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Abstract

The last few years have seen unprecedented changes to how animated movies are made. This also increases
the urgency for trying to make a systematic comparison between traditional hand-drawn animation and
computer-generated, also called CG animation. While both hand-drawn and computer-generated animation
are used in the media industry today, the two have wildly different workflow architectures, cost ecosystems,
potential for scalability, and levels of realism. This study attempts to present a comparison of all of these
factors, combining the workflow analysis, the production system mathematically modelled, the costs
evaluated, the computational metrics of realism, and the audience perception evaluated, all in one
comprehensive analysis.\par For the purposes of this study, one minute of video will be used as a baseline
to offset the disparity in length of different videos. This analysis, then, will quantify the disparity in labour
intensity, asset reuse, scalability of rendering and revisions, little to no revisions. This analysis will show
that traditional animation is much more linear in terms of production and therefore much more labor
intensive and less scalable when looking at high quantity outputs. On the other hand, CG animation is more
modular, and therefore, increases its production efficiency over longer production cycles as the cost of
production diminishes.\par

The analysis of realism is divided into two parts. The firstis computational realism and the other, perceptual
realism. The first is considered to be more objective than the second. Traditional animation continues to be
a strong competitor in terms of audience engagement through its use of expressive and emotional
stylization. Computational realism is gauged by how accurate the animation is in its use of light, texture
resolution, and how closely the animation resembles real life by including used simulated physics.
Traditional animation will engage the audience more than CG animated movies even if the latter is the
objective winner in terms of realism. Extent industry trend analysis also supports the conclusion. The CG
hybrid production model animates suggested illustrations of cross platform integration coupled with real
time rendering increases. The CG hybrid production model will most likely dominate to industry in the
animating of suggested illustrations of cross platform integration coupled with real time rendering
increases.

The research provides an integrated analytical framework that connects and places research on the
aesthetics of animation and computer graphics within a practical decision-support context for studios and
enhances the theoretical knowledge of systems of animation production within the scope of the digital age.
Keywords: Traditional animation; Computer-generated animation; Animation workflow analysis;
Production cost modelling; Visual realism metrics; Rendering scalability; Industry adoption trends; Hybrid
animation systems; Digital media production; Perceptual evaluation.

1. Introduction

The field of animation has seen a major shift from drawing images by hand to using complex computer-
generated imagery (CGI). Early animation, also known as cel or hand-drawn animation, began in the early
1900s. With the formation of industrial studio systems, especially those developed by Walt Disney
Productions, animation began to develop its first artistic and technical systems. A few of these systems
included the principles of animation such as squash and stretch, anticipation, and timing. These systems
and principles remain firmly established in the aesthetic of animations (Thomas & Johnston, 1981). The
majority of traditional animation processes included storyboarding, inking, keyframing, painting, and
compositing. Each frame of the animation was completed manually which created the illusion of movement
or motion. Because of the number of frames needed to create a movie, traditional animation processes are
very labour intensive and require a high level of skilled draftsmanship and a lot of coordination (Wells,
1998).

In the late 20th century, the transition to digital technology started with the use of computer-assisted 2D
tools and the emergence of fully computer-generated 3D images. The development of computer graphics
like the algorithm controlled physically based rendering, shading, and motion control models
revolutionized animation processes (Pharr, Jakob, & Humphreys, 2016). Kajiya (1986) notes that rendering
algorithms that simulate global illumination and materials interacting as humans would expect to touch
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diminished the limits of writers' imaginations. Furthermore, the unification of the various digital
production processes and their placement in a single pipeline, e.g. modelling, rigging, texturing, lighting,
animation, and rendering, increased both production efficiency and production scalability (Parent, 2012).

The 1990’s saw the first fully computer animated feature films. Since that milestone, films, televisions, and
games heavily relied on computer graphics due to the technology’s flexibility, and cost-benefit partnerships
with new technologies, like real-time engines and virtual production (Kerlow, 2009). The animation
artistry comprising traditional animation and fusions of traditional with digital elements (e.g. digital
compositing and hand-drawn craft) has evolved (Furniss, 2008). The artistic fusion of animation and new
technology is a reflection of the evolution of artistry.

