Delft University of Technology, Bachelor Seminar of Computer Science and Engineering

Expanding LogUIl: Adding Screen Capturing and a Statistical
Analysis Dashboard for Web-Based Experiments

Hugo van Dijk
Delft University of Technology
Delft, Netherlands
1

ABSTRACT

Logging user interactions allows researchers to study user behav-
ior in web applications. The LogUI framework can be used to log
user interactions on virtually any web application. This framework
misses two vital features, a screen capture feature and a dashboard
for statistical data analysis and visualization for use in web-based
experiments. Here we have implemented this dashboard and screen
capture feature as an addition to LogUL We cover tools for screen
recording and methods to limit bandwidth usage when sending
these recordings between client and server. For the dashboard, we
worked in cooperation with interactive information retrieval (IIR)
researchers working with the open-source collaborative search sys-
tem SearchX. Using their input, we determined metrics, visuals,
and features to be included in the dashboard. Our results demon-
strate that recording a single browser tab as opposed to the entire
screen or a browser window is more bandwidth-efficient when
sending recordings from client to server. Using the H.264 video for-
mat results in much better compression compared to other formats
available. A low bitrate setting also results in low bandwidth usage,
but this setting should be set with care. The dashboard intends to
prevent researchers from having to implement their own scripts
for data analysis. Its main focus is comparing aggregations of ses-
sions, but it does allow the analysis of single sessions. Including
metrics like dwell time, time between queries, session duration,
and event occurrences, as well as visuals like box plots, time series
plots, and an event timeline is highly beneficial for IIR researchers
using LogUI. Being able to relate logs to their occurrence in a screen
recording is also advantageous. In an evaluation session, the re-
searchers were able to complete a series of tasks with little difficulty
on average. Some features, like filtering specific sessions, or metrics
for the visuals, are not fully comprehensible. However, in its eval-
uation, five out of five researchers noted that they would use the
dashboard in their future research. This shows that the included
metrics, visuals, and features have been correctly selected.
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1 INTRODUCTION

"Information retrieval (IR) is concerned with the structure, analysis,
organization, storage, searching, and dissemination of information."
[27]. Since 1950, the primary focus of this field is on text and text
documents, like web pages, emails, scholarly papers, books, and
news stories [12]. One of the major issues in IR is the relevance
of a document. "A relevant document contains the information
that a person was looking for when she submitted a query to the
search engine" [12]. A major subfield of IR is web search using
search engines. To improve search engines, they need to be evalu-
ated [12]. This is done by looking at their effectiveness, the ability
to find the right information, and efficiency, the speed at which
the information is found [12]. However, solely looking at the IR
systems themselves does not show us the full picture. To improve
information retrieval on the web, we also need to look at a search
engine’s users. User measures, like perception and attitude, greatly
influence the effectiveness and efficiency of the search process [12].

The study and evaluation of user interactions with IR systems
is called interactive information retrieval (IIR) [10]. Usually, IIR
researchers implement their own tools and logging infrastructure
in order to perform research in this field [25, 32]. According to [17]
there are two types of observables in IIR research, namely direct
and indirect observables. Direct observables are user interactions and
behaviors, like time spent looking at a document, also known as
dwell time. Indirect observables are measures that others cannot see,
like satisfaction, which "essentially exist within the user’s head"
Kelly [17].

The LogUI framework-agnostic JavaScript library [22] was im-
plemented to ease the process of logging for web pages. It can be
easily integrated with virtually any web application and can log
almost any user interaction (i.e., direct observables) by exploiting
contemporary web technologies. Together with SearchX [24], an
open-source collaborative search system, LogUI can be used for
efficient IIR research.

LogUI has researchers specifically set up which user interactions
they wish to log, like hovers or clicks on a specific element, or
query submissions. These logs can then be downloaded for data
analysis. However, this is often not sufficient as it might not be
clear what a user of that web application saw at those points in
time. For example, what did a user do right before or after an event?
This helps a researcher understand a user’s behavior better. To
make this clear, the screen the users see needs to be recorded in an
efficient and comprehensible manner so the interactions of a user
can be related to their screen. This helps debug applications, but
also interpret results. As LogUI uses a client-server architecture,
these recordings must not clog up the network. Sending videos
uses much more data compared to sending logs, for which the
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framework was initially designed. So, part of efficient integration of
screen capturing is limiting its bandwidth usage. Another feature
currently missing from LogUI is a dashboard for data visualization.
At the moment, researchers analyzing web applications with LogUI
have to implement their own scripts data analysis on the user logs.
This is labor-intensive and prevents easy comparison of studies as
visuals might look different. Adding a dashboard containing the
most important metrics and visuals would make the analysis of
logs significantly more efficient. It will also result in a more easy
comparison of results obtained with LogUI.

This paper concerns the efficient integration of screen capturing
into the LogUI logging process and the design and creation of a
dashboard for statistical analysis and visualization of LogUI user
logs. These additions can be useful for any researcher examining
user behavior on a web application. However, for this study, they
are implemented in the context of IIR research with SearchX. The
research questions relating to these additions are listed below.

RQ1: How can screen capture be efficiently integrated into the
LogUI logging process for use in IIR research?

RQ2: What metrics and visualizations are required for a dashboard
with LogUI user logs for IIR researchers, and what features
aid in their usability?

