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Abstract

The purpose of this study is to explore content creator preferences in broadcast media, with a specific focus on the impact
of integrating 3D graphics to enhance viewer engagement. In this study, we investigated the integration of 3D technology
in broadcasting. We examined the preferences of content creators and assessed the impact of 3D photo-real human repre-
sentations on perceived production quality and viewer engagement. Data was collected through surveys, interviews, and
real-time broadcast analysis to gain insights into this technology’s potential benefits and challenges in broadcasting. Our
findings indicate that incorporating 3D photo-real human representations into broadcasting significantly improves production
quality and viewer engagement, especially in real-time broadcasts. We also observed that 3D humans offer greater depth
and presence, although challenges in fidelity and orientation highlight areas for technological advancement. Additionally,
our study revealed the complementary nature of 2D and 3D visuals in broadcasting, with each modality serving distinct
purposes-2D for clarity and information conveyance and 3D for immersive experiences. This research suggests a paradigm
shift in broadcast content creation, where integrating 3D technologies, such as 3D photo-real human representations, can lead
to more dynamic, engaging, and visually appealing content across various platforms. The study’s findings provide explicit
guidelines for content creation, catering to diverse viewer preferences and evolving consumption patterns. This research
contributes to the broader understanding of how technological advancements in extended reality can effectively enhance
the media landscape.
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1 Introduction

How do you consume your media? In the twenty-first cen-
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sic motivation for learning in educational settings, suggest-
ing potential benefits in broader multimedia and broadcast
applications [2]. Furthermore, the evolution of broadcast
graphics, including 3D visuals, AR, and Al-based object
tracking, has significantly enhanced viewer engagement and
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interactive features and personalization [4]. Simultaneous
multi-platform access to news media raises issues with the
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effectiveness of multi-platform content distribution [5, 6].
As such, our research explores how 3D media impacts per-
ceived audience reach and engagement for broadcast media
professionals. Recent studies in media multitasking provide
valuable insights into how audiences engage with multiple
media platforms, which is highly relevant to understanding
the dynamics of multi-platform broadcasting [7]. The broad-
cast industry continuously evolves, and new technologies
and standards emerge and disappear, shaping how content
is produced, delivered, and consumed.

Persistent 3D worlds, also problematically known as
“metaverse” [8], are starting to be introduced to broadcast
content creation pipelines via extended reality (XR) tech-
nologies. XR technology is an umbrella term for virtual,
augmented, and mixed reality (VR/AR/MR) technology that
merges the physical and virtual worlds to create a combined
interactive environment [9]. It enables users to experience
and interact with digital content and virtual objects in real-
time within their physical surroundings [10]. Unlike VR,
which completely immerses users in a virtual environment
[11], and AR, which overlays digital elements onto the real
world [12], MR integrates virtual objects seamlessly into
the user’s physical environment [13], allowing for more
immersive and interactive experiences [14]. These types
of technology typically involve specialized devices, such
as head-mounted displays (HMDs), with sensors, cameras,
and displays [9, 15].

XR, combined with AI, has the potential to play a sig-
nificant role in modern broadcast systems, particularly in
introducing new visual elements to the physical studio [16].
In this paper, we are specifically interested in determining
if XR content creation tools can be integrated into existing
2D broadcast pipelines [17]. For example, sports broadcasts
can overlay virtual graphics on the field or court, display-
ing real-time player stats, visualizing tactics, or highlighting
key moments [18]. Instead of physical sets, broadcasters can
employ virtual environments generated through XR tech-
nology [19, 20]. This technique can give viewers a richer
understanding of the game and enhance their enjoyment
[21]. It also offers greater flexibility and cost-efficiency, as
virtual sets and mobile technology can be easily customized,
changed, and transported to different locations, eliminating
the need for elaborate physical setups [22].

XR technology can also facilitate remote production,
where broadcasters can remotely access virtual production
environments, interact with virtual objects, and collaborate
with remote teams [23, 24]. This remote working potential
enables more efficient and cost-effective production, reduc-
ing the need for physical presence [25]. This also opens up
new possibilities for advertising and sponsorship integration.
Virtual objects or characters can be seamlessly integrated
into broadcast content, providing targeted and interactive
advertising experiences [26, 27].
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Real-time broadcast production often incorporates 2D
XR technology to display on-screen graphics, particularly
in sports broadcasts [28, 29]. While 2D graphics serve their
purpose, there is great potential in utilizing high-definition
and highly functional 3D assets to create a more immer-
sive and informative visual experience for audiences [30].
However, a significant challenge arises when incorporating
live-action content, such as player characters, as they are
typically only available in 2D format [31]. This limitation
of 2D content poses a challenge in the inherently 3D world
of XR [32].

Traditional methods of creating 3D content with any
visual quality tend to be complex and expensive, making
them ill-suited for the fast-paced nature of live broadcast-
ing. The workflow, planning, turnaround time, and logistics
associated with standard 3D content creation are often too
slow to meet the real-time demands of broadcasting [33].
Fortunately, recent advancements in Al have enabled users
to generate 3D content quickly and efficiently using mobile
technology without requiring specialized studios or exten-
sive resources [34]. Al-powered tools enable accelerated 3D
content creation, addressing the limitations of traditional 3D
reconstruction methods [35]. However, it is essential to note
that the visual quality achieved through single-camera Al-
driven approaches may have some restrictions, including
artifacts and inaccuracies in backside reconstruction [36].

To overcome this challenge, a new approach to volumet-
ric reconstruction of 3D photoreal human representations is
presented and explored that applies technology pioneered
by Volograms,' which involves transforming 2D imagery
of live-action content into a 3D reconstruction of a moving
person. This technique holds promise in creating live-action
content that aligns with the 3D nature of XR, thus enhanc-
ing the overall production quality [37, 38]. This study aims
to formally compare these two content creation pipelines
from the standpoint of both end users (audiences and media
enthusiasts) and advanced users (the teams creating broad-
cast content) to examine the potential of 2D and 3D human
representations in real-time XR broadcast production. By
evaluating the benefits and drawbacks of each approach, this
research seeks to provide valuable insights into the optimal
utilization of 2D and 3D technologies to enhance the overall
production quality of XR broadcast content creation work-
flows [10, 39].

In this manuscript, we aim to address the following
research questions to advance our understanding of volu-
metric on-screen graphics in the engagement of broadcast
media professionals.

! https://www.volograms.com/.
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1. How does integrating XR technology into traditional
broadcasting pipelines impact the production quality
and viewer engagement in real-time broadcasts?

2. What are the benefits and limitations of using 2D versus
3D content creation approaches in XR broadcast produc-
tion, particularly regarding audience reach and engage-
ment?

3. To what extent can recent advancements in Al and volu-
metric reconstruction techniques address the challenges
of integrating live-action content in XR broadcasting?

4. How does using XR technologies in broadcasting influ-
ence the efficiency and cost-effectiveness of production
workflows, particularly in remote production settings?

5. What are the implications of XR and Al integration for
multi-platform content distribution, especially regarding
interactivity and viewer experience?

