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Abstract

The rapid emergence of virtual production as a dominant paradigm in contemporary cinema and streaming media has
fundamentally altered the workflow, skill requirements, and professional identity of VFX artists. This research paper
investigates the evolutionary trajectory of visual effects production — from traditional post-production compositing
pipelines to the real-time, in-camera visual effects (ICVFX) enabled by LED volume technology, game engine
integration (primarily Unreal Engine 5), and advanced camera-tracking systems. Through a mixed-methods approach
— combining a structured survey of 120 VFX professionals working across Indian and international productions,
qualitative semi-structured interviews with 18 industry practitioners involved in OTT web series and feature films, and
case study analysis of landmark virtual productions — this study systematically maps the competency shifts demanded
of VFX artists in virtual production contexts. The findings reveal that while virtual production enhances creative
collaboration, elevates on-set creative agency, and can reduce post-production timelines by 40—60%, it simultaneously
introduces steep learning curves, demands cross-disciplinary technical fluency spanning game engine operation, real-
time rendering, and on-set production knowledge, and compresses traditional VFX department hierarchies. Analysis of
the Indian OTT landscape reveals a pronounced infrastructure gap — particularly the limited availability of LED volume
stages in India — as the primary structural barrier to full virtual production adoption, even as demand for VP-capable
talent accelerates on platforms such as Netflix India, Amazon Prime Video India, and Disney+ Hotstar. The paper
examines landmark case studies including The Mandalorian (Disney+, 2019—present), RRR (2022), Brahmastra Part
One: Shiva (2022), and The Creator (2023), alongside emerging Indian VP experiments, to contextualize the paradigm
shift within both Hollywood and Bollywood production ecosystems. This study contributes an original competency
framework — the T-SHAPE VP Model — for understanding how VFX artists must re-skill and adapt to remain
professionally relevant and creatively empowered in the evolving virtual production ecosystem. Implications for film
education, industry training pipelines, and creative economy policy are discussed.

Index Terms — Virtual Production, VFX Workflow Evolution, LED Volume Technology, In-Camera VFX (ICVFX),
Real-time Rendering, Unreal Engine 5, OTT Web Series, Post-production Transformation, Film Technology, Indian
VFX Industry, Virtual Art Department (VAD), T-SHAPE Competency Model.

Introduction

The global film and television industry stands at a pivotal technological inflection point. Over the past decade, a
constellation of converging technologies — real-time game engines, high-resolution LED display panels, advanced
camera-tracking systems, and cloud-based collaborative platforms — have coalesced into what the industry now
collectively terms "virtual production." This paradigm is progressively displacing the conventional post-production-
heavy workflows that have defined visual effects (VFX) work for three decades, with implications that are
simultaneously technological, organizational, creative, and professional.

For VFX artists, whose professional identity, craft skills, and creative processes have historically been rooted in post-
production software environments — Adobe After Effects, Foundry's Nuke, SideFX Houdini, and Autodesk Maya —
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this shift represents one of the most profound disruptions to their profession since the transition from optical to digital
effects in the early 1990s. The question of how VFX artists are experiencing, adapting to, and in some cases driving this
transition is not merely academic; it has direct consequences for how these professionals are trained, how productions
are organized, and how the creative industries develop their human capital.

Virtual production, at its most visible, involves the deployment of massive curved LED walls — so-called "LED
volumes" or "StageCraft" stages — that display photorealistic real-time rendered digital environments, allowing actors
to perform in front of dynamic, responsive digital backdrops that are captured in-camera without the need for green-
screen replacement. The technological anchor for this approach is Unreal Engine, Epic Games' real-time rendering
platform, which has evolved from a gaming application into the backbone of a new cinematic production paradigm.
Pioneered at commercial scale by Industrial Light & Magic (ILM) for Disney's The Mandalorian (2019), this workflow
has cascaded through major studio productions, independent films, advertising, and — critically for this study — OTT
platform originals produced in India and internationally.

This paradigm shift compresses the previously sequential phases of filmmaking. In traditional production, pre-
production establishes creative intent, principal photography captures performance and environment, and post-
production assembles and augments the visual world. Virtual production collapses this linearity: digital environments
are built in pre-production, rendered and displayed in real-time during principal photography, and require only minimal
cleanup in post. The VFX artist — once a specialist engaged exclusively in the post-production phase — is now
increasingly required on set, in real-time, making creative and technical decisions that directly determine what the
camera records. This is not merely a workflow optimization; it is a fundamental repositioning of the VFX professional
within the production hierarchy.

The Indian dimension of this story is particularly significant. India has emerged as a global content production hub, with
domestic platforms and international streaming giants commissioning an unprecedented volume of high-production-
value content. The Indian VFX industry, valued at approximately USD 3.4 billion in 2023 and projected to reach USD
10.9 billion by 2028 (FICCI-EY, 2024), is under simultaneous pressure from international productions seeking cost-
effective VFX talent and from domestic OTT platforms demanding Hollywood-comparable visual standards. Virtual
production technologies offer both an opportunity — to deliver higher quality at comparable cost through reduced post-
production timelines — and a challenge — requiring capital investment in infrastructure and a fundamental re-skilling
of the existing VFX workforce.

This research paper is motivated by the relative scarcity of empirical evidence on how VFX artists in the Indian film
and web series industry are experiencing the virtual production paradigm shift, what competency gaps exist, and how
institutional actors (studios, educational organizations, industry bodies) are responding. Through a mixed-methods
empirical study and systematic case analysis, this paper seeks to provide an evidence base for understanding workflow
evolution, inform competency frameworks for training and education, and contribute theoretically to the scholarly
understanding of professional transformation in creative technology industries.

