narratives
from videos as ‘object stickers. VideoSticker implements automated object detection and tracking, linking objects to the transcript,
and supporting rapid extraction of stickers across space, time, and events of interest. VideoSticker’s two-pass approach allows viewers
to capture high-level information uninterrupted and later extract specific details. We demonstrate the usability of VideoSticker for a

variety of videos and note-taking needs.
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1 INTRODUCTION

Video offers an expressive medium for communicating information [66]. By combining graphics, animation, text, and
sound, video can convey complex concepts such as change, interactions, spatial and temporal relationships, and causal
relationships. For example, viewers can better understand the phenomenon behind ‘phases of the moon’ by observing
changes in the sunlight reflecting off the moon’s surface as it revolves around the earth. Such concepts are hard to
grasp from text and static graphics alone [48]. The ease and popularity of video production has led to thousands of
short-form video content available on open media platforms such as YouTube. This content covers the range of topics
from how a virus infects a healthy human cell to techniques for folding dumplings. Video content has high congruence
(external representations that match desired internal mental model [66]) and engagement value. Despite this, learning
from video is not always effective or easy [60, 63]. As with other learning mediums such as text and static graphics,
video has both positives and negatives for learning [8, 60, 69].

Due to the high-bandwidth information delivered in a short duration of time, video viewers may only attend to
perceptually salient information while omitting thematically relevant details necessary for comprehension [44]. In
other words, watching videos can have a high cognitive load [63]. Considering our ‘phases of the moon’ example, the
video toggles between a space-centric view (Figure 1a, animating sunlight reflections off the moon at different orbital
positions) and an earth-centric view for teaching about waxing, waning, new-moon, and full-moon (Figure 1c), the
narration complements the animation with details such as as: during a full moon, the earth is between the sun and moon;
waning gibbous moon rises in the East; and the moon’s orbital duration is 27 32 days. Unfortunately, with rapid scene
switches and the interspersed facts, viewers may not be able to easily learn key facts. For example, they may fail to
connect the two ‘views’ of the moon or learn important names when associating labels and visual elements in each
phase. Unlike text, in which active reading and note-taking approaches allow readers to organize and integrate low-level
concepts coherently (e.g., texSketch [62]), watching videos is still primarily a passive activity [21]. Further, because
video already represents an integrated view of concepts, existing active reading strategies do not readily apply. Active
viewing requires decomposition strategies of graphics, animations, and narration so learners can engage in knowledge
construction activities when building notes. In this work, we tackle the problem of note-taking from videos explicitly
by introducing a set of techniques for extracting and organizing content from short-form videos.

The interactive elements of existing video players are commonly limited to play, pause, rewind, and random access
to the timeline (i.e., manual seek). For taking notes, this makes information extraction and organization particularly
difficult. Unlike static images that can be viewed as a ‘whole’ or compared side-by-side, viewers may have to go through
the complete video to understand the context [35]. Further, viewers must remember ‘when’ they saw something,
and a mistake may involve more costly scanning. For example, if the viewer wanted to compare space-centric and
earth-centric states of the ‘new moon, they would need to remember or re-find those frames in the video and then
jump back and forth or take screenshots. Existing techniques for video navigation (e.g., [22, 52]) and annotation (e.g.,
[7]) alleviate some of these concerns, but are not specifically intended for note-taking. Due to the video’s inherent
properties including spatial contiguity and temporal linearity and the limited set of interactions afforded to the viewer,
creating visual notes from a video can be difficult. Readers may want to combine linguistic and graphical information,
capture object motion in space and time, or compare objects across different frames as part of their note-taking process
(i.e., capture the expository purpose of the video [54]). Perhaps worse, with repeated pausing and seeking that is needed
for note-taking, viewers may lose many of the benefits of the video format. Therefore, our motivating question for this

work is: “How might we support viewers to effectively take notes from the high-bandwidth information in video content?”



