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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 identi ed several data visualization design challenges for LDs through literature review
methods f, 1§. 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 o er additional space and more pixels [18], resulting in
several advantages for visualizing data. The surplus space o ered 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 o ered by LDs as rapid access to external memory while working with massive
document collection3]. With additional space o ered by LDs, tasks such as detecting temporal
and spatial trends, recognizing spatiotemporal patterns, and performing pattern matching become
time-e cient and accurate [L0Q 10]. 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 exploratiol§ 77. While Jakobsen et al.'s1[/] study concluded that
display size and resolution had no notable impact on the usability of map visualizations, Ball et
al's [19 study showed that map visualizations directly bene t 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. B] explored how LDs could enhance sense-making tasks with massive document
collections. Knudsen et al5[) used data from various domains, such as phone log analysis and
healthcare policy, to show the potential use of additional space and resolution o ered by LDs for
showcasing and structuring data visualizations in coherent layouts. Aurisano eBatdnducted

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.'8(] 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 al7[] explored the use of LDs across multiple disciplines and showed
how additional space o ered 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 modalityl§. Physical navigation improves individuals'
performance, allowing them to explore various regions of the data visualizatidn46 63. Physical
navigation allows people to move closer for more details or step back for a broader overvigw [
Research ndings indicate that physical navigation can enhance search performance in a map
visualization by over ten timesl[4], and aid search performance in corpus visualizations as wW&.[
Physical navigation also enables the use of cognitive resources to improve spatial memory4ise [
LDs allow multiple individuals to view and interact with data visualizations simultaneously. This
results in collaborative engagement in data exploration and analy&rs{7]. LDs have the capability

to support various collaboration styles, including parallel work and close collaborati&in§3 74.
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 LI, e cient graphics hardware [L§ or
custom graphics card$f 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 p, 23 55 64. Additionally, there are applications tailored for the presentation of
substantial volumes of data on LDS,[16, 77, 85 96, the execution of complex tasks on LD23
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63 77,79, and the integration of 2D and 3D views for LD4,[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 o ered by LDs
present unique challenges in terms of appropriately scaling data encoditgsd. Variations in
viewing distances and angles a ect the perception of visual variables, requiring di erent visual
encoding decisions for LDs compared to desktop-sized displdysq 33 10Q 101. Ul 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, Munf&irftroduced 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. Sedimair ed3Ipfoposed a
nine-stage framework to enhance the conducting of design studies. McKenna étchinfroduced

the design activity framework to guide novices through the design process. Sedig étlhbresented

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 o ering design guidelines and considerations for visualizing data e ectively inimmersive
environments B4, 98 99 and providing insights into designing intuitive interactions for these
environments P7]. However, these design guidelines and principles did not speci cally address
design considerations for physical LDs.

Andrews et al. fi] provided a list of guidelines for designing data visualizations for LDs. Despite
the valuable insights and guidelines o ered by Andrews et &), [data visualization designers may

nd 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 insu cient design support a ects 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 bene t from di erent interaction modalities for data manipulation and explorations, in addition

to mouse and keyboard, and touch [L§. These interaction modalities include multi-toucb§, mid-

air gestures¥, 74, eye gaze-based interactiof{], proxemic interaction B1, 45 49 59, integration

of hand-held devices (like smartphones or tablets),[12 24, 42 50,56, and voice commands/| 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 e ectively
implement these interaction modalities.

There is an abundance of tools and libraries available for developing data visualizations, including
well-known ones such as D2[]. 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 &3 [
cater to desktop-sized display data visualization needs and interactions with mouse and keyboard,
there are few specialized libraries and tools such as SAGH3vhich is the updated version of
SAGE2 83, and DataV p7] that facilitate the development of data visualizations for LDs. The
existing tools and libraries, including those speci cally 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 insu cient 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 speci cally 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 elds 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 (CAVER[, immersive analytics, immersive visualization)

as they have su ciently distinct challenges, a ordances, 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 technigti# We reached

out to potential participants, speci cally targeting industry partners who worked on creating data
visualizations for LDs, sta , and faculty in research labs across various countries with LD research
programs. We reached out to these people through email. We also used snowba g identify

more participants. We recruited 14 participants who self-identi ed 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 di erent 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 a nity diagram technique [3§ 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 achig@&dy{ppendix