Even though there has been a noticeable lack of quantitative analysis of traditional vs CG animation
techniques, there is a plethora of literature regarding case studies of both the aesthetic appeal of animation,
the algorithms of computer graphics, and studies regarding either one of the styles, either from an artistic
point of view, concentrating on the process of making the graphics (Wells, 1998; Furniss, 2008) or from a
technical standpoint, studying the advancements regarding computer graphics (Pharr et al.., 2016; Parent,
2012), and there is a lack of empirical studies on the analysis of the time production, the cost analytics of
the animation, the computational requirements, and the pictorial realism measurable outcomes of both
styles.

The realism presented in the animation, in addition, is presented qualitatively, as opposed to the
quantitatively measurable presentation of realism. While there is research on computer graphics that deals
with the modelling of the material properties and the accurate modelling of the materials and the
movement of light (Kajiya, 1986), the dimension of perceptual realism is predicated on the audience and
their cognitive interpretation and response. The phenomenon referred to as the “uncanny valley” illustrates
(Mori, 1970/2012) the perception of digital characters and the perception of realism and how complex the
perception of realism encountered in digital characters is. Hence, there is a noticeable dissonance
encountered in the contrast in the levels of realism in the perception of stylized hand-drawn animation vs
that of CG animation realism.

From an industrial viewpoint, making decisions regarding the choice of techniques incorporates aspects of
cost, time, scalability, and artistic vision. However, the literature seldom offers empirical production metrics
for comparative workflow analysis and cost-effectiveness studies. With the increasing adoption of hybrid
pipelines and real-time rendering in studios, a systematic approach for comparative analysis is needed to
aid production empirically and to further the academic discourse.

To address these gaps, this research intends to carry out a systematic comparative analysis of traditional
hand-drawn animation and computer-generated animation techniques.

Initially, the objective is to systematically capture and analyse the workflow structures of the two
techniques. While traditional animation pipelines involve the production of sequential frames and manual
in-betweening, computer-generated animation (CG) pipelines are based on the creation of assets, rig-based
animation, and computer-based rendering techniques (Parent, 2012; Kerlow, 2009). A comprehensive
workflow representation captures the process’ bottlenecks and the parameters that influence varying levels
of efficiency.

Lastly, the objective is to compare time, cost, and resources. Most traditional animation studios operate on
the basis of a large number of artists for the production of frames, while computer-generated (CG)
animation studios require a significant upfront investment in the computing hardware/software
infrastructure but facilitate the reuse of assets and the automation of processes (Pharr et al,, 2016). An
assessment of the production hours for a minute of animation and the distribution of cost across human
resources and technology provide the basis for a thorough economic analysis of the processes.

This research examines visual quality and realism. Animation has a rich history and varying techniques.
Traditional animation involves stylization through heavy exaggeration and expressive use of lines (Thomas
& Johnston, 1981), while computer-generated (CG) animation focuses on photorealism and the use of
accurate physical simulations (Kajiya, 1986). Using frameworks from perceptual evaluations, this research
tries to ascertain whether morecomputational realism leads to more audience-perceived realism.

The research also considers industry outlooks and preferences. With the advent of real-time rendering,
virtual productions, and Al-driven animation, the production processes of animation are changing. Looking
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at current patterns in studio adoption and the forthcoming technological advancements provide a pacing
guide to the evolution of animation processes.

The study's aims are embodied in the following research questions:

1. Of the two techniques, which is more time efficient in terms of production hours per minute of final
output?

2. In relation to the two techniques, how do cost structures vary in terms of labour distribution, tech
requirements, and scalability?

3. Of the two techniques, which provides a better objectively measurable realism based on computer
generation and perceptual criteria?

4. What influences industry preference of one technique, and what is the effect of emerging technologies
on this?

The aim of these questions is to amalgamate the artistic, economic, and technological perspectives into a
single comparative framework. This study specifies various contributions to both research and practice
within the field of animation.