VideoSticker: A Tool for Active Viewing and Visual Note-taking from Videos 1UI '22, March 22 25, 2022, Helsinki, Finland

We propose VideoSticker, a tool for active viewing and visual note-taking from videos (see Figure 1). VideoSticker
utilizes object detection, object tracking, and object-narration linking to allow viewers to quickly “extract' and organize
the video content into semi-animated graphical notes. As shown in Figure 1 a, the reader can initially add screenshots
of salient frames to their notes while watching the video. They can then extract objects in those frames (e.g., earth and
moon in Figure 1b) along with transcripts of narration in the form of object (or motion) stickers. Unlike static screenshots,
stickers retain the original videos' animation properties (movement in space and time) but are also disentangled from
potentially distracting background images. Readers can further “expand' each video sticker into constituent frames along
the motion path and add ne-grain annotations to sca old their understanding. As shown in Figure 1c, the viewer can
expand the space-centric view of the moon along the orbit, label di erent phases, and add corresponding earth-centric
views next to each frame. To support reviewing and re-watching from notes and videos, VideoSticker automatically
overlays relevant annotations on top of the original video. Further, as a standalone artifact, the semi-animated notes
preserve many of the original advantages of the video. To support these features, we implement computer vision
techniques for element extraction from videos. Additionally, because notes include both images and text, we integrate
natural language processing approaches to process transcripts and text detected in the video. In combination, this
allows viewers to issue expressive queries to generate stickers and rapidly incorporate relevant labels and descriptions
to their notes.

VideoSticker supports a wide range of note-taking needs across di ecemttent The input content can range from
education videos, cooking instructions and tutorials, workout routines and many others. This allows for producing novel
notes and summaries acrossntextsteaching science, dynamic recipe cards, analysis of sports events, etc. To support
all these, VideoSticker was designed to capture complex narratives through static and dynamic stickers. We contribute
speci ¢ algorithms for processing video content and novel interactive features to extract object stickers. Finally, we
demonstrate the viability of the approach for note-taking through a user study and o er design recommendations for
video note-taking tools.

2 RELATED WORK

Video, especially those intended for expository purposes, can be a double-edged sword in educational contexts. Prior
research has identi ed ways in which videos improve student understanding of conce§#s1p, 47, 57, 58 61], but

also the limitations they posel[9 20 66, 71]. Central to these concerns are two key principles necessary for e ective
video comprehension: (1) theongruence Principile which the structure and content of the external representation
should correspond to the desired structure and content of the internal representat&si; pnd (2) theApprehension
Principlewhich requires that the structure and content of the external representation should be readily and accurately
perceived and comprehende&q The former concerns video characteristics such as composition, continuity, and
overall aesthetics, while the latter pertains to viewer attributes including attention and cognitive load. Work within
education and cognitive psychology have looked at ways to apply both these principles to video comprehension. In
terms of video characteristics, prior research has identi ed e ective ways to structure explanations, pauses, spatial
contiguity, redundancy etc.39 50 54, 6. Strategies for viewer's cognitive load and attention includes the use of
interactivity [66], and quizzes, etc4d. Rather than attending to video authoring tools (i.e., video production), our
work aims to improve the e ectiveness of already existing videos through interactive sca olding of active viewing and
visual note-taking. Particularly, external representations can help viewers in learning through knowledge construction
tasks @5 66. In this section, we synthesize prior literature on interactive note-taking, video-based interactions, and

video-content processing techniques to inform the design of VideoSticker.
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2.1 Interactive note-taking tools

Note-taking can be categorized into linear and non-linear procesdék Linear note-taking, which is most often

used in real-time notes, means extracting key points in the sequence of the received information. In a video context,
this may mean creating the notes as the video plays or pausing the video so that note-taking and viewing can be
synchronized. Existing work has highlighted the lack of e ective note-taking strategies, challenges to transcription, and
self-regulation while taking linear notes from video$,[16. In contrast, non-linear note-taking can involve moving
between points in the linear material. This approach o ers exibility, and is helpful in organizing and integrating
notes, i.e., external representations for knowledge constructidg.[Therefore in VideoSticker we support a non-linear
note-taking approach by enhancing non-linear navigation and content extraction. Viewers can create ‘rough' notes
(e.g., full-frame screenshots and transcript clips) and later revisit them to select frame objects and add accurate textual
descriptions. VideoSticker supports viewers by partially automating linear tasks such as transcribing narrations in
note-taking.