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 di erent types of data and domains, such as earthquake and
environmental data, criminal intelligence data, social media posts, and football player pro les (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-de ned 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 ction 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 aComputer Science Scienti c 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 ¢ Computer Science Health data and time-series
Tech Company text data

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

P11| 26 | Male 8 Graduate Student Computer Science Climate change impact data

P12| 32 | Male 1 Web Developer at a TechInformation Visualization Football players pro les
Company

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

conforming Tech Company buildings

There are many types of LDs with di erent physical properties and interaction means. We asked
our participants to describe the type of LDs they worked with to ensure that their displays quali ed

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 di erent 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 di erent 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.

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
identi ed 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 speci ¢ challenge.

5 Challenges and Future Directions

This section contains detailed descriptions of 12 challenges (C) identi ed, each accompanied by
quotes from participants and corresponding future directions (FD), along with research project
examples to address the identi ed challenges. In this study, our goal is to shed light on the challenges
of creating data visualizations on LDs. Our ndings 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|PI10l P11 P12/ P13
T1: Challenges of | c1: pj culty Scaling Visual Encodings 1)1 2 1
Designing Data
Visualization for LDsg L .
C2: Limited Design Software and Tools n
C3: Di culty Adopting Design Guidelines 3 4
T2: Challenges of | c4: peveloping Away from LD 1,22 2 1| 4 1| 4
Developing Data
Visualization for LDs -
C5: Limited Development Tools 1,1 3 5 1|1
C6: Limited Learning Resources 2 1 11
T3: Challenges of | c7: Unfamiliarity with LD 1 20221 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 Spg 2111 1 1 > | 1
Building LDs Constraints
Infrastruct . i i-
nirastructure C11: Technical Issues and Lack of Techni 3 4 21 2111
cal Support
C12: Di culty Relocating LDs 11

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 e ectively using this additional space and number of pixels without overwhelming
individuals with too much information L8 82, while variations in viewing distances and angles
also a ect individuals' visual perception4, 19, 33 10Q 10]. While additional space and high
resolution of LDs can enhance visual encodings like the number, size, and color of data n8&tks [
determining the appropriate parameters for these marks remains a challenge for data visualization
designers §l]. In addition to this, our participants pointed to challenges for designing visualization
on LDs, such as limited design tools and the di culty 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: Diiculty Scaling Visual EncodingSketching and paper prototyping are necessary steps in the
design processll7, 32 35 57. Designers often use paper of comparable size to the intended screen
dimensions when creating data visualizations or interfac8g B5 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 di erent 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 saitlhere'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 ip-charts to create a fake wall in the

size of their LDs to sketch on it and notetivhat we did, which would just get the ip-chart paper,
corresponding to what we had in the screen wise for one screen. So you could then tape, so we cou
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 ip-chart stands as well. It looked pretty silly, but it was actually very e ective.
Furthermore, individuals' proximity to LDs can change during their use compared to desktop-sized
displays, which maintain consistent proximity of arm's reachd. P11 mentioned this challenge

and said One of the main challenges of designing was trying to make everything viewable from a
comfortable distance because | 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 t a lot on there and if you make it too small, then you can't see it.
Jakobsen et al4f 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 visualizatiGn40, 41]. Responsive data visualization

is adapting visualizations to the characteristics of the display devigeThe data visualization
community investigated responsive data visualization from desktop-sized dispiay§]to mobiles

and tablets {1]. Yet, few studies have considered responsive data visualization for ZBshd

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 di erent 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 So ware and Todis.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 o er exibility in making
changes and the ability to easily edit and transform sketch&3 PJ. These bene ts of digital

design tools have led to the development of new tools and frameworks speci c for designing
data visualizations, such as Visualization-by-Sketching appro&cth pnd SketchStory digital
whiteboard p7. 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 | 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 | was doing actually
made sense. | 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