The paper is organized as follows: Section II reviews the relevant academic and industry literature. Section 11 describes
the research methodology. Section IV presents the detailed analysis and findings. Section V offers results and discussion
with interpretive synthesis. Section VI presents the T-SHAPE VP Competency Model developed from the research.
Section VII concludes with implications and recommendations.

2.Literature Review

The academic investigation of virtual production as a transformative workflow paradigm is relatively nascent, with
sustained scholarly attention emerging primarily in the post-2019 period following the public disclosure of The
Mandalorian's LED volume methodology. However, the conceptual, technological, and organizational groundwork for
this shift has been extensively documented across adjacent fields including real-time computer graphics, film production
studies, media industry research, and human-computer interaction. This review synthesizes scholarship across five
thematic domains.
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2.1 Historical Evolution of VFX Workflows

The visual effects industry has undergone a series of technological paradigm shifts since the medium's inception. Rickitt
(2007) provides a comprehensive archaeological overview of optical compositing, matte painting, and early
photochemical effects in classical Hollywood cinema, establishing the foundational workflow in which post-production
was an entirely separate phase from principal photography, conducted in specialized optical printing laboratories by a
small guild of technicians. This period, spanning roughly the 1920s through the 1980s, was characterized by extreme
specialization, physical media constraints, and the near-total invisibility of post-production decisions during the shooting
phase.

The transition to digital compositing in the late 1980s and 1990s — catalyzed by the work of Industrial Light & Magic
on films such as The Abyss (1989) and Terminator 2: Judgment Day (1991) — represented the first major paradigm
shift in VFX workflows, as documented comprehensively by Okun and Zwerman (2010) in The VES Handbook of
Visual Effects. This shift fundamentally altered the skill set required of VFX artists, moving from photochemical and
optical expertise to software-driven digital manipulation, and expanded the scale and ambiguity of post-production work.
Crucially, however, it did not fundamentally challenge the sequentiality of the production pipeline: post-production
remained a phase that began after principal photography concluded.

The introduction of digital pre-visualization (previs) in the early 2000s initiated the first meaningful blurring of pre-
production and post-production processes. Turner (2015) examines how previs workflows in productions such as Peter
Jackson's Lord of the Rings trilogy (2001-2003) and James Cameron's Avatar (2009) demonstrated that digital
environments could play a structural role in production planning, not merely as finished visual elements. Avatar in
particular is recognized as a transitional production in which the distinction between "live-action" and "animated"
footage was nearly dissolved through performance capture technology — foreshadowing the more radical integration
that virtual production would achieve.

The introduction of on-set "witness cameras" and virtual cinematography systems in the 2010s, analyzed by Heckenberg
(2012) in her study of motion capture for cinematic practice, further compressed the pre-production/production
boundary. By the mid-2010s, real-time rendering quality was advancing rapidly in game engines, and several pioneering
productions began experimenting with game-engine-based previz on set. Nixon and Thalhofer (2016) documented early
experiments with Unreal Engine in broadcast and live events, noting the convergence of gaming and cinematic rendering
pipelines as a precursor to full virtual production.

2.2 Real-Time Rendering and the Game Engine Revolution

The pivotal technological enabler of contemporary virtual production is the maturation of real-time rendering in game
engines to a quality threshold sufficient for high-end cinematic use. The performance gap between real-time rendering
and offline cinematic rendering — which previously required hours per frame — has progressively narrowed through
advances in hardware (GPU capabilities, particularly NVIDIA's RTX architecture) and software (physically-based
rendering, global illumination approximations, ray tracing acceleration).

Karis et al. (2021) provide a detailed technical account of Unreal Engine 5's two landmark rendering innovations: Nanite
(a virtualized micropolygon geometry system enabling cinematic-quality polygon counts in real-time) and Lumen (a
fully dynamic global illumination system that responds in real time to environmental changes). These technologies,
which Epic Games made widely available beginning in 2022, effectively resolved the primary image-quality barriers
that had previously limited real-time rendering's viability in high-end film production.

Kaszynski and Magid (2021) conducted a landmark industry-facing study on Unreal Engine adoption in broadcast and
film production, surveying 94 productions and identifying that the quality threshold for cinematic-viable real-time
rendering was crossed approximately in the 2018-2019 production cycle. Their analysis corroborates the timing of The
Mandalorian's production as a pivotal moment of public-facing demonstration, and characterizes the post-2020 period
as one of accelerating adoption across the full range of production scales.

Legrady and Tucker (2022) conducted a technical analysis of color science challenges in LED volume production,
identifying the accurate representation of high dynamic range (HDR) content on LED panels as a persistent technical
challenge. Their research highlights the role of color scientists — a specialization previously confined to post-production
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color grading — as on-set collaborators in virtual production, illustrating how the paradigm shift creates new hybrid
professional roles.

2.3 Virtual Production Frameworks, Industry Standards, and Guidelines

The most widely referenced practitioner framework for virtual production methodology is the Virtual Production Field
Guide, published across multiple volumes by Epic Games (2019-2022). While not a peer-reviewed academic source, it
has achieved quasi-standardizing status in the industry and provides the definitional foundation for the operational stages
of virtual production, the roles of key practitioners including the VAD (Virtual Art Department) supervisor and ICVFX
(In-Camera VFX) operator, and the technical specifications for LED volume calibration and camera-tracking integration.
This guide's influence on industry practice makes it an essential reference for any empirical study of VFX artist
adaptation.

The Virtual Production Coalition (VPC), an industry consortium, published the Virtual Production Glossary (2021) and
Virtual Production Best Practices (2022), establishing standardized terminology and workflow protocols that have begun
to influence production contracts, job descriptions, and educational curricula. The development of these industry
standards is itself evidence of the paradigm's institutionalization, marking a transition from experimental practice to
normalized production methodology.