To answer RQ1 we examine existing tools for screen capturing,
and what measures to take to limit the bandwidth usage between
client and server. For RQ2, requirements for the dashboard were
elicited by surveying and interviewing 5 IIR researchers. After
the dashboard was created, it was evaluated with these same re-
searchers.

2 BACKGROUND

This section covers already existing literary works and documen-
tation which is used for the foundation of our research. Firstly,
we describe how user studies are performed in SearchX and how
LogUI assists in these studies. Then, we cover existing tools for
screen capturing, followed by literature on dashboard design for
data scientists.

2.1 Using LogUI with SearchX

SearchX is an open-source search system that supports both single-
user search as well as collaborative search. The latter is multi-
ple users searching for and making sense of information together.
SearchX is split up into a front-end (figure 3) and a back-end. A
variety of document retrieval components are supported, like the
Bing search API or Elastic search. It enables research across both
desktop and mobile platforms for online experiments, like with
crowd workers [24]. A typical user study in IIR consists of stages
like registration, pre-experiment questions, search tasks [23] and
post-experiment questions. These questions can be used to capture
indirect observables, and the search tasks for direct observables. Ini-
tially, to log these experiments each researcher had to implement
their own logging strategy and add that to SearchX. Its develop-
ers are working on removing all logging code and using LogUI
for this process instead [16]. A benefit of using LogUI for the log-
ging process is that it is not coupled with SearchX and can thus
be developed in isolation. LogUI allows easy logging of the user
interactions during an experiment. When logging with LogUI, the
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{"eventType": "browserEvent",

"eventDetails ":

{"clientX ": 1424, "clientY": 1176, "screenX":
1424, "screenY": 1279, "pageX": 1424,

"pageY": 1176,

"cursorTracking", "trackingType

"pageHadFocus ": true, "type":
positionUpdate "},
"sessionID ":
"09f44511 -87a0-4bad-a3c4-9d05aff587f3 ",
"timestamps ":
{"eventTimestamp ": "2021-04-24T23:08:12.829Z",
"sinceSessionStartMillis ": 1465,
"sinceLogUILoadMillis ": 1465},
"applicationSpecificData ":

{"userld": "5f09068244f84c18faaa74bc",
"groupld": "6084a4dbae062cf467fe5275",
"variant": "tl"},
"applicationID ":
"e386d221-1b45-481d-bd3a-ef9d2679e60b ",
"flightID ":

"15349d74-1d13-46d8-acd7 -972a82f309db "}

Figure 1: Example of a LogUI log. This is a log containing
information about the cursor position on the screen. Comes
from a SearchX user study [26]

logging sessions are performed within so-called flights. Experiment
sessions in a flight all include the same conditions. This means we
can, for example, compare the logs of two flights testing different
interfaces for the same application. When configuring LogUI for a
web application, a researcher has to add all interactions they wish
to track. The user interaction logs are a JSON object with a variety
of fields (figure 1). A log contains information about the type of
event logged, details regarding that event, the session, flight, and
application it belongs to, and relevant timestamps. There are also
two optional fields: applicationSpecificData, that stores additional
information about the application with each captured event, and
metadata, which allows data from different locations, like an el-
ement’s value, to be included in the log as well. These logs are
sent from the client to the server using the WebSocket API [6]
[22], where they are stored in a MongoDB database and can be
downloaded per flight from the LogUI server.

2.2 Tools for screen capturing

To answer RQ1, we first need to determine what tools there are for
screen recording. To get a stream of a user’s screen, the Screen Cap-
ture API [4] exists. This API’s sole method MediaDevices.getDisplay-
Media() is compatible with most modern desktop browsers (figure
2). Unfortunately, mobile browsers are not supported. The stream
generated by this API needs to be recorded to be able to save it. The
MediaRecorder API [28] can be used for recording video streams.
The RecordRTC library [18] and the MediaStreamRecorder.js li-
brary [20] utilize this API and allow you to send the recording to
the server. These recordings can be done in custom intervals. This
means that the screen is recorded for a set duration, after which
this recording can be sent to the server while the following interval
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Figure 2: Browser compatibility of the method MediaDe-
vices.getDisplayMedia() from Screen Capture API. Taken
from [4].

is recorded. These intervals can be cached and bandwidth usage
can be divided over time, instead of sending one file of the entire
recording. For our use case, the two libraries can be used inter-
changeably, as they both allow for the same recording settings, like
bits per second and file type (section 3.1). RecordRTC has more
recent updates than MediaStreamRecorder.js [19, 20].

2.3 Dashboard design for data analysis

The dashboard addition to LogUI is used for analytical purposes.
Such dashboards require their displayed information to be accom-
panied by more context than other types of dashboards [13]. Data
scientists benefit from more elaborate visuals to examine complex
data and relationships and patterns between elements [13]. This
means they are also more willing to put in the time to understand
the dashboard’s features. An interactive dashboard is highly bene-
ficial, as its users can examine data in more detail, by zooming in
or filtering, for example.

Hartwig and Dearing [15] state that "the more one knows about
the data, the more effectively data can be used to develop, test, and
refine theory". Exploratory data analysis is a method to maximize
your knowledge about data [15]. For examining distributions of a
single variable, the stem and leaf display and the box and whisker
plot, or box plot, can be used. Both these techniques were created
by Tukey [34] and can be used to show information about the data,
like skewness, outliers, gaps, and peaks. There are a variety of
other visualization techniques useful for exploratory data analysis,
like a correlation matrix and a Sankey Diagram [31]. The former
shows the relationship between variables and the latter shows the
flow between elements, like between logging events. For events
specifically, time series plots and timelines are of interest [8].

