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Large displays can provide the necessary space and resolution for comprehensive explorations of data visualiza-
tions. However, designing and developing visualizations for such displays pose distinct challenges. Identifying
these challenges is essential for data visualization designers and developers creating data visualizations on
large displays. In this study, we aim to identify the challenges designers and developers encounter when
creating data visualizations for large displays. We conducted semi-structured interviews with 13 experts
experienced in creating data visualizations for large displays and, through affinity diagramming, categorized
the challenges. We identified several challenges in designing, developing, and evaluating data visualizations
on large displays, as well as building infrastructure for large displays. Design challenges included scaling
visual encodings, limited design tools, and adopting design guidelines for large displays. In the development
phase, developers faced difficulties working away from large displays and dealing with insufficient tools and
resources. During the evaluation phase, researchers encountered issues with individuals’ unfamiliarity with
large display technology, interaction interruptions by technical limitations such as cursor visibility issues, and
limitations in feedback gathering. Infrastructure challenges involved environmental constraints, technical
issues, and difficulties in relocating large display setups. We share the lessons learned from our study and
provide future directions along with research project examples to address these challenges.
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1 Introduction

Large displays (LDs) have been of interest to data visualization designers and developers [18]
because they present potential advantages for diverse scenarios. LDs create a cohesive physical
viewing space at least the size of the human body and often with considerably higher resolutions
than desktop-sized displays [18]. LD environments can facilitate the presentation of multiple high-
resolution visualizations [77]. In addition, they can support data exploration by offering ample
space to display and compare multiple views generated throughout the exploration process [8].
Also, LDs allow people to use physical movement in place of virtual navigation on the LDs to
explore a large data visualization [13, 15, 46] and can facilitate the collaborative exploration of
data visualizations [27, 77]. Despite these advantages of LDs in the data visualization field, these
technologies are mainly used in research labs, high-profile institutions, and companies [18], and
have yet to be widely adopted.

Creating data visualizations for LDs has unique challenges compared to those designed and devel-
oped for smaller displays (e.g., desktop-sized displays or mobile devices. These challenges include
using the available space and resolution effectively [4, 18], designing appropriate interactions
with modalities other than mouse and keyboard [18], and supporting multi-user interaction and
collaborative scenarios [27, 77]. Previous studies [4, 18] identified the challenges of creating data
visualizations for LDs by synthesizing research findings in the literature. Challenges identified from
surveying the literature are valuable. However, we lack an understanding of how these identified
challenges are experienced by experts in real-world settings when creating data visualizations,
and we need to identify potential challenges that may have been overlooked by previous work.
Understanding and identifying these experienced challenges is important since obstacles to working
with LDs could restrict the adoption of these technologies and diminish their potential impact.
To address this gap and propose effective support for creating data visualizations for LDs, we
need to capture lived experiences in creating data visualizations for LDs. Thus, we conducted a
qualitative study using semi-structured interviews with 13 experts with experience creating data
visualizations for physical LDs (e.g., wall-sized displays, tabletops, or multi-displays). In this study,
we included the perspectives of experts designing, developing, and evaluating data visualizations
for physical LDs. Expert interviews allowed us to gather firsthand insights and lived experiences
from individuals directly engaged in creating data visualizations for LDs.

Our findings highlight the need for the development and dissemination of resources and tools
for the design, development, and evaluation of creating data visualizations for LDs. Additionally,
we lay the groundwork for future research and innovation to support experts who create data
visualizations for LDs. Our contributions include:

o interviews to gather firsthand insights from experts with experience in creating data visualizations
for LDs,

o twelve challenges related to designing, developing, and evaluating data visualizations for LDs
and building LD infrastructure, identified through thematic analysis,

o twelve future directions and research project examples to address the identified challenges.

2 Related Work

In this section, we review existing literature and previous studies on LDs, highlighting the gaps
our work aims to fill. Our focus is on creating data visualizations for LDs, rather than on other
applications such as User Interface (UI) design. while LDs can offer advantages for displaying and
interacting with Uls, there are challenges in designing UI for LDs, such as space management
issues, overlapping zones in multi-user scenarios, and the lack of specific UI design guidelines for
LDs [60]. However, creating data visualizations for LDs presents distinct challenges from designing
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Uls, as it requires conveying insights through graphical representations of data. Previous studies
have identified several data visualization design challenges for LDs through literature review
methods [4, 18]. However, the challenges data visualization experts experience when designing,
developing, and evaluating data visualizations on LDs remain under-explored, which is the focus
of our work.

2.1 LDs Advantages and Building LD Infrastructures for Data Visualizations

Compared to desktop-sized displays, LDs offer additional space and more pixels [18], resulting in
several advantages for visualizing data. The surplus space offered by LDs can be advantageous for
visualizing large datasets [85]. It allows for the display of more data items, variables, views [3, 18,
79, 101], resulting in a more comprehensive representation of the data. Practicing analysts also use
additional space offered by LDs as rapid access to external memory while working with massive
document collection [3]. With additional space offered by LDs, tasks such as detecting temporal
and spatial trends, recognizing spatiotemporal patterns, and performing pattern matching become
time-efficient and accurate [100, 101]. The high pixel density on LDs can streamline the presentation
of both an overview and detailed information in a single view, eliminating the need for frequent
pan and zoom during data exploration [18, 77]. While Jakobsen et al’s [47] study concluded that
display size and resolution had no notable impact on the usability of map visualizations, Ball et
al’s [16] study showed that map visualizations directly benefit from the high resolution of LDs, as
they allow a large portion of the map to be visualized at once and interactively at multiple scales.
Andrews et al. [3] explored how LDs could enhance sense-making tasks with massive document
collections. Knudsen et al. [50] used data from various domains, such as phone log analysis and
healthcare policy, to show the potential use of additional space and resolution offered by LDs for
showcasing and structuring data visualizations in coherent layouts. Aurisano et al. [8] conducted
an observational study of visual data exploration on LDs and found that participants used the
display space by creating many visualizations and organizing them in coherent collections based
on evolving interests. Reda et al.’s [80] study highlighted that using additional space and resolution
for multiple related data visualization views could enhance the number of discoveries during visual
exploration. Rajabiyazdi et al. [77] explored the use of LDs across multiple disciplines and showed
how additional space offered by LDs aids discoveries during visual exploration.

Compared to desktop-sized displays, individuals can physically move in front of LDs, facilitating
physical navigation as an interaction modality [18]. Physical navigation improves individuals’
performance, allowing them to explore various regions of the data visualization [15, 46, 63]. Physical
navigation allows people to move closer for more details or step back for a broader overview [44].
Research findings indicate that physical navigation can enhance search performance in a map
visualization by over ten times [14], and aid search performance in corpus visualizations as well [62].
Physical navigation also enables the use of cognitive resources to improve spatial memory use [74].
LDs allow multiple individuals to view and interact with data visualizations simultaneously. This
results in collaborative engagement in data exploration and analysis [27, 77]. LDs have the capability
to support various collaboration styles, including parallel work and close collaboration [55, 63, 76].
While LDs have advantages, there are also limitations to consider. For instance, setting up LD
infrastructure may entail various requirements, such as the need for increased computational power,
need for a cluster of personal computers for driving LDs [96], efficient graphics hardware [18] or
custom graphics cards [59] for visualizing massive datasets. Tailored and potentially distributed
rendering [28] or middleware [59, 83] for multi-display setups.

Several visualization applications have been developed for LD environments, with a focus on
collaboration [2, 23, 55, 64]. Additionally, there are applications tailored for the presentation of
substantial volumes of data on LDs [9, 16, 77, 85, 96], the execution of complex tasks on LDs [23,
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63, 77, 79], and the integration of 2D and 3D views for LDs [1, 2, 78]. However, the process creating
data visualization tools and systems for LDs may pose challenges that need to be addressed to
ensure a smooth creation of data visualizations on LDs.

2.2 Designing Data Visualizations for LDs

Previous studies have shown that the additional space and large number of pixels offered by LDs
present unique challenges in terms of appropriately scaling data encodings [4, 18]. Variations in
viewing distances and angles affect the perception of visual variables, requiring different visual
encoding decisions for LDs compared to desktop-sized displays [4, 19, 33, 100, 101]. UI elements
and interactions with visualization need to relocate to be within reach of the people [10].
Previous studies have provided general guidelines for both visual and interaction design to aid data
visualization designers during the design process. For instance, Munzner [68] introduced a nested
model for visualization design with four layers, emphasizing the importance of characterizing the
problem domain and abstracting it into operations and data types. Sedlmair et al. [92] proposed a
nine-stage framework to enhance the conducting of design studies. McKenna et al. [66] introduced
the design activity framework to guide novices through the design process. Sedig et al. [91] presented
a pattern-based framework for visualization design, focusing on the thinking processes of designers.
These studies contribute to the understanding and improvement of the visualization design process
and help data visualization designers through the design process. Additionally, several studies
focused on offering design guidelines and considerations for visualizing data effectively in immersive
environments [34, 98, 99] and providing insights into designing intuitive interactions for these
environments [97]. However, these design guidelines and principles did not specifically address
design considerations for physical LDs.

Andrews et al. [4] provided a list of guidelines for designing data visualizations for LDs. Despite
the valuable insights and guidelines offered by Andrews et al. [4], data visualization designers may
find it challenging to practically apply these guidelines in their design process of creating data
visualizations for LDs. Furthermore, advances in technology, changes in user expectations, and the
emergence of novel interaction modalities have expanded the landscape of challenges in designing
data visualization for LDs. We lack an understanding of how insufficient design support affects the
creation of data visualizations for LDs; therefore, we investigated this lack of design support by
capturing the experiences and challenges faced by designers in creating data visualizations for LDs.

2.3 Deployment of Data Visualizations on LDs

LDs benefit from different interaction modalities for data manipulation and explorations, in addition
to mouse and keyboard, and touch [4, 18]. These interaction modalities include multi-touch [55], mid-
air gestures [7, 70], eye gaze-based interaction [54], proxemic interaction [31, 45, 49, 58], integration
of hand-held devices (like smartphones or tablets) [11, 12, 24, 42, 50, 56], and voice commands [7, 94].
All of these interaction modalities present opportunities for visual data exploration on LDs. However,
data visualization developers need tools tailored to the unique characteristics of LDs to effectively
implement these interaction modalities.

There is an abundance of tools and libraries available for developing data visualizations, including
well-known ones such as D3 [20]. However, when it comes to developing data visualization for LDs,
there is a noticeable lack of dedicated tools and libraries. While widely-used libraries such as D3 [20]
cater to desktop-sized display data visualization needs and interactions with mouse and keyboard,
there are few specialized libraries and tools such as SAGE3 [37], which is the updated version of
SAGE2 [83], and DataV [67] that facilitate the development of data visualizations for LDs. The
existing tools and libraries, including those specifically designed for LDs, often fail to accommodate
the diverse interaction modalities proposed in the literature for LDs and translate these theoretical
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concepts into practical implementations. We lack an understanding of how insufficient tools and
libraries impact the development of data visualizations on LDs; therefore, we studied developer
experiences in creating data visualizations for LDs.

3 Methodology

Study Design: To gain a deep understanding of challenges encountered by designers and developers
while creating data visualizations for LDs, we conducted 1-hour semi-structured interviews with
open-ended questions. The interviews for this study were conducted between May 2023 and May
2024. We framed our interview questions as follows. First, we asked demographic questions from our
participants. Then, we started the semi-structured questions, asking questions prepared in advance.
The initial set of questions focused on participants’ experience in creating data visualizations for
LDs, including details about the LDs they have worked on and the work environments where these
LDs were located (see Appendix A for the script and the list of questions). We also asked follow-up
questions regarding the type of data they worked on and the tools and techniques our participants
used while creating data visualizations for LDs. We encouraged participants to elaborate on the
processes they followed in each phase of data visualization creation—design, development, and
evaluation—and to articulate any challenges they encountered throughout these processes.
Participants: In this study, we specifically looked for individuals experienced in creating data
visualizations for various types of large environments, such as tabletops, wall displays, or multi-
displays. Our criteria include:

Inclusion Criteria:

- have a background in data visualization, or related fields pertinent to the study of data visualization
for various types of physical LDs, such as wall-sized displays, tabletops, or multi-displays,

- actively engage in projects related to data visualization on LDs and have experience in creating
such visualizations.

Exclusion Criteria:

- focus only on Augmented Reality (AR)/Virtual Reality (VR) or immersive technologies (e.g., Com-
puter Automated Virtual Environment (CAVE) [30], immersive analytics, immersive visualization)
as they have sufficiently distinct challenges, affordances, and visualization creator experiences that
are not aligned with our study’s focus on challenges of designing, developing, and evaluating data
visualizations on physical LDs,

- no experience in designing, developing, and evaluating data visualizations on LDs.

