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Figure 1: SwapVid is a novel interface that supports document-based video viewing; (a) our sequence analyzer performs content
matching between each video frame and the document; (b) based on this, the interface integrates the video viewer and document
viewer into a single window and seamlessly switches between them upon the user’s direct manipulation of the video/document.

ABSTRACT

Videos accompanied by documents—document-based videos—enable
presenters to share contents beyond videos and audience to use
them for detailed content comprehension. However, concurrently
exploring multiple channels of information could be taxing. We
propose SwapVid, a novel interface for viewing and exploring
document-based videos. SwapVid seamlessly integrates a video and
a document into a single view and lets the content behaves as both
video and a document; it adaptively switches a document-based
video to act as a video or a document upon direct manipulation (e.g.,
scrolling the document, manipulating the video timeline). We con-
ducted a user study with twenty participants, comparing SwapVid
to a side-by-side video/document views. Results showed that our
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interface reduces time and physical workload when exploring slide-
based documents based on video referencing. Based on the study
findings, we extended SwapVid with additional functionalities and
demonstrated that it further extends the practical capabilities.
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1 INTRODUCTION

Videos accompanied by PDF documents, slides, or program scripts
that are tightly coupled in contents—what we call document-based
videos—enable presenters in video lectures, meetings, and confer-
ence presentations to share more contents than what they can share
through a video channel alone. In a Zoom' meeting or a Coursera®
lecture, for example, a presenter screen shares the document, shows
the part of the document that s/he is referring to, and talks over
the content, helping ground the video lecture/conversation topic
with the audience. The use of document-based videos has rapidly
increased, particularly due to the recent COVID-19 pandemic that
forced most communication to happen online video calls. While
document-based videos benefit presenters by giving them more
channels to deliver content to their audiences, audiences tend to
get more cognitively taxed because they must navigate between
what is discussed on a video and the contents of the documents. For
example, when viewing a screen-shared slide in Zoom, the audience
needs to deliberately navigate to the corresponding section of the
accompanying document in a separate window to view the pages
around what is being screen-shared. Although many studies have
been conducted to support user comprehension and exploration of
lecture and presentation videos [39, 49, 55, 57, 60], the difficulty of
such navigation tasks has not yet been addressed.

To design a novel tool that addresses difficulties in attending to
both a video and the accompanying document, we draw inspiration
from the prior work that introduced direct manipulation in navi-
gating videos [13, 31]. Dragicevic et al. [13] created a video player
that allows users to control the playback position of a video by
directly interacting with video content (e.g., by dragging a ball in a
billiard video); this was achieved by extracting motion data from
the video. Denoue et al. applied a similar idea of direct manipulation
in screen-based tutorial videos and developed an early prototype
that allowed a video viewer to scroll and zoom a document within
a video, as if they were real documents [12]. This interface inspired
us with its potential to facilitate navigation between videos and
documents on a single viewer. However, their tool is limited by its
implementation which relied on video data alone; it only allowed
the user to interact with a part of the document that was presented
in the video. We believe that this idea of directly manipulating a
document on a video screen could be improved by better blending
video and document data when accompanying documents are avail-
able (rather than processing a potentially fragmented document
presented on a video).

In this paper, we propose a novel interface called SwapVid.
SwapVid superimposes a video viewer and a document viewer
on top of each other, and adaptively brings one viewer on top of
another. Since this adaptive switching of viewers is done seamlessly
upon user’s direct manipulation on the viewer (Fig 1b), our inter-
face supports user navigation between video and documents in a
single window. That is, when the user scrolls the content within
the video, our interface switches the mode to a document viewer
with almost no visual change, thereby supporting the user’s transi-
tion from video to document and scroll through the accompanying

!https://zoom.us/
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document in the same view. Conversely, when exploring a doc-
ument, our interface highlights segments on the video timeline
where the content of the document being viewed appears in the
video (Fig 1b right), supporting the user’s seamless transition from
document to video upon direct manipulation of the timeline. Such
interactions are enabled by visually synchronizing each video frame
with the corresponding part of the document using our OCR-based
video-document matching algorithm (Fig 1a). This study explores
the SwapVid prototype for viewing prerecorded video, although
we believe the idea can also be applied to real-time video viewing
such as Zoom video calls, except that the video timeline cannot be
scrolled into the future.

To examine SwapVid’s effectiveness in supporting the user’s
smooth transition between the video and the documents and
its overall usability, we conducted a user study with twenty
participants, comparing SwapVid to a conventional side-by-side
video/document views in a video summary task and two types of
content exploration tasks. Results show that our interface helps
the user reduce physical and cognitive workload, especially in doc-
ument exploration tasks based on video referencing. Results also
show that our interface is preferred over the conventional interface
in the content exploration tasks. Based on these results, we con-
clude that our interface successfully facilitates the user’s concurrent
exploration between a video and a document.

The main contributions of this paper are as follows:

o Design and implementation of a SwapVid prototype, enabled
by an algorithm that estimates the viewport of the document
that appears in the video and an interface that adaptively
switches video/document views upon the user’s direct ma-
nipulation,

o A user study (N=20) demonstrating that SwapVid reduces
the time and physical workload when exploring slide-based
documents based on video referencing, and

e The code for SwapVid that works with pre-existing
document-based videos as a web application with enhanced
practical capabilities as described in Section 6.

2 RELATED WORK

This section summarizes previous efforts on video interfaces and
real-time document-sharing interfaces.