3 THE SCREEN CAPTURE FEATURE

This section covers the choices made for efficient integration of
screen recording (RQ1).

Using the information transcribed in section 2.2, we decided to
implement the screen capture feature using the Screen Capture
API and the RecordRTC library. The latter was chosen as it is most
recently updated compared to the MediaStreamRecording,js library.

To limit the screen capture feature’s bandwidth usage, we con-
sider compression methods and screen recording settings. Section
3.1 covers these subjects. It compares the file size of 40-second
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Codecs Size (MB)

VP9 11.8
VP8 16.0
H.264 5.30

Table 1: Impact of codecs settings on data size for screen
recording. (Chromium 90.0.4430.212, Ubuntu 20.04; 40 sec-
ond video, 1920x1080p, recorded in 5-second intervals.)

recordings, recorded in 5-second intervals, with different settings.
40 seconds is enough to show the effect of the settings. They are
recorded on a screen with 1920x1080 resolution, the most widely
used resolution [5]. Section 3.2 explains how screen capturing was
implemented and how it is used.

3.1 Limiting bandwidth usage in screen
recording

The WebSocket API allows us to send raw data from the client to
the server. This prevents us from having to encode the data into
string format, which always results in some sort of overhead [7].

The RecordRTC library allows for a variety of recording settings.
There are two settings of interest here that impact the file size of
the resulting video. First of all, you can set the data type and codec.
The latter is responsible for compressing video data for distribution.
From the three data types that RecordRTC supports [18], our tests
show that both Firefox and Chrome!only support the WebM file
extension. To the human eye, there appears to be little dissimilarity
in video quality between the available WebM codecs, but their
compression efficiency does differ (Table 1). It is evident that H.264
results in much better compression. The resulting file size is only
45% as big as the file with the VP9 codec, and compared to VP38 it
is only 33% in size. Unfortunately, Mozilla Firefox doesn’t seem to
support H.264 or VP9, but Chrome and Chrome-based browsers
do'. Other browsers were not tested.

The bitsPerSecond setting, or bitrate, sets the number of bits that
are recorded per second. To see the impact of this setting on file size,
three different RecordRTC recorders were initialized, all recording
the same video stream simultaneously. We tested 0.1 (the minimum
the library allows), 1.0, and 5.0 Mbps (table 2). As the videos are
compressed during their recording, the bitrate setting does not
directly relate to the file size. For example, 5.0/8 * 40 = 24MB
and not 12.9MB. A low bitrate setting does negatively impact both
the video resolution and the frame rate. Low frame rate means
an infrequent update of frames, so movement in a video becomes
unclear. So, recordings might become unusable if the bitrate is set
too low. The required bitrate also depends on the movement in the
recorded scene, as a static scene often results in smaller file size,
like explained further on. Unless a researcher has experimented
with the bitrate setting for screen recordings of their purposes, we
recommend not setting this value specifically. When the value is
not set, the MediaRecorder API’s documentation states the value
will default to 2.5 Mbps [28]. However, some tests showed that that
was not the case (table 2). We assume in this case the bitrate is not
constant throughout the recording and changes according to the

Tested with Firefox 78.10.1esr and Chromium 90.0.4430.212
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bitrate (Mbps) Size (MB)

Not set 8.08
5.0 6.47
1.0 2.76
0.1 0.44

Table 2: Impact of bitsPerSecond settings on data size
for screen recording. When this is not set, the bitrate
varies throughout the recording. (Chromium 90.0.4430.212,
Ubuntu 20.04; 40 second video, 1920x1080p, WebM, H.264,
recorded in 5-second intervals.)

activity on the screen to always result in good video quality and
frame rate.

On all browsers, the user is prompted to either accept or reject
when a web page requests to capture their screen [4]. For Mozilla
Firefox and Google Chrome and Chrome-based browsers, the user
can choose what area they want to share. This can either be the
entire screen, a specific window, or a single tab within the browser?.
Figure 3 shows the difference between the captured areas. There
is some difference in resolution, as, for example, for the window
option the operating system’s taskbar is not recorded. The selection
here can significantly affect the resulting video file size as shown
in table 3. For Google Chrome or Chrome-based browsers, the dif-
ference between a single tab recording and the entire screen can
be over twentyfold. According to user15175033 and Kaiido [35],
this is due to the way these browsers handle screen sharing. When
the contrast between frames is small, the frame is duplicated. The
difference in resolution also has some influence, but that does not
explain the large disparity in table 3. On a static scene, recording
the window or tab results in much smaller file size, as compression
has a significant effect due to similarity between frames. Recording
in Chrome is much more bandwidth efficient than using Firefox.
When there is much activity on the scene, the file sizes are closer
together, and the single tab recording is not always the most effi-
cient anymore. Here, Chrome and Firefox perform rather similarly.
During a web search session, a user spends some amount of time
reading documents (dwell time), so there will be some inactivity
in the recorded scene. This means that selecting the single tab
recording will result in the smallest file size.