Further, to inform our non-linear note-taking approach, we take inspiration from existing note-taking to6Js [
27,32 33 49 62 64 most are intended for text. For example, HyNotes transforms linear into non-linear notes by
extracting key concepts and creating corresponding concept bubbles that can then be connected into concept$aps [
Other tools, such as texSketch, introduce active diagramming through pen and ink annotations to construct coherent
diagrams from text with the help of natural language processing (NL6Z.[The cogSketch system allows students to
represent animations as connected static objects (snapsh®is)Ip VideoSticker, we implement a side-by-side text and
note-taking views that are linked through the video timeline, and support deferred action similar to GatherReader |
Like texSketch [62], we enhance the extraction of stickers and labels through Al-based augmentation.

2.2 Interaction techniques for Videos

Interaction for videos can be grouped into navigation techniques, annotation techniques, and re-representation of
video content. To support navigation of video timeline (i.e., seeking frames of interest), For example, SmartLinks
automatically generates hyperlinked timestamps to associated notes with their video contefjtJther approaches

use adaptive fast-forwarding to help people quickly browse videos with prede ned ruks [The Flow Dragging
technique introduced a direct manipulation approach which allows users to control video by moving objects of interest
along their visual trajectory 5. Other solutions build on Flow Dragging to include trajectory cuezg[37, 3§. In
VideoSticker, we incorporate an approach similar to SmartLinks to maintain provenance between notes and the video
and show object cues for ne-tuning sticker selection. Further, as with active reading for text, annotations are an
e ective way to increase perceptual saliency and externalize thoughts over video content. Prior work has looked at
techniques for semantic and spatial (moving) annotations on videg,[28 51, 73. These annotations include path
arrows, hyperlinks, speech, and thought bubbles that can be directly added on top of the video and tracked across
frames P8 59. However, these techniques generally support annotations directly over the video. In VideoSticker,
we allow viewers to add annotations on the notes view using the extracted motion stickers, and incorporate display
techniques similar to current approaches. Lastly, prior research has looked at interactive techniques for summarizing
videos through re-representation. For example, work on video-to-still composition allows for the extraction of a single
still image by rearranging video frame2§. Others have looked at extracting a set of key frames from instructional
videos R3, or organizing the frames like a comic book displayJ. However, these approaches automate content
extraction. In VideoSticker, we prefer that viewers have agency in selection and content extraction, especially in
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supporting learning. Therefore we take a mixed-initiative approach to identify points of interest in the video to suggest
stickers of interest.

2.3 Video Processing and Content Extraction

We build on existing computer vision techniques for video processing to implement the note-taking strategies discussed
above. We also want to ensure a balance of automation and manual actions essential for active engagement in our
system. For instance, Vizig automatically localizes and classi es di erent anchor points in a video, including gures,
tables, equations, owcharts, code snippets, and char3.[VideoGraph automatically summarizes the video content
across the timeline by structuring scenes in a two-dimensional graph, which provides a condensed representation at the
scene levelT4. While automation can be leveraged in note-taking to identify potentially interesting points, ultimately,
active learning requires viewer engagement. Hence, rather than a fully automated approach, we assist readers by
presenting salient points of interest on the video timeline and support mixed-initiative extraction to create visual notes.
Video object segmentation and tracking (VOST) algorithms are useful in extracting content from video stréans [
Though the state-of-art deep learning models have achieved high performance on segmenting and tracking single
object over frames17, 21, 31], the goal for extracting video content for note-taking is di erent. Rather than aiming for
an accurate segmentation and tracking of a particular object, we are more interested in extracting expressive content
such as transformations (e.g., the process of DNA chain transforms into a protein) and interactions (e.g., merging of two
cells, atomic collision). Moreover, motion graphics in educational videos include abstraction, metaphors, and distorted
transformations that are hard to extract accurately using VOST. Therefore, in VideoSticker, we adapted and extended
the PoolNet §3 network structure and used a hybrid tracking algorithm to extract stickers that are able to capture
these expressive contents in the video (see Section 4 for details).