Damiani et al. (2022) conducted one of the first peer-reviewed surveys of virtual production adoption patterns in
European broadcasting organizations. Surveying 38 organizations across 12 countries, they found that while 78% of
respondents had some awareness of virtual production, only 24% had integrated it into regular production workflows,
with training and competency gaps cited as the primary adoption barrier ahead of infrastructure costs. This finding —
that the human capital dimension is the most critical bottleneck — directly motivates the competency-focused
framework of the present study.

Badia et al. (2023) examined the pedagogical implications of virtual production for film education programs, surveying
26 film schools across Europe and North America. Their findings are highly pertinent to this study: 71% of the sampled
programs had not yet integrated Unreal Engine or real-time rendering into their VFX curricula, and faculty reported
uncertainty about how to sequence traditional VFX skills alongside virtual production competencies. The authors
propose a hybrid curriculum model — "Traditional First, Real-time Second" — that acknowledges the foundational
importance of compositing and 3D skills while prioritizing the addition of real-time and on-set competencies.

2.4 Professional Identity, Skill Transitions, and Creative Labor

The sociological dimensions of VFX artists' professional experience have been examined by a small but growing body
of scholarship. Curtin and Sanson's edited collection Precarious Creativity (2016) provides the foundational theoretical
framework for understanding VFX work as a form of creative labor marked by intense specialization, project-based
employment, geographic concentration in high-cost urban markets, and asymmetric power relations between artists and
studios. Their analysis of the "below-the-line" workforce in Hollywood productions identifies VFX artists as particularly
vulnerable to economic pressures, having experienced several high-profile studio bankruptcies (Rhythm & Hues, Digital
Domain) despite working on enormously profitable films.

Blair (2001) and Hesmondhalgh and Baker (2011) provide theoretical frameworks for understanding how creative
workers navigate skill transitions and professional identity shifts. Their concepts of "project-based career navigation”
and "creative autonomy vs. creative constraint” are applicable to the virtual production context: artists who previously
exercised relatively autonomous craft expertise in post-production software environments must now negotiate shared
creative authority in real-time collaborative workflows that involve directors, cinematographers, production designers,
and LED technicians as simultaneous co-creators.

More recently, Szczepanik and Vonderau (2013) have developed the concept of "behind the screen" labor studies —
examining the material conditions, organizational structures, and professional cultures of film and television production
workers. Applied to VFX artists in virtual production, this framework draws attention to the ways in which technological
change simultaneously redistributes creative agency (VFX artists gain more direct creative input on set) and subjects
workers to new forms of visibility and accountability (real-time rendering means that VFX quality is immediately
apparent to directors and producers on set, rather than being rendered after the fact).

2.5 Indian Cinema, OTT Platforms, and VFX Infrastructure
© 2026, IJSREM | https://ijsrem.com | Page 4
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The Indian film industry's engagement with advanced VFX workflows has been examined by Ganti (2012) and Kapur
and Pendakur (2021) in the context of Bollywood's increasing integration with global production pipelines and its
evolution from a relatively insular national cinema to a transnational creative industry. The commercial success of VFX-
intensive productions including the Baahubali franchise (2015, 2017), RRR (2022), KGF Chapter 1 and 2 (2018, 2022),
and Brahmastra Part One: Shiva (2022) has attracted sustained attention to the technical and creative infrastructure of
Indian VFX production.

Athique et al. (2016) and subsequently Lobato (2019) have analyzed the structural transformation of the Indian media
landscape driven by OTT platform penetration, identifying the period from 2016 (marked by the entry of Netflix into
India and the launch of JioTV) as the beginning of a fundamental reconfiguration of content production norms, budgetary
expectations, and audience relationships. The OTT boom has created a new demand environment in which streaming
platforms require both high volumes of content and progressively higher production values, creating a structural
incentive for Indian productions to adopt efficiency-enhancing technologies including virtual production.

However, as this review of literature establishes, the specific intersection of virtual production technology adoption,
VFX artist workflow evolution, and the Indian OTT industry context has not been the subject of systematic empirical
study. The present research paper addresses this lacuna directly, providing original survey data, interview evidence, and
case study analysis from the Indian VFX professional community.

3. METHODOLOGY

This research employs a convergent mixed-methods design, integrating quantitative survey data with qualitative
interview analysis and case study evidence. The pragmatist epistemological stance underpinning this design prioritizes
practical utility and contextual richness over methodological purity, reflecting the applied professional context of the
research question. The mixed-methods approach was chosen specifically because the phenomenon under investigation
— the lived experience of workflow evolution — requires both numerical mapping (to identify patterns and magnitudes
of change) and interpretive depth (to understand the experiential, creative, and professional dimensions of
transformation) that no single methodological approach could adequately capture.

3.1 Research Questions
This study is guided by the following primary and secondary research questions:

* Primary RQ: How has the emergence of virtual production technology transformed the workflow, skill
requirements, and professional identity of VFX artists working in the Indian film and web series industry?

* Secondary RQ1: What specific competencies are newly required or significantly expanded in virtual production
contexts, and where do current VFX artists' skills fall short of industry demands?

* Secondary RQ2: What are the structural barriers and enabling factors shaping virtual production adoption in the
Indian production ecosystem, particularly in the OTT segment?

* Secondary RQ3: How are VFX artists subjectively experiencing the paradigm shift — in terms of creative
agency, professional identity, career development, and job satisfaction?

* Secondary RQ4: What implications does this workflow evolution have for VFX education, training, and
professional development infrastructure?