2 Background

The evolution of video technology has significantly impacted
media production and consumption. Advancements in dis-
play technology, content availability, and interactive expe-
riences have driven this evolution [40]. The shift from tra-
ditional broadcasting to on-demand content consumption,
enabled by broadband connectivity, has led to new content
formats like 4 K and 8 K and emerging technologies such as
AR/VR/MR [41]. The Internet’s accessibility to the media
industry has created opportunities for innovation across the
entire value chain [42]. This has resulted in a complex eco-
system of connected devices, people, and narratives, trans-
forming television from a controlled broadcast platform to
an interactive, multimodal experience [43]. These develop-
ments have introduced challenges in storytelling, content
management, and distribution while necessitating new skills
for professional producers to incorporate user-generated
content [43].

VV is emerging as a revolutionary medium for creating
immersive and interactive experiences in XR environments
[44]. This technology enables the capture and reconstruction
of real-world scenes and objects in 3D, allowing viewers to
interact with content from any perspective [44, 45]. Recent
advancements have focused on enhancing interactivity,
with researchers developing methods for blending volumet-
ric clips, skeletonizing captures, and applying multi-bone
retargeting to create responsive digital humans [46]. Addi-
tionally, deep learning techniques are being employed to
transform 2D archival images into volumetric 3D assets for
VR and AR applications [47]. Cloud-based rendering sys-
tems are also being developed to address the high process-
ing requirements of interactive volumetric content, enabling
real-time streaming and rendering [48]. These innovations

are poised to redefine content creation and consumption
paradigms across various industries.

Creating XR content for broadcasting involves multiple
components and processes: content creation, camera track-
ing, green screen extraction, object tracking, compositing,
rendering, and delivery, see Fig. 1. While 3D models and
animations are ideal, many productions still rely on 2D con-
tent positioned in 3D space due to the complexity of creating
realistic 3D assets [49]. Recent advancements have improved
the integration of virtual and real objects in professional
studios, enabling features like shadow casting and occlu-
sion through RGB and depth cameras [50]. AR has been
proposed to bridge the gap between physical and virtual
production environments, supporting character animation by
superimposing 3D graphics on real-world objects [51]. As
XR technology evolves, there is growing interest in introduc-
ing real-time 3D pipelines across various media industries,
from entertainment to studio set design [49].

The first step in a real-time XR pipeline is creating the
virtual content, such as 3D models, animations, and effects,
that will be overlaid onto the live footage. However, most
of the content in broadcast productions today is 2D content
positioned in the 3D space as a billboard (i.e., the content
moves with the camera so it is always facing it). This method
is used because creating realistic 3D models and animations
is a complex task that involves understanding the princi-
ples of 3D graphics and animation, requires the use of 3D
modeling and animation software, specialized professionals
with training, or needs to be obtained from existing libraries
[52, 53].

Accurate camera tracking ensures virtual elements align
correctly with the real-world scene. There are different
methods for camera tracking, including optical tracking

Content
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Fig. 1 A traditional XR content creation pipeline
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systems, sensor-based monitoring, or even computer vision
techniques to track features in the live footage. Optical
tracking systems are highly accurate and commonly used
in professional settings [54]. Sensor-based systems utilize
gyroscopes, accelerometers, and other sensors to determine
camera position and orientation [55]. Computer vision tech-
niques can offer a cost-effective solution by analyzing visual
data to track camera movement [56].

In many live studio broadcasts, a green screen separates
the foreground subject(s) from the background. Chroma
keying techniques are then used to extract the green back-
ground and replace it with the virtual environment. This
process is critical for ensuring a seamless blend between
the real and virtual elements [57]. Object tracking is also
essential, especially when interaction with virtual elements
is involved. Motion capture systems, fiducial markers, or
computer vision algorithms can be used. Motion capture
systems provide high accuracy but require specialized equip-
ment [58, 59].

The next stage involves blending real-world footage
with virtual elements. This process, known as compositing,
requires accurately placing the virtual objects within the
scene and ensuring realistic lighting, shadows, and reflec-
tions. Compositing is a crucial step in determining the final
visual quality of the XR content [60]. Real-time composit-
ing software or game engines are often used to achieve this,
with game engines providing more interactive capabilities
[61, 62].

The final output must be rendered in real-time once the
virtual elements are composited with the live footage. This
step involves generating the combined frames or video
stream, accounting for lighting and shading effects, and
ensuring smooth playback at the desired frame rate. Real-
time rendering is challenging due to the high computational
requirements needed to achieve realistic visuals [63, 64].

Finally, the rendered output is then delivered to various
platforms for distribution, such as television broadcasts,
streaming services, or online platforms. Providing high-
quality XR content over different platforms poses unique
challenges related to bandwidth, compatibility, and interac-
tivity [65, 66]. The final content can then be transmitted in
real-time to provide an interactive viewing experience for
the audience, which increasingly demands more engaging
and immersive content [17, 67].

VV represents a significant advancement in media pro-
duction, offering new possibilities for immersive and inter-
active experiences in AR/VR/MR [44, 68]. This technology
enables the creation of high-quality 3D models of real peo-
ple, capturing facial expressions and clothing details with
unprecedented accuracy [68]. Specialized studios equipped
with multiple cameras and lighting systems facilitate the
capture process, allowing for 360-degree acquisition and
automatic processing [68]. The resulting content can be
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viewed from any angle, enhancing audience engagement in
XR applications [44]. Recent developments have also intro-
duced interactive capabilities, enabling real-time animation
and streaming of volumetric video content [48]. As technol-
ogy progresses, it opens up new avenues for storytelling and
human representation in virtual environments, transforming
how audiences interact with digital media [69].

While promising immersive experiences, VV faces sig-
nificant challenges in production and streaming. The sheer
volume of data necessitates advancements in compression
and streaming technologies to overcome bandwidth limita-
tions and device processing constraints [70, 71]. Research-
ers are exploring various approaches to optimize volumetric
content delivery, including compression solutions, network
adaptation, and user-adaptive streaming for high-end and
low-powered devices [72]. Advanced capture systems, such
as Fraunhofer HHI’s 3D Human Body Reconstruction tech-
nology, are being developed to create high-quality, naturally
moving 3D models for virtual and augmented reality appli-
cations [68]. Visual fidelity, latency, and content security
remain challenging despite these advancements.

This paper aims to comprehensively understand volu-
metric reconstruction’s role in modern media production,
offering insights into its current applications and future pos-
sibilities. By embracing these technological advancements,
the industry can unlock new dimensions of storytelling and
audience engagement in broadcasting and beyond. We will
show how AI techniques can help generate photorealis-
tic 3D models from the existing footage the broadcasters
already have: studio photos and videos of athletes, in-game
shots, and other media captured in uncontrolled environ-
ments. These 3D models, different from the traditional 2D
billboards used in broadcasts, behave more naturally in 3D
environments where the camera moves freely in space. Fur-
thermore, they can cast virtual shadows on the floor and be
used to match the lighting conditions of the studio, which
can improve immersion quite significantly. This 2D-to-3D
conversion tool is designed to integrate within the broad-
caster’s creative pipeline, opening various creative options.

3 Methodology

This study employed a mixed-methods approach to explore
real-time content creation for live studio broadcasts, focus-
ing on the perspectives of technical staff producing broadcast
content, the broader media industry, and technically compe-
tent audiences. Thus, a purposive sampling technique was
used to recruit participants. A call for voluntary participation
was issued via internal and external media networks and
social media platforms to reach a diverse group of industry
professionals and technologically savvy individuals [73].
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Fig.2 Screenshot of 3D volumetric model (left) and 2D image (right)

Participants were presented with 2D vs. 3D content exam-
ples to explore user attitudes toward the content; see Figs. 2
and 3.2 This demonstration aimed to provide a tangible com-
parison between the two formats. Following the technol-
ogy demonstration, participants were invited to complete an
online questionnaire. The questionnaire design was informed
by principles of user experience research and cognitive psy-
chology to ensure the clarity and relevance of the questions
[74].