2.1 Seek-bar-based Video Interfaces

Most common video players on the web today, such as YouTube?,
use a seek-bar-based interface. A typical problem with the seek
bar is that its operation is somewhat demanding, especially for
long video content. To solve this, many studies have considered
various improved interfaces with variable granularity of seeking
[26-28, 38, 52]; examples include ZoomSlider [27], which allows
the user to change the scale of the timeline slider by moving the
cursor vertically. Another approach, more relevant to this study,
is to facilitate user navigation with semantic visualization. Many
interfaces have attempted to provide annotation on the timeline
based on certain content processing and/or using video metadata
[1, 6, 8, 17, 32, 54, 59]. As a practical example, YouTube also has
the feature to visualize the most replayed parts on a timeline to

Shttps://www.youtube.com/
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help user navigation. Based on the usefulness observed in these
instances, we also consider using annotations on the seek bar to
indicate the correspondences between a video and its accompanying
document in our interface.

2.2 Content-based Video Interfaces

Some prior work have sought to design storyboard-like interfaces,
which allow users to navigate video by manipulating an interface
specialized by the video content [22, 29, 30, 48, 51]. For videos
of lectures or presentations, research has introduced a variety of
storyboard-like interfaces to efficiently navigate lengthy videos,
such as one with text digests and thumbnails for each segment of the
video [49], crowdsourced concept maps of the talks [41], and control
panels with semantic cues based on multimedia analysis within
the video [60]. These efforts would enrich the viewing experience
of document-based video, but they do not specifically address the
tasks of content navigation between video and documents.

Other attempts with a more similar motivation to ours are to syn-
chronize video timelines with related visual entities, to reduce user
workload in controlling playback and/or switching focus between
content [9, 14, 15, 36, 39, 50, 55]. As for examples targeting slide-
based presentation videos, several studies have explored ways to
synchronize presentation videos with slide pages by analyzing them
using OCR [55] or image feature matching [14, 15]. These efforts
are certainly a key component for indexing and better browsing of
the videos. However, they focus mainly on the video-processing
algorithms, not on how to effectively navigate between the video
and the document from a user interface perspective. As one of the
few research efforts mentioning the user interface, Li et al. devel-
oped an interface that synchronizes scrolling of the textbook with
the progress of lecture videos [39]; yet, it only arranges the video
and textbook views side by side, which would be limited by the
large amount of screen space required. We believe that navigation
between videos and documents could be made much smoother,
without splitting the view, by better blending the two interfaces.

2.3 Direct Video Manipulation Interfaces

Another notable approach to video interfaces is direct manipula-
tion [13, 31]. The early idea is to detect moving objects in the video
and allow the user to move them directly (e.g., by dragging), thus
allowing intuitive forward/rewind operations of the video frames.
Such interaction paradigm has been applied to various use cases
for video manipulation [11, 12, 33, 37, 44-46]. Notably, Denoue et
al. developed an interface that allows direct scrolling and zooming
of screen-based tutorial videos as if the user was manipulating the
actual documents [12], enabled by their own technique to extract
document elements from the video frames in real time [10]. This
interface inspired us with its potential to support navigation be-
tween videos and documents without occupying additional screen
space. However, their interface is limited by its implementation
relying on video data alone; with their prototype, documents can
only be viewed within the ranges that previously appeared in the
video, and the image quality of the documents depends on that
of the video data. Therefore, we consider significantly extending
their interface [12] based on the precondition that accompanying
documents are available.
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2.4 Real-time Document-sharing Interfaces

Screen sharing is a way to quickly share documents between users
in real time [18, 19]. Today, most video call software such as Zoom,
Google Meet?, Skypes, and Microsoft Teams® all include screen-
sharing functionalities and have been extensively used for online
communication involving documents. Research on video call inter-
faces has considerably increased recently, some of which are related
to screen sharing. For example, some interfaces allow each of the
video call participants to recognize which part of the document
their verbal [43] or nonverbal actions such as pointing [21] are
referring to. However, their motivation is somewhat different from
us; we focus on the limitation that screen sharing is inherently a
WYSIWIS (what-you-see-is-what-I-see) interface, which does not
allow each user to directly manipulate the displayed video feeds.

To overcome the limitation of WYSIWIS interfaces, research has
explored interfaces that allow users to flexibly loose coupling of
content between users (e.g., [5, 20, 53]). As an example of inter-
faces currently in use, Microsoft Teams offers the ability to share
slide data itself instead of screen-shared video feeds, allowing each
user to navigate through the document independently when page
position synchronization with the presenter is turned off. This func-
tionality, while limited to a slide file format (pptx), would be a
promising solution to streamline navigation between the document
and the presenter’s view for real-time document-sharing. Inspired
by this idea, we consider our interface to allow the user to manipu-
late the document itself instead of the video as needed. In addition,
we try to apply this idea of real-time document-sharing to general
document-based video interfaces, including prerecorded videos,
by developing a content matching algorithm between videos and
accompanying documents.

3 SWAPVID

We propose SwapVid, a novel interface for viewing and explor-
ing document-based videos to better support content navigation
between a video and an accompanying document. The interface in-
tegrates a video viewer and a document viewer into a single window
and can seamlessly switch between them with direct user manip-
ulation of the video/document. Such interface design is enabled
by our algorithm that estimates the viewport (i.e., scroll position
and zoom level) of the document that appears in each frame of the
video. The SwapVid prototype consists of two components: a se-
quence analyzer for pre-generating a mapping between the video
timeline and the document location (Figure 1a), and an integrated
user interface with an overlaid video viewer and document viewer
(Figure 1b). The remainder of this section describes the design con-
siderations of our interface and the prototype implementation that
works with on-demand videos (i.e., prerecorded videos).