In order to identify potential participants, we used a purposeful sampling technique [73]. We reached
out to potential participants, specifically targeting industry partners who worked on creating data
visualizations for LDs, staff, and faculty in research labs across various countries with LD research
programs. We reached out to these people through email. We also used snowballing [36] to identify
more participants. We recruited 14 participants who self-identified as experts in creating data
visualizations on LDs. However, one participant was later excluded from the analysis as they fell
in our exclusion criteria and were working on data visualization for VR using VR headsets rather
than physical LDs, introducing a different set of challenges. We analyzed 13 interview transcripts.
Data Collection and Analysis: We conducted the interview sessions online via the Microsoft
Teams platform and audio and video recorded them for transcription purposes. We used open
coding [29] and the affinity diagram technique [38] to analyze our data. First, all the authors
independently read the interview transcripts multiple times. Second, all the authors coded interview
transcripts by extracting relevant quotes and assigning codes to the quotes. Through this process,
we gathered a total of 69 codes. We used a Miro board to organize and create a visual representation
of the codes and collaboratively grouped sticky notes based on their similarities and relationships.
This iterative process enabled us to identify themes that encapsulated the challenges encountered
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across various stages of the data visualization creation for LDs. In the end, we grouped these
challenges into four themes: T1: challenges of designing data visualizations for LDs, T2: challenges
of developing data visualizations for LDs, T3: challenges of evaluating data visualizations on LDs,
and T4: challenges of building LD infrastructure. By the time we reached P9, we observed that no new
concepts or themes were emerging, indicating that thematic saturation was achieved [89]. Appendix
B includes details on codes (Miro board), themes and categories, and saturation table.

4 Results

This section contains information about the demographics of participants interviewed in our study
and the various types of LDs and interaction modalities they used. The goal of our study is to shed
light on the challenges encountered by designers and developers while creating data visualizations
for LDs. We are reporting the results of analyzing interviews with 13 participants (2 Female, 10 Male,
and 1 non-conforming), with ages ranging from 26 to 56 years. Our participants’ experience ranged
from less than a year to 30 years, which helped us obtain a comprehensive spectrum of insights and
perspectives on the challenges associated with data visualization creation for LDs. The participants
represented various roles, including 6 academics (P1, P2, P3, P4, P5, P7), 4 representatives from
industry (P6, P9, P12, P13), and 3 graduate students (P8, P10, P11). Each participant was actively
engaged in projects related to data visualization for LDs and possessed experience in creating such
visualizations. They worked with different types of data and domains, such as earthquake and
environmental data, criminal intelligence data, social media posts, and football player profiles (see
Table 1 for more details on participants’ demographics and their context of work with LDs).

Table 1. Demographic information and expertise of study participants. Demographic variables include
age, gender, professional years of experience working with LDs, occupation, and self-defined field of work.
Additionally, the table shows participants’ type of data and domain of work relevant to their expertise with
LDs. *Years of experience creating data visualizations for LDs.

P# | Age | Gender Experience® | Occupation Self-defined Field of Work Type of Data and Domain
P1 |37 | Female 6 Assistant Professor Computer Science Earthquake and environmen-
tal data

P2 |43 | Male 11 Post-doc Researcher Information Visualization Science fiction stories

P3 |43 | Male 15 Assistant Professor Software Engineering Criminal intelligence data

P4 | 40- | Male 6 Lecturer Human-Computer Interaction Image and text data

50
P5 |35 | Male 10 Associate Professor Information and Computing Sci- | Social media posts
ence

P6 |38 | Male 14 Computer Scientists at a | Computer Science Scientific experiment data
Tech Company

P7 |56 | Male 30 Professor Computer Science Fluid dynamic simulation

data

P8 |31 |Female 1 Graduate Student Graphic Design Health data

P9 |26 |Male <1 Software Developer at a | Computer Science Health data and time-series
Tech Company text data

P10 | 33 | Male 4 Graduate Student Computer Science Computational notebooks

P11 | 26 | Male 3 Graduate Student Computer Science Climate change impact data

P12 |32 | Male 1 Web Developer at a Tech | Information Visualization Football players profiles
Company

P13 | 35 | Non- 9 Research Scientist at a | Information Visualization Photos and 3D renders of

conforming Tech Company buildings

There are many types of LDs with different physical properties and interaction means. We asked
our participants to describe the type of LDs they worked with to ensure that their displays qualified
as large displays, providing a cohesive viewing space at least the size of the human body. Our
participants worked with various types of LDs, including tabletops, multi-displays, and curved LDs.
They used different means of interaction, such as touch, multi-touch, and mouse and keyboard.
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Table 2 shows the diverse types of LDs and interaction modalities used by each participant. This
table shows that in our study, the most frequently used type of display by our participants is upright
LDs and large tiled displays, which is a combination of different numbers of desktop-sized displays.
The most commonly used interaction by our participants was multi-touch.

Table 2. An overview of display types and interaction modalities of each participant.

@,
Tablet Gesture &5

E3 =
[  LargeTiled Display =z Projection Display  f 1 &

Large Display Large Curved Display Table Display Multi-Touch yboard Controller
Display Type Interaction Type
me ] ve: ]
{ PI1: ‘\
P3: D @ ) ‘ P8: , ‘ P13:
= <
o (3 (8
P4: E P9: , ‘
) <2 W
S~ N 4

During the interviews, we asked our participants to describe the challenges they encountered in
designing, developing, and evaluating data visualizations for LDs and challenges in building LD
infrastructures. We coded the interview transcriptions for challenges our participants faced during
the data visualization creation process. Table 3 presents the themes and categories of challenges
identified in our study. Also, Table 3 shows how often each challenge was mentioned by participants
during the interviews. To calculate this frequency, we carefully read the interview transcripts,
counting every sentence where participants referred to a specific challenge.

5 Challenges and Future Directions

This section contains detailed descriptions of 12 challenges (C) identified, each accompanied by
quotes from participants and corresponding future directions (FD), along with research project
examples to address the identified challenges. In this study, our goal is to shed light on the challenges
of creating data visualizations on LDs. Our findings revealed challenges associated with creating
data visualizations for LDs. By “creating data visualizations”, we refer to the design, development,
evaluation, and deployment processes involved in crafting visual representations of data for LDs.
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Table 3. Coding results: the numbers in each cell represent how many times each participant mentioned the
challenge (code).

Themes Categories P1|P2|P3 P4 |P5|P6|P7 | P8 | P9 |P10| P11 P12| P13
T1: Challenges of C1: Difficulty Scaling Visual Encodings 1|1 2 1
Designing Data
Visualization for LDs L .
C2: Limited Design Software and Tools
C3: Difficulty Adopting Design Guidelines 3 4
T2: Challenges of C4: Developing Away from LD 12| 2 2 1| 4 1| 4
Developing Data
Visualization for LDs L
C5: Limited Development Tools 1 1 3 5 1 1
C6: Limited Learning Resources 2 1 1 1
T3: Challenges of | ¢7; Unfamiliarity with LD 1 2 2|21 1 1|2
Evaluating Data
Visualization for LDs .
C8: Interrupted Flow of Interaction 3 5 2 3 2 3 3 1
C9: Limitations in Feedback Gathering
. . 1 1 2
During Evaluation
T4: Challenges of C10: Environmental Factors and Space 2 1 1 1 1 2 1
Building LDs Constraints
Infrastructure C11: Technical Issues and Lack of Techni- 3 4 2| 2
cal Support
C12: Difficulty Relocating LDs 1 1

5.1 T1: Challenges of Designing Data Visualizations for LDs

The most important characteristic of LDs is their size and resolution, which can also present the
challenge of effectively using this additional space and number of pixels without overwhelming
individuals with too much information [18, 82], while variations in viewing distances and angles
also affect individuals’ visual perception [4, 19, 33, 100, 101]. While additional space and high
resolution of LDs can enhance visual encodings like the number, size, and color of data marks [82],
determining the appropriate parameters for these marks remains a challenge for data visualization
designers [4]. In addition to this, our participants pointed to challenges for designing visualization
on LDs, such as limited design tools and the difficulty of adopting design guidelines, which we will
discuss here. Notably, we observed that while a few participants actively discussed designing data
visualization challenges, the majority of our participants mentioned that they either skipped the
design phase entirely or rushed through it quickly, often due to time constraints.

C1: Difficulty Scaling Visual Encodings. Sketching and paper prototyping are necessary steps in the
design process [17, 32, 35, 52]. Designers often use paper of comparable size to the intended screen
dimensions when creating data visualizations or interfaces [32, 35, 52, 93]. However, sketching
and paper prototyping for LDs can be challenging due to the unique characteristics of LDs. These
displays come in diverse sizes and aspect ratios, which are different from the commercially available
papers used for sketching. Due to this disparity, 4 of our participants encountered challenges
sketching their data visualizations and layouts with the appropriate visual encoding size, spacing,
aspect ratio, and layout. P2 said “There’s always that situation of you think it works. The aspect ratio
is right and all that, but until you actually come in and see what it looks like, are your thought sizes
too small or too big? Is the spacing nice? ...It’s hard to kind of exactly predict and be happy with.”
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This underlines the need for practical strategies to bridge the gap between sketching mediums
such as pen and paper and the distinct requirements to design visualizations for LDs. Lischke et
al. [60] demonstrated the use of a yardstick on a desk to get a feeling for the size of their LD while
sketching. Similarly, in our study, P3 highlighted the need for flip-charts to create a fake wall in the
size of their LDs to sketch on it and noted “What we did, which would just get the flip-chart paper,
corresponding to what we had in the screen wise for one screen. So you could then tape, so we could
take the whole wall with it and we had the wall that was big enough to simulate [the LD] ... So later,
we had a wall and 4 flip-chart stands as well. It looked pretty silly, but it was actually very effective.”
Furthermore, individuals’ proximity to LDs can change during their use compared to desktop-sized
displays, which maintain consistent proximity of arm’s reach [19]. P11 mentioned this challenge
and said “One of the main challenges of designing was trying to make everything viewable from a
comfortable distance because I don’t know how far away the users are going to be from display, and if
you make it too big, then you can’t fit a lot on there and if you make it too small, then you can’t see it.”
Jakobsen et al. [45] introduced a solution which adjusts visual encoding size and aspect ratio
by tracking the position and distance of individuals relative to LDs. Another solution to address
this challenge could be responsive data visualization [5, 40, 41]. Responsive data visualization
is adapting visualizations to the characteristics of the display device [5]. The data visualization
community investigated responsive data visualization from desktop-sized displays [5, 40] to mobiles
and tablets [41]. Yet, few studies have considered responsive data visualization for LDs [75] and
none of these solutions were adopted or mentioned by our study participants.

FD#1: Future research needs to continue investigating responsive design for adapting
visualizations from desktops to LDs and develop proxemic interactions to scale visualizations
based on individuals’ viewing distance. Also, future research could focus on the development
of prototyping tools tailored for LDs to streamline the design process.

Example: Future research could investigate how different types of visualizations (e.g., bar
charts, scatter plots, heatmaps) scale when transitioning from desktop-sized displays to LDs.
There are opportunities for further use of proxemic cues and technologies, such as depth-
sensing cameras to assist designers in designing interactive visualizations that seamlessly
adapt to users’ changing proximity to the LD.

C2: Limited Design Software and Tools. In addition to paper prototyping, designers also use digital
design software or tools, such as Adobe Photoshop, for sketching. Digital design tools have the
potential to facilitate the design of complex data visualization and offer flexibility in making
changes and the ability to easily edit and transform sketches [53, 90]. These benefits of digital
design tools have led to the development of new tools and frameworks specific for designing
data visualizations, such as Visualization-by-Sketching approach [90], and SketchStory digital
whiteboard [57]. However, none of these tools and frameworks are tailored for LDs. There is a
pressing need for specialized digital design tools that facilitate designing data visualization for LDs.
P8 noted that design software did not work on the LD they had in their work environment and
said “Initially, I thought that it might be a good idea to try to sketch the original designs, or at least
the basic ideas on the display itself ..., but Photoshop is not working on the display. That was a little
bit disappointing ...so during the sketching process, what I had to do was sketch on my tablet or my
computer and then copy those sketches to the tabletop to see if the scale of what I was doing actually
made sense. I wouldn’t describe it as a seamless process.”

Another possible solution to sketch visualization for LDs is to create a large canvas using a graphic
design tool like Photoshop on a personal computer. However, designing on such a large canvas
using a personal computer can be tiring and associated with a high cognitive load, as it requires
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a considerable amount of panning and zooming. Another solution to address this challenge is
using design emulator tools. Design emulators are tools that facilitate the creation of functional
prototypes and support iteration in the design process [43]. While numerous design emulators,
such as Figma and Adobe XD, are available for desktop-sized displays, mobiles, and tablets, there is
a lack of such tools for LDs.

FD#2: Future research needs to continue developing tools and emulators for sketching to
simulate the LD environment and demonstrate how visualizations will appear and function
in LDs.

Example: Future researchers could develop a specialized emulator tool designed to cre-
ate prototypes of data visualizations for LDs. This tool should provide a simulated LD
environment, allowing designers to preview how the visualization will appear on LDs.

C3: Difficulty Adopting Design Guidelines. The scarcity of design guidelines and principles for
the unique characteristics of LDs compounded the challenges faced by designers in creating data
visualizations for LDs [79]. In contrast to mobile and desktop-sized displays, design guidelines
available to designers working with LDs are limited [60]. Andrews et al. [4], Braseth et al. [21], and
Mayer et al. [65] highlighted the need for tailored design principles and guidelines when creating
visualizations for LDs. Similar to these findings, 2 of our participants (P8 and P13) highlighted the
need for design principles specifically tailored for LDs when creating data visualizations. P8 noted
“But what we found was that, sadly, many of the studies were listed as design principles that could be
understood as basic user experience ... that when you went back to the basic UX/UI design bibliography
would be redundant. So it was extremely hard to find something that would actually add to that and
that would be specific to the displays. ...I guess having references [that provide design guidelines for
LDs] could help us design for the tabletops. ... Right now, the available bibliography is very limited.”

FD#3: Future studies need to provide more practical and actionable design guidelines derived
from translating perceptual findings.