To begin with, the study proposes a model for workflow comparisons, outlining each stage of production in
traditional and computer-generated (CG) animation and assigns them to parallel categories for analytical
comparison. This model serves to integrate the study of both artistic production and computational
production pipeline analysis.

In addition, the study proposes a framework for quantitative evaluation along the lines of production time,
cost of production, and expenditure of resources, all of which can be objectively measured. This study, for
the first time, proposes the combination of the theory of computational rendering (Kajiya, 1986; Pharr et
al, 2016) and the economics of production, establishing a basis for the multidimensional evaluation of
production cost resources.

In addition to the synthesis of the survey of industry practice and the perceptual evaluation of computer
graphics realism, the research links the theory of computer graphics with industry practice. On this basis,
the study proposes a set of evidence-based, optimized techniques for animation (based on the objectives of
varying scales, aesthetics, and budget).

This study, to a large extent, synthesizes artistic theory, industrial practice, and research in computer
graphics, and with this synthesis clarifies the ways in which traditional and computer-generated animation
coexist, compete, and converge in the contemporary production of media.

2. Literature Review

2.1 The Love and Work Involved in Traditional Animation

Crafton (1993) illustrates how the first animators, like McCay and Cohl, set the foundations for the motion
illusion techniques that were later incorporated into industrial standard practices. The first experimental
films showed the potential for scale that traditional animation had. The segmentation of workflows
(Bendazzi, 2016) that later became pestilently formalized with the big studios exemplified with
storyboarding, layout, key animation, inbetweening, compositing, etc, became the streamlined processes of
large-scale studio production. Each individual worker specialized in the execution of a single repetitive task
in order to increase productivity and to preserve the stylized consistency throughout the production.
Traditional animation is a very expressive medium especially in relation to controlling time and motion.
Solomon (1989) recognizes the art of time and motion in animation as a powerful tool. The animator; in a
hand-drawn animated production, is able to use time and motion in any way they wish and create theatrical
effects. The illusions portrayed are not meant to adhere to the laws of physics but are meant to represent a
believable animated reality. This type of artistic freedom is a key element of the medium.

Cel animation production is equally labour intensive across its industry. Big budget animated feature films
have previously employed large numbers of highly skilled personnel. Specialized positions on these films
included layout artist, background artist and ink and paint workers. While this division of labour could
result in a more efficient production pipeline, it also meant a greater financial and temporal investment in
the production of the film. Honess Roe (2013) remarked that even with the rise of digital technologies,
traditional animation still finds a home in independent film and in certain commercial productions because
of the form’s perceived tactility and authenticity.

The history of traditional animation shows the duality of the emerging technology at any given moment and
the ingenuity of the artists using it.
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2.2 The Animation Technology That Came Before Animation

The genesis of computer-generated animation is grounded in early research in computer graphics and
digital image synthesis. The first generations of computer animation research dealt with the phenomena of
motion and the building of a system of keys, frames and software that would populate the in-between (or
intermediate) frames (Catmull, 1978). The creation of a system of flexible interpolating splines in a
computer to represent a series of keyframes resulted in a significant improvement in control and fluidity of
motion, thereby establishing the foundation for contemporary computer-generated animation (Bartels,
Beatty, & Barsky, 1987).

The explosion of computer graphics (CG) animation capabilities, thanks to groundbreaking simulations,
modelling and based simulations, along with other innovative techniques, has made enormous strides. The
first computer animation to use a particles system to realistically simulate natural phenomena (like water,
fire and smoke) as used by Reeves (1983) in the animation of the burning of a house. With the invention of
cloth simulation and the modelling of deformable bodies (Baraff & Witkin, 1998) even more realism in
character and environment interactions were created. The abstract representations of the characters and
the environment gave way to the animation with more realism to the characters and the environment.