The questionnaire began with a demographics section,
capturing user-type data per the Nielsen user cube methodol-
ogy [75] and categorizing users based on their technology
use and familiarity. Participants identified as novice users
were excluded to maintain the study’s focus on professional
and technology-aware users.

The main section of the questionnaire consisted of nine
open-ended questions, as listed. These questions were
designed to elicit detailed responses on the participants’
attitudes and preferences regarding 2D and 3D content in
broadcasting. The qualitative data was analyzed using the-
matic analysis to identify the patterns, themes, and mean-
ings of participant responses [76]. This approach allows for
a nuanced understanding of the subjective experiences and
perceptions of the participants.

In addition to qualitative analysis, statistical methods
were employed to analyze demographic data and any quan-
tifiable responses to the questionnaire. Descriptive statis-
tics were used to summarize demographic information, and
inferential statistics were applied to examine any significant
differences in attitudes between different user types [77].

2 https://youtu.be/KP-trIRw2Is?si=BjnqTvhAuCkrnKia.

The study was conducted per ethical guidelines for the
University, adhering to the requirements for human subjects
research. Participants were informed about the purpose of
the study, and their consent was obtained before participa-
tion. Confidentiality and anonymity of the participants were
maintained throughout the research process [78].

The questions delivered were as follows:

1. What did you like the most and the least about the con-
tent you just watched? Which did you prefer? Why?

2. Did you notice the difference between the sports players
displayed while viewing the videos? Could you describe
the differences?

3. According to you, which version had the most influential
displays and the most substantial impact on your view-
ing experience?

4. Do the signage and graphics on-screen compel you to
watch a show? Why or why not?

5. Would you watch a particular show because of the on-
screen images or stats?

6. Do you think this video format could be applied to spe-
cific TV Shows? If so, what other TV shows would it be
suited for?

7. Does using enhanced production tools, such as 3D,
add to the production value of a show? If so, can you
describe or explain how it does?

8. If these types of 3D assets were available to download
for personal use, could you think of using them for any-
thing?

9. Would you like to create a personal 3D avatar? What
would you use it for and why?

3.1 Participants

This study analyzed responses from 90 participants. After
excluding novice respondents, 67 media enthusiasts and
professionals contributed valuable insights. The sample
comprised 36 males, 30 females, and one non-binary indi-
vidual. The mean age of participants was 28.45, with a
standard deviation (SD) of 8.87 (see Table 1). Professional
roles within the media industry were reported as follows:
media professionals (n = 26), encompassing researchers,
creative directors, broadcast engineers/technicians, etc.,
and media enthusiasts (n = 41), including students, gradu-
ates, interns, assistants, runners, etc.

When evaluating their proficiency in using digital tech-
nology for media entertainment, participants rated them-
selves, on average, as “Very Good” or “Excellent” (M =
6.21; SD = 0.95). Their familiarity with technologies used
in media entertainment was described as “Very Familiar”
or “Extremely Familiar” (M = 6.25; SD = 0.94). Regard-
ing their expertise in using media technology for content
creation, participants identified as “Average” or “Above

@ Springer
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Fig.3 Screenshot of 2D (left)
versus 3D (right) broadcast
content

Average” (M = 4.58; SD = 1.65). As Fig. 4 illustrates,
these parameters facilitated categorizing participants’ user
types within a user cube framework. Consequently, our
sample was classified into two primary groups: advanced
users (n = 40) and end users (n = 27).

4 Results

In analyzing the data, we employed thematic analysis [79],
a method widely recognized for identifying patterns and
themes within textual datasets. The process involved sys-
tematically examining the participants’ responses, facilitated
using MaxQDA software for qualitative data analysis. This
approach enabled us to generate initial codes and subse-
quently group them into themes (see Fig. 5). Through itera-
tive rounds of review and refinement, we defined and named
the core themes, ultimately constructing a narrative that
captured vital insights and perspectives from the data. This
method was instrumental in revealing nuanced understand-
ings of the participants’ views on standard 2D versus 3D
volumetric assets in broadcasting. In the following sections,
we explore the most frequently mentioned core themes.

Table 1 Participant demographics

Demographic Value
Total Participants 90
Excluded Novice Respondents 23
Final Sample 67
Gender

- Male 36

- Female 30

- Non-binary 1

Age

Mean 28.45
Standard Deviation 8.87
Ethnicity

- Irish 14

- Other White 14

- Chinese or East Asian 14

- Indian or South Asian 13

- Other 12
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4.1 Immersion and realism

The first major theme from the data was the enhanced
immersion and realism provided by 3D representations com-
pared to 2D. Both advanced and end-user groups recognized
the merits of 3D visuals in creating a more realistic and
depth-enhanced viewing experience. Participants appreci-
ated the immersive quality of 3D models, noting how they
contributed to a sense of presence and engagement with the
content.

Advanced group participants emphasized the technical
aspects, such as lighting, shadow, and model quality, which
contributed to the realism of 3D visuals. They noted that
these elements made the viewing experience more lifelike
and captivating. However, some participants also mentioned
issues with camera tracking, where excessive movements
caused discomfort. On the other hand, the end-user group
highlighted the dynamic and engaging nature of 3D visu-
als, appreciating how these elements added vitality to the
broadcast. They focused less on technical details and more
on the overall visual impact.

S X2 X3 X4

‘E Advanced
C ®© .
® L % Primary o 4 Users
g N End Users
o
S X1
()
%n Secondary N
5 End Users
Q=
¥ g Novice X 1

£ Users

> N,

Novice N Expert

Expertise in Domain

Fig.4 User cube describing the cohort user types (the red line indi-
cates group division with novice users removed)
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Theme

Sub-theme

Interpretive Meaning

Immersion and Realism

Depth and Presence

Merits of 2D and 3D Visuals

Technical Concerns

Appreciation of 3D models' realism
Increased sense of presence and engagement

Strengths and Weaknesses

Lighting, shadow, and model quality
Issues with camera tracking and movement

Impact on Viewer Engagement

Contextual Preferences

2D: Clarity and straightforward interpretability
3D: Immersive and realistic properties

Interactive and Immersive Experiences

Influence of presentation context on preference
Technical feedback vs. overall impact for end-users

Role of Graphics and Visuals

Novelty and Substantial Impact

Enhanced engagement with 3D models
Attention-grabbing features of 3D visuals

Professional and Informational Impact

Perceived novelty of 3D displays
Comparison with traditional formats

Enhancing Content

Immersive and Informative Qualities

Contribution to professionalism and quality
Functional role in conveying information

Understanding and Engagement

Enhancing content comprehension
Potential of interactive graphics and AR

IApplications in Different Genres

Influence on Viewing Decisions

On-screen visuals for dynamic programs
Contribution to production values and appeal

Not primary motivator but influential

Suitability for Various Genres

Enhanced Tools and Their Impact

Augmenting Viewer Immersion

Sports: Enhancement of commentary and stats
Educational content and documentaries
News: Aid in visualizing data and concepts

Lifelong viewing experience with 3D tech

Personal Avatars

mproving Production Value

Creative and Pragmatic Applications

Polished look and higher budget impression
Sports broadcasting and medical education

Creative content creation, video games, AR

Visualization and Entertainment

Use in visualization, entertainment, education

Interactions and Engagement

Personal 3D avatars for meetings and profiles

Efficiency and Cost-Effectiveness Streamlining Production

+ Efficiency and cost-effectiveness in production

Implications

Interactivity and Viewer Experience .