Example: Future researchers could conduct comprehensive literature reviews, such as
systematic reviews, meta-reviews, scoping reviews, or narrative reviews to elucidate design
patterns and guidelines used by visualization designers while creating data visualizations
tailored for LDs.

5.2 T2: Challenges of Developing Data Visualizations for LDs

Developing data visualization refers to the implementation of the data visualization designs [6].
This includes the coding and programming required to bring the designed data visualization to
life, allowing individuals to explore, understand, and analyze data, identify patterns, unravel the
important and useful insights from data, and support better decision-making [6, 39, 69]. Our
interview results showed that most of our participants had to develop data visualizations away
from LDs due to limited access to LDs. Also, participants shared their concerns about the limited
development tools and learning resources available for developing data visualizations for LDs.

C4: Developing Away from LD. Developers need to check the development results on LDs after
implementing the data visualization. When developers use their personal computers and implement
data visualizations away from LDs, testing the results of implemented data visualizations becomes
challenging. A study by Lischke et al. [60] underscored the necessity of using simulators because
of the absence of LD setup during the data visualization creation process. Similarly, (9 out of
13) participants noted that they had to develop data visualizations away from the LDs due to
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certain constraints, such as limited direct physical access to LDs. They often had to rely on post-
development adjustments based on outcomes and constant back-and-forth checks between personal
computers and LDs. P9 said “T'm working remotely, I upload the content and it looks like it’s working,
but I'm not really sure if it’s working or not. That’s a problem. We don’t have a way to look at it. I
usually have to ask one of my colleagues: Hey, can you go into the room and actually check that things
are being displayed as they should, or if something is broken?”

Also, as we discussed in Section 2, the literature introduced different modalities for interacting
with LDs. In our study, the primary interaction modalities implemented by our participants were
touch and multi-touch, which posed challenges, especially for developers who are creating data
visualizations remotely and away from the LDs. P9 said they could not imitate touch behavior
during development ‘T don’t have a touch screen at home ...so I couldn’t fully imitate the touch
behavior. ... Let’s say for drag and drop interactions, the mouse works and the touch events on the large
display do not work. I think this is why I need to go there and see it myself.” This challenge becomes
more complex when developers need to test interactions such as mid-air gestures or multiple
devices. For example, P1 used multiple devices LDs, mobile devices, and augmented reality headsets
to display and interact with data visualizations. Emulating this diverse ecosystem of devices away
from the LDs and refining interactions through trial and error can be challenging, if not impossible.

FD#4: Future studies need to further develop and deploy accessible tools and emulators tai-
lored for LDs that replicate the LD environment on desktop platforms and enable interactions
beyond a mouse and keyboard.

Example: Future researchers could create intuitive and accessible software simulations
that mimic the functionality of LDs, allowing developers to test their data visualization and
applications intended for LDs without the need for physical prototypes. This could involve
emulating the multi-touch capabilities and gesture controls typically associated with LDs.

C5: Limited Development Tools. There are limited tools, software, libraries, and toolkits specifically
tailored for LD to aid data visualization developers [18, 93]. Developers often find themselves in the
position of having to adapt or modify existing tools to meet the requirements of LD prototyping.
Previous literature introduced tools and libraries that developers of data visualizations for LDs
may be able to adapt. Recently, Harden et al. [37] presented SAGE3, which is the updated version
of SAGE?2 [83], to create and deploy data visualizations on LDs collaboratively and interactively.
Mei et al. [67] introduced DataV, a Software-as-a-Service visual deployment tool that facilitates the
creation of interactive visualizations on LDs. These tools support LD visualization development
for multi-device, multi-user interaction, and remote collaboration. While these tools are useful,
they are not commonly used in practice. Robust visualization libraries widely used in the data
visualization field, such as D3 [20] and Vega-Lite [88], are not designed for LDs and do not work
on LDs. They lack support for LD interactions, often assuming a single interaction focus without
support for multi-touch or other interaction modalities. In our study, 6 participants mentioned the
lack of development tools for LDs. P6 said “[Developers] have their tools. [When they] go to [large]
display, tools that they were working with are not working anymore.” Also, P3 mentioned “We did
not have any emulators in process, so like you know, sometimes you can have hard phone emulators,
mobile phone emulators and you can test [your application] ... but there weren’t any good libraries or
frameworks for doing that on large displays.”

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. ISS, Article 539. Publication date: December 2024.



539:12 Mahsa Sinaei Hamed, Pak Kwan, Matthew Klich, Jillian Aurisano, and Fateme Rajabiyazdi

FD#5: Future studies should further suggest and create tools that cater to the unique
requirements of data visualization development for LDs.

Example: Future researchers could facilitate the adoption of existing tools, software, toolkits,
and libraries (e.g., D3) for LDs or introduce extensions (e.g., LD-D3) tailored to LDs’ unique
requirements. These extensions might include support for diverse interaction modalities
beyond traditional mouse and keyboard input, such as multi-touch gestures, voice commands,
or eye-tracking interactions.

Cé: Limited Learning Resources. The shortage of robust and widely adopted data visualization
development tools for LD often prompts developers to create their own solutions. Consequently,
developers rely on support or any documentation resources that have been created for these
custom tools or libraries. In contrast, when a vast community spanning multiple institutions uses
common data visualization development libraries or toolkits, developers focus on their support
and dissemination and have access to a broader range of support avenues. The lack of developing
data visualization for LDs’ learning resources not only impedes the development process but also
hinders the overall advancement of LD data visualization development. This challenge results in a
burden on developers, who must expend additional effort to seek out scattered learning resources
or rely on a trial-and-error process during the development process. In our study, 4 participants
highlighted the need to create dedicated learning resources, P4 said ‘T didn’t get too much help from
... because this is like a very specific platform that I needed.” Similarly, P7 mentioned “Tt was harder
because [of | the whole way I was working. I was a student ... and everybody was working in the lab.
So you just leaned over to the guy sitting next to you. Hey, have you seen this before? There were no
books or I mean, everybody was inventing it.”

FD#6: The LD research community should establish more easy-to-follow and accessible
repositories of learning resources and collections of materials to support the development
of data visualization for LDs.

Example: Future researchers could create online platforms where researchers, developers,
and educators can access a curated selection of tutorials, case studies, design guidelines, and
best practices specifically focused on developing data visualizations for LDs.

5.3 T3: Challenges of Evaluating Data Visualizations on LDs

Evaluating data visualizations aims to ensure the data visualizations effectively communicate a
comprehensive understanding of the represented data and enhance individuals’ understanding
of the data [26, 87, 95]. Our study result showed that due to the specific characteristics of LDs,
evaluating these visualizations can be challenging. These challenges included people’s unfamiliarity
with the technology, interrupted flow of interaction, and limitations in feedback gathering during
the evaluation phase.

C7: Unfamiliarity with LD. People’s unfamiliarity with LDs can affect the evaluation of data visual-
izations, as the general public is more accustomed to working with desktop-sized displays rather
than LDs [93]. Individuals might feel uncomfortable interacting with unfamiliar devices such as
LDs in front of other people due to social embarrassment, such as the concern about seeming
foolish [22, 81] and uncertainty regarding potential interactions [48, 72]. Most of our participants
(8 out of 13) mentioned this challenge as an obstacle for evaluating data visualization on LDs. P10
noted ‘Tt takes a little bit of work for people to get used to using it ... most people are very used to
a smaller display and when they have all this space, sometimes they don’t know what to do with it.”
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This challenge could relate to concerns about causing damage to LDs and difficulties in interacting
with the technology, as P5 highlighted “We grew up with this thing that you don’t want to break the
TV. It’s expensive and I kind of feel that this is a kind of cultural thing that people are afraid to [touch]
them, right? And I think this is a challenge now [but it will not be a challenge] 20 years in the future.”

FD#7: Future researchers need to incorporate familiarization tasks in their studies to foster
participants to become comfortable with LDs and interaction techniques before participating
in the evaluation studies.

Example: Future researchers could design preliminary sessions where participants are
introduced to LDs. Before the evaluation sessions begin, participants could engage in guided
exercises, such as performing zooming and panning tasks on a sample data visualization.
These sessions could result in participants becoming more comfortable with LDs, reducing
the learning curve and ensuring that the focus in evaluation sessions is on performance and
interaction with the data visualizations rather than on learning how to use the LD.

C8: Interrupted Flow of Interaction. The user experience in the evaluation phase of creating data
visualizations for LDs can be interrupted by technical limitations such as keyboard-to-screen
workflow and cursor visibility issues [18, 84]. Most of our participants (8 out of 13) mentioned
that evaluating data visualizations with people was impacted by an interrupted flow of interaction.
P2 mentioned that in their evaluation studies when individuals needed to interact with the LD
using a keyboard, they had difficulty switching between the keyboard and the screen, expressing,
“There’s kind of that jumping back and forth from the keyboard to the screen, that’s kind of another
challenge, that they couldn’t focus on the study.” In another case, P2 noted that their study participants
frequently experienced difficulties in keeping track of the cursor during the evaluation process and
said “Tt’s really easy to lose the cursor and even though we’ve increased the mouse pointer size and
changed the contrast and stuff, people still struggle with that”

Another set of evaluation challenges are related to multi-display setups. LDs can be created by
combining multiple desktop-sized displays. Bezels and navigating multi-display setups using a
mouse posed additional challenges during the evaluation process. Robertson et al. [84], Lischke
et al. [61], and Belkacem et al. [18] emphasized the increased physical strain experienced when
navigating the mouse cursor across LDs. Similarly, our participants highlighted that navigating
across multiple displays using a mouse required frequent hand movements, which was cumbersome
for individuals involved in their evaluation studies. P2 said “When you have to drag something,
dragging it across like 5 displays with the bezels, that’s a challenge when you’re using mouse.”

FD#8: Future studies need to continue developing and deploying more robust and suitable
middleware for LDs, addressing challenges such as interrupted interaction during data
visualization evaluation sessions.

Example: Future researchers could develop middleware which supports diverse evaluation
requirements, including customizable mouse pointer sizes to accommodate different users’
preferences and needs. Additionally, middleware should offer adaptable layout configurations
to ensure the interface can be tailored to various evaluation scenarios.

C9: Limitations in Feedback Gathering during Evaluation. Collecting data during evaluation studies
on LDs refers to gathering relevant information and observations to assess the effectiveness,
usability, and user experience with data visualizations [86]. In our study, 3 participants mentioned
the limitations of collecting data during the evaluation phase due to the unique characteristics of
LDs. Participants said that they needed to video record their evaluation sessions to observe user
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interactions with data visualizations. They put the recording device on one side of the display,
which limited the individuals’ access to that part of the screen. P3 said “So the tabletop was about a
50-inch screen and [participants] had to move physically. ... one side of the screen wasn’t available for
use because we were doing recording devices and it was a bit cumbersome.” Participants mentioned
that they had multiple recording devices to gather data during their evaluation sessions, and
synchronizing them was challenging. P12 said ‘T think we did like a clapping to synchronize [cameras]
because we had to turn on one camera, then walk through the other one and turn it on and make sure
that we can look at all videos simultaneously.” Participants also mentioned the display’s brightness
affected video quality and impacted the reliability and usability of the recorded data. Furthermore,
to gather feedback from all interaction modalities and LD angles, researchers need to synchronize
data and analyze them, which can be demanding.

FD#9: Future research needs to further develop tools to support data gathering and analysis
for evaluating visualizations on LDs.

Example: Future researchers could develop tools to support data gathering which seamlessly
integrate and synchronize multi-camera and multi-screen footage to provide a comprehen-
sive view of individuals’ interactions during the data visualization evaluation sessions.
These tools should also automatically generate detailed transcripts of user actions and verbal
responses to save time when analyzing the evaluation sessions.

5.4 T4: Challenges of Building LD Infrastructure

Building LD infrastructure involves setting up the environment and technical aspects. Building
these infrastructures can face several challenges, such as spatial limitations, lack of technical
support, and difficulty in relocating LDs [93].

C10: Environmental Factors and Space Constraints. Individuals need to be able to move freely in
front of the LDs and interact with the data visualizations. This physical navigation enhances
individuals’ performance and enables them to move closer to see finer details or step back for a
broader overview [15, 46]. Additionally, LDs are sometimes located in public spaces or busy rooms,
which can pose challenges when working with confidential data. Our participants (7 out of 13)
indicated that environmental factors and space constraints presented challenges when working
with LDs. P2 noted “Tt’s the room is 20 feet by 20 feet. The room is totally windowless, there’s people
who want to work with confidential data in there, so there’s no way for people to walk by and see
what you have on display.” P1 also noted “Sometimes the room is busy. Sometimes people take classes
in the same room or other people do research in the same room.” Another environmental challenge
mentioned by our participants was inadequate ventilation or cooling systems. Prolonged use of LDs
can lead to increased heat buildup, which could result in an uncomfortable working environment.
P5 said “The room was just too hot. Getting stuck in this warm room and just waiting for this to compute
whatever we made, was frustrating back then.” Although building up these infrastructures can be
expensive, it is necessary to allocate sufficient funding and space and install proper ventilation.

FD#10: Future studies should further investigate developing low-cost LD hardware, includ-
ing computing devices, displays, and interaction tools. These advancements should prioritize
suitability and ease of maintenance.