3.2 Implementation and usage of the screen
capture feature

The screen capture feature is integrated as an optional addition
to the LogUI logging process. It can be added to a web applica-
tion alongside the regular LogUI configuration [21, 22, 38]. Some
browsers, like Mozilla Firefox, only allow screen recording when it
is initiated by a user gesture handler, like a button click. So, after the
web application has loaded (figure 4.1), the Logui.startRecording()
function should be attached to a button press. As SearchX has func-
tionality for introductory pop-ups before an experiment session,
the function can be attached to the OK button of the final pop-up
(4.2) [38]. A researcher can also opt to only start logging user inter-
actions after this point as well [38]. Clicking that button (4.3) then

2Chrome and Chrome-based browsers only
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Figure 3: Captured areas for the three options: Entire Screen
(Red), Window (Blue), and Tab (Green). Displayed on the
SearchX front-end.

https://searchx.ewi.tudeft.nl/async/session/

Browser
Request

Choose what to share

Screen | searenx
Capturing
At every ‘ L
Intenval e Intro Completed —~" | - Ej

®1 | | _Back Next
Study Intro

Completion

Choose
Capturing Area

WebSocket

"Start screen capturing when #okButton is clicked"

Figure 4: Architecture diagram of the LogUI screen capture
feature. Refer to section 3.2 for a detailed explanation.

results in a browser-specific prompt, asking the user to select what
area of the screen to share (4.4). After this selection, the screen
recording is started (4.5), using the best performing MIME type
available for the browser [36]. Every interaction logged after screen
recording has started contains the additional timestamp sinceScreen-
CaptureStartTimestamp, which shows the milliseconds passed since
the start of the recording, alongside the default timestamps (figure
1). This is used to relate each of the logs to the moment it occurs
in the screen recording, described in section 4.2. At every interval,
which is set to 5 seconds, the recording over that interval is cached.
When the cache of the LogUI client grows too large, its contents are
sent to the server (4.6). If network issues arise, five reconnection
attempts are done, after which the cache is cleared, meaning both
the recordings and logs are lost. When the server receives part of
a recording for a session that already has a stored recording, this
part is appended to the recording in the database (4.7 & 4.8). The
maximum size for a MongoDB document is 16 megabytes [1] and
recordings easily outgrow this size. We use the GridFS specification
[2] to store the video files, which splits files up into smaller divisions
to insert in the database. On retrieval, the divisions are combined
again. This prevents us from having to insert each recorded interval
separately. A .zip file with the recordings of all sessions in a flight
can be downloaded from the LogUI framework.
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Size (MB)

Captured area Resolution

Firefox

Chrome and Chrome-based browsers

Static scene Moving scene Static scene

Moving scene

Entire Screen 1920x1080 4.02
Window 1848x1016 1.84
Tab 1848x944 -

13.5 0.589 13.7
12.0 0.0483 9.06
0.0299 10.4

Table 3: Impact of selected area to be captured and scene activity on video file size for Mozilla Firefox and Google Chrome and
Chrome-based browsers. (Tested with Firefox 78.10.1esr and Chromium 90.0.4430.212, Ubuntu 20.04; 40 second video)

4 THE DASHBOARD

The dashboard was designed in collaboration with five IIR re-
searchers. These researchers all use SearchX frequently for their
studies, and four out of five had used LogUI before. To answer RQ2,
firstly, these researchers were sent a survey of which the answers
were used to create some initial dashboard requirements and de-
signs. These designs were evaluated with each researcher in an
interview, and the outcome of these interviews was used to revise
the requirements after which the dashboard was created. Finally,
the dashboard was evaluated, again with five IIR researchers.

The survey consisted of 8 open-ended questions (Appendix A).
These questions covered the metrics and visuals the researchers
typically use as well as how they wish to use the dashboard and
the screen recordings (RQ2). On average, the answers were a few
sentences long but were enough to understand the necessities for
the dashboard. The survey made it clear that are differences between
the wishes of each researcher. Accumulating the answers, most
metrics looked at are interactions with elements on a webpage.
Some more elaborate metrics are session duration, average time
between queries, dwell time, and total clicks. Typically used visuals
for the analysis of logs also differ between researchers. One only
uses tables, others use time series plots and one looks at box plots
for exploratory analysis. These visuals should be downloadable, so
they can easily be included in a paper. Most researchers will use
the screen capture feature for checking ’odd’ events in a session
after looking at the dashboard statistics. Being able to relate logs to
the point in time in that session’s screen recording is required.

In combination with the background literature from section 2.3,
the answers to this survey were used to elicit some requirements.
Some initial designs were made (see figure 9 in appendix B) which
were then evaluated in a one-on-one session with each of the re-
searchers. These sessions lasted about 45 to 60 minutes. Their pur-
pose was to verify our understanding of the survey answers, as well
as provide the researchers with some visual examples to aid them
in explaining their wishes. The requirements were extended using
the results of these sessions. The most important outcome of these
interviews was that the primary focus of the dashboard should be
the analysis of entire flights over specific sessions. Another inter-
esting outcome is that the researchers are indifferent regarding the
aesthetics of the dashboard. As long as it is comprehensive and
their desired features and metrics are included, they are content.
Sections 4.1 and 4.2 describe the metrics and features included in
the dashboard respectively, and how they are implemented. Section
4.3 covers the evaluation of the finished dashboard.

The logs used for the figures in this section and the evaluation
session were created with LogUI during a SearchX user study [26].

4.1 Included metrics in the dashboard

This subsection explains how the required metrics are included in
the dashboard. Anyone can add additional metrics [37].

Session Duration. Session duration is calculated by taking the dif-
ference between the first and last log of a session.