[- Agility in modern broadcasting workflows
Broadening appeal and engagement on platforms

[Media Consumption Trends

* Adapting to shifting consumer preferences

Fig.5 A three-tier representation of the qualitative themes and sub-themes in order of participant frequency of mentions

4.2 Comparative merits of 2D and 3D visuals

Another significant theme was the comparative analysis of
2D and 3D visuals. Participants from both groups offered
insights into the strengths and weaknesses of each format.
Advanced group participants often provided technical feed-
back, such as issues with blurring and artifacts in 3D mod-
els. They also discussed how the presentation context influ-
enced their preference for 2D or 3D visuals. In contrast, the
end-user group emphasized clarity and focus, particularly in
contexts where these elements were crucial for understand-
ing the content.

Both groups appreciated the immersive qualities of 3D
visuals but had different focuses. The advanced group was
more critical and detailed in their analysis, emphasizing the
importance of technical refinement. Conversely, the end-user
group focused on the overall visual impact and immersive
experience of 3D visuals. This comparative analysis high-
lighted the diverse perspectives and preferences between
the two groups, shaped by their varying levels of technical
knowledge and viewing priorities.

4.3 Impact on viewer engagement

The theme of viewer engagement emerged prominently in
the responses. Participants from both groups highlighted
how 3D representations influenced their engagement with
the content. The advanced group noted that 3D models
enhanced the interactive and immersive experience, mak-
ing the broadcast more engaging. They were intrigued by the
novelty and substantial impact of 3D displays, considering
them more convincing than traditional formats. Technical
discussions included camera movement, depth, and integrat-
ing 3D models with the studio setting.

Similarly, the end-user group was impressed by the
attention-grabbing features of 3D models, particularly their
dynamic positions and layouts. They appreciated how 3D
visuals effectively captured their attention and heightened
engagement, especially with camera movement. Despite
some technical imperfections, such as fuzzy edges and insuf-
ficient shadowing, participants acknowledged the enhanced
realism and engagement provided by 3D representations.

@ Springer
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4.4 Role of graphics and visuals in broadcasting

Participants also discussed the significant role of well-
designed graphics and visuals in enhancing the viewing
experience. Both groups acknowledged that high-quality
graphics contribute substantially to the show’s profession-
alism and perceived quality. The advanced group focused
on these elements’ professional and informational impact,
recognizing their role in conveying information effectively
and providing context. They debated the influence of graph-
ics on viewing choices, with some seeing them as secondary
to content and others considering them critical.

The end-user group emphasized graphics’ immersive and
informative qualities, noting how they capture attention and
make the show more exciting. They valued the role of graph-
ics in aiding content comprehension and simplifying com-
plex information. Discussions also included the potential
of interactive graphics and AR technology to enhance the
viewer experience further, with the advanced group focusing
on their functional aspects and the end-user group on their
novelty and visual appeal.

4.5 Enhancing content with on-screen images
and statistics

On-screen images and statistics were seen as beneficial aug-
mentations to the viewing experience, particularly in sports
broadcasting and data-centric discussions. Participants from
both groups concurred that these elements enriched their
understanding and engagement with the content. While not
the primary motivator for watching a program, on-screen
visuals enhanced the program’s appeal and production value.
The advanced group noted that on-screen visuals made
programs more visually engaging and dynamic, contributing
to a deeper understanding of the content. They highlighted
the role of these visuals in enhancing production values
and overall aesthetic appeal. Similarly, the end-user group
emphasized the role of well-executed on-screen images and
stats in distilling complex information and adding an extra
dimension of engagement. However, both groups agreed that
personal interests and the core content of the show are the
predominant factors influencing their decision to watch.

4.6 Applications of mixed reality in different TV
show genres

Participants identified several TV show genres that could
benefit from integrating mixed-reality video formats. Both
groups suggested suitable genres for sports broadcasts, edu-
cational content, documentaries, news programs, and enter-
tainment shows. They acknowledged the potential of mixed
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reality to amplify viewer engagement and comprehension
across diverse content types.

Sports programs were seen as particularly well-suited for
mixed reality applications, with participants highlighting
sports commentary enhancement and the presentation of the
statistics. Educational TV shows and documentaries were
also mentioned, with mixed reality helping visualize com-
plex topics and making them more accessible and engaging.
Both groups recognized the potential of mixed reality in
news and current affairs programming, which could aid in
visualizing data and explaining concepts.

4.7 Enhanced production tools and their impact
on broadcasting

The impact of enhanced production tools, especially 3D
technology, on a show’s production value was widely
acknowledged. Participants noted that these tools intensify
immersion, facilitate information conveyance, improve com-
munication clarity, and create a more captivating and refined
viewer experience. Both groups concurred that enhanced
production tools could augment viewer immersion, offering
a more lifelike and vibrant viewing experience.

The advanced group emphasized the significant contribu-
tion of 3D assets in creating a polished look and suggested
a higher budget and skilled production team. They provided
detailed examples of 3D applications in various contexts,
such as sports broadcasting and medical education. Simi-
larly, the end-user group believed such tools contribute to the
show’s professional appearance, enhancing viewer engage-
ment and confidence. Both groups highlighted the role of
these tools in enriching the viewer experience by providing
detailed visual information and maintaining viewer interest.

4.8 Personal use of 3D assets and avatars

Finally, participants expressed interest in using 3D assets
and avatars. Both groups acknowledged various potential
benefits, including creative content creation, visualization,
entertainment, education, personalization, and marketing.
The advanced group provided a more extensive list of pos-
sible applications, while end-user participants focused on
more personal and pragmatic uses.

Participants saw creative uses for 3D assets in video game
design, 3D modeling, AR, graphic design, and animation.
They also highlighted the potential for 3D assets in visuali-
zation, mainly through AR, to enhance experiences and pro-
vide interactive demonstrations. Both groups recognized the
use of 3D assets in entertainment, including their integration
into video games and XR applications.

Regarding personal 3D avatars, participants showed inter-
est in enhancing virtual interactions, social media engage-
ment, and entertainment experiences. The advanced group
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outlined various potential applications, spanning profes-
sional to emerging technological contexts. In contrast, end-
user participants centered on more immediate personal uses
for communication and engagement. While both groups
shared enthusiasm for the potential of personal 3D avatars,
their perspectives varied, with the advanced group exploring
a broader range of uses and the end-user group focusing on
practical applications.

4.9 Summary of results

Overall, the results reveal that both advanced and end-user
groups appreciate the immersive and engaging qualities of
3D representations. The advanced group provided detailed
technical feedback, while the end-user group focused on the
overall visual impact. Both groups recognized the role of
high-quality graphics and visuals in enhancing the view-
ing experience. They acknowledged the potential of MR
and 3D technology to elevate production value and viewer
engagement.