Example: Future researchers could explore advancements that include using cloud tech-
nologies that eliminate the need for expensive computing devices. Projectors or foldable
displays can be used to create low-cost displays.
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C11: Technical Issues and Lack of Technical Support. LDs can require complex technical setups,
which can introduce multiple points of potential failure, including server crashes, the difficulty of
implementing multi-touch on LDs, and glitching out of one display in a multi-display setup, which
leads to disruptions in the workflow. In our study, 6 participants highlighted these difficulties and
discussed how these challenges affect working with LDs. P6 noted “You know the hardware. It’s
always a challenge. ... infrastructure in the back end requires a lot of servers, if one of those components
has a problem then the whole thing kind of like collapses and you don’t really know what’s working and
what’s not, and now you need to start rebooting things until you can get them operating again. So those
are some hardware challenges that we face.” A lack of dedicated technical support to address these
issues could result in extended periods of non-productivity and frustration for data visualization
designers and developers for LDs. P11 said “We didn’t have any tech support ...the bad thing is that
we don’t have anyone to maintain [it], so we have to maintain it ourselves.”

FD#11: Future research needs to demonstrate the LDs’ need for technical support due to
the evolving nature of these technologies. This will create further opportunities for LDs’
adoption and usage in the long term.

Example: Future researchers could provide comprehensive video tutorials or documentation
that offers detailed instructions and troubleshooting guidance, individuals can gain the
knowledge to overcome challenges when setting up LDs or doing troubleshooting, even in
the absence of direct support.

C12: Difficulty Relocating LDs. Infrastructure typically involves fixed hardware configurations, such
as multi-displays that are hung and fixed on the wall and cannot be easily relocated [71]. Sharing
the data visualization systems developed for LDs with the scientific community and the public
is another challenge mentioned by our participants. Since moving LDs for demoing purposes is
not easily possible and data visualizations developed for LDs cannot be easily demonstrated on a
desktop-sized display, these demos are often shared in video format, which limits their presentability.
The inability to easily relocate LDs and their associated infrastructure presents additional challenges
when changing institutions. Two participants mentioned the difficulty in relocating LDs. They lost
access to LDs and technical and infrastructure-specific knowledge they had developed over the
years when they changed their institutions. P3 elaborated “So the hardware is stuck in the lab, so
that didn’t exist outside the lab, and because it was massive, you had the installation costs. Displays
are really prohibitive to be able to move from different areas and it just wasn’t possible.”

As our study revealed, building infrastructure for LDs presents challenges. However, these chal-
lenges should not detract from the importance of pursuing research in this field. The difficulties
in LD infrastructure development should be seen as opportunities for inventive problem-solving.
Fostering innovative strategies to overcome these barriers is key to advancing LD research.

FD#12: Future research needs to further investigate ways of recreating portable LDs to
demo data visualizations; these need to use inexpensive and accessible devices and materials.
Example: Future researchers could use lightweight projectors, foldable displays, and low-
cost sensors to recreate LDs that can be easily transported and set up for demonstrations in
various environments.

6 Discussion

In this study, we delved into the challenges experienced by experts in creating data visualizations for
LDs. We identified challenges in designing, developing, evaluating, and building infrastructure for
LDs. Issues such as difficulties in scaling visual encodings, limited availability of design software and
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tools tailored for LDs, and challenges in adopting design guidelines were mentioned when designing
data visualizations for LDs. The design process in the field of data visualization and HCI has focused
on understanding individuals’ needs, catering to diverse domains, and managing the transition
between designers and developers to ensure user-friendly systems and applications [66, 68, 91, 92].
However, our study results highlight specific design challenges that have not been considered
when designing visualizations for LDs and should be further explored. We believe addressing these
challenges in design process models and guidelines is important, especially considering there is
increasing diversity in display types and interaction modalities.

When it came to developing data visualizations for LDs, challenges identified from our study include
the need to work away from LDs, and insufficient development tools and learning resources. While
toolkits such as Sage3 [37] and VegalLite [88] exist, their adoption is not universal and they are not
specifically designed for LD interaction modalities. Many research labs working with LDs have
created effective custom, in-house development tools to address the specific needs and challenges
LDs pose during the development process. However, these tools require continuous updates as
technology evolves and rely on internal and undocumented knowledge. Our study results emphasize
the need for introducing platforms to share these solutions within the community that can be a
catalyst for the wide adoption of LDs in the data visualization field.

Evaluating data visualizations on LDs can be challenging. People’s unfamiliarity with LD technology,
interruptions in interaction with data visualizations on LDs, and limitations in feedback-gathering
processes were some of the issues faced by experts in the field. Several evaluation methods exist in
data visualization and HCI to assess designed systems or applications with potential users [51].
However, these evaluation methods may not be suitable for LDs due to their portability and
accessibility issues. We believe our community needs to introduce creative ways to simulate or
emulate LD environments for evaluation purposes or propose alternative evaluation methodologies
that could meet LD’s unique challenges. These solutions could be useful not only for evaluation
purposes but also for effectively demonstrating data visualizations on LDs.

Building LD infrastructure also presented hurdles for experts creating data visualizations; these
hurdles include environmental constraints such as the need for additional space and cooling systems,
technical issues including server crashes, implementing multi-touch on LDs, and display glitches,
as well as difficulties in relocating LD setups for demonstration purposes. Several solutions for
building LDs infrastructures were suggested by previous literature, including clusters of personal
computers for driving LDs [96], or middleware for multi-display setups [59, 83]. However, we
believe our community needs to invest in additional robust hardware and software to mitigate
technical issues and develop portable, flexible configurations for easy relocation and setup, which
can collectively address the challenges of building and demonstrating LD infrastructure.

Lastly, we believe that to catalyze the widespread adoption of LDs for data visualization purposes, it
is important to integrate the experiences and needs of designers, developers, and users throughout
the entire process of creating data visualizations for LDs, rather than only focusing on user needs.

6.1 Generalizability of Future Directions

In our study, we provided Future Directions to address the challenges of creating data visualizations
for LDs, and pinpointed areas that need further investigation and innovation in data visualization
for LDs. However, it is important to acknowledge the limitations of these proposed FDs in relation
to the diversity of LDs. For instance, in FD#1, FD#2, FD#3 FD#4, FD#5 FD#8, and FD#9, we proposed
that prototyping tools, design guidelines, emulators, development tools, middleware, and tools
for data gathering and analysis tailored for LDs could help overcome challenges in designing,
developing, and evaluating data visualizations for LDs. However, tools and guidelines designed for
one type of LD may not be suitable for other types of LDs due to their differences in screen sizes,
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aspect ratios, ideal viewing distances, and screen orientations. In FD#6 and FD#11, we discussed
the need for future research to provide learning resources and technical support. However, these
resources and support should also be tailored to the specific type of LDs, as each type of LDs has
different hardware, software, or configuration requirements to function properly. In FD#7, we
highlighted the need for future researchers to incorporate familiarization tasks in their studies
to foster participants to become comfortable with LDs before participating in evaluation studies.
However, these familiarization tasks should be tailored to the types of LDs used in the research,
considering factors such as the LDs’ interaction modalities. In FD#10 and FD#12, we discussed that
low-cost foldable displays could serve as a potential option for recreating LDs. However, low-cost
foldable displays may not replicate the full range of functionalities and experiences provided
by different types of LDs. Therefore, practitioners and researchers should be mindful of these
differences when applying the recommended solutions, recognizing that not all recommendations
may be universally applicable to all types of LDs.

6.2 Study Limitations

Our study was designed to capture various perspectives from different fields, roles, and years of
experience. The participants were selected through purposeful sampling from our network, which
may not be representative of all experts with experience in creating data visualizations for LDs.
Additionally, our study size was 13 participants, which is consistent with standards in HCI where
the average sample size is 12 and studies with limited samples are common [25]. We acknowledge
some limitations in generalizability due to the sample size. Despite this, our study provides a strong
foundation for future work.

We excluded experts who primarily worked on creating data visualizations for AR/VR or immersive
technologies (e.g., CAVE, immersive analytics, immersive visualization) from our study. This
decision was made because these experts fell beyond the scope of our research objectives, and we
anticipated that their experiences would be sufficiently different. Therefore, their perspectives on
the challenges of data visualization creation might not be reflected in our findings. Although these
experts may still face similar challenges, this limitation underscores the need for future studies to
explore this specific domain comprehensively.

Another limitation of our study is the gender imbalance among participants, with 2 out of 13
individuals being female and 1 being non-conforming. This disparity may impact the diversity of
perspectives represented in our findings, particularly regarding gender-related experiences and
viewpoints. However, the motivation and protocol for the study were developed through discussions
that incorporated input from both male and female researchers.

7 Conclusion

We have presented the findings from our qualitative interview-based study conducted to gather
firsthand insights from 13 experts experienced in creating data visualizations for LDs. We analyzed
the results of our interviews using thematic analysis. We identified 12 challenges in designing,
developing, and evaluating data visualizations on LDs as well as building LD infrastructure. We
proposed 12 future directions and research project examples aimed at addressing the identified
challenges. Our results serve as a catalyst for further exploration and innovation in creating data
visualizations for LDs. By bringing attention to the specific challenges faced throughout the data
visualization creation for the LDs process, we aim to encourage researchers to contribute to the
development of resources and tools that facilitate the design, development, and evaluation of data
visualizations for LDs. By pointing out the challenges faced by designers and developers working on
creating data visualizations for LDs, we hope to inspire continued research efforts that contribute
to the advancement of effective and impactful data visualizations for LDs.
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Appendix A
Appendix A.1 Interview Script

Thank you so much for participating in this interview. We are going to ask a series of questions
about your experiences creating visualizations for large display environments or tabletops. We
want to learn about your experiences and challenges so that we can help inform practices for future
researchers. We want to identify challenges and understand your process of working with the
large display. Our goal is to better understand your experience making visualizations for large
displays, and the differences between making visualizations for desktops versus large displays. We
are more interested in hearing about your experiences with design, development, and evaluation-
what it was like, and where you faced challenges- and less interested in the result of your project.
As we mentioned in the consent form, your information will be anonymous, and we will protect
your identity. We also will take care to ensure that your project and lab are not identifiable in our
reporting of results, so feel comfortable telling us about your experiences.

We will be recording this interview. You can choose to keep your camera on or off. You can share
examples through screen-sharing, and this will be included in the recording.

If any of our questions were unclear, please feel free to let us know. We have a number of people here
(2-3). We will have one person conducting the interview with others asking follow-up questions
and taking notes. Let’s do an introduction.

Now, I am going to start the recording, please turn off your camera if you are uncomfortable.

Appendix A.2 Interview Questions

1. Demographic questions:
a. Age: How old are you?
b. Gender: What is your gender identity?
c. Academic Background: What is the highest level of education you have completed?
d. Job Title: What is your current job title or occupation?
e. Experience: How many years of experience do you have working with large displays?

2. Can you please tell us a bit about your background/expertise working with large displays or
tabletops?

3. Can you give us an overview of your large display, so we have some context for your experiences:
the properties of the large display and the physical context of your large display?

a. Can you tell us about the environment in which the display is located (classroom, library,
research lab)?

. How easy was it to access the technology and how often could you access the technology?

. Can you describe the size of your large display (width vs. length)? Is it reachable with hands?

. Can you describe the orientation of your large display (wall vs. tabletop)

. Can you describe the shape of your large display (flat vs. curved)?

. What interactions were set-up for this display, for you to use? Did it have a touch system, a
mouse and keyboard, sensors/tracking, input server for devices?

- 0O &0 T

4. When you first started working on this platform, how did you learn how to use it (e.g., other
students, Faculty, Personnel, or Resources)?

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. ISS, Article 539. Publication date: December 2024.



The Elephant in the Room: Expert Experiences Designing, Developing and Evaluating Data Visualizations ... 539:19

5. Thank you for telling us about your display. Now, think about the projects you did on a large
display. Can you please describe your 1-2 [significant, most challenging, most recent, most
comfortable discussing] projects done with this large display in short? We are more interested
in knowing about your experience in the process of doing your project with this display.

a. What was the goal of your project?

b. What was the domain of the project (e.g. medical, or environment)?

c. Who were the target users of your project?

d. What types of data do you use for your projects (e.g. text, geographical, or temporal)?

e. Who were your collaborators if you had any (students, supervisors, industry, gov, medical,
artists)?
i. Can you elaborate on the process of collaborating with them?

f. What interactions were set-up for this display, for you to use? Did it have a touch system, a
mouse and keyboard, sensors/tracking, input server for devices?

6. Do you think most of your work falls under design, technical development, or evaluation?

a. Could you please describe your design process?

i. Did you sketch for the full display? How? Accounted for the large space and resolution?
ii. How did you choose font/visual encoding, and aspect ratio while you sketched?
iii. How did you make the sketches (e.g. pen and paper or whiteboard)?
iv. What software or tools did you use for design (e.g. Photoshop)?

b. Could you please describe your development process?

i. Can you describe what your developed application or visualization looked like, and how it
worked?

ii. Were you developing the prototype away from the display? Were there any challenges with
this setting? What proportion of the time were you working on the display itself vs the
personal computer?

iii. What programming languages were you using?

iv. How do you utilize your screen size (e.g. single view, small multiples, or distributed)?

v. How are you developing/simulating the touches/interactions if you are developing on your
laptop?

vi. Size for font/visual encodings for large displays/laptops - how did you account for it?

vii. How did you develop your prototype accounting for this on your laptop considering your
laptop has a different size screen?

c. Could you please describe your evaluation process?

i. Which one of these study types best describes your evaluation studies? User performance,
user experience, communication through visualization, etc.?
ii. What was unique about doing this evaluation study on a large display vs a laptop/PC?
What were the challenges?
iii. Did you have to make any preparations before the evaluation session starts? What was it?
iv. How did you capture the study data/recording?