3 USER EXPERIENCE

VideosSticker's user interface consists of three main regiongideo playeion the left (Figure 2a), diagram panebn

the right (Figure 2b), and a transcript viewer placed at the bottom of the video player (Figure 2¢). The video player
includes a time bar and standard media controls such as play, pause, close-captions, and volume. At the top of the video
player is a drop-down list for selecting a video for viewing (Figure 2d). In addition, controls for active note-taking,
including a frame marker button and frame-area selection tool, are placed adjacent to the video player (Figure 2e). The
diagram panel comprises a tabbed layout with a primary diagram canvas and notes view for accessing saved notes
made using VideoSticker. The diagram canvas has a zoomable, scrollable canvas and a set of tools. These include tools
for adding text to the diagram, pen annotation, undo, convert to list, replay, and save (Figure 2f). To better understand
how end-users can use VideoSticker for active note-taking from videos, let us follow Neela, a high school student who

is learning aboutNeutron Stars

3.1 Active Viewing

Neela opens VideoStickers application on the web browser in full-screen mode. She selects the video “Introduction to
Neutron Star' and loads it on the media player. Neela then begins watching the video by clicking on the play button. To
engage with the video uninterruptedly, Neela follows a two-pass note-taking strategy. This process with an initial
scanning pass followed by a detailed comprehension pass is recommended for active re&]i®g.[We support a
similar strategy for active note-taking from videos. In the rst pass, Neela uses the frame marker button to quickly

capture salient points in the video while viewing. When Neela clicks on the frame marker button, VideoSticker generates
5



1UI '22, March 22 25, 2022, Helsinki, Finland Cao, Subramonyam, Adar

Fig. 2. VideoSticker User Interface

a frame-stickercapturing a screenshot of the current frame, and adds it to the diagram canvas. Though Neela can
manually reposition the sticker by dragging, VideoSticker automatically positions the sticker to avoid overlap. As
shown in Figure 2g, Neela adds a frame sticker for the point at which the video describes why stars remain stable (i.e.,
fragile balance). Each frame sticker has a pointer button (orange circle) to support navigating to the corresponding
frame in the video time bar. In addition, Neela can add the transcript text to the video for rapid note-taking. While
playing, the corresponding lines on the transcript view are highlighted. Each line includes an gdalton to directly

copy the text to the diagram view. Because this is a short (1-minute long) video, Neela watches the entire video in this
rst pass. For longer videos, Neela can watch a portion of the video and engage in visual note-taking as described below.

3.2 Visual Note-taking

In her second pass, Neela wishes to focus on a few tasks: capturing the mechanism by which stars remain stable,
answering why some stars go through a giant phase before transitioning into a white dwarf, and comparing the
trajectory of massive stars which collapse into nuclear ash instead. To visually capture these phenomena in her notes,
Neela begins with the frame stickers she added in pass one. By clicking on the pointer button associated with the frame
sticker, the video player navigates to the corresponding point in the video. Alternately, VideoSticker o ers the exibility
to bring up stickers on any frame by simply pausing the video on that frame. In this paused state, VideoSticker displays
one or more detectedbject stickersn that frame (see 4 for details on object sticker detection). VideoSticker recognizes

6



VideoSticker: A Tool for Active Viewing and Visual Note-taking from Videos 1UI '22, March 22 25, 2022, Helsinki, Finland

atomic objects on the frame, but also detects composite objects that are made up of multiple elements (e.g., two objects
interacting).