The animation of CG in films (digital photorealism) has gotten even better thanks to advances in rendering
technology. The first use of programmable shading along with advanced models of illumination (Akenine-
Moller, Haines & Hoffman, 2018) has made improvements to the way we perceive depth as well as the
surface detail. The use of global illumination, subsurface scattering, and high-dynamic-range (HDR) imaging
make animated films and video games more lifelike.

Studies have shown that the workflow for CG animation films is different from the workflow of traditionally
animated films. For example, workflow that is based on assets makes production more scalable easier and
more efficient in the long-term. In a wGC animated film, CG animations are created so that artists do not
have to draw every frame by hand, allowing for more changes to be made in a shorter amount of time.

Real-time rendering engines and motion capture technologies have changed how animations are made.
Motion capture technology allows for the live recording of a performer, and the performance is immediately
converted into the movements of a digital character (Menache, 2010). The combination of digital
manipulation and physical performance is a hallmark of modern CG animation.

2.3 Studies of Workflow in Animation Production

Workflow studies have documented cross-technology system contrasts between animation techniques. In
classical animation, a workflow is linear and dependent frame by frame, so all parts of one frame must be
fully completed before moving onto the next. In digital animation, however, workflow is modular and
constructed around assets, allowing for simultaneous activity (Chopine, 2011).

In project management, the digital animation pipeline has a clear advantage in terms of coordination, as the
frameworks of version control, non-destructive editing, and collaborative networks increase collaborative
ease in large-scale productions (Kerlow, 2004). In contrast, traditional animation workflows often rely on
physical asset tracking and manual revision, and highly increase the chances of delays in production.

Production economists generally agree that the initial technology costs of CG animations are high, but for
long term projects asset reuse and automated processes are advantageous (Venkatasawmy, 2013). These
differences illustrate the importance of process mapping in the analysis of workflow, specifically aimed to
increase efficiency and scalability of various techniques.

2.4 Cost and Production Efficiency Studies

A study of the economics of production shows that costs get allocated unevenly depending on the style of
the animation. In Traditional animation, the largest costs are in the areas of labour and physical resources,
while in CG animation, investments are made in the areas of computing and software (Yoon & Malecki,
2010).

Digital media industry research states that while some technologies reduce the amount of labour needed
that is repetitive, they simultaneously create a greater need for new specialized labour (Christopherson,
2008). The cost structures are then altered away from needing large drawing teams and instead, require
smaller teams.
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Also, research shows that the digital medium allows for faster iterations of a project to be produced because
of the use of non-linear editing and automated systems which are able to bridge the gaps of drawing
(Chopine, 2011). This is one of the reasons that CG animation is being preferred by the industry in contexts
where a large volume of content is needed, such as in feature films and in the video game industry.

2.5 Realism and Perceptual Quality in Animation

Film and media theory have debated the issue of realism in animation for a long time. Manovich (2001)
notes that new media feature blurred boundaries between the actual photographic images and computer-
generated images which have different sets of aesthetics. In animation use of realism can be directed
towards physical attributes, or towards psychological attributes.

Perception studies show that lighting accuracy, textures, motion continuity, and other factors play a role in
how realistic users perceive a scene (Akenine-Moller et al, 2018). But as research has shown, a strong
emotional connection can occur in a scene that is not photorealistic (Solomon, 1989). This demonstrates
that realism is multi-faceted and consists of cognitive and cultural notions, rather than simply a
computation of rational values.

The creation of hybrid animation, which combines hand-drawn elements with computer graphics, has made
the distinctions between analogue and digital processes binary (Honess Roe, 2013). This type of animation
encapsulates the fusion of computational accuracy and artistic creativity.

2.6 Trends in the Industry

The animation industry as a whole has seen a rapid evolution of digital technologies. A study of the creative
economies indicates that the international market is dominated by computer-generated media due to its
ability to scale and reach across multiple platforms (Venkatasawmy, 2013). Furthermore, real-time
rendering and virtual production technologies have propelled the integration of workflows between film
and video game industries.

The use of Al and the tools of procedural animation are expected to automate the motion of characters and
improve the realism of simulations in order to impact production paths significantly. The convergence of
animation with interactive media and other immersive technologies will make the analysis of traditional
and computer-generated animation techniques more meaningful in both research and in practice.