These findings align with our research objectives by
highlighting the impact of 3D/volumetric content on viewer
engagement and providing guidelines for content creation
based on user preferences and profiles. The detailed insights
from both groups offer valuable perspectives for broadcast-
ers and content creators aiming to leverage 3D technology
to enhance viewer experiences.

5 Discussion

In the findings of our study, we addressed several research
questions relating to integrating XR technology into tra-
ditional broadcasting pipelines. Our findings illuminate
advanced and end-user groups’ nuanced perceptions and
preferences, providing valuable insights into how XR tech-
nologies, mainly 3D content creation, influence production
quality, viewer engagement, and the broadcasting landscape
[8, 49, 80].

5.1 The impact of XR technology in broadcasting

Our investigation into integrating XR technology within
traditional broadcasting pipelines uncovered significant
production quality and viewer engagement improvements.
This enhancement becomes significantly pronounced in real-
time broadcasts, where XR technology’s ability to introduce
immersive and realistic 3D representations plays a pivotal
role. As highlighted in the results section, both advanced
and end-user groups noted the immersive quality and
enhanced realism provided by 3D models. Participants fre-
quently highlighted the depth and presence offered by these
models, affirming XR technology’s capacity to transform

viewer perception and interaction with broadcast content.
Despite some concerns regarding the fidelity and orientation
of 3D models, these issues point to areas requiring further
technological refinement [81]. The overall potential of XR
technology remains high, emphasizing the need for ongoing
advancements to fully harness its capabilities and enhance
realism and viewer immersion in broadcasting, thereby shap-
ing a more sophisticated and engaging broadcast landscape.

5.2 Benefits and limitations of 2D vs. 3D content
creation

Our exploration of 2D and 3D content creation approaches
in the context of XR broadcasting revealed distinct inherent
advantages and challenges. While 2D visuals are broadly
valued for their clarity and straightforward interpretability,
making them practical for concise information convey-
ance [82], 3D content is lauded for its immersive and real-
istic properties. As detailed in the results in Sect. 4, both
advanced and end-user groups recognized the merits of
each format. The advanced group often provided technical
feedback on 3D content, such as issues with blurring and
artifacts. In contrast, the end-user group focused more on
the overall visual impact and immersive experience of 3D
visuals. The study underscores the complementary nature of
these two modalities: 2D content is crucial for clear infor-
mation delivery, while 3D content significantly enhances
viewer engagement, making the broadcast more lifelike and
captivating [83].

5.3 Advancements in Al and volumetric
reconstruction

The study proposed to explore the burgeoning field of
Al and volumetric reconstruction, particularly their roles
in addressing the intricacies of incorporating live-action
content into XR broadcasting environments. Our findings
suggest that recent technological advancements hold sub-
stantial promise in overcoming some of the prevailing chal-
lenges in XR broadcasting. Participants acknowledged the
significant potential of Al and volumetric reconstruction in
enhancing the realism and interactivity of live-action con-
tent. As reflected in the Results section, these technologies
are pivotal in improving the quality of 3D models, enhanc-
ing animation fluidity, and ensuring seamless integration
of virtual elements into live broadcast environments [84].
However, the need for continued development was empha-
sized, particularly in enhancing the fidelity and integra-
tion of 3D models to create more lifelike and engaging XR
experiences. This feedback underscores the dynamic inter-
play between technological capability and content quality,
pointing to a future where Al and volumetric reconstruction
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could revolutionize how live-action content is presented and
experienced in XR broadcasting.

5.4 Efficiency and cost-effectiveness in remote
production

Incorporating XR technologies into broadcasting has notably
impacted production workflows, with a marked influence in
remote production environments. As noted in the Results,
participants pointed out that XR technologies significantly
streamline production processes, enhancing efficiency and
cost-effectiveness, particularly in scenarios demanding
quick content turnaround and high adaptability [80]. This
streamlining effect is especially pertinent in the modern
broadcasting landscape, where agile and responsive pro-
duction methods are paramount. The observations suggest
that XR technologies facilitate smoother and more flexible
production workflows, presenting opportunities for cost sav-
ings, especially in remote setups where traditional produc-
tion methods may be logistically challenging or financially
prohibitive.

5.5 Implications for multi-platform content
distribution

The integration of XR and Al within the broadcasting sec-
tor profoundly impacts content distribution across multiple
platforms, as highlighted by our study’s participants. They
recognized that these advanced technologies significantly
augment interactivity and enrich the viewer experience.
This enhancement is particularly relevant in today’s diverse
media landscape, where content is consumed across vari-
ous platforms, from traditional broadcasting channels to
online streaming services and social media platforms [85].
The implications of volumetric reconstruction for broadcast-
ing and interactive media are profound. As detailed in the
Results, for broadcasters, volumetric processes offer new
storytelling tools, allowing audiences to experience events
and narratives more engaging and immersively. Whether
giving viewers a 360-degree view of a live sports event or
creating interactive news stories, volumetrics expands the
possibilities of audience engagement.

Our findings indicate that incorporating XR and Al not
only elevates the quality of content but also broadens its
appeal, making it more engaging and accessible to a broader
audience. This is especially critical in an era of rapidly
shifting consumer preferences and the growing demand for
personalized and interactive media experiences. The study
suggests that XR and Al lead to more adaptable content res-
onating with evolving media consumption patterns, enabling
broadcasters to reach and engage audiences across various
digital platforms effectively. Integrating XR and Al tech-
nologies in broadcasting represents a significant step towards

@ Springer

more dynamic and immersive multi-platform content dis-
tribution. It promises to transform how content is created,
delivered, and experienced, aligning with contemporary
media consumption trends and audience expectations.

6 Guidelines

Our research highlights the transformative impact of XR
technology in the broadcasting sector. From enhancing real-
time broadcasts with immersive 3D visuals to improving
content production and distribution efficiency, XR technol-
ogies are reshaping media creation and consumption. The
insights from both advanced and end-user groups provide
a comprehensive understanding of XR’s current state and
future potential in broadcasting, pointing towards a more
interactive, engaging, and versatile media landscape. The
following guidelines can be drawn from the presented
findings:

1. Diverse Preference Considerations: The study high-
lights the importance of recognizing and accommo-
dating various preferences when incorporating visual
elements, such as 2D and 3D graphics. Acknowledging
the varying tastes of viewers and content creators is
essential for creating a more engaging and immersive
visual experience.

2. Quality and Realism Matter: The quality and real-
ism of visual elements, particularly in 3D graphics, are
critical factors in enhancing viewer engagement and
satisfaction. Attention to detail, fidelity, and overall
visual appeal create a more authentic and captivating
experience.

3. Balance Between Modalities: While 2D and 3D
visuals have merits, balancing them can enhance
content creation and viewing experience. Integrating
the strengths of each modality while addressing their
limitations can result in a more well-rounded visual
presentation.

4. Interaction and Responsiveness: The study empha-
sizes the importance of interaction and responsiveness
in 3D graphics. Dynamic camera movements, occlu-
sions, and changes in perspective associated with 3D
models can significantly enhance viewer immersion
and engagement compared to static 2D visuals.