7. Could you please tell us about challenges and additional opportunities opened by using these
display probes?
a. How comfortable were you working with your display?
b. Were you always comfortable? Did you become more comfortable?
c. What were the challenges of working with large displays in your projects?
d. If something broke, did you have tech support to help with the display?
e. Certain hesitant/difficulties working with the technology or any challenges with working
with end-users or collaborators?
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Appendix B
Appendix B.1  Miro Board
Please see our Miro board for the codes: https://miro.com/app/board/uXjVMBRYOaU=/

Appendix B.2 Themes and Saturation Overview

The first table shows the themes, categories, description of each category, and a representative
quote from our participants; the second table shows that we do not have new codes introduced
after P9 and reached saturation.

Themes Categories Descriptions Representative Quotes

LDs' increased size, resolution, and “There's always that situation where you think it kind of
varying user distances complicate the works. The aspect ratio is right and all that, but until you

Clle ittty el selection of appropriate visual encodings, | actually come in and see what it looks like, are your thought

Visual Encodings such as the number of data marks, the size | sizes actually too small or too big? Is the spacing nice? It's
of data marks, and their color. hard to kind of exactly predict and be happy with”. (P2)
“Photoshop is not working on the [large] display. That was a
little bit disappointing ... I think it's not because of the display,
Existing design software and tools, such as it's just because thoshpp doesn't support this kind of
L . . . hardware yet ... So, during the sketching process, what I had
C2: Limited Design Photoshop, lack specific adaptations to
Software and Tools facilitate designing data visualization for to do was sketch on my tablet or my computer and then copy
T1: Challenges of LDs those sketches to the tabletop to see if the scale of what I was
Designing Data . doing actually made sense. I wouldn't describe it as a seamless
Visualizations for process ... it would have been nice to be able to do [it] on the
LDs [large] display™. (P8)

“But what we found was that, sadly, many of the studies were
listed as design principles that could be understood as basic
user experience ... that when you went back to the basic UX
UI design bibliography would be redundant. So, it was
extremely hard to find something that would actually add on to
that and that would be specific to the [large] displays. I guess
having references [that provide design guidelines for LDs]
could help us design for the tabletops. Right now, the
available bibliography [that provides design guidelines for
LDs] is very limited”. (P8)

The absence and pressing need for design
principles specifically tailored for LDs
when creating data visualizations.

C3: Difficulty Adopting
Design Guidelines

“I'm working remotely, I upload the content, and it looks like
it's working, but I'm not sure if it's working or not. That's a
problem. We don't have a way to look at it. I usually must ask
one of my colleagues: Hey, can you go in the room and
actually check that things are being displayed as they should,
or if something is broken™? (P9)

Not having access to LDs during the data
C4: Developing Away V1suallz;.auon dcvc.lopn.lcnt. results in

developing data visualizations away from
from LD 3

LDs, making the development process

challenging for developers.

T2: Challenges of The availability of tools, software.
D.evelopm.g Data C5: Limited Development |libraries, and toolkits sp::ciﬁcally ’tailorc d “[Developers] has their tools... [thn t_hey] go to [larg_e]
Visualizations for . 3 A display, tools that they were working with are not working
Tools for LD to aid data visualization developers N
LDs o g anymore”. (P6)
is limited.
The lack of learning resources for
L . developing data visualization for LDs 4t Lo ..
C6: Limited Learning T didn't get too much help from ... just in that because this is
makes the development process B . "
Resources . H . like a very specific platform that I needed”. (P4)
challenging and time-consuming for
developers.
Individuals are more accustomed to “We grew up with this thing that you don't want to break the
working with desktop-sized displays rather TV. It's expensive and I kind of feel that this is a kind of
C7: Unfamiliarity with LD than LDs, resulting in challenges when cultural thing that people are afraid to [touch] them, right? And
evaluating data visualizations on LDs with I think this is a challenge now [but it will not be a challenge]
T3: Challenges of

Evaluating Data the public. 20 years in the future”. (P5)

Visualizations for
LDs
The users' experience in the evaluation
phase of creating data visualization for “It's really easy to lose the cursor and even though we've
LDs is interrupted by technical limitations | increased the pressure size and changed the contrast and stuff,
such as keyboard-to-screen workflow and | people still struggle with that”. (P2)
cursor visibility issues.

C8: Interrupted Flow of
Interaction
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T4: Challenges of
Building LD
Infrastructure

Categories

Cl1: Difficulty Scaling
Visual Encodings

C2: Limited Design
Software and Tools

C3: Difficulty
Adopting Design
Guidelines

C4: Developing Away
from LD

C9: Limitations in
Feedback Gathering
During Evaluation

LDs’ different characteristics impeded
comprehensive data collection and
evaluation study.

C10: Environmental
Factors and Space
Constraints

Not having enough space and effective
cooling systems makes data visualization
evaluation studies on LDs difficult.

Technical challenges, including server
crashes, the difficulty of implementing
multi-touch on LDs, and glitching out of
one display in a multi-display setup led to
disruptions in the workflow. A lack of
dedi d technical support to address
these issues results in extended periods of
non-productivity and frustration for data
visualization designers and developers.

C11: Technical Issues and
Lack of Technical Support

Moving LDs for demoing purposes is not
C12: Difficulty Relocating | easily possible and data visualizations
LDs developed for LDs cannot be easily

demonstrated on a desktop-sized display.

Codes

1. The size of the charts is uncertain because the distance from which
the user will stand is unknown.

2. Need to create a wall of paper to design on it.
3. Software similar to Photoshop doesn't function well on LDs.
4. The process of sketching on a tablet and checking it on LD is not

seamless.

5. The process of sketching on a tablet and then checking it on an LD
is time-consuming.

6. There's a need to start the sketching process directly on LD during
the initial phase.

7. There's a need for sharing and opening a link of the design on the
display to adjust.

8. The inability to design directly on LD itself due to limited design
tools.

9. There are no specific design principles or guidelines tailored for
LDs.

10. There are no references available for screen element placement
specific to LDs.

11. Testing the system is arduous and time-consuming.

12. Differing lighting between your room and the LD room impacts
colors.

13. The challenge lies in not knowing the exact font size before
system development and having to adjust it on the LD after seeing it.

14. Hard to anticipate and evaluate the size, aspect ratio, spacing, and
color.
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“So, the tabletop was about a 50-inch screen and [participants]
had to move physically ... one side of the screen wasn't
available for use because we were doing recording devices,
and it was a bit cumbersome”. (P2)

“The room is 20 feet by 20 feet. The room is totally
windowless, there’s people who want to work with
confidential data in there, so there's no way for people to walk
by and see what you have on display”. (P2)

“We didn't have any tech support ... the bad thing is that we
don't have anyone to maintain it [large display], so we have to
maintain it ourselves, and that was hard”. (P11)

“So, the hardware is only stuck in the lab for that project, so
that didn't exist outside the lab, and because it was massive,
you had the installation costs for these large visualizations.
Displays are prohibitive to be able to move from different
areas and it just wasn't possible”. (P3)

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13
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15. Need for using touch devices for interaction testing.

16. Requesting a colleague to visit the LD room and check your
development work.

17. Need for utilizing Zoom or Teams to view the results of
development on LDs.

18. Need for using VPNs when working remotely.
19. Not being able to fully imitate the touch behavior.

20. There's a need to download the code onto another PC for testing
purposes.

C5: Limited 21. There's a need to implement new development tools.
Development Tools

22. The desktop operating system isn't functioning properly on LD.

23. The UI of the tools is not optimized for LDs.

24. the lack of useful tools discourages people from using the system,
and without users, there's no incentive to develop useful tools.

25. The absence of software packages and libraries for LD
development presents a significant challenge.

26. Developers prefer using their laptops or developing browser-
based systems when tools are incompatible with LDs.

27. There are no development visualization tools available
specifically designed for LDs.

28. There are no emulators, akin to Figma for mobile app design,
available for LDs.

29. Choosing the best interaction for LD visualization tools remains

uncertain b of limited devel tools.
C6: Limited Learning | 30. Limited learning i seeking assi from
Resources colleagues during development, googling it, or doing trial and error.

31. Supervisors might offer limited assistance due to the use of a new
platform.

C7: Unfamiliarity 32. People engage less with LDs because LDs aren't widely available.
with LD

33. It requires some effort and time for people to become accustomed
to LD.

34. People are hesitant to touch LDs because they don’t want to
damage them.

35. Non-techy individuals may struggle with using LDs.

36. People still don't find LDs natural to use.

37. Elderly individuals are more unfamiliar with LDs.
C8: Interrupted Flow | 38. Need for using the mobile phone to interact with LDs.

of Interaction

39. There's continuous switching between the keyboard and the
screen.
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C9: Limitations in
Feedback Gathering
During Evaluation

C10: Environmental
Factors and Space
Constraints.

C11: Technical Issues
and Lack of Technical
Support

40. Losing track of the cursor is common and enlarging it doesn't
resolve the issue.

41. Dragging the cursor across multiple displays requires a lot of hand
movement.

42. Details are missed due to the presence of bezels in multiple
displays.

43. The grid pattern on multiple displays poses a challenge for users
when interacting with them.

44. Conducting evaluation studies in real-world settings with LDs and
capturing people's attention and encouraging interaction with our
system.

45. There's a need for a custom app for eye-tracking users due to the
size of the LDs.

46. Manipulating the data becomes challenging when users stand very
close to LDs.

47. People need to crouch down to interact with and view items at the
bottom of the display.

48. False touches occur frequently.
49. Interacting with LDs using the body instead of a mouse and
keyboard.

50. User interaction experiences within 3D environments and LDs are
limited to point-and-click actions

51. Creating space for multiple users and the necessity for a tool to
facilitate interaction with LDs when several individuals are utilizing
data visualization on LDs.

52. Hard to have multiple users interacting with LDs at once and
users need to take turns and multi-touch does not function perfectly.

53. Setting up cameras to record data needed synchronization and
caused blocking of one side of the screen and data recording.

54. The LD's brightness causes issues during video recording.

55. There's a need to replace sensor-based lights with switch lights, as
the solitary lighting affects experiencing the full quality of the LDs.

56. Natural light impacts how screens are perceived.
57. Need for furniture relocation for space management.
58. High traffic in large display rooms.

59. A small room poses challenges in moving in front of LDs and for
maintaining data confidentiality.

60. Need for allocating appropriate cooling systems.
61. Need for using GPUs or heavy computers and challenges
associated with working with them.

62. The lack of 3D rendering capabilities in computer systems and did
not support GPU.

63. There's a need for middleware suitable for LDs due to the
challenges posed by using Windows in LDs.
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64. Scanners generate custom file formats that are incompatible with
the LDs, rendering them unopenable.

65. The lack of support to maintain the LD exacerbates hardware
challenges.

66. Servers crash down frequently, and LDs often experience glitches.

67. Multi-touch functionality on LDs is not functioning properly and
there is a need for installing extra drives.
C12: Difficulty 68. It's impractical to transport the large display to conferences for
Relocating LDs demo purposes.
69. The LD remains confined to the lab due to its immense size. I

References

[1] Abeer Alsaiari, Jillian Aurisano, and Andrew E. Johnson. 2020. Evaluating Strategies of Exploratory Visual Data
Analysis in Multi Device Environments. In EuroVis 2020 - Short Papers. The Eurographics Association, 91-95. https:
//doi.org/10.2312/evs.20201054

[2] Abeer Alsaiari, Andrew Johnson, and Arthur Nishimoto. 2019. PolyVis: Cross-Device Framework for Collaborative
Visual Data Analysis. In 2019 IEEE International Conference on Systems, Man and Cybernetics (SMC). IEEE, 2870-2876.
https://doi.org/10.1109/SMC.2019.8914209

[3] Christopher Andrews, Alex Endert, and Chris North. 2010. Space to think: large high-resolution displays for
sensemaking. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (Atlanta, GA, USA)
(CHI °10). ACM, 55-64. https://doi.org/10.1145/1753326.1753336

[4] Christopher Andrews, Alex Endert, Beth Yost, and Chris North. 2011. Information visualization on large, high-
resolution displays: Issues, challenges, and opportunities. Information Visualization 10, 4 (2011), 341-355. https:
//doi.org/10.1177/1473871611415997

[5] Keith Andrews and Ale$ Smrdel. 2017. Responsive Data Visualisation. In EuroVis 2017 - Posters, Anna Puig Puig and
Tobias Isenberg (Eds.). The Eurographics Association. https://doi.org/10.2312/eurp.20171182

[6] Toshiyuki Asahi, David Turo, and Ben Shneiderman. 1995. Using treemaps to visualize the analytic hierarchy process.
Information Systems Research 6, 4 (1995), 357-375. https://doi.org/10.1287/isre.6.4.357

[7] Jillian Aurisano, Abeer Alsaiari, Abhinav Kumar, Barbara Di, Andrew Johnson Eugenio, Jason Leigh, and Moira
Zellner. 2022. Ditto: Exploring data in large display environments through speech+ mid-air gesture interactions. IEEE
VIS Posters (2022). https://par.nsf.gov/servlets/purl/10480487

[8] Jillian Aurisano, Abhinav Kumar, Abeer Alsaiari, Barbara Di Eugenio, and Andrew Johnson. 2020. Many At Once:
Capturing Intentions to Create And Use Many Views At Once In Large Display Environments. In Computer Graphics
Forum, Vol. 39. Wiley Online Library, 229-240. https://doi.org/10.1111/cgf.13976

[9] Jillian Aurisano, Khairi Reda, Andrew Johnson, Elisabeta G Marai, and Jason Leigh. 2015. BactoGeNIE: a large-scale
comparative genome visualization for big displays. BMC bioinformatics 16, 11 (2015), S6. https://doi.org/10.1186/1471-
2105-16-S11-S6

[10] Sriram Karthik Badam, Fereshteh Amini, Niklas Elmqvist, and Pourang Irani. 2016. Supporting visual exploration for
multiple users in large display environments. In 2016 IEEE Conference on Visual Analytics Science and Technology
(VAST). 1-10. https://doi.org/10.1109/VAST.2016.7883506

[11] Sriram Karthik Badam, Arjun Srinivasan, Niklas Elmqvist, and John Stasko. 2017. Affordances of input modalities

for visual data exploration in immersive environments. In Workshop on Immersive Analytics, IEEE Vis.  https:

//aviz.fr/~bbach/immersive2017/papers/IA_2648-paper.pdf

Brian Badillo, Doug A Bowman, William McConnel, Tao Ni, and Mara G da Silva. 2006. Literature survey on interaction

techniques for large displays. (2006).