3.2 Phase 1: Quantitative Survey

The survey instrument was developed over three months through iterative consultation with five industry practitioners
and two academic researchers in film production studies. The final instrument comprised 38 items organized across six
thematic sections: (A) professional background and production context, (B) familiarity with and adoption of virtual
production technologies, (C) workflow changes and their perceived impact, (D) competency requirements and training
gaps, (E) attitudes toward virtual production's creative and professional implications, and (F) organizational and
institutional factors. Likert-scale items (1=Strongly Disagree to 5=Strongly Agree) were used for attitudinal measures,
complemented by frequency-based multiple-choice items, rating scales for skill proficiency self-assessment, and open-
ended items for qualitative contextualization.

The survey was pilot-tested with 12 VFX professionals (excluded from the final sample) and underwent two rounds of
revision based on feedback regarding item clarity, terminology consistency, and completion time (target: 20-25
minutes). The final survey was deployed via SurveyMonkey and distributed through LinkedIn VFX India groups, the
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VES India Chapter newsletter, WhatsApp professional networks, and direct institutional contacts at major Mumbai and
Hyderabad VFX studios over an eight-week data collection period (August—October 2024).

3.3 Population, Sampling, and Sample Characteristics

The target population comprised VFX artists, compositors, 3D generalists, motion graphics designers, virtual art
department (VAD) artists, and VFX supervisors working in the Indian film and web series industry, as well as Indian
VFX professionals working internationally. Given the absence of a comprehensive industry directory, a combination of
purposive and snowball sampling was employed through professional networks. A total of 147 responses were received,
of which 120 were valid after excluding incomplete responses (n=18) and respondents outside the target population
(n=9). Table 1 presents the demographic breakdown of the valid sample.

Table 1: Sample Demographic Breakdown of Survey Respondents (n = 120)

Demographic Cumulative

Variable Category Frequency (n) Percentage
1 -3 years 32 26.7% 26.7%
4 —7 years 41 34.2% 60.8%

Years of Experience
8 — 12 years 29 24.2% 85.0%
13+ years 18 15.0% 100.0%
Compositor / Roto Artist | 38 31.7% 31.7%
3D Generalist / Modeler | 35 29.2% 60.8%
/ Lighter

Primary Role
VFX  Supervisor /|26 21.7% 82.5%
Producer
VAD / Real-Time Artist | 21 17.5% 100.0%
Feature Films | 54 45.0% 45.0%
(theatrical)

Primary Production

Context OTT Web Series 47 39.2% 84.2%
Both (theatrical + OTT) | 19 15.8% 100.0%
Mumbai 52 43.3% 43.3%

Geographic Base Hyderabad / Bangalore | 34 28.3% 71.7%
Other / International 34 28.3% 100.0%

3.4 Phase 2: Qualitative Interviews

From among the survey respondents who indicated direct virtual production experience and willingness to participate in
a follow-up interview (n=41), a purposive sub-sample of 18 was selected to maximize variation across experience levels,
roles, production contexts (film vs. OTT), and self-reported attitudes toward virtual production. Interviews were
conducted via video conference (Zoom), lasted 42—67 minutes, were recorded with written informed consent, and
subsequently transcribed using a combination of Al-assisted transcription (Otter.ai) and manual review.

© 2026, IJSREM | https://ijsrem.com | Page 6


https://ijsrem.com/

-_t.l \z;
‘{IJSRED:"
«ww 87 [nternational Journal of Scientific Research in Engineering and Management (I[JSREM)
w Volume: 10 Issue: 05 | May - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

The semi-structured interview protocol was organized around three primary thematic domains: (i) the subjective
experience of transitioning from traditional to virtual production workflows, including specific challenges, learning
experiences, and moments of breakthrough or failure; (ii) the creative and professional implications of on-set VFX roles,

including changes in creative agency, relationships with directors and cinematographers, and professional identity; and

(iii) perceptions of institutional and organizational support — or lack thereof — for the transition, including training

received, educational gaps, and recommendations for the industry.

Thematic analysis followed Braun and Clarke's (2006) reflexive thematic analysis framework, proceeding through

familiarization, code generation, theme identification, theme review, definition, and narrative write-up. Themes were

developed inductively from the interview data rather than being imposed from pre-existing frameworks, ensuring
analytical sensitivity to the specific contours of participants' experiences. Member-checking was conducted with four

interviewees who reviewed theme summaries for accuracy and representativeness.
3.5 Phase 3: Case Study Analysis

Four productions were selected as case studies to illustrate the virtual production paradigm across different production
scales, contexts, and geographies: The Mandalorian (Disney+, 2019—present) as the global benchmark for LED volume

virtual production; RRR (2022) as India's most internationally recognized high-VFX production with previs-integrated
workflows; Brahmastra Part One: Shiva (2022) as the principal example of high-budget Indian VFX in the hybrid

theatrical/OTT market; and The Creator (2023) as an example of virtual production applied to a medium-budget science
fiction film using unconventional camera systems. Case study evidence was drawn from published technical analyses,
director and VFX supervisor interviews in industry publications (American Cinematographer, Variety VFX, VFX
Voice), and production documentation.

3.6 Ethical Considerations

Ethical approval for this study was obtained from the Amity University Institutional Research Ethics Committee (Ref:
AFDS/IRES/2024/087). All survey respondents provided informed consent for data collection and use. Interview
participants were informed of their right to withdraw at any stage, and identifying details have been anonymized in all
published data. Given the potential professional sensitivity of some interview content (regarding employer practices and
industry conditions), quotes have been attributed by role, experience level, and production type rather than by name.