Dwell Time. Dwell time is the time looked at a document. For the
dashboard to calculate the dwell time, researchers need to make
sure to include a mutation observer when initializing LogUI for
SearchX [38]. This makes sure a custom message is logged when a
document is opened and closed, of which the timestamps are used
to calculate both the total and average dwell time.

Time Between Queries. This metric also requires a specific logging
event that can be added through LogUI’s configuration object [21,
38]. Both the total and average time between queries are calculated.

Event Occurrence Counts. For each type of event, their occurrence
count is included in the dashboard. These events can be included
through LogUI’s configuration object [21]. If a researcher wants
to track an event that cannot be added through the configuration
object, custom event logs can be added just like for dwell time. To
get the number of clicks, such a custom log is required [38].

4.2 Dashboard features

There are five main features on the LogUI dashboard. This section
explains these features and how they work 3.

Group Selection Menu. The Group Selection Menu (figure 5A) is a
drop-down menu containing groups the sessions are divided in, as
well as an "All” option. When a group is selected, only the sessions
within that group are included in the Aggregated Statistics Table
and the Graph View.

Aggregated Statistics Table. The Aggregated Statistics Table (5B)
shows the average of each metric of the selected group.

Graph View. The Graph View (5C) contains three types of graph
options to visualize the data of all sessions within the selected
group. Firstly, it has a box plot option (figure 6a), which shows a
box plot for each metric to show the distribution of the values. Each
box plot is accompanied by all values to show any gaps just like

3Same text included in my GitHub repository [37]
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Figure 5: LogUI Dashboard. The Group Selection Menu (A) allows the user to select which group to aggregate results over. The
Aggregated Statistics Table (B) shows the aggregated values for each metric in the group. The Graph View (C) shows visuals
for the aggregated values in the group. The Filters (D) allows the exclusion of metrics from the dashboard. The Statistics Table
(E) show the value for each metric for each session. Clicking on a session ID takes you to The Session Dashboard (figure 7).

Refer to section 4.2 for a detailed explanation.

a stem and leaf display does (section 2.3). The second option is a
time series plot (figure 6b), which shows the accumulation of event
occurrences over time in milliseconds. The last graph option is an
event timeline, shown in figure 6c. This graph plots all events on
a timeline and can be used to take a deeper look at what events
typically follow each other or what session performed an event first.
All visuals are interactive in the sense that they allow for zooming
and panning, filtering shown metrics, downloading a .png file of
the visuals, and show more information when you hover over a
data point. They were all created using the Plotly.js library [3].

Filters. Filters (5D) are in place so IIR researchers can customize
the dashboard to their liking. By unchecking a metric, it disappears
from the tables in the dashboard.

Statistics Table. The Statistics Table (5E) shows values for the metrics
per session. The input box at the front of each row can be used to
divide the sessions into groups. By inserting a group ID in this box,
that ID is added to the Group Selection Menu. When you want to
take a closer look at a single session, the Session Dashboard exists.
This can be accessed by clicking on the ID of the session of interest.

Session Dashboard. The Session Dashboard can be used to analyze
one specific session. It includes a table containing the values for
all metrics within the corresponding flight (figure 7A), visuals (7B),
the screen recording of that session (7C), and a table containing all
the logs from that session (7D). The available graph options are a
Time Series Plot and an Event Timeline. When clicking on one of
the logs, the screen recording shows the four seconds surrounding

that event, so researchers can see what the user saw at that point
in time.

4.3 Evaluation of the dashboard

To verify whether we have correctly answered RQ2, we evaluate
the finished dashboard. The dashboard was evaluated with the five
IIR researchers, four of which being the same as for the survey
and one-on-one interview. Firstly, a pilot session was done with
a single researcher who worked on the development of the initial
LogUI framework. This pilot was used to identify any potential
hiccups that would prevent the actual evaluation session from
running smoothly. In this session (figure 8), firstly the features of
the dashboard were explained and showcased. Then the researcher
was asked to connect to the global IP address of the host, on which
the LogUI instance was running, and start up the dashboard. He
was given six tasks (Appendix C) which he was asked to complete.
These tasks ranged from acquiring a plot only containing specific
sessions and metrics, to figuring out which search result was clicked
on using only the screen recording. During the experiment, the
researcher could ask questions in case of confusion. After each task
was completed, he was asked to rate the ease at which the task was
completed on a scale of 1 (very difficult) to 5 (very easy). If a task
was difficult he was asked to explain why. The researcher was then
asked to shortly describe what aspects of the dashboard he found
useful and which were not useful or should be adapted. Finally, he
was asked if he would use the dashboard for future studies. The
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Figure 6: LogUI Dashboard Visuals

pilot session transpired smoothly, so the same method was repeated
in a single session with all other researchers present.

All researchers managed to complete the six tasks. The only
task which was found moderately difficult (2.8/5 on average) was
a task in which they had to analyze the event timeline to find out
which session completed the tutorial first. The researchers noted
that the timeline gets cluttered and unclear, and isolating a single
metric is not very intuitive. All other tasks were rated between 3.4
and 5 on average. There were quite a few comments on the fact
that there is the Filter feature for the tables and that the visuals
have their own filter feature. Also, the Filter feature does not allow
double-clicking to exclude all other metrics, while the visual’s filter
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Figure 7: LogUI Session Dashboard. The Statistics Table (A)
contains the values for the session for all metrics within
the corresponding flight. The Graph View (B) shows visuals
for this session. The Screen Recording (C) shows the screen
recording of the session. The Logs (D) show all logs from this
session. Clicking on a log makes the Screen Recording show
the four seconds surrounding that event.