3. Methodology
3.1 Research Design
This study adopts a structured comparative research design to evaluate differences between traditional
(hand drawn) animation and computer generated (CG) animations across workflow structure, time
efficiency, cost distribution, resource allocation, and realism. The framework combines quantitatively
produced data and qualitatively perceived data in an effort to be inclusive of the technical and the artistic
aspects of the animation practice.

For the purpose of this study, the comparability of the techniques is established by using a normalized
production unit of one minute of finalized animation output. Let

Ar = Traditional animation output (1 minute)
Acc = Computer-generated animation output (1 minute)

All production variables are determined with respect to this normalized time span. This normalization
supports the idea that the time span comparisons are not based on narrative length but on how efficient
the production is and what their outputs are.

The comparative design adopts a parallel evaluative structure whereby all the animation styles are
evaluated against the same set of criteria. These are quantifiable variables such as production time in total,
cost per minute, labour intensity, cpu time, and realism score.

3.2 Workflow Modelling Framework

The workflow of each animation technique is decomposed into measurable production stages and
mathematically modelled to enable systematic comparison.

For traditional animation, the workflow is sequential and frame-dependent. The total production time is
expressed as the sum of time spent across all stages:

n
T _
TTotal - Z T;
i=1
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where T; represents the time required for each production stage and n denotes the number of workflow
stages. Because hand-drawn animation requires frame-by-frame generation, total production time is
directly proportional to the number of frames F:

(1)
TTotal < F
This proportionality reflects the linear relationship between frame volume and labour intensity.
In contrast, CG animation follows an asset-based and modular pipeline. While production time similarly
aggregates across workflow stages, the reuse of digital assets reduces marginal production effort:
m

(c6) _
TTotal - Z T] — Ry
j=1

where R,denotes time savings due to asset reuse and automation. This formulation captures the scalability
advantage inherent in digital production systems.

3.3 Production Time Analysis
Production time is recorded through systematic logging of working hours across all stages. The total
production time per minute of output is computed as:

TTotal
PT = ——
D
where D represents animation duration in minutes.
Efficiency of production is defined inversely as:
1
Er =—
TopT

Ahigher E; indicates greater time efficiency. This metric allows direct comparison between traditional and
CG workflows under equivalent output conditions.

Revision frequency is also monitored to evaluate iterative flexibility. Let R denote the number of revisions
per scene. A higher revision count may indicate either creative refinement or workflow inefficiency,
depending on context.

3.4 Cost Modelling
The economic analysis incorporates labour cost, software licensing, hardware investment, and operational
overhead. Total production cost is modelled as:

Crotar = €L+ Cs +Cy + Cp

where C;represents labor cost, Cssoftware cost, Chardware depreciation, and C,overhead expenses.
Labor cost is calculated using:

P
C, = Z(Hk X Wy)
=1

where H; denotes hours worked by individual k, and W, denotes hourly wage.
Cost per minute of animation is defined as:

c
CPM — Tgtal
Cost efficiency is therefore expressed as:
1
Ec=—
¢ Cou

This formulation enables comparison of economic scalability between labour-intensive traditional methods
and infrastructure-intensive CG production systems.

3.5 Resource Utilization Modelling
Human resource intensity is defined as:
Total Personnel

B D

This metric reflects the number of artists required per minute of output and highlights labour distribution
differences between techniques.
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For CG animation, computational resource consumption plays a significant role. Rendering cost is estimated
through energy and processing time metrics:

CComp = Felec X Trender

where P, represents average power consumption and Ty, 4.-represents total rendering time.
Computational intensity per minute is defined as:

CR = Trender XL

D

where Ldenotes average hardware load. This equation captures the technological dependency of CG
production relative to traditional methods.