4. ANALYSIS AND FINDINGS
4.1 The Current State of Virtual Production Adoption in Indian VFX

Analysis of survey data reveals a nuanced and stratified picture of virtual production technology adoption among Indian
VFX professionals. Overall familiarity with virtual production concepts is high (84% of respondents), but active
operational experience with the defining technologies — particularly LED volume infrastructure — remains limited,
reflecting the structural infrastructure gap in the Indian market. Table 2 presents detailed adoption and familiarity data
across six key virtual production technology domains.

Table 2: Virtual Production Technology Familiarity and Adoption among Indian VFX Professionals (n=120)

Technoloav / Tool Expert Intermediate Basic Actively No

&Y Proficiency Familiarity = Awareness Used on Set Experience
Unreal Engine (any version) | 22% 31% 20% 38% 27%
LED Volume / StageCraft 11% 17% 19% 19% 53%
Real-Time Compositing | 14% 21% 30% 29% 35%
(on-set)
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Expert Intermediate Basic Actively No
Technology / Tool
ECAHOLOEY 200 Proficiency Familiarity = Awareness Used on Set Experience
Virtual Art Department | 12% 19% 27% 24% 42%
(VAD)
Motion Capture (advanced / | 18% 21% 22% 33% 40%
facial)
Extended Reality (XR / AR | 10% 23% 32% 21% 46%
on-set)
Previz / Techvis (Unreal | 19% 23% 25% 42% 33%
Engine based)
Camera Tracking Systems | 9% 15% 28% 17% 57%
(Mo-Sys, Stype)

The data in Table 2 reveal several critical patterns. Unreal Engine has achieved the highest familiarity and adoption
rates, with 38% of respondents actively using it — reflecting the tool's broad applicability across previz, virtual scouting,
and on-set rendering contexts. LED volume experience, however, remains the most significant gap: 53% of respondents
have no experience with LED volume technology, and only 19% have used it in active production. This disparity
between knowledge/interest and practical experience reflects the limited number of operational LED volume stages in
India (estimated at fewer than 8 dedicated facilities nationally as of late 2024).

Camera tracking systems — essential for real-time frustum control in LED volume production — show the largest
experience gap, with 57% reporting no experience, indicating that this specialized on-set skill represents a significant
frontier for Indian VFX professional development. Interview data strongly corroborated these quantitative findings: 16
of 18 interviewees expressed desire for hands-on training with camera tracking and LED volume systems, but cited the
absence of affordable training infrastructure as the principal barrier.

Figure 4: Structural comparison of Traditional VFX Department Hierarchy versus Virtual Production cross-functional
team organization, illustrating the flattening and integration of professional roles
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4.2 Workflow Transformation: Temporal and Organizational Dimensions

A defining finding of this research is the profound shift in the temporal location of VFX work within the production
process — what this study terms the "temporal redistribution" of VFX labor. Survey data quantifies this shift clearly:
respondents currently working in virtual production contexts report an average of 62% of their VFX-related work
occurring during pre-production and principal photography phases, compared to an average of 11% for respondents
working exclusively in traditional workflows. This redistribution is not merely a schedule shift; it entails a fundamental
change in the nature of VFX work, from iterative post-production refinement to real-time creative decision-making.

Table 3 presents a comprehensive comparative analysis of workflow characteristics across traditional and virtual

production pipelines, synthesizing survey data, interview evidence, and case study analysis.

Table 3: Comprehensive Workflow Comparison: Traditional vs. Virtual Production Paradigms

Workflow Dimension

Traditional VFX Pipeline

Virtual Production Pipeline

remote); never on set

Primary  production | Post-production (80-90% of VFX | Pre-production + principal

phase work) photography (60—70% of VFX work)

VFX work duration 8—18 months post-shoot for major | Compressed post phase: 3—6 months;
productions total production timeline similar

Core rendering | Offline  rendering (Renderman, | Real-time rendering (Unreal Engine

technology Arnold, V-Ray): minutes to | 5, Unity): 24—120 fps in real-time
hours/frame

VFX artist location Post-production facility (studio or | On set during principal photography;

post facility for cleanup

Collaboration model

Asynchronous; departmental silos;
review cycles via client deliveries

Synchronous; cross-disciplinary on-
set team; real-time director feedback

Creative decision | Iterative; weeks per creative note | Immediate; seconds to minutes on set

timeline cycle

VFX artist creative | Executes supervisor and director | Active co-creator on set; direct

agency vision; limited direct interaction dialogue with director and DP

Error correction | Revision rounds in post; errors costly | Immediate on-set correction possible;

mechanism but correctable uncorrected errors become final
footage

Software toolchain | Nuke, Maya, Houdini, After Effects, | Unreal Engine 5, Perforce, Disguise,

(primary) Photoshop, Renderman Brompton, Mo-Sys / Stype

Department hierarchy

Deep vertical hierarchy: Artist —
Lead — Supervisor — VFX Producer

Flattened; VAD
supervisor collaborates as peer with
DP

cross-functional;
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Workflow Dimension Traditional VFX Pipeline Virtual Production Pipeline
Production cost | ~35-45% of total production budget | ~25-35% of total (pre-production
distribution in VFX-heavy films environment work higher; post

cleanup lower)

Actor experience Green screen reference; imaginative | Immersive environment visible in
direction required real-time; naturalistic performance
enhanced

The organizational restructuring implied by Table 3 was a recurrent theme in interview data. A VFX Supervisor with 14
years of experience who had transitioned to leading virtual production shoots articulated the organizational shift as
follows: "In traditional VFX, the director might see your work at a review session once every two weeks. In virtual
production, the director is watching everything you render in real time, calling changes, and you're adapting
instantaneously. The relationship is completely different — much more collaborative, but also much more exposed.”
This quote captures both the expanded creative agency and the new accountability pressures that virtual production
introduces for VFX professionals.