5. Enhancing Production Value: Incorporating addi-
tional visual intricacies, such as reflections, shadows,
and lighting effects, can augment the production value
of 3D models. These elements contribute to a more
visually appealing and captivating experience, provid-
ing a competitive edge in content creation.
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6. Context-Dependent Design: The effectiveness of vis-
ual elements, whether 2D or 3D, is context-dependent.
Understanding the genre, nature of the program, and
specific content creation goals is crucial in determining
the appropriate use of visual aids to enhance engage-
ment and convey information effectively.

7. Viewer Engagement through Graphics: On-screen
graphics and statistical representations significantly
enhance viewer engagement. When aligned with qual-
ity content, well-executed graphics capture attention,
provide valuable information, and create an enjoyable
viewing experience.

8. Practical Application and Innovation: The study
underscores the practical applications and innovative
potential of 3D assets beyond entertainment, including
education, art, marketing, and personalized expression.
Leveraging these assets can lead to diverse and engag-
ing creative content across various domains.

9. Technical Expertise and Resource Allocation: Effec-
tively utilizing 3D tools requires technical expertise
and prudent resource allocation. Balancing cost-effec-
tiveness and quality ensures the optimal implementa-
tion of 3D graphics and assets to achieve the desired
impact.

10. Privacy and Authenticity Considerations: When
incorporating personal avatars and immersive expe-
riences, concerns regarding privacy and authenticity
should be addressed. Ensuring that users’ privacy is
respected and that the avatars align with genuine rep-
resentations contributes to a positive and trustworthy
user experience.

These guidelines emphasize the importance of understand-
ing content creator preferences, enhancing visual quality and
realism, balancing different modalities, and creatively lev-
eraging visual elements to improve engagement and convey
information effectively in various content creation contexts.

7 Limitations and future work

While the chosen methodology offers valuable insights into
user attitudes toward real-time content creation for live stu-
dio broadcasts, it’s essential to be aware of the limitations
that could impact the generalizability and depth of the find-
ings. The study relies on voluntary participation, which can
lead to volunteer bias. Participants who choose to participate
might have different attitudes or motivations than those who
do not participate, potentially affecting the generalizabil-
ity of the findings. The recruitment of participants through
internal and external media networks and social media could
result in sampling bias. The participants may not represent
the broader population accurately, mainly if certain groups

are overrepresented or underrepresented. Removing novice
users from the study may limit understanding of potential
challenges or benefits for this user group. Their perspectives
could offer valuable insights into the usability and acces-
sibility of the technology.

Future research could adopt a comprehensive approach to
address these limitations—this might involve implementing
a mixed-methods sequential design with both quantitative
surveys and qualitative interviews to capture a holistic view
of user attitudes. Employing a random sampling technique
and including diverse user groups, such as novices and pro-
fessionals, would enhance the study’s representativeness.
Longitudinal research spanning a significant timeframe
could assess both immediate impressions and long-term
effects.

8 Conclusions

In this paper, we explored the transformative potential
of volumetric technology in reshaping the landscape of
broadcasting, metaverse production, and real-time 3D asset
creation. By integrating humancentric volumetric recon-
struction and 3D render engines, we proposed a forward-
looking framework for the live studio of the future, aim-
ing to enhance content creation and delivery across diverse
platforms such as traditional broadcast, live streaming, the
metaverse, and interactive channels. We examined the tech-
nical advancements, workflow integration, potential chal-
lenges, and future implications of volumetric reconstruction
in media production.

XR technology finds applications across various fields,
including entertainment, gaming, education, training,
design, architecture, healthcare, and more. It offers oppor-
tunities for enhanced visualization, interactive storytelling,
immersive training simulations, collaborative design, and
engaging user experiences. As XR technology advances, we
can expect further improvements in hardware capabilities,
tracking accuracy, display qualities, and the range of interac-
tive experiences it can offer. While mixed reality in broad-
casting is still in its early stages, it holds immense potential
to transform how content is created, delivered, and experi-
enced. As XR technology advances, we expect to see more
innovative applications and integration of mixed realities
into modern broadcast systems.

Creating multi-platform content for distribution, includ-
ing traditional broadcast channels, streaming services, social
media platforms, and dedicated apps, allows broadcasters
to reach a wider audience and provide content creation for
various devices. This multi-platform approach has been
shown here to enhance viewer engagement across multiple
dimensions and user types. Thus, many opportunities exist
for modern broadcast systems to be further enhanced by XR
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technology. First, XR technology has the potential to signifi-
cantly improve viewer experiences and introduce new inter-
active elements in modern broadcast systems. Secondly, by
seamlessly integrating virtual objects into the user’s physical
environment, XR can improve visualizations, revolutionize
set design, facilitate remote production, and provide innova-
tive advertising and sponsorship integration opportunities.

Acknowledgements This publication reflects research conducted with
the financial support of Science Foundation Ireland (SFI) under Grant
Number 15/RP/2776 and the Horizon Europe Framework Program
(HORIZON) under Grant Agreement 101070109. We would also like
to thank all members of the IBC Accelerator Programme for their sup-
port and feedback throughout the research.

Data availability The data supporting this study’s findings are not
openly available due to reasons of anonymity but are available from
the corresponding author upon reasonable request.

Conflict of interest The authors have no conflicting interests as defined
by Springer or other interests that might be perceived to influence the
results and/or discussion reported in this paper.

References

1. Millerson, G., Owens, J.: Television Production. Routledge (2012)
Tepla, M., Teply, P., §mejka1, P.: Influence of 3d models and ani-
mations on students in natural subjects. Int. J. STEM Educ. 9(1),
65 (2022)

3. Burns, M.: Eye-catching: The Evolution of Broadcast Graphics.
https://www.ibc.org/features/eye-catching-the-evolution-of-broad
cast-graphics/8458.article (2022). Accessed: 27/02/202

4. Chaffey, D., Smith, P.R.: Digital Marketing Excellence: Planning,
Optimizing and Integrating Online Marketing. Taylor & Francis
(2022)

5. Doyle, G.: Understanding Media Economics. Understanding
Media Economics pp. 1-232 (2013)

6. Doyle, G.: Multi-Platform Media: How Newspapers are Adapting
to the Digital Era. Routledge Companion to the Cultural Industries
(2015)

7. Voorveld, H.A., Viswanathan, V.: An observational study on how
situational factors influence media multitasking with tv: the role
of genres, dayparts, and social viewing. Media Psychol. 18(4),
499-526 (2015)

8. Young, G.W., Dawkins, O.: In International Conference on
Human-Computer Interaction. Springer, pp. 307-322 (2023)

9. Chuah, S.H.W.: Wearable xr-technology: literature review, con-
ceptual framework and future research directions. Int. J. Technol.
Mark. 13(3-4), 205-259 (2019)

10. Milgram, P., Kishino, F.: A taxonomy of mixed reality visual dis-
plays. IEICE Trans. Inf. Syst. 77(12), 1321-1329 (1994)

11. Sherman, W.R., Craig, A.B.: Understanding Virtual Reality: Inter-
face, Application, and Design. Morgan Kaufmann (2018)

12. Azuma, R.T.: A survey of augmented reality. Presence Teleoper.
Virtual Environ. 6(4), 355-385 (1997)

13. Billinghurst, M., Clark, A., Lee, G., et al.: A survey of augmented
reality. Found. Trends Hum. Comput. Interact. 8(2-3), 73-272
(2015)

14. Sutherland, I.E.: In Proceedings of the December 9-11, 1968,
Fall Joint Computer Conference, Part I, pp. 757-764 (1968)