Dashboard features are explained

|

Participants connect and login to the dashboard

!

Participants complete 5 tasks and
rate and explain their difficulty.

|

Participants explain what dashboard features are
useful and which are not useful.

|

Participants are asked if they would use
this dashboard in their research.

Figure 8: Diagram showing the flow of the dashboard evalu-
ation.

feature does. This appears to cause confusion and makes filtering
a tiring task. There are also some requests for a search option for
session IDs, metrics, and log events. Next to the group option for
sessions, a filter checkbox was also requested to make it easier
to include and exclude sessions. A comment was also made that
anyone not familiar with JSON might be confused by the table
containing logs in the Session Dashboard. Despite these comments,
five out of five researchers said they would use the dashboard in
future research. They will mostly use it for creating visuals for
papers and for replaying what a user did at specific moments with
the screen capture recording.
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5 RESPONSIBLE RESEARCH

The expansion of the LogUI framework described in this report was
done in close cooperation with a total of six IIR researchers. These
researchers all agreed to participate in the surveys, interviews, and
evaluation sessions. Any personal data gathered was deleted after
finishing the project. The researchers were not in a subordinate
position to the host.

All work carried out in this paper is that of the author, Hugo van
Dijk, unless stated otherwise. Credits were given when concepts
were taken from other literary works, and any code that was not
solely the author’s work has been accompanied by its source.

The results described in section 3.1 only serve as an indication
and might not be completely reproducible as compression effec-
tiveness greatly depends on the differences between the frames
of a video. This means the precise numbers are presumably not
repeatable. However, we do believe the overall order of the settings
in terms of which value results in lower file size is reproducible.

The requirement elicitation process of the dashboard expansion
was done with five IIR researchers. As stated in section 4, the wishes
differed between researchers. If this process were repeated with
other researchers, the required metrics and visuals will presumably
differ.

6 DISCUSSION

6.1 Discussion of the screen capture feature

The results in section 3.1 indicate that there are three measures
that influence the file size of a recording, and thus the bandwidth
usage between client and server. The MIME type is responsible for
the compression of the videos. The H.264 codec results in the best
compression, followed by VP9. The VP8 codec performed the worst.
There is both supporting [14] and contradicting [9] research for
this result. Both studies compared compression efficiency using the
objective video quality measure peak signal-to-noise ratio, where
we subjectively judged video quality. That might explain the dif-
ference in results. The lower the bitrate, the lower the resulting
file size. However, a low bitrate can result in unusable recordings
due to poor video quality and thus this setting should be left un-
touched unless experimented with for the use case. Recording a
browser window or tab as opposed to the entire screen results in
a smaller file size of the recordings. When there is not a lot of ac-
tivity on the recorded scene, a single tab recording is significantly
more bandwidth-efficient. When there is much activity, a single tab
recording can be less bandwidth efficient than a window record-
ing. Web search sessions are often a combination of activity and
inactivity, so single tab recording will be the best choice.

Each of these experiments was run once. Running multiple re-
peats of the same experiment presumably won’t change the overall
ranking of codecs and captured area in regards to their effect on
file size. However, it will improve the accuracy of the results.

6.2 Discussion of the dashboard

As a result of the user studies, we can determine that the dashboard
should include the metrics dwell time, time between queries, and
session duration, as well as occurrence counts for all logging events.
Required visuals are tables, box plots, time series plots, and an event
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timeline. Additionally, the easy relation of logs in a table to their
occurrence in the screen recordings is also highly beneficial. All
researchers said they would use the dashboard in their research.
However, some practice is required for them to be fully familiar
with all functionality. Search functionality and a (de)select all option
for the filters would improve the dashboard’s user experience.
Some researchers showed interest in additional functionality, like
flagging outlying values or more visuals. Due to time constraints,
those were not included in this paper. Additionally, as the user stud-
ies for the dashboard were only performed with five participants,
their results might not be as elaborate as if more participants were
used. However, we do believe the dashboard does appear to be a
good foundation for data analysis and visualization for IIR research.

7 CONCLUSIONS

The purpose of this report was to find out how screen capturing can
efficiently be integrated into LogUI (RQ1), and what metrics and
visuals are required for a dashboard with LogUI user logs (RQ2).
Both were done in the context of IIR research. To do so, we looked
at existing tools for screen recording, and actions to take to limit
the bandwidth usage between client and server. We also elicited the
dashboard requirements with 5 IIR researchers. Then after finishing
the final product, we again used 5 IIR researchers for its evaluation.

For efficient integration of screen capturing (RQ1), we need to
limit bandwidth usage between client and server. The H.264 codec
proved to be most effective compared to the VP8 and VP9 codec.
Recording a single tab as opposed to the browser window or entire
screen is most bandwidth-efficient for web search sessions. Bitrate
settings do influence bandwidth usage, but should not be touched
as that can result in undesirable video quality.

Our results also show that every IIR researcher required different
metrics and visuals for the dashboard (RQ2). Having accumulated
the wishes of all interviewed researchers, the metrics dwell time, ses-
sion duration, time between queries, and event occurrence counts
should be included. Required visuals are tables, box plots, and time
series plots. An event timeline can be valuable as well but can be-
come cluttered and unclear. However, additional visuals are still
called for. A filter and grouping feature make sure researchers can
include only what they want in the visuals. For more information
regarding a log, it can be related to their occurrence in the screen
recording. All researchers said they would use the dashboard in
their research, so it is clear that averts the need for researchers to
implement their own scripts for data analysis. However, adding
search functionality and filters for sessions will improve the user
experience.