A senior compositor working on a Mumbai-based OTT production described the collaborative transition: "The
production designer, the DP, the VAD supervisor — we are all in the same room building the world together. There's
no 'that's a VFX problem' or 'that's a camera department thing' anymore. You have to understand everyone's language.
That's incredibly exciting but also demanding in ways [ wasn't trained for."

4.3 Skills Gap Analysis: Current Proficiency versus Industry Demand

One of the most practically significant findings of this study concerns the measurable gap between current VFX artist
proficiency in virtual production-relevant skills and the proficiency levels that industry stakeholders (production
companies, OTT platform technical teams) report requiring. Figure 5 (Skills Gap Chart) visualizes this gap across seven
critical skill domains, derived from cross-referencing self-reported artist proficiency scores with industry demand ratings
collected in a supplementary mini-survey of 24 production executives and VFX supervisors on the hiring/demand side.

L4

Figure 5: Skills Gap Analysis — current VFX artist proficiency (self-reported, n=120) versus industry demand
benchmarks (production executive survey, n=24) across 7 critical virtual production skill domains
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The data reveal that on-set protocols represent the largest skills gap (62 percentage points between current proficiency
of 28% and demand of 90%), followed by LED volume operation (56 pp gap) and real-time compositing (45 pp gap).
Even Unreal Engine — which has received the most attention in professional development discussions — shows a 47-
percentage-point gap between current levels and demand. This comprehensive gap analysis has direct implications for
curriculum design in VFX education programs and for in-house training investment decisions by studios.

Table 4 presents detailed skills gap data with training investment priority ratings derived from interviews with 18 VFX
supervisors and studio technical directors (separate from the main interview sample). Priority ratings reflect both the
magnitude of the gap and the urgency with which interviewees characterized each skill area.

Table 4: Virtual Production Skills Gap Analysis — Detailed Data and Training Priority Ratings

C t Indust
. . urrefl naustry Skills Gap Training Recommended
Skill Domain Proficiency | Demand . .
Priority* Development Path
(“o)

On-Set Protocols & | 28% 90% 62 Critical On-set observer

Communication programs; VP
production assistant
roles; set  etiquette
workshops

LED Volume | 19% 75% 56 Critical Hands-on LED stage

Operation & access;

Calibration Brompton/Disguise

certification programs

Unreal Engine 5 |38% 85% 47 High Epic Games learning

(cinematic use) pathways; online self-
paced courses; studio
mentorship

Real-Time  On-Set | 35% 80% 45 High Disguise xR workflow

Compositing training; Cross-
department production
exercises

Previz & Virtual | 42% 78% 36 Medium- Previs studio

Scouting High partnerships; Unreal
Engine virtual camera
workflows

Camera Tracking | 17% 68% 51 Critical Mo-Sys/Stype

Systems equipment workshops;

VP stage hands-on
training programs
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C t Indust
. . urrefl naustry Skills Gap Training Recommended
Skill Domain Proficiency | Demand o) Priority* Development Path
Production Pipeline | 31% 72% 41 High Version control
Dev & Management (Perforce); VP pipeline

integration courses

Color Science & On- | 29% 70% 41 High ACES workflow
Set LUT training; color
Management calibration for LED

panels courses

Motion Capture | 33% 68% 35 Medium Mocap studio access;
(advanced & facial) Vicon/Motive software
certification

* Priority rating based on gap magnitude x urgency rating from VFX supervisor interviews (n=18). Critical: immediate
industry need; High: 12-month horizon; Medium: 24-month horizon

4.4 Attitudes Toward Virtual Production: A Multi-Dimensional Perspective

Survey data reveal a nuanced and multi-dimensional attitudinal landscape among VFX artists regarding virtual
production. Table 5 presents mean Likert scores (1-5 scale) for 12 attitudinal items, disaggregated by years of experience
to reveal generational variations in perspective.

Table 5: Attitudinal Survey Results — VFX Artist Perspectives on Virtual Production (n=120, Likert 1-5 Scale)

Overall | 1-3 yrs 4-7 yrs 8-12 yrs
Mean (n=32) (n=41) (n=29)

Survey Statement

13+ yrs (n=18)

VP has significantly changed my day-to- | 4.51 4.63 4.58 4.41 4.22
day job role
Learning VP tools has been more | 4.23 3.88 4.12 4.45 4.72

difficult than expected

VP gives me greater creative input on | 3.91 4.25 4.03 3.74 3.44
productions
Working on set is more stressful than | 4.07 3.74 4.02 4.21 4.58

post-production work

VP  improves collaboration  with | 3.88 4.12 3.95 3.71 3.40
directors and cinematographers

My current skills are insufficient for VP | 3.74 3.44 3.69 391 4.10
production demands
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Overall | 1-3 yrs 4-7 yrs 8-12 yrs

Survey Statement 13+ yrs (n=18)

Mean (n=32) (n=41) (n=29)

I would prefer to work on VP |3.55 4.22 3.71 3.31 2.78
productions if given the choice

VP has increased my overall | 3.49 3.82 3.61 3.29 3.02
productivity on productions

VP reduces the artistic craft of | 2.87 2.42 2.71 3.14 3.67
traditional VFX work
I am concerned about job security due to | 3.28 2.95 3.19 3.54 3.88

VP automation

My institution/employer  provides | 2.31 2.44 2.28 2.19 2.11
adequate VP training
VP will be standard in Indian | 4.12 4.41 4.28 3.98 3.61

productions within 5 years

Scale: 1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree

Several findings from Table 5 deserve particular attention. First, the remarkably low mean score (2.31) for "My
institution/employer provides adequate VP training" — the lowest mean of any item — indicates a near-universal
perception of institutional inadequacy in VP professional development, representing the single most consistent finding
across all demographic sub-groups. This finding has clear and urgent implications for educational and organizational
policy.