Robert Ball and Chris North. 2005. Effects of tiled high-resolution display on basic visualization and navigation tasks.

In CHI 05 Extended Abstracts on Human Factors in Computing Systems (Portland, OR, USA) (CHI EA °05). Association

for Computing Machinery, New York, NY, USA, 1196-1199. https://doi.org/10.1145/1056808.1056875

[14] Robert Ball and Chris North. 2007. Realizing embodied interaction for visual analytics through large displays.
Computers & Graphics 31, 3 (2007), 380-400. https://doi.org/10.1016/j.cag.2007.01.029

[15] Robert Ball, Chris North, and Doug A. Bowman. 2007. Move to improve: promoting physical navigation to increase
user performance with large displays. In Proceedings of the SIGCHI Conference on Human Factors in Computing

(12

—

[13

—_

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. ISS, Article 539. Publication date: December 2024.


https://doi.org/10.2312/evs.20201054
https://doi.org/10.2312/evs.20201054
https://doi.org/10.1109/SMC.2019.8914209
https://doi.org/10.1145/1753326.1753336
https://doi.org/10.1177/1473871611415997
https://doi.org/10.1177/1473871611415997
https://doi.org/10.2312/eurp.20171182
https://doi.org/10.1287/isre.6.4.357
https://par.nsf.gov/servlets/purl/10480487
https://doi.org/10.1111/cgf.13976
https://doi.org/10.1186/1471-2105-16-S11-S6
https://doi.org/10.1186/1471-2105-16-S11-S6
https://doi.org/10.1109/VAST.2016.7883506
https://aviz.fr/~bbach/immersive2017/papers/IA_2648-paper.pdf
https://aviz.fr/~bbach/immersive2017/papers/IA_2648-paper.pdf
https://doi.org/10.1145/1056808.1056875
https://doi.org/10.1016/j.cag.2007.01.029

The Elephant in the Room: Expert Experiences Designing, Developing and Evaluating Data Visualizations ... 539:25

Systems (San Jose, CA, USA) (CHI ’07). Association for Computing Machinery, New York, NY, USA, 191-200. https:

//doi.org/10.1145/1240624.1240656

Robert Ball, Michael Varghese, Andrew Sabri, E Dana Cox, Chris Fierer, Matthew Peterson, Bill Carstensen, and Chris

North. 2005. Evaluating the benefits of tiled displays for navigating maps. In IASTED International Conference on

Human-Computer Interaction, Vol. 5. 31. https://infovis.cs.vt.edu/sites/default/files/TASTED-HCI05-maps.pdf

Bastian Bansemir, Franziska Hannf3, Berit Lochner, Jan Wojdziak, and Rainer Groh. 2014. Experience Report: The

Effectiveness of Paper Prototyping for Interactive Visualizations. In Design, User Experience, and Usability. Theories,

Methods, and Tools for Designing the User Experience, Aaron Marcus (Ed.). Springer International Publishing, Cham,

3-13. https://doi.org/10.1007/978-3-319-07668-3_1

Ilyasse Belkacem, Christian Tominski, Nicolas Médoc, Seren Knudsen, Raimund Dachselt, and Mohammad Ghoniem.

2024. Interactive Visualization on Large High-Resolution Displays: A Survey. In Computer Graphics Forum. e15001.

https://doi.org/10.1111/cgf.15001

Anastasia Bezerianos and Petra Isenberg. 2012. Perception of visual variables on tiled wall-sized displays for

information visualization applications. IEEE Transactions on Visualization and Computer Graphics 18, 12 (2012),

2516-2525. https://doi.org/10.1109/TVCG.2012.251

Michael Bostock, Vadim Ogievetsky, and Jeffrey Heer. 2011. D* Data-Driven Documents. IEEE Transactions on

Visualization and Computer Graphics 17, 12 (2011), 2301-2309. https://doi.org/10.1109/TVCG.2011.185

[21] AIf Ove Braseth and Trond Are Qritsland. 2013. Visualizing complex processes on large screen displays: Design
principles based on the Information Rich Design concept. Displays 34, 3 (2013), 215-222. https://doi.org/10.1016/j.
displa.2013.05.002

[22] Harry Brignull and Yvonne Rogers. 2003. Enticing people to interact with large public displays in public spaces.
INTERACT Conference 3, 17-24. https://cirnii.ac.jp/crid/1572824500064322688

[23] Andrew Burks, Luc Renambot, and Andrew Johnson. 2020. VisSnippets: A Web-Based System for Impromptu

Collaborative Data Exploration on Large Displays. In Practice and Experience in Advanced Research Computing.

Association for Computing Machinery, New York, NY, USA, 144-151. https://doi.org/10.1145/3311790.3396666

Wolfgang Biischel, Jian Chen, Raimund Dachselt, Steven Drucker, Tim Dwyer, Carsten Gorg, Tobias Isenberg, Andreas

Kerren, Chris North, and Wolfgang Stuerzlinger. 2018. Interaction for immersive analytics. In Immersive Analytics.

Springer International Publishing, Cham, 95-138. https://doi.org/10.1007/978-3-030-01388-2_4

Kelly Caine. 2016. Local Standards for Sample Size at CHI. In Proceedings of the 2016 CHI Conference on Human Factors

in Computing Systems (San Jose, CA, USA) (CHI ’16). Association for Computing Machinery, New York, NY, USA,

981-992. https://doi.org/10.1145/2858036.2858498

Sheelagh Carpendale. 2008. Evaluating Information Visualizations. In Information Visualization: Human-Centered

Issues and Perspectives, Andreas Kerren, John T. Stasko, Jean-Daniel Fekete, and Chris North (Eds.). Springer Berlin

Heidelberg, Berlin, Heidelberg, 19-45. https://doi.org/10.1007/978-3-540-70956-5_2

Apoorve Chokshi, Teddy Seyed, Francisco Marinho Rodrigues, and Frank Maurer. 2014. ePlan Multi-Surface: A

Multi-Surface Environment for Emergency Response Planning Exercises. In Proceedings of the Ninth ACM International

Conference on Interactive Tabletops and Surfaces (Dresden, Germany) (ITS '14). Association for Computing Machinery,

New York, NY, USA, 219-228. https://doi.org/10.1145/2669485.2669520

[28] Haeyong Chung, Christopher Andrews, and Chris North. 2014. A Survey of Software Frameworks for Cluster-Based
Large High-Resolution Displays. IEEE Transactions on Visualization and Computer Graphics 20, 8 (2014), 1158-1177.
https://doi.org/10.1109/TVCG.2013.272

[29] Juliet Corbin and Anselm Strauss. 2014. Basics of Qualitative Research: Techniques and Procedures for Developing
Grounded Theory. SAGE Publications. https://doi.org/10.4135/9781452230153

[30] Carolina Cruz-Neira, Daniel J Sandin, Thomas A DeFanti, Robert V Kenyon, and John C Hart. 1992. The CAVE: Audio
visual experience automatic virtual environment. Commun. ACM 35, 6 (1992), 64-73. https://doi.org/10.1145/129888.
129892

[31] Jakub Dostal, Uta Hinrichs, Per Ola Kristensson, and Aaron Quigley. 2014. SpiderEyes: designing attention- and
proximity-aware collaborative interfaces for wall-sized displays. In Proceedings of the 19th International Conference on
Intelligent User Interfaces (Haifa, Israel) (IUI "14). Association for Computing Machinery, New York, NY, USA, 143-152.
https://doi.org/10.1145/2557500.2557541

[32] Jack Dougherty and Ilya Ilyankou. 2021. Hands-on data visualization : interactive storytelling from spreadsheets to code.
O’Reilly Media, Inc. https://handsondataviz.org

[33] Alex Endert, Christopher Andrews, Yueh Hua Lee, and Chris North. 2011. Visual encodings that support physical
navigation on large displays. In Proceedings of Graphics Interface 2011 (St. John’s, NL, Canada) (GI ’11). Canadian
Human-Computer Communications Society, Waterloo, Canada, 103-110. https://doi.org/10.5555/1992917.1992935

[34] Barrett Ens, Benjamin Bach, Maxime Cordeil, Ulrich Engelke, Marcos Serrano, Wesley Willett, Arnaud Prouzeau,
Christoph Anthes, Wolfgang Biischel, Cody Dunne, Tim Dwyer, Jens Grubert, Jason H. Haga, Nurit Kirshenbaum,

[16

—

(17

—

(18

[t}

[19

—

(20

=

(24

flan)

[25

-

[26

—

[27

—

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. ISS, Article 539. Publication date: December 2024.


https://doi.org/10.1145/1240624.1240656
https://doi.org/10.1145/1240624.1240656
https://infovis.cs.vt.edu/sites/default/files/IASTED-HCI05-maps.pdf
https://doi.org/10.1007/978-3-319-07668-3_1
https://doi.org/10.1111/cgf.15001
https://doi.org/10.1109/TVCG.2012.251
https://doi.org/10.1109/TVCG.2011.185
https://doi.org/10.1016/j.displa.2013.05.002
https://doi.org/10.1016/j.displa.2013.05.002
https://cir.nii.ac.jp/crid/1572824500064322688
https://doi.org/10.1145/3311790.3396666
https://doi.org/10.1007/978-3-030-01388-2_4
https://doi.org/10.1145/2858036.2858498
https://doi.org/10.1007/978-3-540-70956-5_2
https://doi.org/10.1145/2669485.2669520
https://doi.org/10.1109/TVCG.2013.272
https://doi.org/10.4135/9781452230153
https://doi.org/10.1145/129888.129892
https://doi.org/10.1145/129888.129892
https://doi.org/10.1145/2557500.2557541
https://handsondataviz.org
https://doi.org/10.5555/1992917.1992935

539:26 Mahsa Sinaei Hamed, Pak Kwan, Matthew Klich, Jillian Aurisano, and Fateme Rajabiyazdi

Dylan Kobayashi, Tica Lin, Monsurat Olaosebikan, Fabian Pointecker, David Saffo, Nazmus Saquib, Dieter Schmalstieg,
Danielle Albers Szafir, Matt Whitlock, and Yalong Yang. 2021. Grand Challenges in Immersive Analytics. In Proceedings
of the 2021 CHI Conference on Human Factors in Computing Systems (Yokohama, Japan) (CHI "21). Association for
Computing Machinery, New York, NY, USA, Article 459, 17 pages. https://doi.org/10.1145/3411764.3446866

[35] Ben Fry. 2008. Visualizing Data: Exploring and explaining data with the processing environment. O’Reilly Media, Inc.

[36] Leo A. Goodman. 1961. Snowball Sampling. The Annals of Mathematical Statistics 32, 1 (1961), 148-170. https:
//doi.org/10.1214/a0ms/1177705148

[37] Jesse Harden, Nurit Kirshenbaum, Roderick S. Tabalba Jr., Jason Leigh, Luc Renambot, and Chris North. 2023. SAGE3
for Interactive Collaborative Visualization, Analysis, and Storytelling. In Companion Proceedings of the 2023 Conference
on Interactive Surfaces and Spaces (ISS Companion ’23). Association for Computing Machinery, New York, NY, USA,
50-52. https://doi.org/10.1145/3626485.3626541

[38] Rex Hartson and Pardha Pyla. 2018. The UX Book: Process and Guidelines for Ensuring a Quality User Experience (2"
ed.). Morgan Kaufmann Publishers Inc., Elsevier, San Francisco, CA, USA. https://doi.org/10.1016/C2013-0-19285-9

[39] Kieran Healy. 2018. Data Visualization: A Practical Introduction. Princeton University Press, Princeton, NJ, USA.