@ Springer

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Biocca, F., Lanier, J.: An insider’s view of the future of virtual
reality. J. Commun. 42(4), 150-172 (1992)

Huynh-The, T., Pham, Q.V., Pham, X.Q., Nguyen, T.T., Han,
Z.,Kim, D.S.: Artificial intelligence for the metaverse: a survey.
Eng. Appl. Artif. Intell. 117, 105581 (2023)

Bimber, O., Raskar, R.: Spatial Augmented Reality: Merging
Real and Virtual Worlds. CRC Press (2005)

Goebert, C., Greenhalgh, G., Dwyer, B.: A whole new ball
game: fan perceptions of augmented reality enhanced sport
broadcasts. Comput. Hum. Behav. 137, 107388 (2022)

Miah, A., Fenton, A., Chadwick, S.: Virtual reality and sports:
the rise of mixed, augmented, immersive, and esports experi-
ences. 21st century sports: How technologies will change sports
in the digital age pp. 249-262 (2020)

Slater, M., Wilbur, S.: A framework for immersive virtual envi-
ronments (five): speculations on the role of presence in vir-
tual environments. Presence Teleoper. Virtual Environ. 6(6),
603-616 (1997)

Muhlbach, L., Bocker, M., Prussog, A.: Telepresence in vide-
ocommunications: a study on stereoscopy and individual eye
contact. Hum. Factors 37(2), 290-305 (1995)

Regenbrecht, H., Schubert, T.: Real and illusory interactions
enhance presence in virtual environments. Presence Teleoper.
Virtual Environ. 11(4), 425-434 (2002)

Maddikunta, P.K.R., Pham, Q.V., Prabadevi, B., Deepa, N., Deyv,
K., Gadekallu, T.R., Ruby, R., Liyanage, M.: Industry 5.0: a
survey on enabling technologies and potential applications. J.
Indust. Inf. Integr. 26, 100257 (2022)

Steuer, J., Biocca, F., Levy, M.R., et al.: Defining virtual reality:
dimensions determining telepresence. Commun. Age Virtual
Reality 33, 37-39 (1995)

Bolton, R.N., McColl-Kennedy, J.R., Cheung, L., Gallan, A.,
Orsingher, C., Witell, L., Zaki, M.: Customer experience chal-
lenges: bringing together digital, physical and social realms. J.
Serv. Manag. 29(5), 776-808 (2018)

Flavian, C., Ibafiez-Sanchez, S., Orts, C.: The impact of vir-
tual, augmented and mixed reality technologies on the customer
experience. J. Bus. Res. 100, 547-560 (2019)

Lau, K.W., Lee, P.Y.: Shopping in virtual reality: a study on
consumers’ shopping experience in a stereoscopic virtual real-
ity. Virtual Reality 23(3), 255-268 (2019)

Frank, L.: Real-time Video Content for Virtual Production &
Live Entertainment: A Learning Roadmap for an Evolving Prac-
tice. CRC Press (2022)

Ijsselsteijn, W.A., Freeman, J., De Ridder, H.: Presence: Where
are we? (2001)

Bichlmeier, C., Heining, S.M., Feuerstein, M., Navab, N.: The
virtual mirror: a new interaction paradigm for augmented real-
ity environments. IEEE Trans. Med. Imaging 28(9), 1498-1510
(2009)

Van Krevelen, D., Poelman, R.: A survey of augmented reality
technologies, applications and limitations. Int. J. Virtual Reality
9(2), 1-20 (2010)

Mackay, W.E.: In Proceedings of the Working Conference on
Advanced Visual Interfaces, pp. 13-21 (1998)

Szeliski, R.: Computer Vision: Algorithms and Applications.
Springer Nature (2022)

NieBner, M., Zollhofer, M., 1zadi, S., Stamminger, M.: Real-
time 3d reconstruction at scale using voxel hashing. ACM
Trans. Graphics (ToG) 32(6), 1-11 (2013)

Krizhevsky, A., Sutskever, 1., Hinton, G.E.: Imagenet classifica-
tion with deep convolutional neural networks. Commun. ACM
60(6), 84-90 (2017)


https://www.ibc.org/features/eye-catching-the-evolution-of-broadcast-graphics/8458.article
https://www.ibc.org/features/eye-catching-the-evolution-of-broadcast-graphics/8458.article

Exploring the impact of volumetric graphics on the engagement of broadcast media professionals

Page130f 14 310

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Newcombe, R.A., Izadi, S., Hilliges, O., Molyneaux, D., Kim,
D., Davison, A.J., Kohi, P., Shotton, J., Hodges, S., Fitzgibbon,
A.:In 2011 10th IEEE International Symposium on Mixed and
Augmented Reality. IEEE, pp. 127-136 (2011)

Collet, A., Chuang, M., Sweeney, P., Gillett, D., Evseev, D.,
Calabrese, D., Hoppe, H., Kirk, A., Sullivan, S.: High-quality
streamable free-viewpoint video. ACM Trans. Graphics (ToG)
34(4), 1-13 (2015)

Pagés, R., Amplianitis, K., Monaghan, D., Ondfej, J., Smoli¢,
A.: Affordable content creation for free-viewpoint video and vr/
ar applications. J. Vis. Commun. Image Represent. 53, 192-201
(2018)

Sutherland, I.E. et al.: In Proceedings of the IFIP Congress,
vol. 2. New York, pp. 506-508 (1965)

Caviedes, J.E.: The evolution of video processing technology
and its main drivers. Proc. IEEE 100(4), 872-877 (2012)
Pogacnik, M.: In 2018 International Conference on Broadband
Communications for Next Generation Networks and Multimedia
Applications (CoBCom) (IEEE), pp. 1-9 (2018)
Gomez-Barquero, D., Gimenez, J.J., Muntean, G.M., Xu, Y.,
Wau, Y.: IEEE transactions on broadcasting special issue on: 5g
media production, contribution, and distribution. IEEE Trans.
Broadcast. 68(2), 415-421 (2022)

Obrist, M., Cesar, P., Geerts, D., Bartindale, T., Churchill, E.F.:
Online video and interactive tv experiences. Interactions 22(5),
32-37 (2015)

Smolic, A., Amplianitis, K., Moynihan, M., O’Dwyer, N.,
Ondrej, J., Pagés, R., Young, G.W., Zerman, E.: In London
Imaging Meeting 2022. Society for Imaging Science and Tech-
nology Springfield (2022)

O’Dwyer, N., Young, G.W., Smolic, A.: Xr ulysses: addressing
the disappointment of cancelled site-specific re-enactments of
Joycean literary cultural heritage on bloomsday. Int. J. Perform.
Arts Digital Media 18(1), 29-47 (2022)

Pires, F., Tyagi, A., Maclntyre, A., Bostelmann, K., Marczak,
J., Abbasnejad, A., Johnson, E., Horsman, D.: In Proceedings of
the 2022 ACM International Conference on Interactive Media
Experiences, pp. 253-256 (2022)

Fleisher, O., Anlen, S.: In SIGGRAPH 2018 Posters. ACM, pp.
1-2 (2018)

Giil, S., Podborski, D., Hilsmann, A., Morgenstern, W., Eisert,
P., Schreer, O., Buchholz, T., Schierl, T., Hellge, C., AG, D.T.:
In Proceeding International Broadcasting Convention (IBC),
Amsterdam, Netherlands (2020)