3.1 Design Considerations

Our review of prior works highlights that few studies have ad-
dressed how interfaces deal with the problem of user workload
with two concurrent channels of information. Here, to better frame

*https://meet.google.com/
Shttps://www.skype.com/
®https://teams.microsoft.com/
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the problem, we define the following two tasks that require con-
tent exploration between videos and documents, while considering
typical scenarios of viewing lecture videos involving documents
reported in the previous work [23, 34, 35]:

¢ Video-based document exploration task (V2D task, in
short) refers to the task of searching an accompanying docu-
ment for specific information related to the video content
being viewed. Typical examples include referring to the pre-
vious/next page of a screen-shared document in an online
meeting such as Zoom, or returning to the page of a slide
that defines a technical term when it is mentioned again in
the lecture video.

¢ Document-based video exploration task (D2V task, in
short) refers to the task of searching a video for informa-
tion related to the corresponding document being viewed. A
typical example would be to find the time period(s) where a
certain page of the document being viewed is mentioned in
the video.

To support the above two tasks, we consider integrating a video
and a document into a single view and seamlessly swapping be-
tween them with direct user manipulation. More specifically, the
video-to-document transition is triggered by document manipula-
tion (e.g., scrolling the view) and the document-to-video transition
is triggered by video manipulation (e.g., interacting with the time-
line). Since the interface uses such common actions necessary for
content exploration as the triggers to swap between modes, the
user can naturally switch between them without learning additional
operations.

In addition, to maintain context when switching between video
and document, the interface needs to be aware of the relationship be-
tween the video timeline and the displayed content locations in the
document. To achieve this, we consider creating a video-document
matching algorithm to detect which part of the document is shown
at each frame of the video. With this algorithm, we additionally
introduce a visualization function that highlights on the timeline
when the part of the document being viewed is shown in the video.
This function will further support D2V tasks.

Based on the above design considerations, we implemented an
initial prototype of SwapVid. Although the concept of our interface
is applied to both on-demand and real-time video viewing, this
early prototype is for on-demand video, with slides and articles as
the assumed document formats. Note, we determine the document
type solely by its aspect ratio on our prototype: portrait documents
are considered articles and landscape documents are considered
slides. The prototype is designed to be used with a mouse on a
PC, which is a common style for viewing document-based videos.
The implementation uses HTML5, CSS and React, a JavaScript Ul
library, and runs as a web application.

3.2 Sequence Analyzer

3.2.1 Overview. To estimate the viewport of the document that
appears in the video, we employed OCR-based content matching,
similar to the previous work that attempted content extraction from
lecture videos [57] and live presentation videos [55]. We also tried
content matching based on image features (e.g., AKAZE [3]), but
found them impractical in terms of computational cost and accuracy.

Murakami and Fujita et al.

We used OCR for the documents as well as the video because it
was more convenient to match the position of the bounding box
containing the text between the two data.

Figure 2 shows the overall workflow of the sequence analyzer.
On one hand, the system performs OCR processing (using Tesseract
OCR7) on the entire PDF document and creates index data of the
contained text segments, consisting of the extracted text strings
and their location (i.e., the page number and the coordinates of the
bounding box within the page). On the other hand, the system also
performs OCR on the video image at every keyframe and extracts
the text strings with their locations. The keyframes are obtained
when a scene change is detected in the video during its monitoring
at 1Hz by calculating the differences of the horizontal and vertical
projection profile between frames. The viewport estimation process
by matching the extracted text segments between the video and
the document consists of scroll position estimation and zoom level
estimation, as described below.

3.2.2  Scroll position estimation. The system performs a brute-force
search to check if each segment of the text strings extracted from
the video keyframes (with a string length of ten or more) matches
any of those in the index data of the document. Considering that
the text segmentation results may be imprecise, match detection is
based on exceeding predetermined threshold values for each of the
following three similarity indices: string length similarity, N-gram
(N = 2) similarity, and string sequence similarity.

Since there is usually a difference in the scrolling continuity
between slide- and article-type documents (i.e., articles are often
scrolled continuously, while slides are shown page by page on the
video), the scrolling position estimation process differs slightly de-
pending on the document type. For slides, if the system detects a
match in a certain text segment between the video and the docu-
ment, it returns the page number of the document containing the
string as an estimation candidate. After repeating this process from
the top of the image at the keyframe, the system finally outputs
the most likely page number as the estimated scroll position. For
articles, the system uses a certain number (three, in our prototype)
of consecutive lines of extracted strings in a video frame as the unit
of the match detection. If a match is detected, the system returns
the line position containing the string information as a candidate
of the estimated scroll position, and repeats this process to output
a final estimation result.

3.2.3 Zoom level estimation. Document-based videos may contain
scenes that show zoomed-in/out views of a document, so the sys-
tem is required to estimate the zoom level. To achieve this, our
implementation focuses on the size difference of a certain text seg-
ment matched between the video and the document. Specifically,
the system estimates the zoom level by calculating the ratio of the
bounding-box height of the matched string between both data. We
used height (not width) because height was observed to be more
robust in OCR than width for documents with horizontal texts.
The estimated viewport is finally calculated by combining the es-
timated scroll position and zoom level with the exact size of the
video/document.

"https://github.com/tesseract-ocr/tesseract
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Figure 2: Workflow of sequence analyzer.

Table 1: Video/document materials used in this study and results of performance test of our sequence analyzer.