Sticker ExtractiomAs shown in Figure 2h, object stickers are overlaid directly on top of the media player. The opacity
of the video on the background is reduced, and the sticker slightly zooms in on mouse-over to indicate sticker extraction
action. Neela clicks on the desired sticker object to bring up a local time bar with start-end time ranges for the duration
of the video the object is visible. Further, to facilitate sticker extraction, VideoSticker automatically detgetest
pointssuch as collision displayed as markers on the local timeline. Using this as a reference, Neela rst adjusts the start
and end duration of the object sticker she wishes to extract. As she moves the slider control, the sticker transitions
to the object's state in the new frame to o er a preview. While VideoSticker defaults to the foreground object as a
mask for sticker extraction, For adding context, Neela can choose to include the video background around the object
by toggling the transparency button below the local time bar. She can also manually select the region of the object
sticker by using the frame-area selection tool. Lastly, Neela has the option of capturin@ the displacement of the
object in space for the duration of the sticker. By toggling the path button, instead of an animated sticker xed in space,
VideoSticker generates a motion path sticker. Once satis ed, Neela clicks on the add sticker button, which adds it to
the diagram canvas. In addition to the visual element rendered aar@matedGIF (Graphical Interchange Format),
VideoSticker automatically assigns a label for the stickers (see Section 4), and also includes the corresponding transcript
text in the generated object sticker (Figure 2i).

Sticker EditingOn the diagram canvas, Neela can edit the label and text for the object sticker. By double-clicking
on the sticker, VideoSticker displays an edit panel from which Neela can choose di erent labels using VideoSticker's
predictive labeling feature, or delete and add her own label (Figure 2j). Similarly, Neela can manually edit the label text
or directly add text from the transcript using the add button. When the sticker is active, instead of adding the transcript
text directly to the canvas, VideoSticker appends it to the end of the current "active' sticker text. Further, VideoSticker
o ers frame-level control over object stickers to allow exible note-taking. By clicking on thicker expantbutton
(purple button with right-pointing arrow), Neela can bring up visuals for individual frames composing the object sticker
(Figure 2k). If she wishes to include this frame-by-frame view in her notes, she can adjust the span of all frames along
the Gaxis and the frame interval. In this case, Neela opts to use the sticker expansion feature to take notes about the
sequence of events causing the death of a star (i.e., "Carbon burns to Neon, Neon burns to Oxygen in a Year, Oxygen to
Silicon in a month', and so on). In addition, Neela can use the pen tool to manually annotate individual frames (in this
case, the duration in months between successive states) or the original composite object sticker. These annotations
become linked to the video stickers.

Note-Taking As part of the note-taking process, Neela can freely re-position individual stickers by clicking and
dragging with the mouse pointer. In addition, she can use the pen tool to engage in free-form annotations such as
drawing arrows linking multiple object stickers and creating handwritten text. Further, Neela can use the add text
button to add text to notes. When adding text, she double clicks on the blank space of the diagram view to trigger
an input box. She can use the add button in the transcript view to add transcript or manually type her own text into
the input box. After hitting ENTER, a draggable text block will appear on the notes. During this note-taking process,
Neela can hover over an object sticker to see the animation in action. She can delete stickers on the diagram canvas
by clicking on the sticker and pressing the delete key (or click on the undo button to revert the last action). Finally,
VideoSticker supports a convert-to-list feature which automatically reorganizes the stickers on the diagram canvas
into a list structure. This is especially useful when taking notes for step-by-step instructional videos such as recipes

and workout tutorials (see Section 6). In the future, VideoSticker can be extended for other template types as well.
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Through this process, Neela captures the key phenomena demonstrated in the video using object stickers, text, and pen
annotations.

3.3 Re-watching, Reviewing, and Export

Once created, Neela can use the semi-animated notes as a reference to re-watch the video or directly engage with
the notes as a standalone artifact when reviewing for an exam. Because the object and frame stickers in the notes
are linked to the video, Neela can use them as a table of contents to navigate the video sections. Further, the diagram
annotations associated with individual stickers are overlaid on the media player at appropriate space and time points
when re-watching. This provides a rich and integrated re-watching experience. Third, Neela can use the replay button
in the diagram view and VideoSticker automatically plays back each sticker sequentially in the order that occurs in the
video, which helps her to get the summary of the video in a quick and concise way. Finally, Neela can export individual
stickers for use in other settings, such as authoring a presentation or sharing content on social media. The notes are
exported as GIFs.