For future work, the robustness of the screen capture feature
should be evaluated when network congestion occurs. An example
experiment would be to have many machines send screen record-
ings to the server simultaneously, and see at what point the server
starts dropping packets. It is also worth looking into adding screen
capture functionality for mobile browsers as well, as SearchX and
many web applications have both a desktop and a mobile version.
As LogUI now has screen capturing capability, machine learning
models could be used to detect patterns, odd behavior, or other in-
teresting observations in recorded sessions. Some IIR research has
been done using eye-tracking [11, 33], so recording and analyzing
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a user’s webcam in addition to their screen might improve analysis
of user behavior.

An extension on the dashboard to have it also make predic-
tions, for example about a user’s result evaluation strategy [29]
and human performance [30], and include indirect observable met-
rics would be beneficial to IIR researchers as well. Also, including
additional visuals, like the Sankey diagram and correlation ma-
trix explained in section 2.3, would make it practicable for a wider
variety of researchers.

At the moment, the dashboard takes a significant time to load
when a flight contains many logs. Its contents aren’t cached which
means that switching back and forth between the dashboard and
Session Dashboard accumulates to a lot of waiting time. Speeding
up the fetching and calculation process, and caching the contents
should result in a much better user experience. The dashboard also
does not update in real-time, meaning that when new data comes
in the page had to be reloaded for it to appear in the dashboard.
Adding an interval-based fetching process might also benefit LogUI
users.
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A REQUIREMENTS ELICITATION SURVEY
QUESTIONS

e Could you describe the scenarios in which you use user
logs gathered through LogUI and how they are used in your
work?

e What type of metrics (like cursor location, elements clicked
or hovered over, dwell time, idle time, etc.) do you typically
look at when analyzing LogUI logs?

e What type of visualizations (if any) do you typically create
for analysis of user logs?

e What type of conclusions do you try to make from the user
logs? Are there specific predictions you try to make or as-
pects of SearchX you try to evaluate? Please also describe
how you would come to these conclusions/predictions (for
example by relating them to the aforementioned metrics).

e I'm also working on adding a screen capture feature to LogUI,
which will capture the user’s screen during (specific mo-
ments of) a session. These videos should be available just
like how the logs are downloaded in the current version
of the framework, while clearly showing to which session
and logs they correspond. A possible addition to this, if time
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permits, would be flagging specific captures in case of spe-
cial user events (like when there is no movement for a few
minutes). How would you see yourself using these videos
and what would you expect from this feature?

o In what way would it be beneficial to you that these captures
are integrated into the dashboard?

o In general, what would you wish for in a dashboard and how
do you see yourself using it in your work.

e Do you have any general remarks or recommendations you
think might help me in this design process?

B DASHBOARD PROTOTYPES
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C DASHBOARD EVALUATION TASKS AND
QUESTIONS

Evaluation LogUI dashboard Firstly go to: http://80.112.171.123/ in
your browser and log in with the following credentials username:
hugo password: rp_project

Here is some LogUI terminology in case you are unfamiliar with
it: Application: The application (SearchX in your case) that ex-
periments are performed on. Flight: A flight is an aggregation of
sessions for a specific experiment (with a certain condition/feature
added for example). Session: A specific user session within a flight.
Whenever a user loads into a web page tracked by LogU], this user
is assigned a specific session ID. However, when doing collaborative
search within SearchX; all collaborating users share the same LogUIL
session ID.

Go to Manage Applications, and click on the SearchX-QHW ap-
plication. Go to the dashboard of the april25-variantTL flight by
clicking the icon highlighted below in that row. The dashboard
might 15-30 seconds to load.

4

Task 1: Exclude the dwell_time_total and dwell_time_average met-
ric from the dashboard.

e How easy was it to complete task 1?
o If it was difficult to complete this task please explain why.

Task 2: Create two box plots for the QUERY_RETURNED event
and the FORM_SUBMISSION event side by side. and download this
plot.

You should get something that looks like this.

15 QUERY_RETURNED

QUERY_RETURNED FORM_SUBMISSION

e How easy was it to complete task 2?
o If it was difficult to complete this task please explain why.

difficult to complete this task please explain why.

Task 3: Create a time series plot with all events, only including the
following four sessions:

0592c8e9-e65a-4bab-af88 -7f3eaalb2cd0
f7dalaf3 -9703-4805-b9%9ae -6ca6757af465
da10c17d -1b8b-443e-8ecl-ca73b6b013cf
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e9cffeel -b6c9-4d78-aded-e71d93679239

You should get something that looks like this.

1400 —e— RESULT_MOUSE_ENTER
RESULT_MOUSE_LEAVE

—e— QHW_MOUSE_ENTER

—e— QHW_MOUSE_LEAVE

—e— QUERY_BOX_MOUSE_ENTER

—e— QUERY_BOX_MOUSE_LEAVE
QUERY_BOX_FOCUS

—e— QUERY_BOX_BLUR
QUERY_RETURNED

—e— TUTORIAL_COMPLETED

—e— QHW_QUERY_MOUSE_ENTER
QHW_QUERY_CLICK

—e— QHW_QUERY_MOUSE_LEAVE

—e— QHW_SCROLL_START

—e— QHW_SCROLL_END

—e— QUERY_BOX_KEY

1200

1000

100k 200k 300k 400k 500k 600k

e How easy was it to complete task 3?
o If it was difficult to complete this task please explain why.