3.6 Realism and Perceptual Evaluation
Realism is evaluated using both computational attributes and audience perception measures. A structured
survey instrument is administered to professional animators, animation students, and general viewers.
Responses are recorded on a five-point Likert scale assessing visual realism, motion naturalness, lighting
authenticity, and overall aesthetic appeal.
The Realism Index (RI) is calculated as the normalized mean of all perceptual scores:

1S

N

RI =

where S; represents individual respondent scores and Nis the total number of respondents.
To ensure comparability, the index is standardized between 0 and 1:
RI — Rl
R[norm =57 _ o1
RImax - RImin

This normalization allows direct comparison of perceived realism between traditional and CG outputs.

5.7 Statistical Analysis

Descriptive statistics including mean, standard deviation, and variance are computed for all quantitative
metrics. Comparative analysis between techniques is performed using independent sample t-tests for
continuous variables such as production time and cost per minute.

If multiple evaluation groups are involved (e.g., professionals vs. general audience), one-way ANOVA is
applied to determine statistical significance in realism perception differences. Statistical significance is
evaluated at a confidence level of ¢ = 0.05.

The proposed methodology develops a comparative model based on workflow decomposition, production
time estimations, economic modelling, computational modelling, and perceptual modelling. The framework
combines mathematical formulation and empirical observation, enabling an objective comparison of
computer and traditional animation while maintaining the necessary subjective interpretive evaluation for
artistic assessment.

4. Comparative Workflow Analysis
4.1 Structural Characteristics of Traditional Animation Workflow
Traditional animation relies heavily on a sequential and frame-based system of production. Each individual
frame must be made, edited, and finished before the production team can move on to the next frame.
Production usually begins with a conceptual design and storyboard which determine the flow of the film's
narrative and the composition of the shots. After storyboarding, the animator’s next step is to create a layout
design, which sets the position of the elements and the depth of the space in the scene being animated. The
most critical stage of production is called *Keyframing*. During this stage, the animator will illustrate the
important poses and then create in-betweens to ensure fluid movement. The final stages of animation are
cleanup drawing, inking, painting, and compositing the scene to create the finished product.
Because each frame must be physically drawn or digitally sketched by hand, production complexity
increases linearly with frame count. If the animation operates at f frames per second over duration D, the
total frame count is:

F =fx60D

The time required for drawing-related stages can therefore be approximated as:
Taraw = F X ty

where t; represents average time required per frame.
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This linear scaling illustrates a core limitation of traditional animation: production effort grows
proportionally with duration and frame rate. Revision cycles in traditional animation also require
redrawing affected frames, increasing cumulative production time. Let Rdenote the average revision ratio
(percentage of frames requiring modification). The adjusted time becomes:

T
Ta(d; = Tdraw(1 + R)

Thus, traditional workflows are labor-intensive and sensitive to iteration frequency. However, they offer

high artistic flexibility, allowing expressive exaggeration and stylized motion unconstrained by

computational simulation.

4.2 Structural Characteristics of Computer-Generated Animation Workflow

The animation pipeline employs an asset-driven approach. After construction of character/asset models,
rigs, environments, and other digital resources, additional shots/screens can be captured, making the asset
construction stage flexible in terms of the non-linear production cycle.

The workflow starts with modelling and rigging, then continues with the steps of texturing and shading.
Greybox environments can then be animated by either keyframing, the application of motion capture data,
or some sort of procedural animation. Lighting and rendering serve as the final steps, with rendering
requiring a significant amount of processor time as 3D scene data is converted into 2D images.

Total workflow time for CG animation can be expressed as:

cG
TTEotgl = Tasset + Tanim + Trender

where

T,sser= time for modeling, rigging, and setup

Tynim= time for animation and adjustments

Trender=rendering and post-production time

Because digital assets are reusable, marginal production time for additional scenes decreases. If
S represents the number of scenes using the same assets, then:

T(effective) _ Tasset
asset - T

This property enhances scalability, particularly in long-form productions.
Rendering time is dependent on scene complexity. Let

Cs= scene complexity factor

H_.=hardware computational capacity

Then rendering time per frame may be approximated as:

t, =

=
H

a

Total rendering time becomes:
Trenger = F X t;

Unlike traditional drawing time, rendering time can be reduced through parallel processing and distributed
computing. This introduces a nonlinear efficiency advantage dependent on hardware infrastructure.