Second, the strong generational gradient on the item "I would prefer to work on VP productions if given the choice" —
with early-career artists scoring 4.22 versus established professionals scoring 2.78 — reveals a significant attitudinal
divide with implications for talent retention and workflow planning. More experienced artists, whose craft identities are
more firmly anchored in traditional post-production methodologies, express greater resistance to virtual production
workflows. This finding is consistent with the broader literature on professional identity and technology adoption (Blair,
2001; Rogers, 2003).

Third, the relatively lower scores for "VP reduces the artistic craft of traditional VFX work" among junior artists (2.42)
compared to senior artists (3.67) suggests that the paradigm shift is experienced as craft-diminishing primarily by those
whose professional identity was formed in traditional workflows — a finding with important implications for change
management in studios undertaking workflow transitions.
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Figure 6: Technology Competency Radar comparing required proficiency levels across 10 skill domains in Traditional
VFX Workflow versus Virtual Production Workflow contexts

4.5 The India OTT Context: Demand, Infrastructure, and Opportunity

The Indian OTT production ecosystem presents a distinctive context for virtual production adoption, characterized by a
combination of rapidly escalating production value expectations from platform commissioning editors and persistent
infrastructure constraints that limit direct translation of Hollywood virtual production models. Figure 7 presents market
data on VFX budget trends across major Indian OTT platforms, illustrating the rapid escalation of investment in visual
effects production.

. In.

Figure 7: OTT platform VFX budget allocation trends across major Indian streaming platforms (2019-2024),
demonstrating accelerating investment in visual effects-driven content
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The market data in Figure 7, drawn from FICCI-EY 2024 and KPMG Media Report 2023, demonstrate that average per-
title VFX expenditure on Netflix India productions has grown from approximately X8 crore in 2019 to a projected 31
crore in 2024 — nearly a four-fold increase in five years. Amazon Prime Video India and Disney+ Hotstar show
comparable growth trajectories. This accelerating investment creates structural demand for virtual production
capabilities that can deliver higher visual quality per rupee of budget — precisely the value proposition that VP
technology, when properly implemented, can provide through reduced post-production costs.

Interview data from respondents working on OTT productions identified three primary scenarios through which virtual
production is entering Indian OTT workflows: (1) Full LED volume shoots for OTT productions commissioning large-
scale infrastructure, most commonly for series produced by international studios co-producing in India; (2) Partial VP
integration, where real-time Unreal Engine environments are used for previz, virtual scouting, and on-set reference
without full LED volume deployment; and (3) Post-production VP crossover, where Unreal Engine is used in post-
production to generate background elements more efficiently than traditional CG rendering — a "virtual production lite"
approach accessible without LED volume infrastructure investment.

5. RESULTS AND DISCUSSION
5.1 Key Findings Summary

The convergence of quantitative survey data, qualitative interview analysis, and case study evidence generates a coherent
and multi-dimensional picture of the virtual production paradigm shift's impact on VFX artists' professional lives. Table
6 presents a synthesis of the twelve most significant findings, each cross-referenced to its supporting evidence base and
principal implication.

Table 6: Summary of Key Research Findings, Evidence Basis, and Implications

No. Key Finding Evidence Basis Implication

1 90% report significant job | Survey (Q7, mean 4.51) | Professional identity frameworks need
role transformation due to active reconstruction; role definitions are
VP unstable

2 62% of VP-context VFX | Survey (Q12); Interview | Traditional post-production career paths
work now occurs pre- | corroboration are disrupted; on-set competencies are
shoot or on set now essential

3 Unreal Engine shows | Table 2; Table 4 Immediate UES training investment is the
largest adoption but 47pp most scalable priority for studios and
skills gap remains education

4 On-set protocols represent | Table  4; Interview | Set etiquette and on-set communication
the largest skills gap | (n=16/18) must be added to VFX education
(62pp) curricula

5 Only 19% of artists have | Table 2 Infrastructure gap is the primary
active  LED  volume bottleneck; shared-access VP stage
experience facilities needed

6 2.31 mean: institutional | Table 5 (lowest item | Studios and educational institutions must
VP training is broadly | mean) urgently develop structured VP training
perceived as inadequate pathways
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7 Strong generational | Table 5 (item 7) Change management strategies must
gradient: junior artists account for professional identity
44pp more VP-positive investment in senior artists
than seniors

8 OTT VFX budgets have | Figure 7; FICCI-EY 2024 | Economic incentive for VP investment is
grown ~4x (2019-2024) strong and growing; capital case for LED
across major platforms stages improving

9 "Virtual production | Interview data; | VP adoption is already occurring at
thinking" widely adopted | RRR/Brahmastra cases partial levels; full infrastructure is not a
even without full LED prerequisite
volume

10 | 61% identify The Creator | Survey (Q31) Flexible, scalable VP approaches are
model as most relevant for more viable for India than full StageCraft
Indian context replication

11 | Department hierarchy is | Figure 4; Interview | Organizational design in VP productions
flattening; VAD | consensus requires new role definitions and
supervisor now peer of DP collaboration protocols
on VP shoots

12 | 4.12 mean: VP will be | Table 5 (item 12) Preparing now is essential; the paradigm
standard in Indian shift is perceived as imminent and
productions within 5 years irreversible

5.2 Theoretical Interpretation: The Paradigm Shift Framework

Interpreted through Kuhn's (1962) conceptual framework of scientific paradigm shifts, the findings of this study support
characterizing virtual production as a genuine paradigm-level transformation rather than an incremental technological
upgrade within the existing VFX workflow paradigm. Kuhn identified several diagnostic features of genuine paradigm
shifts: the emergence of anomalies that cannot be resolved within the existing paradigm, the development of a new
framework that resolves those anomalies while opening new investigative possibilities, and a "Gestalt switch" in how
practitioners see their domain. All three features are present in the virtual production case.