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



539:10 Mahsa Sinaei Hamed, Pak Kwan, Ma hew Klich, Jillian Aurisano, and Fateme Rajabiyazdi

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 procegsJ[ 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: Diiculty Adopting Design Guidelineshe 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 limite@(]. Andrews et al. ], Braseth et al. 21], and

Mayer et al. B9 highlighted the need for tailored design principles and guidelines when creating
visualizations for LDs. Similar to these ndings, 2 of our participants (P8 and P13) highlighted the
need for design principles speci cally 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 bibliograph
would be redundant. So it was extremely hard to nd something that would actually add to that and
that would be speci c to the displays. ... 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 ndings.

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 [
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-maki6g3p, 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 LDevelopers 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 al6{] 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

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 ... 539:11

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 saikin working remotely, | 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. |
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 di erent 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 developmentl don't have a touch screen at home ...so | 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. | think this is why | need to go there and see it myi$atf.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 re ning 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 Tool$here are limited tools, software, libraries, and toolkits speci cally
tailored for LD to aid data visualization developersd 93. Developers often nd 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 8I] [presented SAGE3, which is the updated version

of SAGE2 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 eld, such as D34( and Vega-Lite g, 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 sajBevelopers] have their tools. [When they] go to [large]
display, tools that they were working with are not working anym#ieo, P3 mentioned/\e did

not have any emulators in process, so like you know, sometimes you can have hard phone emulator:
mobile phone emulators and you can test [your application] ... but there weren't any good libraries or
frameworks for doing that on large displays.
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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.

C6: Limited Learning Resourc€ke 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 e ort 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 kdidn't get too much help from
...because this is like a very speci c platform that | nee&adilarly, P7 mentionedt was harder
because [of] the whole way | was working. | 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 n
books or | 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 speci cally 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 e ectively communicate a
comprehensive understanding of the represented data and enhance individuals' understanding
of the data 6 87, 99. Our study result showed that due to the speci ¢ characteristics of LDs,
evaluating these visualizations can be challenging. These challenges included people's unfamiliarity
with the technology, interrupted ow of interaction, and limitations in feedback gathering during
the evaluation phase.

C7: Unfamiliarity with LDPeople's unfamiliarity with LDs can a ect the evaluation of data visual-
izations, as the general public is more accustomed to working with desktop-sized displays rather
than LDs P3. 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 interactiongiB 72. Most of our participants

(8 out of 13) mentioned this challenge as an obstacle for evaluating data visualization on LDs. P10
noted It 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 di culties in interacting
with the technology, as P5 highlightedVe grew up with this thing that you don't want to break the
TV. It's expensive and | kind of feel that this is a kind of cultural thing that people are afraid to [touch]
them, right? And | 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 Interactiohhe user experience in the evaluation phase of creating data
visualizations for LDs can be interrupted by technical limitations such as keyboard-to-screen
work ow and cursor visibility issues [L8 84]. Most of our participants (8 out of 13) mentioned

that evaluating data visualizations with people was impacted by an interrupted ow of interaction.

P2 mentioned that in their evaluation studies when individuals needed to interact with the LD
using a keyboard, they had di culty 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 studyanother case, P2 noted that their study participants
frequently experienced di culties in keeping track of the cursor during the evaluation process and
said It's really easy to lose the cursor and even though we've increased the mouse pointer size and
changed the contrast and stu , 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@&f alLigchke

et al. [61], and Belkacem et al1§ 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 salhen 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 di erent users'
preferences and needs. Additionally, middleware should o er adaptable layout con gurations
to ensure the interface can be tailored to various evaluation scenarios.

C9: Limitations in Feedback Gathering during Evalua@oliecting data during evaluation studies

on LDs refers to gathering relevant information and observations to assess the e ectiveness,
usability, and user experience with data visualizatioi®&[. 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 sSinlthe 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 cumbBestigipants mentioned

that they had multiple recording devices to gather data during their evaluation sessions, and
synchronizing them was challenging. P12 sdithink 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 simultaneoudharticipants also mentioned the display's brightness

a ected 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 di culty in relocating LDs [93].