Material ID Doc info Video info Results of performance test

Source  # of pages Source Length # of keyframes Correct estimation ratio Process time per frame

Slide01 [16] 9 YouTube? 5:04 14 100% 0.031s (SD = 0.11)
Slide02 [24] 12 YouTube? 6:41 14 85.7% 0.028s (SD = 0.089)
Slide03 [47] 12 YouTube!® 6:54 8 100% 0.023s (SD = 0.087)
Article01 [40] 10 (edited) YouTube!! 5:15 (edited) 9 78.5% 0.12s (SD = 0.29)
Article02 [4] 10 (edited)  YouTube!?  5:29 (edited) 14 100% 0.10s (SD = 0.39)
Article03 [25] 4 (edited)!®* YouTube!* 5:53 (edited) 16 87.5% 0.26s (SD = 0.63)

3.2.4  Performance test of sequence analyzer. We tested the accu-
racy and process time for the viewport estimation of our sequence
analyzer. We used six existing document-based videos (three slides
and three articles, Slide01-03 and Articles01-03 in Table 1) for the
test, all of which are available on the web. These videos did not
include zoomed-in/out views. Of the 193 keyframes extracted by the
system in these videos, we used 75 frames for the test by manually
eliminating irrelevant frames (e.g., those displaying non-documents
or playing full-screen slide-embedded videos) and inappropriate
frames (e.g., those unable to read the content while scrolling).

We calculated correct estimation ratio of the viewport for all
targeted keyframes. We defined the “correct” estimation as the
system’s estimated viewport position with an error of 50 px (equiv-
alent to about 5% of the height of the video view) or less from the
ground truth. Since there was no ground truth data for the viewport
position in each video, we created them by manually aligning the
document position to the video at each keyframe.

As Table 1 shows, the mean correct estimation ratio was 94.4% for
slides and 88.7% for articles. This result shows that the system was
generally capable of tracking the correct viewport of the documents.
Regarding Article01, the reason for the relatively lower accuracy
is because the document version that is used for the video differs
slightly from the publicly-available one in some sentences.

The mean process time to estimate the viewport for each video
keyframe was 0.027s for slides and 0.16s for articles. Given that this
process is performed less frequently than 1Hz, these results would

Shttps://www.youtube.com/watch?v=EuBmw3hVEuM
https://www.youtube.com/watch?v=U82chCRQVwo&t=1050s
Ohttps://www.youtube.com/watch?v=U82chCRQVwo&t=580s
Uhttps://www.youtube.com/watch?v=t3Yh56efKGI
L2https://www.youtube.com/watch?v=0Dat7kfZ-5k

3The video presents a web page instead of a PDF document, so we used screenshots
of this as the accompanying document.
4https://www.youtube.com/watch?v=jzdodD3mX_o

be sufficiently feasible for using our interface on common PCs even
with real-time video.

3.3 Integrated User Interface

3.3.1 Overview. Figure 3 shows an overview of the interface pro-
vided by SwapVid. Our integrated interface is presented in a single
window and switches between video mode (Figure 3a) and docu-
ment mode (Figure 3b). Switching modes is done by scrolling the
view (from video to document) and by manipulating the seek bar
(from document to video). The interface also provides a toggle but-
ton at the bottom of the screen to explicitly switch the mode, which
is particularly useful when the sequence analyzer cannot find a
mapping because the video being played is not included in the
document. The transition between the modes is implemented by
toggling the show/hide of the document viewer, which is superim-
posed on the video viewer. In the following, we describe the specific
interaction and behavior when switching the viewing mode.

3.3.2  Transition from video mode to document mode. When in the
video mode, the system switches to the document mode when it
detects a scrolling operation by the user. Since the viewport of the
document is kept in sync with that of the video, visual changes dur-
ing mode switching are minimized, allowing the user to experience
it as if the document was just scrolled.

The mode transition from video to document is possible either
while the video is playing or paused. If transitioned while a video is
playing, the video continues playing so that the user can continue to
listen to its audio. This means the user can manipulate the document
asynchronously from the video, which is an essentially different
feature from video direct manipulation interfaces (e.g., [12]). This
feature will allow users to use this interface in real-time video
situations (e.g., screen sharing via Zoom); the user can look at


https://www.youtube.com/watch?v=EuBmw3hVEuM
https://www.youtube.com/watch?v=U82chCRQVwo&t=1050s
https://www.youtube.com/watch?v=U82chCRQVwo&t=580s
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Figure 3: Overview of SwapVid’s interfaces in each mode.

other pages in the document without missing what the presenter is
saying.

3.3.3 Transition from document mode to video mode. When in doc-
ument mode, the system switches to the video mode when it detects
interaction with the seek bar by the user. While the user is explor-
ing the document, the system keeps monitoring if the currently
displayed content exists in the video, based on the mapping gener-
ated by the sequence analyzer. If a match is detected, the system
visualizes the corresponding time period(s) on the seek bar by
highlighting them in yellow (as shown in Figure 3b). Even in the
case of real-time video viewing, a seek bar could be placed like in
YouTube Live to support video navigation into the past. In addition,
when a part of the document view matches the content with the
currently playing video, the matched area is visualized in the docu-
ment viewer as a blue rectangle (as shown in Figure 3b). These two
types of visualizations support D2V tasks.

3.3.4 Interface of each viewer. The video viewer provides basic
playback functions like many common video players on the web
(e.g., YouTube), such as playback, pause, seek bar control (with a pre-
view when the cursor hover over the seek bar), and subtitle display.
We implemented them using HTML5, CSS and React (JavaScript).

The document viewer acts as a basic PDF viewer, supporting
interactions such as scrolling, text selection, and text search. We
used React-pdf'®, a React wrapper for PDE.js, to directly load PDF
document data.

4 USER STUDY

We conducted a user study to evaluate SwapVid compared with a
conventional interface. The main objectives of the user study were
(1) to investigate the performance of navigating contents between a
video and an accompanying document using our interface, and (2)
to understand the overall usability of the interface. The results of the
study showed that SwapVid helps the user reduce time and physical
workload in navigating slide-based documents in exploration tasks.