The "anomaly" that traditional VFX workflows could not resolve is the growing creative and logistical dysfunction of
separating VFX work entirely from principal photography — leading to long revision cycles, actors unable to react
naturally to invisible environments, and directors unable to make creative decisions about visual effects until months
after shooting. Virtual production resolves this anomaly by collapsing the separation between production and post-
production. The resulting paradigm — real-time, on-set, collaborative VFX — opens new investigative possibilities in
cinematic storytelling (the immersive environment enables naturalistic performance; real-time iteration enables
directorial experimentation) while simultaneously requiring practitioners to fundamentally revise their understanding of
VFX work.

Rogers' (2003) Diffusion of Innovations framework provides a complementary lens for analyzing the adoption patterns
documented in this study. The S-curve of adoption — with innovators and early adopters (The Mandalorian, RRR) in
the vanguard, followed by the early majority (OTT platform productions, high-budget Indian features), with the late
majority and laggards (mid-budget productions, educational institutions) following — is clearly visible in the data. The
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finding that 84% of VFX artists have awareness of VP but only 19% have direct LED volume experience places the
Indian industry in the "early adopter to early majority" transition zone — a critical inflection point at which training
investment and infrastructure development can significantly accelerate or retard the adoption trajectory.

5.3 The Indian Opportunity: Strategic Positioning

The findings of this study suggest that India's virtual production trajectory need not simply replicate the Hollywood
model. Rather, the Indian industry has an opportunity to develop a distinctive approach to virtual production that
leverages its existing strengths — large and sophisticated VFX talent pool, cost-competitive production environment,
strong software engineering culture, and growing OTT commissioning budgets — while addressing its specific
constraints, primarily the limited LED volume infrastructure.

A "VP-lite" or "Flexible VP" model — building on The Creator precedent and the previz/virtual scouting integration
already occurring on productions like RRR and Brahmastra — offers a realistic near-term adoption pathway that can
deliver VP's creative benefits (director-VFX collaboration, real-time decision-making, reduced revision cycles) without
requiring the capital investment of full ILM StageCraft-scale infrastructure. The medium-term infrastructure
development path — through shared-access VP stage facilities supported by government creative industries investment,
OTT platform co-investment, or studio consortia — is indicated as the mechanism through which full LED volume
capability can be democratized across the Indian industry.

6. CONCLUSION

This research has provided a comprehensive empirical and theoretical account of the virtual production paradigm shift's
transformative impact on the workflows, competencies, and professional identities of VFX artists in the Indian film and
web series industry. Through a convergent mixed-methods investigation — integrating survey data from 120 VFX
professionals, qualitative interviews with 18 practitioners, and case study analysis of four landmark productions — the
study has generated a body of evidence that is simultaneously descriptive (documenting the current state of adoption
and impact), analytical (explaining the mechanisms and dynamics of the transformation), and prescriptive (offering a
structured framework for individual and institutional response).

The central finding of this study is that virtual production represents a genuine paradigm-level shift in VFX workflow
organization — not an incremental technological evolution but a fundamental restructuring of how, when, where, and
with whom VFX work is done. The temporal redistribution of VFX labor from post-production to pre-production and
principal photography, the organizational restructuring of departments from specialized silos to cross-functional on-set
teams, the replacement of asynchronous iterative revision with real-time synchronous creative decision-making, and the
repositioning of VFX artists from post-production specialists to co-creative on-set collaborators — these are paradigm-
level changes that demand paradigm-level responses.

For the Indian VFX industry specifically, the findings suggest a strategic opportunity that is as significant as the
challenge. India's large, sophisticated, and cost-competitive VFX talent pool, combined with accelerating OTT platform
investment and a proven appetite for VFX-intensive storytelling (Baahubali, RRR, Brahmastra), creates the conditions
for rapid and distinctive engagement with the virtual production paradigm. The primary constraint — limited LED
volume infrastructure — is addressable through shared-access facility investment models, government creative
industries policy support, and OTT platform co-investment in production infrastructure. The talent constraint — the
widespread skills gaps documented in this study — is addressable through the structured educational and professional
development interventions that the T-SHAPE framework provides.

Looking forward, the trajectory of virtual production development suggests that the paradigm shift documented in this
study will continue to deepen and accelerate. Unreal Engine 5's ongoing development, the increasing affordability of
LED display technology, and the normalization of VP methodologies through their adoption across the full range of
production scales — from The Mandalorian's USD 15 million per episode to The Creator's USD 80 million total — all
indicate a future in which virtual production is not an exceptional premium choice but a standard component of
professional film and television production. The VFX professionals who invest now in the T-SHAPE competency profile
— maintaining their craft depth while developing the real-time, on-set, and collaborative breadth that VP demands —
will be the creative leaders of that future.
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Future research should pursue three priority directions. First, longitudinal tracking of VP adoption rates and competency
development among Indian VFX professionals over a 3—5 year horizon, to assess whether the paradigm shift is
progressing on the trajectory predicted by current attitudinal data. Second, in-depth comparative studies between India
and other emerging virtual production markets — South Korea (with its strong game engine culture), the UAE (with
significant recent VP infrastructure investment), and Brazil (with a growing OTT production ecosystem) — to identify
transferable lessons and context-specific adaptations of the VP workflow model. Third, pedagogical research on the
effectiveness of different curriculum architectures for developing the competency profile, comparing the outcomes of
"traditional first, real-time second" approaches (as advocated by Badia et al., 2023) against integrated concurrent
curriculum models.
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