4.3 Parallel Workflow Comparison
A structural comparison reveals fundamental differences between the two production systems. Traditional
animation exhibits a linear workflow with direct frame-to-labour dependency. In contrast, CG animation
demonstrates modular segmentation and computational parallelization.
The dependency structure of traditional animation can be modelled as:
(1)
TTotal < F
whereas CG animation includes both fixed and variable components:
c6) _
Trota = TfiXEd +akl
Here, Tfiyxeq represents initial asset creation time and arepresents average animation and rendering time
per frame.
For shorter projects with limited reuse, Tf;y.qmay dominate CG production cost. However, for large-scale
productions, asset reuse reduces average time per minute. This indicates that traditional animation may be
comparatively efficient for short stylized works, whereas CG animation becomes advantageous for high-
volume or asset-intensive projects.
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4.4 Iterative Flexibility and Revision Dynamics

Revision handling differs significantly between the two workflows. In traditional animation, modifications
require redrawing affected frames, making late-stage revisions costly in time. Let AF represent number of
frames requiring correction. The additional effort is:

T\5) = AF x t;

In CG animation, revisions often involve modifying rig parameters, animation curves, or lighting settings
without recreating frames from scratch. Therefore, revision effort may be expressed as:

CcG
Tr(ev) = Tparam + Atr

where T} 4rqm 1s time required for parameter adjustment and At,. is additional rendering time.
This structural distinction significantly affects production agility and adaptability to creative changes.

4.5 Scalability and Pipeline Integration

Scalability analysis further differentiates the workflows. Traditional animation scales primarily through
increased human labour. If N,represents number of artists, production time can theoretically be reduced
as:

o Xy
Total Na

However, coordination overhead increases with team size, reducing ideal efficiency.
CG animation scales through both human collaboration and computational distribution. Rendering tasks
can be parallelized across multiple processing units:

T (parallel) _ M
render P

where P represents number of parallel processors.

This computational scalability provides a structural advantage in large-scale studio environments with
access to render farms or cloud infrastructure.

The comparative analysis explains that workflow differences are due to traditional animation being framed
as a linear, more labor intense process based on the number of frames required, while CGI animation is
framed as modular, asset-based, and more computationally scalable. With traditional methods the
emphasis is on more artistic control and hand-generated expressiveness; whereas with CG methods the
emphasis is on improved efficiency, reuse, and technological workflow integration.

The differences described above structurally influence the time, cost, and efficiency of revisions, and the
scalability of the animation process. These differences help to form the basis of the numerical comparison
to follow.

5. Time and Cost Analysis
5.1 Production Time Comparison
Production time remains one of the most critical determinants in selecting an animation technique.
Traditional animation requires manual frame-by-frame construction, making time consumption directly
proportional to frame count and artist effort. In contrast, computer-generated animation benefits from
keyframe interpolation, reusable rigs, and automation, which reduce repetitive workload (Chopine, 2011;
Parent, 2012).
Let total frames be defined as:

F =fx60D

where f represents frames per second and D represents duration in minutes.
For traditional animation, production time may be expressed as:
TT =F X tf

where t; is the average drawing time per frame.
For CG animation:
Teg = Tasser +F X taaj

where T is asset preparation time and t44; is animation adjustment time per frame.

Empirical production studies indicate that hand-drawn animation may require between 8-15 labour hours
per finalized second depending on complexity, whereas CG animation shifts time distribution toward asset
setup and rendering (Yoon & Malecki, 2010).