4.1 Participants

Twenty university students (12 males and 8 females, mean age=
23.2 + 1.64) participated in this experiment. Their university and
department affiliations were diverse, but all of them had experience

Dhttps://react-pdf.org/

viewing document-based videos for their courses and were famil-
iar with existing interfaces for video viewing (e.g., YouTube) and
document exploration (e.g., Adobe Acrobat Reader).

4.2 Experimental Design

The experiment was a two-factor within-subjects design with inter-
face (SwapVid, baseline) and document type (slide, article) as the
factors. For the baseline interface, we used a side-by-side separate
view, where the participant could control the video timeline and the
scroll position of the document independently, a setup that people
commonly employ when interacting with a video and a document
concurrently (Fig 4a left). To explore the effect of document types
with different aspect ratios and text densities on exploration per-
formance, we included document type (i.e., slides and articles) as
another factor.

We designed three tasks: (1) summary task, (2) video-based doc-
ument exploration (V2D) task, and (3) document-based video ex-
ploration (D2V) task. The summary task was to provide a summary
of a given video while using each interface. We designed this task
to simulate real-time video viewing and aimed to examine the over-
all usability of each interface through actual use. In contrast, we
designed the two exploration tasks (i.e., V2D task and D2V task)
to assess the SwapVid’s efficacy in supporting the user to locate
specific information in documents or videos. Both tasks simulated
the situation where the user has to switch back and forth between
documents and videos, referencing typical scenarios of viewing
on-demand lecture videos [23, 34, 35]. In a V2D task, we asked the
user to scroll and search for information that was presented in a
video. Conversely, in a D2V task, we asked the user to use a seek
bar to find a scene in a video that corresponded to the information
in a given document. Note that we did not counterbalance the order
of the two exploration tasks because we did not intend to compare
performance metrics between tasks with such different procedures.
For these two exploration tasks, we measured task completion time,
logged user operations (mouse pointer movement and scrolling),
and tracked eye gaze. In addition, we collected comments from
participants on their experience and areas for improvement for the
user interface, as well as the System Usability Scale (SUS) score
and the NASA-TLX score to evaluate the subjective usability and
workload.
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We used four existing document-based videos in the study. For
the slide-based videos, We chose two presentation videos (Slide02
and Slide03 in Table 1) of previous international conferences by
the author’s research team. For the article-based videos, we used
two videos (Article02 and Article03 in Table 1) introducing Al
papers publicly available on YouTube. We selected these materials
because both video data and document data (whose content is the
same as in the video) were available, and the contents have similar
difficulty within each type of document (slide and article). Because
the durations of article-based videos were about 25 minutes each,
we modified them to be about five minutes long with the permission
of the video creators. Accordingly, we used the shortened article
PDFs (into four pages for both Article02 and Article03) because
we were concerned the difficulty of the task would become too
high. Note that we did not use our sequence analyzer (described in
section 3.2) and the content matching between the videos and the
documents was detected manually by us before the user study. The
reason for this was that we aimed to purely evaluate the concept
of our interface without considering the accuracy of the sequence
analyzer.

4.3 Experimental Setup

Figure 4b shows the experimental setup from a participant’s view-
point. We used a 15-inch laptop (GIGABYTE AERO 15: Core i7
9750H, 16GB, GeForce RTX 1660ti 8GB), an extended 15.6-inch mo-
bile monitor, and a wireless mouse (Logitech M705) for the task. The
laptop’s main screen displayed document-based video windowf(s),
and the sub-screen shown with the extended monitor displayed
Google Form for entering answers during the task. In addition,
Tobii Pro Spark was placed on the bottom of the laptop’s display to
measure participants’ eye gaze using Tobii Pro Lab software.

4.4 Procedure

4.4.1  Overall procedure. Figure 5 shows the overall flow of the
experiment. The experiment was divided into two blocks, with
the fixed order of tasks using slide documents in the first half and
article documents in the second half. This was to take into account
the generally high difficulty of the tasks in this experiment; we
wanted to make it easier for participants to become familiar with the
tasks by using the slide documents (with less information) earlier,
which were assumed to be easier than the article documents. We
counterbalanced the order of interface presented within each block
and the combination of interface and document material across
the participants. Overall, the experiment consisted of four trials (2
interfaces x 2 document types) and lasted about 100 minutes per
participant.

The specific procedure of the experiment was as follows. After
receiving an overview of the experiment, participants began the
tutorial for the first block, tasks using slide documents. In the tuto-
rial, participants were shown how to operate each interface using a
sample video material (Slide01 in Table 1), and were able to try out
the interfaces until they became familiar with them. Participants
then conducted actual trials with each interface (approx. 15 minutes
per interface, details in the following section). After completing
the trials with the two interfaces, they answered subjective ques-
tionnaires (i.e., SUS and NASA-TLX) on Google Form and finally
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responded to semi-structured oral interviews. The interviews asked
about differences in usability between the interfaces and improve-
ments to our interface. After a short break, the second block of
the experiment using article documents followed, with the overall
experiment ending after this part.

4.4.2 Task procedure. The experimental tasks were performed in
the following order: (1) summary task, (2) V2D task, and (3) D2V
task. The details for each task are as follows.

(1) Summary task. Participants were asked to carefully watch
a document-based video and an accompanying document us-
ing each interface, and to provide a summary of the video in
free-text format on a Google Form during or after watching
the video. To simulate real-time viewing, seek bar operations
(pause, playback) were not available. The obtained summary
in this task were not included in the evaluation because the
main purpose of the task was to obtain subjective usability
through actual use of each interface.