[40] Jane Hoffswell, Wilmot Li, and Zhicheng Liu. 2020. Techniques for Flexible Responsive Visualization Design. In
Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems (Honolulu, HI, USA) (CHI °20).
Association for Computing Machinery, New York, NY, USA, 1-13. https://doi.org/10.1145/3313831.3376777

[41] Tom Horak, Wolfgang Aigner, Matthew Brehmer, Alark Joshi, and Christian Tominski. 2021. Responsive visualization
design for mobile devices. Mobile Data Visualization (2021), 33-66. https://doi.org/10.1201/9781003090823-2

[42] Tom Horak, Sriram Karthik Badam, Niklas Elmqvist, and Raimund Dachselt. 2018. When David Meets Goliath:

Combining Smartwatches with a Large Vertical Display for Visual Data Exploration. In Proceedings of the 2018 CHI

Conference on Human Factors in Computing Systems (Montreal QC, Canada) (CHI ’18). Association for Computing

Machinery, New York, NY, USA, 1-13. https://doi.org/10.1145/3173574.3173593

Scott E. Hudson and Jennifer Mankoff. 2006. Rapid construction of functioning physical interfaces from cardboard,

thumbtacks, tin foil and masking tape. In Proceedings of the 19th Annual ACM Symposium on User Interface Software

and Technology (Montreux, Switzerland) (UIST ’06). Association for Computing Machinery, New York, NY, USA,

289-298. https://doi.org/10.1145/1166253.1166299

Petra Isenberg, Pierre Dragicevic, Wesley Willett, Anastasia Bezerianos, and Jean-Daniel Fekete. 2013. Hybrid-image

visualization for large viewing environments. IEEE transactions on visualization and computer graphics 19, 12 (2013),

2346-2355. https://doi.org/10.1109/TVCG.2013.163

Mikkel R Jakobsen, Yonas Sahlemariam Haile, Seren Knudsen, and Kasper Hornbaek. 2013. Information visualization

[43

—_

(44

=

[45

—

and proxemics: Design opportunities and empirical findings. IEEE transactions on visualization and computer graphics

19, 12 (2013), 2386-2395. https://doi.org/10.1109/TVCG.2013.166

Mikkel R. Jakobsen and Kasper Hornbeek. 2015. Is Moving Improving? Some Effects of Locomotion in Wall-Display

Interaction. In Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems (Seoul, Korea)

(CHI ’15). Association for Computing Machinery, New York, NY, USA, 4169-4178. https://doi.org/10.1145/2702123.

2702312

Mikkel R. Jakobsen and Kasper Hornbaek. 2013. Interactive Visualizations on Large and Small Displays: The Interrela-

tion of Display Size, Information Space, and Scale. IEEE Transactions on Visualization and Computer Graphics 19, 12

(2013), 2336-2345. https://doi.org/10.1109/TVCG.2013.170

Wendy Ju and David Sirkin. 2010. Animate Objects: How Physical Motion Encourages Public Interaction. In Persuasive

Technology. Springer Berlin Heidelberg, Berlin, Heidelberg, 40-51. https://doi.org/10.1007/978-3-642-13226-1_6

[49] Ulrike Kister, Patrick Reipschldger, Fabrice Matulic, and Raimund Dachselt. 2015. BodyLenses: Embodied Magic
Lenses and Personal Territories for Wall Displays. In Proceedings of the 2015 International Conference on Interactive
Tabletops & Surfaces (Madeira, Portugal) (ITS °15). Association for Computing Machinery, New York, NY, USA, 117-126.
https://doi.org/10.1145/2817721.2817726

[50] Seren Knudsen, Mikkel Renne Jakobsen, and Kasper Hornbzek. 2012. An exploratory study of how abundant display
space may support data analysis. In Proceedings of the 7th Nordic Conference on Human-Computer Interaction: Making
Sense Through Design (Copenhagen, Denmark) (NordiCHI ’12). Association for Computing Machinery, New York, NY,
USA, 558-567. https://doi.org/10.1145/2399016.2399102

[51] Heidi Lam, Enrico Bertini, Petra Isenberg, Catherine Plaisant, and Sheelagh Carpendale. 2012. Empirical Studies in
Information Visualization: Seven Scenarios. IEEE Transactions on Visualization and Computer Graphics 18, 9 (2012),
1520-1536. https://doi.org/10.1109/TVCG.2011.279

[52] Amber Lancaster. 2004. Paper Prototyping: The Fast and Easy Way to Design and Refine User Interfaces. IEEE
Transactions on Professional Communication 47, 4 (2004), 335-336. https://doi.org/10.1109/TPC.2004.837973

[53] James A. Landay and Brad A. Myers. 2001. Sketching interfaces: toward more human interface design. Computer 34,
3 (2001), 56-64. https://doi.org/10.1109/2.910894

(46

—

(47

—

(48

[}

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. ISS, Article 539. Publication date: December 2024.


https://doi.org/10.1145/3411764.3446866
https://doi.org/10.1214/aoms/1177705148
https://doi.org/10.1214/aoms/1177705148
https://doi.org/10.1145/3626485.3626541
https://doi.org/10.1016/C2013-0-19285-9
https://doi.org/10.1145/3313831.3376777
https://doi.org/10.1201/9781003090823-2
https://doi.org/10.1145/3173574.3173593
https://doi.org/10.1145/1166253.1166299
https://doi.org/10.1109/TVCG.2013.163
https://doi.org/10.1109/TVCG.2013.166
https://doi.org/10.1145/2702123.2702312
https://doi.org/10.1145/2702123.2702312
https://doi.org/10.1109/TVCG.2013.170
https://doi.org/10.1007/978-3-642-13226-1_6
https://doi.org/10.1145/2817721.2817726
https://doi.org/10.1145/2399016.2399102
https://doi.org/10.1109/TVCG.2011.279
https://doi.org/10.1109/TPC.2004.837973
https://doi.org/10.1109/2.910894

The Elephant in the Room: Expert Experiences Designing, Developing and Evaluating Data Visualizations ... 539:27

[54] Christian Lander, Sven Gehring, Antonio Kriiger, Sebastian Boring, and Andreas Bulling. 2015. GazeProjector:

[55

(56

(57

(58

[59

(60

[61

(62

(63

(64

(65

(66

(67

(68

(70

(71

—

=

—

]

—

—

—

—

[t

flanr)

=

=

]

=

—

Accurate Gaze Estimation and Seamless Gaze Interaction Across Multiple Displays. In Proceedings of the 28th Annual
ACM Symposium on User Interface Software & Technology (Charlotte, NC, USA) (UIST ’15). Association for Computing
Machinery, New York, NY, USA, 395-404. https://doi.org/10.1145/2807442.2807479

Ricardo Langner, Ulrike Kister, and Raimund Dachselt. 2018. Multiple coordinated views at large displays for multiple
users: Empirical findings on user behavior, movements, and distances. IEEE transactions on visualization and computer
graphics 25, 1 (2018), 608-618. https://doi.org/10.1109/TVCG.2018.2865235

Bongshin Lee, Petra Isenberg, Nathalie Henry Riche, and Sheelagh Carpendale. 2012. Beyond mouse and keyboard:
Expanding design considerations for information visualization interactions. IEEE Transactions on Visualization and
Computer Graphics 18, 12 (2012), 2689-2698. https://doi.org/10.1109/TVCG.2012.204

Bongshin Lee, Rubaiat Habib Kazi, and Greg Smith. 2013. SketchStory: Telling more engaging stories with data
through freeform sketching. IEEE transactions on visualization and computer graphics 19, 12 (2013), 2416—2425.
https://doi.org/10.1109/TVCG.2013.191

Anke Lehmann, Heidrun Schumann, Oliver Staadt, and Christian Tominski. 2011. Physical Navigation to Support
Graph Exploration on a Large High-Resolution Display. In Advances in Visual Computing. Springer Berlin Heidelberg,
Berlin, Heidelberg, 496-507. https://doi.org/10.1007/978-3-642-24028-7_46

Jason Leigh, Andrew Johnson, Luc Renambot, Tom Peterka, Byungil Jeong, Daniel J. Sandin, Jonas Talandis, Ratko
Jagodic, Sungwon Nam, Hyejung Hur, and Yiwen Sun. 2013. Scalable Resolution Display Walls. Proc. IEEE 101, 1
(2013), 115-129. https://doi.org/10.1109/JPROC.2012.2191609

Lars Lischke, Lena Janietz, Anna Beham, Hartmut Bohnacker, Ulrich Schendzielorz, Albrecht Schmidt, and Pawel W.
Wozniak. 2020. Challenges in Designing Interfaces for Large Displays: the Practitioners’ Point of View. In Proceedings
of the 11th Nordic Conference on Human-Computer Interaction: Shaping Experiences, Shaping Society (Tallinn, Estonia)
(NordiCHI °20). Association for Computing Machinery, New York, NY, USA, Article 92, 1-6 pages. https://doi.org/10.
1145/3419249.3421240

Lars Lischke, Sven Mayer, Andreas Preikschat, Markus Schweizer, Ba Vu, Pawel W. WoZniak, and Niels Henze. 2018.
Understanding Large Display Environments: Contextual Inquiry in a Control Room. In Extended Abstracts of the
2018 CHI Conference on Human Factors in Computing Systems (, Montreal QC, Canada,) (CHI EA ’18). Association for
Computing Machinery, New York, NY, USA, 1-6. https://doi.org/10.1145/3170427.3188621

Lars Lischke, Sven Mayer, Katrin Wolf, Niels Henze, Albrecht Schmidt, Svenja Leifert, and Harald Reiterer. 2015.
Using Space: Effect of Display Size on Users’ Search Performance. In Proceedings of the 33rd Annual ACM Conference
Extended Abstracts on Human Factors in Computing Systems (CHI EA ’15). Association for Computing Machinery, New
York, NY, USA, 1845-1850. https://doi.org/10.1145/2702613.2732845

Can Liu, Olivier Chapuis, Michel Beaudouin-Lafon, Eric Lecolinet, and Wendy E. Mackay. 2014. Effects of display size
and navigation type on a classification task. In Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems (Toronto, ON, Canada) (CHI ’14). Association for Computing Machinery, New York, NY, USA, 4147-4156.
https://doi.org/10.1145/2556288.2557020

Thomas Marrinan, Jillian Aurisano, Arthur Nishimoto, Krishna Bharadwaj, Victor Mateevitsi, Luc Renambot, Lance
Long, Andrew Johnson, and Jason Leigh. 2014. SAGE2: A new approach for data intensive collaboration using Scalable
Resolution Shared Displays. In Collaborative Computing: Networking, Applications and Worksharing (CollaborateCom),
2014 International Conference on. IEEE, 177-186. https://doi.org/10.4108/icst.collaboratecom.2014.257337

Sven Mayer, Lars Lischke, Valentin Schwind, Markus Gértner, Eric Himmerle, Emine Turcan, Florin Rheinwald,
Gustav Murawski, Jonas Kuhn, and Niels Henze. 2019. Text Analysis Using Large High-Resolution Displays. In
Proceedings of Mensch Und Computer 2019. Association for Computing Machinery, New York, NY, USA, 189-197.
https://doi.org/10.1145/3340764.3340768

Sean McKenna, Alexander Lex, and Miriah Meyer. 2017. Worksheets for guiding novices through the visualization
design process. arXiv preprint arXiv:1709.05723 (2017). https://doi.org/10.48550/arXiv.1709.05723

Honghui Mei, Huihua Guan, Chengye Xin, Xiao Wen, and Wei Chen. 2020. Datav: Data visualization on large
high-resolution displays. Visual Informatics 4, 3 (2020), 12-23. https://doi.org/10.1016/j.visinf.2020.07.001

Tamara Munzner. 2009. A Nested Model for Visualization Design and Validation. IEEE Transactions on Visualization
and Computer Graphics 15, 6 (2009), 921-928. https://doi.org/10.1109/TVCG.2009.111

Tamara Munzner. 2014. Visualization Analysis and Design. CRC Press. https://doi.org/10.1201/b17511

Mathieu Nancel, Julie Wagner, Emmanuel Pietriga, Olivier Chapuis, and Wendy Mackay. 2011. Mid-air pan-and-
zoom on wall-sized displays. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems
(Vancouver, BC, Canada) (CHI ’11). Association for Computing Machinery, New York, NY, USA, 177-186. https:
//doi.org/10.1145/1978942.1978969

Tao Ni, G.S. Schmidt, O.G. Staadt, M.A. Livingston, R. Ball, and R. May. 2006. A Survey of Large High-Resolution
Display Technologies, Techniques, and Applications. In IEEE Virtual Reality Conference (VR 2006). 223-236. https:

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. ISS, Article 539. Publication date: December 2024.


https://doi.org/10.1145/2807442.2807479
https://doi.org/10.1109/TVCG.2018.2865235
https://doi.org/10.1109/TVCG.2012.204
https://doi.org/10.1109/TVCG.2013.191
https://doi.org/10.1007/978-3-642-24028-7_46
https://doi.org/10.1109/JPROC.2012.2191609
https://doi.org/10.1145/3419249.3421240
https://doi.org/10.1145/3419249.3421240
https://doi.org/10.1145/3170427.3188621
https://doi.org/10.1145/2702613.2732845
https://doi.org/10.1145/2556288.2557020
https://doi.org/10.4108/icst.collaboratecom.2014.257337
https://doi.org/10.1145/3340764.3340768
https://doi.org/10.48550/arXiv.1709.05723
https://doi.org/10.1016/j.visinf.2020.07.001
https://doi.org/10.1109/TVCG.2009.111
https://doi.org/10.1201/b17511
https://doi.org/10.1145/1978942.1978969
https://doi.org/10.1145/1978942.1978969
https://doi.org/10.1109/VR.2006.20
https://doi.org/10.1109/VR.2006.20
https://doi.org/10.1109/VR.2006.20

539:28 Mahsa Sinaei Hamed, Pak Kwan, Matthew Klich, Jillian Aurisano, and Fateme Rajabiyazdi

//doi.org/10.1109/VR.2006.20

Timo Ojala, Vassilis Kostakos, Hannu Kukka, Tommi Heikkinen, Tomas Linden, Marko Jurmu, Simo Hosio, Fabio
Kruger, and Daniele Zanni. 2012. Multipurpose Interactive Public Displays in the Wild: Three Years Later. Computer
45, 5(2012), 42-49. https://doi.org/10.1109/MC.2012.115

Michael Q. Patton. 2015. Qualitative Research & Evaluation Methods: Integrating Theory and Practice (4 ed.). SAGE
Publications.