4 SYSTEM DESCRIPTION
4.1 Video Stickers

VideoSticker supports 2 kinds of stickeistame Stickers andObject stickers . Frame stickers include a full screenshot

from the video whereas object stickers capture a sub-object (or objects) that appear the video. Users can create both
types of stickers directly. However, when leveraging a two-pass approach of video viewing, the viewer can use a
light-weight frame sticker to bookmark an important point and then revisit those points later to replace the frame with
object stickers. Internally, frame stickers contain: a screenshot, timestamp, and textual annotations. When the end-user
clicks on the “add text' or “pin mark' buttons in the interface, VideoSticker will create a frame sticker at that given
timestamp. A frame sticker's textual annotations default to the caption/transcript text that was playing at the time of

the capture. Frame stickers can be placed and moved in the diagram view. As noted, they serve a secondary role as a
marker for fast navigation to a certain part of the video.

Obijects stickers can be created both through manual and automated extraction. Both are similar structurally, so
we focus on automated extraction. Object stickers encode not just a snapshot of the object (or objects) in a given
frame but also the motion information. Like frame stickers, object stickers also include a timestamp relative to the
original video. However, as we are tracking motion, VideoSticker storesstiaget and end timefor the sticker. In reality,
we retain two di erent ranges. The rst is the object's start and end times in the video as calculated by the object
tracker (theobject range This may track when the object appeared or disappeared in the video. Additionally, we keep
the user-de ned start and end time-range (called thiicker rangg This second range is a sub-range of the rstand
indicates the sub-piece of the video that the viewer would like to include.

Visually, each object sticker is de ned by:sequence of bounding bgxaesequence of frame maségd a list ofinterest
points The bounding boxes serve as rough estimates of where the object are over time. These are simply the top-left and
bottom-right corner coordinates of a box that encapsulate the object in the original video frame. The mask sequences
are more re ned attempts to describe the object. These are a sequence of pixel masks that are tuned to the shape of the
object given the extraction process. The interest points indicate where there are potential object interactions (e.g., the
collision between two objects in the video).
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Fig. 3. Six dimensions of video content that encodes in Object Stickers

Like frame stickers, object stickers can store various pieces of associated text. This information is retainkdbels a
list (a list of what the object might as de ned by an automated processelkected labglivhat the viewer would like to
call the object), anaharration(the extracted caption/transcript information). As described below, default values for the
textual information are set through automatic extraction but can be modi ed by the viewer. Finally, object stickers also
includeend-user annotationghich are the text and pen-and-stroke marks made by the end-user. These can be both
displayed in the diagram view but also overlaid in the original video.

There are many di erent types of motion and interaction that we might want to capture in an animated sticker (see
Figure 3). Our stickers are intended to be used to extract and repurpose video content into novel narratives. While
exible, video is nonetheless a linear format. Content producers have learned how to best leverage the video medium
for education [L3 or for animation [65. Short pieces of animated content can convey sophisticated narratives. With
VideoSticker, our goal is to repurpose video clips as a novel semi-animated format that can capture the kinds of
narratives that exist in video materials. In studying videos for note-taking, we have identi ed a number of common
dimensions that we would like our stickers to produce.

(1) Graphic Content Transformation : Videos vividly capture the transformation of objects over time. The transfor-

mation is often part of a causal narrative. With Object Stickers we would like to similarly capture a sequential shape

transformation of each object over time. For example, the protein folding process shown in Figure 3 (Transformation).

The sticker shows how a polypeptide chain folds to become a biologically active protein in its native 3D structure. We

do this through sequence masks applied to the original video that allow the viewer to focus on the transformation
9
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