Task 4: While still having selected the same group of sessions, select
the event timeline. Find out which session completed the tutorial
first and what the first logged event after tutorial completion was.

e How easy was it to complete task 4?
o If it was difficult to complete this task please explain why.

Task 5: Download a .csv file of the bottom table, only the three
metrics: RESULT_MOUSE_ENTER, RESULT MOUSE_LEAVE, and
QHW_MOUSE_ENTER. The .csv file should look like this:

sessionID ,RESULT_MOUSE_ENTER, RESULT MOUSE_LEAVE , QHW_MOUSE_ENTER
0655€035-c55b ~4444-aa5e -419fa35be2af ,0,0,0

0592c8e9-e65a -4bab-af88 -7f3eaalb2cd0 ,124,124,14

27b7e70f-b136 -42ce -85e1-b74e3824235a ,46,46,10

f7dalaf3 -9703-4805-b9%ae -6ca6757af465 ,94,94 ,41

59d5fcb3 -f88a -4011-85e9-25247 eeb43a2,17,17,7

8fa047c¢9 -2a14 -470b-b275-5fc11fb50bd0 ,0,0,0

31558038 -089f-490c-8548-bfd852823026,0,0,1

81235e0f -9216-450a-9a20 -41acf5ba4e39 ,54,54,20
da10c17d -1b8b -443e-8ecl-ca73b6b013cf,194,194,37

8abfaela -1f49 -4d3d-albf-a3043f99be23 ,227,227,34

e9cffeel -b6c9-4d78-ade4-e71d93679239 ,211,211,39
141b92c0-2d10-4fe4 -aa63 -fecdldelee96 ,226,225 ,44

09f44511 -87a0 -4bad-a3c4-9d05aff587f3 ,0,0,0

96b69529 -45e1-43c8-9bb4-79f184b1b6b9 ,98,98 ,18

f72€089d -e8a9 -4da2-ba68 -8ele3b0b1234 ,153,153,30

36f319f7 -1aae -4d9a-b6e5-7b64233956b7 ,194,193 ,45

66f08d95 -54c8-48e7 -87df-d77f65800360 ,176,176,18

O0aae05e0-f050 -4cf5 -855f-de7ce70dc5e9,178,177 ,44

a5fca6bl-fd71 -43e7-8c00-4d584ef94a8c ,70,70,28

6a9eff8f -8811-480e-bdc5-943a894bafd0 ,82,82,18

5aaefc3e -3cb2-4c16-bdea-b82224902324 ,211,211,43
e8le57ca-9a30-42ee-af09 -0f576b902b90 ,235,235,50

531e841b -6507-408e-af0e -54b93¢568218 ,81,81,23

c9c25e11 -734d-47bf -8edd-a609a340aa49 ,71,71,10

3db939ae -1498-488f-ab3d -99213dbe741c¢ ,136,136,28

2ff3856d -444a-4377-9f1b-ec996€94306¢ ,100,100,24

759ea38d -5357-464f-bf44 -a625aba3lef5,152,151,27

cle0fd9b -a58c-4a64-85c9-2a68cae7b7fe ,47,47,12

afdca406 —aad5-4a0a-94e8-caed7896135f,16,16,6

0a5387df -1cf4 -487b-a448 -9ef9352a376d ,83,83,21

eba7dc9c -62a6-4c9d -82b2-b386587e509a ,109,109,20

ba65e91c-e72d -4524-adea-242d045e365e ,293,291,54

fad45eb3 -03d1-4bbb-b59%e-be7b1d586af6 ,110,110,22

b9189922 -ec9a -4746-8f6a -4b38e94a65f8 ,384,384,76

dbe713d0 -5¢02 -43bb-9aff -6435d6d97af9 ,0,0,0

65f08b23 -0c9f -42fa -8ce2 -39febe549915 ,0,0,0

e0ef4586 -6bc9 -4ce2-abla-50264e57f5ea ,0,0,0

abb88f2f-d518 -41bb-9112-b4e9dodf2dif,
df5c0418 -a5f3 -46cc-9e6c -1a372444abb3 ,
€6962231-fd26 -4f4d -ae09 -2e6e2bc1f986 ,
b498ad9b -7¢5f -4c84 -asca -09436ee0beed ,
70a85461-bf09 -4ac2-bc5b-fb332a7a0759 ,
5b168e32 -8adf -4ca4-8f2a-d41f0eb29009 ,
c563ea67 -0cfc -49a9-a0de-baa0db61bf63 ,
74bcd2a7-¢956 -4f63 -973¢-2635775e190d ,

cooooooo
cooooo0oo
coooooos
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e How easy was it to complete task 5?
o If it was difficult to complete this task please explain why.

Go back to the flight overview and go to the dashboard of the
"evaluation” flight and go to the session dashboard of the only
session in that flight.

Task 6: Find out through the screen capture which result was clicked
on for the "MODAL_DIALOG_SHOW" event to be logged.

Hugo van Dijk and Claudia Hauff

How easy was it to complete task 5?
If it was difficult to complete this task please explain why.

What features of the dashboard do you find useful, and why?
What features of the dashboard do you not find useful, and
why?

Would you use the dashboard in your future research?
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