C10: Environmental Factors and Space Constrhidigiduals 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 ner details or step back for a
broader overview 15 4€. Additionally, LDs are sometimes located in public spaces or busy rooms,
which can pose challenges when working with con dential data. Our participants (7 out of 13)
indicated that environmental factors and space constraints presented challenges when working
with LDs. P2 notedlt's the room is 20 feet by 20 feet. The room is totally windowless, there's people
who want to work with con dential data in there, so there's no way for people to walk by and see
what you have on displayP1 also notedSometimes the room is busy. Sometimes people take classes
in the same room or other people do research in the same Apatier 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 saidThe room was just too hot. Getting stuck in this warm room and just waiting for this to compute
whatever we made, was frustrating back théfthough building up these infrastructures can be
expensive, it is necessary to allocate su cient 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 Supfstcan require complex technical setups,
which can introduce multiple points of potential failure, including server crashes, the di culty of
implementing multi-touch on LDs, and glitching out of one display in a multi-display setup, which
leads to disruptions in the work ow. In our study, 6 participants highlighted these di culties and
discussed how these challenges a ect working with LDs. P6 nodal know the hardware. It's
always a challenge. ...infrastructure in the back end requires a lot of servers, if one of those component:
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 féckck 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 si¥g 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 o ers 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: Diiculty Relocating LDdnfrastructure typically involves xed hardware con gurations, such

as multi-displays that are hung and xed on the wall and cannot be easily relocat@}l Sharing

the data visualization systems developed for LDs with the scienti c 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 di culty in relocating LDs. They lost
access to LDs and technical and infrastructure-speci ¢ knowledge they had developed over the
years when they changed their institutions. P3 elaborat8d 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 di erent 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 eld. The di culties

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 identi ed challenges in designing, developing, evaluating, and building infrastructure for
LDs. Issues such as di culties 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 eld 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 applicati@i8[91, 97.
However, our study results highlight speci ¢ 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 identi ed from our study include
the need to work away from LDs, and insu cient development tools and learning resources. While
toolkits such as Sage37] and Vegalite Bg exist, their adoption is not universal and they are not
speci cally designed for LD interaction modalities. Many research labs working with LDs have
created e ective custom, in-house development tools to address the speci ¢ 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 eld.

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 eld. Several evaluation methods exist in
data visualization and HCI to assess designed systems or applications with potential Gders [
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 e ectively 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 di culties 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 setups39 83. However, we
believe our community needs to invest in additional robust hardware and software to mitigate
technical issues and develop portable, exible con gurations 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 di erences 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 speci c type of LDs, as each type of LDs has
di erent hardware, software, or con guration 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 di erent types of LDs. Therefore, practitioners and researchers should be mindful of these
di erences 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 di erent elds, 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 comasptWe 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 su ciently di erent. Therefore, their perspectives on
the challenges of data visualization creation might not be re ected in our ndings. Although these
experts may still face similar challenges, this limitation underscores the need for future studies to
explore this speci ¢ 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 ndings, 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 ndings from our qualitative interview-based study conducted to gather
rsthand insights from 13 experts experienced in creating data visualizations for LDs. We analyzed
the results of our interviews using thematic analysis. We identi ed 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 identi ed
challenges. Our results serve as a catalyst for further exploration and innovation in creating data
visualizations for LDs. By bringing attention to the speci c 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 e orts that contribute
to the advancement of e ective 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 di erences 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 identi able 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 o . 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, | am going to start the recording, please turn o your camera if you are uncomfortable.

Appendix A.2 Interview estions

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. Canyou 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)?

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

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

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

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

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?

4. When you rst started working on this platform, how did you learn how to use it (e.g., other
students, Faculty, Personnel, or Resources)?
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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 [signi cant, 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 yodesign 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 yodevelopment 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 di erent size screen?

c. Could you please describe yoewvaluation 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?
ii. 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/di culties 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 rst 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.
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