(2) V2D task. We asked each participant to perform two tri-
als of V2D tasks. In a V2D task, using either the baseline
interface or SwapVid, each participant was asked to scroll
through the document to find a target (i.e., text or an image)
that fulfilled instructions derived from a particular video
scene (e.g., “Regarding the slide shown in the scene at 2:45-
3:19, please answer the title of the slide three pages before the
slide”, “Regarding the section of the article shown in the video
from 1:04 to 1:57, please answer whether or not the text “in the
same way” is included in the section.”). The interface automat-
ically played the relevant part of the video upon starting the
trial, while the participant was instructed to search for the
corresponding section in the document. For this task (and
the following D2V task), the keyword search functionality
in the document viewer was disabled. Once the participant
found the targeted answer, they chose it from the options
presented on the Google Form, and then pressed the “com-
plete” button in the main screen. The task completion time
was measured from the time the task screen was displayed
until the “complete” button was pressed.
D2V task. Following the V2D task, the participants were
asked to work on the D2V task, which consisted of two trials.
The task presented participants with a target (i.e., text or an
image) that was part of the document and asked them to
search for a video scene containing it (e.g., “Please pause the
video at the scene where the text “Introduction” appears in the
video and submit the task”). The participant was informed
that the recommended way to proceed with the task was
to first display the relevant section in the document and
then search for the corresponding video scene. After the
participant found the target scene, the task was completed
by pressing the “complete” button.

—
SY)
=

4.5 Results

All participants completed all trials. However, because there was an
incomplete question in the first trial of V2D task with article docu-
ment, we discarded the data for the corresponding 20 trials (1 trial x
20 participants). For the remaining trials, the mean correct answer
rate was 81.9% (baseline: 80.0%, SwapVid: 83.8%) for V2D task and
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99.4% (baseline: 100%, SwapVid: 98.8%) for the D2V task. Below,
we show the analysis results including incorrect trials, because
most incorrect trials seemed to be due to misinterpretation of the
question and we observed participants’ appropriate target-seeking
behavior on these trials as well. Because most of the data obtained
did not show normality, we used nonparametric statistical methods
in the following analyses.

4.5.1 Task completion time. Figure 6a shows the results of the task
completion time related to interface in each task. We performed a
two-way Aligned Rank Transform [56] (ART) ANOVA on V2D task
completion time, showing no main effect of interface (F(1,20) =
3.51,p = 0.065). A Wilcoxon signed rank test revealed that SwapVid
provides a shorter task completion time than the baseline in slide
document (W = 188.0, p = 0.0010). For the D2V task, a two-way
ART ANOVA on task completion time showed no main effect for
interface (F(1,20) = 0.076, p = 0.784)

4.5.2  Cursor movement distance. We calculated the cursor move-
ment distance by summing the distances between the mouse cur-
sor positions (px'®) obtained at regular intervals during the task.
Figure 6b shows the results of the cursor movement distance re-
lated to interface in each task. A two-way ART ANOVA on cursor
movement distance in V2D task revealed a main effect of interface
(F(1,20) =5.78,p = 0.019). A Wilcoxon signed rank test revealed
that SwapVid provided significantly less movement distance for
slide (W = 202.0,p < .001). We then conducted a two-way ART

18The obtained “px” hereafter refers to CSS pixels.

ANOVA on cursor movement distance in D2V task, and found no
main effect of interface (F(1,20) = 0.168,p = 0.683). However,
a Wilcoxon signed rank test showed that SwapVid provided less
movement distance for slide (W = 162.0, p = 0.033).

4.5.3 Scrolled amount. We defined a metric of scrolled amount
that represents the substantial length scrolled within a document,
calculated by the on-screen scrolled distance (px) divided by the
height of the entire document (px) in each trial. This definition
is intended to provide a fair comparison between interfaces with
different displayed scale of the document (please see Figure 4a).

Figure 6¢ shows the results of the scrolled amount related to
interface in each task. We performed a two-way ART ANOVA on
V2D task and found a main effect of interface (F(1, 20) = 62.53,p <
.001). A Wilcoxon signed rank test showed that SwapVid resulted
in significantly less scrolling than the baseline for both slide (W =
195.0, p < .001) and article (W = 203.0, p < .001). For D2V task, a
two-way ART ANOVA showed a main effect of interface (F(1,20) =
4.24, p = 0.043). A Wilcoxon signed-rank test revealed that SwapVid
gave significantly more scrolling in article document (W = 24.0,p =
0.0010), contrary to the results of V2D task.

4.5.4  Visual fixation. Figure 7 shows heatmap representations of
the participants’ gaze (i.e., fixation) distribution using each interface
for the second trial of each task. Not surprisingly, the distribution
for the baseline is divided into left and right regions, whereas for
SwapVid, it is generally clumped into specific regions within the
window.

We also examined the number of fixations that were detected
by the Tobii Pro Lab software. Figure 6d shows the results of the
number of fixations related to interface in each task. A two-way
ART ANOVA on number of fixations in V2D task showed no main
effect of interface (F(1,20) = 3.77, p = 0.056). However, a Wilcoxon
signed-rank test revealed that SwapVid produced significantly fewer
fixations on slide document (W = 159.5, p = 0.010). For D2V task,
a two-way ART ANOVA on number of fixations showed no main
effect of interface (F(1,20) = 0.723, p = 0.398). We also examined
the duration of fixations and obtained similar results; a Wilcoxon
signed-rank test showed that the duration with SwapVid (7.16s +
2.82) was significantly less than that with the baseline (9.13s +3.33)
for V2D task (W = 146.0,p = 0.040). According to the previous
work on visual computing [58], the lower number and duration of
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Figure 6: Results of V2D and D2V tasks with box plots; the “x” marks in the graphs indicate mean values.