Roman Radle, Hans-Christian Jetter, Simon Butscher, and Harald Reiterer. 2013. The effect of egocentric body
movements on users’ navigation performance and spatial memory in zoomable user interfaces. In Proceedings of
the 2013 ACM International Conference on Interactive Tabletops and Surfaces (Scotland, United Kingdom) (ITS ’13).
Association for Computing Machinery, New York, NY, USA, 23-32. https://doi.org/10.1145/2512349.2512811

Axel Radloff, Martin Luboschik, Mike Sips, and Heidrun Schumann. 2011. Supporting display scalability by redundant
mapping. In Advances in Visual Computing. Springer Berlin Heidelberg, Berlin, Heidelberg, 472-483. https://doi.org/
10.1007/978-3-642-24028-7_44

Axel Radloff, Christian Tominski, Thomas Nocke, and Heidrun Schumann. 2015. Supporting presentation and
discussion of visualization results in smart meeting rooms. The Visual Computer 31 (2015), 1271-1286. https:
//doi.org/10.1007/s00371-014-1010-x

Fateme Rajabiyazdi, Jagoda Walny, Carrie Mah, John Brosz, and Sheelagh Carpendale. 2015. Understanding Re-
searchers’ Use of a Large, High-Resolution Display Across Disciplines. In Proceedings of the 2015 International
Conference on Interactive Tabletops & Surfaces (Madeira, Portugal) (ITS ’15). Association for Computing Machinery,
New York, NY, USA, 107-116. https://doi.org/10.1109/IV.2011.32

Khairi Reda, Alessandro Febretti, Aaron Knoll, Jillian Aurisano, Jason Leigh, Andrew Johnson, Michael E Papka, and
Mark Hereld. 2013. Visualizing large, heterogeneous data in hybrid-reality environments. IEEE Computer Graphics
and Applications 33, 4 (2013), 38-48. https://doi.org/10.1109/MCG.2013.37

Khairi Reda, Andrew E. Johnson, Michael E. Papka, and Jason Leigh. 2015. Effects of Display Size and Resolution on
User Behavior and Insight Acquisition in Visual Exploration. In Proceedings of the 33rd Annual ACM Conference on
Human Factors in Computing Systems (Seoul, Korea) (CHI ’15). Association for Computing Machinery, New York, NY,
USA, 2759-2768. https://doi.org/10.1145/2702123.2702406

Khairi Reda, Catherine Offord, Andrew E. Johnson, and Jason Leigh. 2014. Expanding the porthole: leveraging large,
high-resolution displays in exploratory visual analysis. In CHI '14 Extended Abstracts on Human Factors in Computing
Systems (Toronto, ON, Canada) (CHI EA ’14). Association for Computing Machinery, New York, NY, USA, 2047-2052.
https://doi.org/10.1145/2559206.2581202

[81] Stuart Reeves, Steve Benford, Claire O’Malley, and Mike Fraser. 2005. Designing the spectator experience. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (Portland, Oregon, USA) (CHI °05).
Association for Computing Machinery, New York, NY, USA, 741-750. https://doi.org/10.1145/1054972.1055074
Patrick Reipschlager, Tamara Flemisch, and Raimund Dachselt. 2020. Personal augmented reality for information
visualization on large interactive displays. IEEE Transactions on Visualization and Computer Graphics 27, 2 (2020),
1182-1192. https://doi.org/10.1109/TVCG.2020.3030460

[83] Luc Renambot, Thomas Marrinan, Jillian Aurisano, Arthur Nishimoto, Victor Mateevitsi, Krishna Bharadwaj, Lance
Long, Andy Johnson, Maxine Brown, and Jason Leigh. 2016. SAGE2: A collaboration portal for scalable resolution
displays. Future Generation Computer Systems 54 (2016), 296-305. https://doi.org/10.1016/j.future.2015.05.014
George Robertson, Mary Czerwinski, Patrick Baudisch, Brian Meyers, Daniel Robbins, Greg Smith, and Desney
Tan. 2005. The large-display user experience. IEEE computer graphics and applications 25, 4 (2005), 44-51. https:
//doi.org/10.1109/MCG.2005.88

Roy A. Ruddle, Waleed Fateen, Darren Treanor, Peter Sondergeld, and Phil Ouirke. 2013. Leveraging wall-sized
high-resolution displays for comparative genomics analyses of copy number variation. In 2013 IEEE Symposium on
Biological Data Visualization (BioVis). 89-96. https://doi.org/10.1109/BioVis.2013.6664351

Bahador Saket, Alex Endert, and John Stasko. 2016. Beyond Usability and Performance: A Review of User Experience-
focused Evaluations in Visualization. In Proceedings of the Sixth Workshop on Beyond Time and Errors on Novel
Evaluation Methods for Visualization (Baltimore, MD, USA) (BELIV ’16). Association for Computing Machinery, New
York, NY, USA, 133-142. https://doi.org/10.1145/2993901.2993903

Bahador Saket, Carlos Scheidegger, and Stephen Kobourov. 2015. Towards understanding enjoyment and flow in
information visualization. arXiv preprint arXiv:1503.00582 (2015). https://doi.org/10.48550/arXiv.1503.00582
Arvind Satyanarayan, Dominik Moritz, Kanit Wongsuphasawat, and Jeffrey Heer. 2017. Vega-Lite: A Grammar
of Interactive Graphics. IEEE Transactions on Visualization and Computer Graphics 23, 1 (2017), 341-350. https:
//doi.org/10.1109/TVCG.2016.2599030

Benjamin Saunders, Julius Sim, Tom Kingstone, Shula Baker, Jackie Waterfield, Bernadette Bartlam, Heather Burroughs,
and Clare Jinks. 2018. Saturation in qualitative research: exploring its conceptualization and operationalization.

[72

—

(73

=

[74

[l

(75

=

(76

—

(77

—

(78

=

(79

—

(80

—

(82

—

(84

[l

(85

=

(86

—

[87

—

(88

=

(89

—

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. ISS, Article 539. Publication date: December 2024.


https://doi.org/10.1109/VR.2006.20
https://doi.org/10.1109/VR.2006.20
https://doi.org/10.1109/VR.2006.20
https://doi.org/10.1109/VR.2006.20
https://doi.org/10.1109/MC.2012.115
https://doi.org/10.1145/2512349.2512811
https://doi.org/10.1007/978-3-642-24028-7_44
https://doi.org/10.1007/978-3-642-24028-7_44
https://doi.org/10.1007/s00371-014-1010-x
https://doi.org/10.1007/s00371-014-1010-x
https://doi.org/10.1109/IV.2011.32
https://doi.org/10.1109/MCG.2013.37
https://doi.org/10.1145/2702123.2702406
https://doi.org/10.1145/2559206.2581202
https://doi.org/10.1145/1054972.1055074
https://doi.org/10.1109/TVCG.2020.3030460
https://doi.org/10.1016/j.future.2015.05.014
https://doi.org/10.1109/MCG.2005.88
https://doi.org/10.1109/MCG.2005.88
https://doi.org/10.1109/BioVis.2013.6664351
https://doi.org/10.1145/2993901.2993903
https://doi.org/10.48550/arXiv.1503.00582
https://doi.org/10.1109/TVCG.2016.2599030
https://doi.org/10.1109/TVCG.2016.2599030

The Elephant in the Room: Expert Experiences Designing, Developing and Evaluating Data Visualizations ... 539:29

[90

[91

[92

[93

[94

]

]

—

]

]

Quality & quantity 52 (2018), 1893-1907. https://doi.org/10.1007/s11135-017-0574-8

David Schroeder and Daniel F Keefe. 2015. Visualization-by-sketching: An artist’s interface for creating multivariate
time-varying data visualizations. IEEE transactions on visualization and computer graphics 22, 1 (2015), 877-885.
https://doi.org/10.1109/TVCG.2015.2467153

Kamran Sedig and Paul Parsons. 2022. Design of visualizations for human-information interaction: A pattern-based
framework. Springer Nature. https://doi.org/10.5555/3035810

Michael Sedlmair, Miriah Meyer, and Tamara Munzner. 2012. Design study methodology: Reflections from the
trenches and the stacks. IEEE transactions on visualization and computer graphics 18, 12 (2012), 2431-2440. https:
//doi.org/10.1109/TVCG.2012.213

Mabhsa Sinaei Hamed, Pak Kwan, Matthew Klich, Jillian Aurisano, and Fateme Rajabiyazdi. 2024. Identifying Challenges
in Designing, Developing and Evaluating Data Visualizations for Large Displays. In IEEE VIS Posters (Melbourne, VIC,
Australia). https://doi.org/10.48550/arXiv.2403.14802

Arjun Srinivasan, Bongshin Lee, and John Stasko. 2021. Interweaving Multimodal Interaction With Flexible Unit
Visualizations for Data Exploration. IEEE Transactions on Visualization and Computer Graphics 27, 8 (2021), 3519-3533.
https://doi.org/10.1109/TVCG.2020.2978050

[95] John Stasko. 2014. Value-driven evaluation of visualizations. In Proceedings of the Fifth Workshop on Beyond Time and

[96

[97

[98

[99

[100

[101

]

]

]
]

—

]

Errors: Novel Evaluation Methods for Visualization (Paris, France) (BELIV ’14). Association for Computing Machinery,
New York, NY, USA, 46-53. https://doi.org/10.1145/2669557.2669579

Bin Wei, Claudio Silva, Eleftherios Koutsofios, Shankar Krishnan, and Stephen North. 2000. Visualization research
with large displays [analysis of communication networks and services]. IEEE Computer Graphics and Applications 20,
4 (2000), 50-54. https://doi.org/10.1109/38.851750

Matt Whitlock, Ethan Harnner, Jed R. Brubaker, Shaun Kane, and Danielle Albers Szafir. 2018. Interacting with
Distant Objects in Augmented Reality. In 2018 IEEE Conference on Virtual Reality and 3D User Interfaces (VR). 41-48.
https://doi.org/10.1109/VR.2018.8446381

Matt Whitlock, Stephen Smart, and Danielle Albers Szafir. 2020. Graphical Perception for Immersive Analytics. In 2020
IEEE Conference on Virtual Reality and 3D User Interfaces (VR). 616-625. https://doi.org/10.1109/VR46266.2020.00084
Matt Whitlock, Keke Wu, and Danielle Albers Szafir. 2020. Designing for Mobile and Immersive Visual Analytics in
the Field. IEEE Transactions on Visualization and Computer Graphics 26, 1 (2020), 503-513. https://doi.org/10.1109/
TVCG.2019.2934282

Beth Yost, Yonca Haciahmetoglu, and Chris North. 2007. Beyond visual acuity: the perceptual scalability of information
visualizations for large displays. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems
(San Jose, CA, USA) (CHI ’07). Association for Computing Machinery, New York, NY, USA, 101-110. https://doi.org/
10.1145/1240624.1240639

Beth Yost and Chris North. 2006. The perceptual scalability of visualization. IEEE Transactions on Visualization and
Computer Graphics 12, 5 (2006), 837-844. https://doi.org/10.1109/TVCG.2006.184

Received 2024-07-01; accepted 2024-09-20

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. ISS, Article 539. Publication date: December 2024.


https://doi.org/10.1007/s11135-017-0574-8
https://doi.org/10.1109/TVCG.2015.2467153
https://doi.org/10.5555/3035810
https://doi.org/10.1109/TVCG.2012.213
https://doi.org/10.1109/TVCG.2012.213
https://doi.org/10.48550/arXiv.2403.14802
https://doi.org/10.1109/TVCG.2020.2978050
https://doi.org/10.1145/2669557.2669579
https://doi.org/10.1109/38.851750
https://doi.org/10.1109/VR.2018.8446381
https://doi.org/10.1109/VR46266.2020.00084
https://doi.org/10.1109/TVCG.2019.2934282
https://doi.org/10.1109/TVCG.2019.2934282
https://doi.org/10.1145/1240624.1240639
https://doi.org/10.1145/1240624.1240639
https://doi.org/10.1109/TVCG.2006.184

	Abstract
	1 Introduction
	2 Related Work
	2.1 LDs Advantages and Building LD Infrastructures for Data Visualizations
	2.2 Designing Data Visualizations for LDs
	2.3 Deployment of Data Visualizations on LDs

	3 Methodology
	4 Results
	5 Challenges and Future Directions
	5.1 T1: Challenges of Designing Data Visualizations for LDs
	5.2 T2: Challenges of Developing Data Visualizations for LDs
	5.3 T3: Challenges of Evaluating Data Visualizations on LDs
	5.4 T4: Challenges of Building LD Infrastructure

	6 Discussion
	6.1 Generalizability of Future Directions
	6.2 Study Limitations

	7 Conclusion
	Acknowledgments
	Appendix A 
	Appendix A.1 Interview Script
	Appendix A.2 Interview Questions

	Appendix B 
	Appendix B.1  Miro Board
	Appendix B.2  Themes and Saturation Overview

	References