Young, G.W., Dinan, G., Smolic, A.: In International Confer-
ence on Human-Computer Interaction. Springer, pp. 215-229
(2023)

Hach, T., Arias, P., Bosch, C., Montesa, J., Gasco, P.: Seamless
3d interaction of virtual and real objects in professional virtual
studios. SMPTE Motion Imaging J. 126(1), 43-56 (2017)
Barakonyi, 1., Schmalstieg, D.: In SIGGRAPH 2006 Sketches.
ACM, pp. 75-es (2006)

Magnenat-Thalmann, N., Thalmann, D.: Handbook of Virtual
Humans. John Wiley & Sons (2005)

Parent, R.: Computer Animation: Algorithms and Techniques.
Newnes (2012)

Azuma, R., Baillot, Y., Behringer, R., Feiner, S., Julier, S., Mac-
Intyre, B.: Recent advances in augmented reality. IEEE Comput.
Graphics Appl. 21(6), 34-47 (2001)

Bleser, G., Stricker, D.: Advanced tracking through efficient
image processing and visual-inertial sensor fusion. Comput.
Graphics 33(1), 59-72 (2009)

Lepetit, V., Fua, P., et al.: Monocular model-based 3d tracking
of rigid objects: a survey. Found. Trends Comput. Graphics
Vision 1(1), 1-89 (2005)

57.

58.

59.

60.

61.

62.

63.

64.
65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.
76.

71.

78.

79.

80.

81.

82.

83.

Smith, A.R., Blinn, J.F.: In Proceedings of the 23rd Annual Con-
ference on Computer Graphics and Interactive Techniques, pp.
259-268 (1996)

Menache, A.: Understanding Motion Capture for Computer Ani-
mation. Elsevier (2011)

Moeslund, T.B., Hilton, A., Kriiger, V.: A survey of advances in
vision-based human motion capture and analysis. Comput. Vis.
Image Underst. 104(2-3), 90-126 (2006)

Porter, T., Duff, T.: In Proceedings of the 11th Annual Conference
on Computer Graphics and Interactive Techniques, pp. 253-259
(1984)

Lewis, J.P., Cordner, M., Fong, N.: In Seminal Graphics Papers:
Pushing the Boundaries, Volume 2. ACM, pp. 811-818 (2023)
Rhyne, T.M.: Computer games and scientific visualization. Com-
mun. ACM 45(7), 40-44 (2002)

Pharr, M., Jakob, W., Humphreys, G.: Physically Based Render-
ing: From Theory to Implementation. MIT Press (2023)
Hoffman, N., Peters, A., et al.: Real-time rendering (2008)
Zakon, R.: Hobbes’ Internet Timeline. Tech. rep., Retrieved from
https://www.zakon.org/robert/internet/timeline/ (1997)

Furht, B.: Handbook of Augmented Reality. Springer Science &
Business Media (2011)

Criminisi, A., Reid, L., Zisserman, A.: Single view metrology. Int.
J. Comput. Vision 40, 123-148 (2000)

Schreer, O., Feldmann, 1., Ebner, T., Renault, S., Weissig, C., Tat-
zelt, D., Kauff, P.: Advanced volumetric capture and processing.
SMPTE Motion Imaging J. 128(5), 18-24 (2019)

Young, G.W., O’Dwyer, N., Smolic, A.: In Immersive Video Tech-
nologies, pp. 591-607. Elsevier (2023)

Aracena, M., O’Doherty, M., Schreer, O., Schwarz, S.: Solving
the challenge of volumetric video production and streaming: an
end-to-end perspective of technologies and device ecosystem
capabilities and performance. SMPTE Motion Imaging J 132(5),
16-29 (2023)

Alkhalili, Y., Meuser, T., Steinmetz, R.: In 2020 IEEE Sixth Inter-
national Conference on Multimedia Big Data (BigMM). IEEE, pp.
191-199 (2020)

Viola, I., Cesar, P.: Volumetric video streaming: current
approaches and implementations. Immersive Video Technologies
pp. 425-443 (2023)

Patton, M.Q.: Qualitative Research & Evaluation Methods: Inte-
grating Theory and Practice. Sage publications (2014)
Hassenzahl, M., Tractinsky, N.: User experience-a research
agenda. Behav. Inf. Technol. 25(2), 91-97 (2006)

Nielsen, J.: Usability Engineering. Morgan Kaufmann (1994)
Braun, V., Clarke, V.: Using thematic analysis in psychology.
Qual. Res. Psychol. 3(2), 77-101 (2006)

Field, A.: An Adventure in Statistics: The Reality Enigma. Sage
(2022)

American Psychological Association. Ethical principles of psy-
chologists and code of conduct. https://www.apa.org/ethics/code
(2017). Accessed: 27/02/2024

Braun, V., Clarke, V.: Thematic Analysis. American Psychological
Association (2012)

Rosendo, D., Costan, A., Valduriez, P., Antoniu, G.: Distributed
intelligence on the edge-to-cloud continuum: a systematic litera-
ture review. J. Parallel Distrib. Comput. 166, 71-94 (2022)
Nielsen, R.K., Sambrook, R.: What is happening to television
news? Digital news project, Reuters Institute (2016)

Taleb, T., Samdanis, K., Mada, B., Flinck, H., Dutta, S., Sabella,
D.: On multi-access edge computing: a survey of the emerging 5g
network edge cloud architecture and orchestration. IEEE Com-
mun. Surv. Tutor. 19(3), 1657-1681 (2017)

Zeadally, S., Moustafa, H., Siddiqui, F.: Internet protocol televi-
sion (iptv): architecture, trends, and challenges. IEEE Syst. J. 5(4),
518-527 (2011)

@ Springer


https://www.zakon.org/robert/internet/timeline/
https://www.apa.org/ethics/code

310 Page 14 of 14

G.W.Young et al.

84. da Silva Klehm, V., de Souza Braga, R., de Lucena Jr, V.F.: A sur-
vey of digital television interactivity technologies. Sensors 22(17),
6542 (2022)

85. Sujata, J., Sohag, S., Tanu, D., Chintan, D., Shubham, P., Sumit,
G.: Impact of over the top (ott) services on telecom service provid-
ers. Indian J. Sci. Technol. 8(S4), 145-160 (2015)

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.



	Exploring the impact of volumetric graphics on the engagement of broadcast media professionals
	Abstract
	1 Introduction
	2 Background
	3 Methodology
	3.1 Participants

	4 Results
	4.1 Immersion and realism
	4.2 Comparative merits of 2D and 3D visuals
	4.3 Impact on viewer engagement
	4.4 Role of graphics and visuals in broadcasting
	4.5 Enhancing content with on-screen images and statistics
	4.6 Applications of mixed reality in different TV show genres
	4.7 Enhanced production tools and their impact on broadcasting
	4.8 Personal use of 3D assets and avatars
	4.9 Summary of results

	5 Discussion
	5.1 The impact of XR technology in broadcasting
	5.2 Benefits and limitations of 2D vs. 3D content creation
	5.3 Advancements in AI and volumetric reconstruction
	5.4 Efficiency and cost-effectiveness in remote production
	5.5 Implications for multi-platform content distribution

	6 Guidelines
	7 Limitations and future work
	8 Conclusions
	Acknowledgements 
	References