Baseline SwapVid

V2D 1(high)
(Article)

Iy

=

)

05 g

®

D2v o

(Article) @

' 0 (low)

Figure 7: Participants’ gaze distributions using Tobii I-VT
(Fixation) filter in the second trial of each task with articles;
the translucent rectangles represent the window layouts in
each interface.

fixations obtained with our interface in some conditions could be

interpreted as indicating a lower cognitive load on the participants.

Table 2: Obtained NASA-TLX weighted rating scores

Article

66.42 (SD=15.9)
58.80 (SD=18.6)

Interface Slide

Baseline  60.10 (SD=16.3)
SwapVid 48.28 (SD=17.9)

4.5.5 Subjective workload. Table 2 shows the weighted rating of the
obtained NASA-TLX scores for each condition. We performed a two-
way ART ANOVA and found a main effect of interface (F(1,20) =
6.379, p = 0.014). Wilcoxon signed rank tests revealed that the score
was significantly better with SwapVid than the baseline for both
slide (W = 182.0, p = 0.0030) and article (W = 173.5,p = 0.011).

4.5.6  Subjective usability and preferences. The mean SUS scores
obtained for SwapVid were 76.25 (SD = 14.69) in slide document
and 76.63 (SD = 14.58) in article document, both equivalent to
“GOOD” in adjective rating.

Figure 8 shows the obtained user preferences for each condition.
In the summary task, the baseline interface was slightly preferred
by the participants over our interface in both document types. In
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contrast, our interface was preferred by the majority of participants
in the V2D and D2V tasks.

5 DISCUSSION

5.1 Exploration Task Performance

The results showed that the participants performed V2D tasks more
effectively using SwapVid, in terms of shorter task completion time,
less cursor movement distance, less scrolled page amount, less
number and duration of fixations, and better user preferences for at
least one of the document types. We believe these results are derived
from the feature of our interface that allows users to effortlessly
switch modes from video to document simply by scrolling, which
substantially reduces the time and physical workload for the video-
document transition. This interpretation is also supported by the
participants’ comments, all of which (N=20) mentioned the ease of
navigation between the videos and the documents.

In contrast to V2D tasks, there were no significant improvements
in performances for D2V tasks, suggesting no clear advantage of our
interface over the baseline, even though many participants (N=17)
noted the usefulness of the highlighting on the seek bar. This may
involve two following reasons regarding our D2V task settings. First,
the videos that we used were around five minutes, which seems to
have made it possible for the participants to memorize the contents
in the summary task (i.e., the participants could find the targeted
time in the video without using the highlighting feature). Many
meeting and lecture videos are generally longer in duration and we
do not usually know the content in advance, in which case it will
be quite challenging to find relevant time without the highlighting
and our interface will be more advantageous in D2V tasks. Second,
due to the differences in window size and aspect ratio between the
interfaces, the document viewer of the baseline interface was able
to display more pages in a single window than that of our interface
(please see Figure 4a). We speculate that this led to an increase in
the overall workload for document exploration using our interface
relative to the baseline (whereas in V2D tasks, this may have been
a minor issue as the benefits of the smooth video-to-document
transition feature of our interface was more substantial). Similarly,
our interface provided a larger seek bar than the baseline due to the
different window size, which may have resulted in longer cursor
movement distances in D2V tasks. Thus, further clarification is
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needed to better understand how our interface could support D2V
tasks.

In terms of document type, our interface generally performed
better with slides than with article documents. We suspect that the
characteristics of the materials of video and document used caused
the difference; because the article documents’ page lengths were
about half that of the slides, the user could browse through the
documents to find the targeted information more easily, which may
have underutilized the advantage of our interface. Another possible
reason is that the window aspect of our interface (i.e., landscape)
did not match that which would be appropriate for viewing article
(i.e., portrait) documents; this might have led to the higher amount
of scrolling for article documents in D2V tasks using our interface
(as seen in Figure 6c).

5.2 General Usability

The participants generally accepted our interface and found it use-
ful. Although many of the participants had attended many online
lectures before and were accustomed to interfaces similar to the
baseline, they generally preferred our interface, and the obtained
SUS score showed “GOOD” in either document type. This can be
primarily attributed to our interface’s successful blending of an
existing video viewer and document viewer, requiring almost no
extra effort to learn how to use.

In terms of task-specific preferences (Figure 8), our interface
was dominantly preferred over the baseline for both V2D and D2V
tasks, while the baseline was rather preferred in the summary task.
Participants who preferred our interface more in the summary task,
in the minority, mentioned the ability to view content larger than
the baseline (N=9) and the ability to focus on a single view (N=5) as
the reasons. However, the majority preferred the baseline that could
provide document and video views individually. More specifically,
many of the participants who preferred the baseline cited the follow-
ing limitations in our interface when in document mode. First, the
most frequently mentioned (N=14) limitation was that users could
not visually check the progress of the video in the document mode.
We initially thought it would be more beneficial to concentrate on
either mode, but given the comments, we decided to explore an im-
proved interface in the next section. Second, participants (N=38) also
mentioned the inability to view videos and/or animations embed-
ded in the slides when in document mode. This could be improved
by embedding dynamic contents such as videos and animations
into the document viewer of our interface, e.g., by integrating the
system of Masson et al [42]. The third limitation mentioned (N=6)
was the inability to provide the document overview. Support for
zooming and thumbnail views, as many document viewers have,
would be an essential future work.

In terms of screen size, we used a laptop with a 15-inch display,
which is one of the mainstream devices used to view document-
based videos. We believe that mobile devices such as tablets and
smartphones would benefit more from saving screen space for our
interface, and we explore this in the following section.



SwapVid: Integrating Video Viewing and Document Exploration with Direct Manipulation

6 EXPANDING SWAPVID’S PRACTICAL
CAPABILITIES

Based on the user study findings, we implemented an improved
SwapVid’s interface with additional functionalities to expand its
practical capabilities. Further polishing the tool’s quality was
deemed necessary as our goal was to make the tool publicly avail-
able upon publication. We obtained user feedback (N=6) on the
updated interface with which we informally evaluated the usabil-
ity of the new iteration of SwapVid, which included a functioning
sequence analyzer.

6.1 Extension Design and Implementation

We designed and implemented an extended interface plus additional
functionalities, with the three main points below. We published
the source code of the entire system, including this extension, on
Github!’.

6.1.1 Mode switching by text selection. We implemented a mode
transition from video mode to document mode by text selection,
based on the same idea as the transition by scrolling. In video
mode, the cursor changes to an I-shape when it is over text, and
as soon as it detects dragging of the text, the system switches to
document mode and the text becomes selected. This feature can
greatly support workflows such as keyword searching within the
document related to the video content being viewed.

6.1.2  Picture-in-picture video view. To resolve the inability to view
the video when in document mode, our interface adds a picture-in-
picture (PiP) video view (as shown in Figure 1b right). Specifically,
the system displays the currently playing video in a small size in
the lower right corner of the screen via a transition animation at the
moment of switching from video mode to document mode. This PiP
video view can be moved to any position in the view by dragging,
and can be re-transitioned to the video mode simply by clicking.

6.1.3  Support for mobile devices. To allow SwapVid to be used on
mobile devices such as smartphones and tablets, we added support
for touch operations of the interface and responsive layout. We
tested it for both iOS (i.e., Webkit!®) and Android (i.e,, Chromium?®)
web browsers.

6.2 User Feedback

6.2.1 Overview. We obtained preliminary user feedback on the
usability of the interface with the above improvements on both a
laptop and a tablet device. The participants were six students in our
lab (males, mean age= 22.8 + 0.753), all of whom had experience
with the previous version (i.e., the interface used in the user study).

Unlike the user study in the previous section, we used an actual
working prototype including the sequence analyzer, in addition to
the above improvements. After a brief guidance, participants were
given eight minutes each (four minutes each for a slide document
and an article document) on a 15-inch laptop (the same model as in
the user study) and an 11-inch tablet (iPad Pro, 2nd gen). During
that, they were allowed to try the interface while viewing video
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materials (the six materials shown in Table 1) as they liked, and
then gave comments about their experience.

6.2.2  Results. Overall, all participants found our interface useful
and were willing to use it personally. Their particularly favorable
points included the ease to navigate between videos and documents
(N=3) and the effective use of the screen space to view both video
and document on a single screen (N=3).

The updated features of our interface generally received posi-
tive comments. Regarding the PiP video view, all participants re-
sponded positively about its usefulness. However, many (N=5) were
concerned about the fact that the PiP view partially occludes the
document on both devices (especially on the tablet), and suggested
that the PiP view could be resized or hidden as an improvement.
The overall user experience on the tablet was generally as good
as (N=5) or better than (N=1) that on the laptop, and most of the
reasons for the positive feedback referred to the intuitiveness of
the touch operation (N=3). A participant particularly appreciated
that the tablet alone could complete the viewing of both videos
and documents. There was also a desire for pinch-zoom support
and the addition of a stylus pen annotation function on the docu-
ment viewer. Regarding the text selection function, many comments
(N=3) particularly appreciated the convenience and practicality of
the text search. Regarding the behavior of the sequence analyzer,
no participant had problems switching from video to document or
complained about the visual changes during the switch, suggesting
that the analyzer is practical to use.

7 LIMITATIONS AND FUTURE WORK

A major limitation of this study is that the current implementation
does not work with real-time videos. The observed computation
time of the sequence analyzer (Table 1) suggests the premise for
real-time execution; future work will be to integrate this interface
into video call applications.

Another limitation is that the sequence analyzer currently sup-
ports limited document content types and formats. In particular,
since the content matching algorithm relies on OCR, it would not
work with content that contains no text or is very low resolution.
We will improve this by additionally using an image-based con-
tent matching approach when OCR fails, as in prior work [2]. In
addition, the current implementation works with one-dimensional
sequential and static documents, but we will explore ways to sup-
port documents that contain dynamic content (e.g., animations and
embedded videos), such as PowerPoint slides. It is also worth ex-
ploring support for documents with links (in PDF documents or
web pages) by recognizing their link structure (e.g., [7]).

Future work also includes improving our interface to further
make navigation between video and documents more efficient. The
results of the user study suggest that the landscape window aspect
of our interface may make it more difficult to explore portrait docu-
ments. In response, improvements may be needed to compensate for
the mismatch in window aspect when switching from video to doc-
ument, for example, by automatically zooming out, transforming
the window aspect ratio, or providing a thumbnail view.

8 CONCLUSION

We proposed SwapVid, a novel interface for viewing and exploring
document-based videos that allows seamless switching between a
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video and a document in a single view with direct manipulation.
The results of the user study show that the interface helps the user
reduce time and physical workload in exploring slide-based docu-
ments based on video referencing. The results also show that our
interface concept is generally accepted by the users and preferred
over the conventional interface they are used to. Based on these,
we conclude that our interface successfully facilitates the user’s
concurrent exploration between a video and a document. Future
work includes implementing an interface for real-time video view-
ing and improving the content matching algorithm to support a
wide range of content types.
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