64



Int. J. Adv. Sig. Img. Sci, Vol.12, No.3, 2026

Producti_qgﬂ'_ﬁr_n_efomga_arisog

200 A

Production Time {Hours per Minute)

100 -

~x

AN e Py prw

ad“"o

Amnmmation Techmique

3{\0‘\ o a“\oﬁ

Figure 1. Production Time per Minute Comparison

Scalability Impact

Scalability differs structurally between the two systems. Traditional animation scales primarily through
increased human labour, whereas CG animation scales through both asset reuse and parallel rendering
systems (Akenine-Moller, Haines, & Hoffman, 2018).
If N, denotes number of artists:

For CG systems with Pprocessors:

Fxt;
T~ Na,

Fxt,

Trender ~ T

This dual scalability (human + computational) often provides long-term efficiency advantages for CG

production in large-scale projects.

Scalability Impact on Production Time
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Figure 2. Scalability Model Comparison

5.2 Cost Structure Comparison
Cost structures differ fundamentally between traditional and CG animation. Traditional systems allocate
the majority of financial resources toward labour expenditure, while CG animation redistributes costs

toward hardware, software licensing, and rendering infrastructure (Christopherson, 2008).
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Total cost is defined as:
Crotar = C,+ Cs+ Cy + Cp

where

C.=labor cost

Cs= software cost

Cy=hardware cost

C,= operational overhead

Labor Cost

Traditional animation typically involves larger drawing teams. Labor cost is calculated as:

p
€= ) (Hy x W)
k=1

Studies of global animation production networks indicate that labour accounts for the largest proportion
of traditional animation budgets (Yoon & Malecki, 2010).

Labor Cost Compariscen
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Figure 3. Labor Cost Comparison

Software Cost

CG animation requires licensed software and rendering engines. Annual licensing fees and plugin
subscriptions increase production overhead. Traditional animation software costs are comparatively lower
when hand-drawing methods dominate.

Hardware Investment

Hardware investment includes high-performance CPUs, GPUs, and render farms. According to Akenine-
Méller etal. (2018), rendering complexity increases computational demand exponentially with lighting and
shading complexity.

Cost Structure Comparison

120000

100000 -

60000

Cost (USD)

40000 -

20000 -

Labor

Hardware
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5.3 Resource Utilization
Resource utilization extends beyond cost into production efficiency and technological dependency.
Human resource intensity is defined as:

Total Personnel

D
Computational intensity for CG animation is expressed as:
T, XL
CR = render
D

where L represents hardware load factor.

Traditional animation demonstrates higher human dependency, while CG systems demonstrate higher
computational dependency.

Human vs Computational Resource Utilization
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Figure 5. Human vs Computational Resource Intensity

6. Quality and Realism Evaluation
6.1 Visual Realism Metrics
The assessment of visual realism in animation can be done through both measurable rendering attributes
as well as authenticity of motion. Realism in computer-generated animation as per (Glassner, 1995; Shirley,
Ashikhmin, Marschner, & Ramamoorthi, 2009) relates to a model’s ability to include a physics-based light
transport model, reflectance model of materials, and model accuracy (simulations) as compared to the real
world. In comparison, realism in traditional animation relies more on stylization and exaggeration, and not
on physical simulations (Lamarre, 2009).
In order to formulate a basis to compare objectively, realism is broken into three components which can be
measured: accuracy of light, the detail of the texture, and the fidelity of the simulated physics.

Let overall realism score R,be defined as a weighted composite index:
R, = w;L + w,T + w3P

where
L=1lighting realism score
T= texture detail score
P=physics simulation accuracy
w;, Wy, W= weighting coefficients
The weights are normalized such that:
wit+w,+ws =1

This model allows objective comparison between stylized and physically simulated animation outputs.

Lighting Realism

Lighting realism measures shadow consistency, global illumination approximation, and surface reflectance
accuracy. In CG animation, lighting realism may be assessed through luminance variance and shadow
continuity metrics derived from rendered frames (Shirley et al., 2009).

A simplified lighting variance metric may be expressed as:
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Oillum
L=1——
Hittum

where

Oiyum = Standard deviation of illumination intensity

Winum= mean illumination intensity

Higher values indicate more consistent and realistic lighting distribution.

Texture Detail
Texture realism measures surface resolution, bump mapping fidelity, and shading smoothness. Let texture
resolution index be:
R
T — tex

Rmax

where

R¢ex= actual texture resolution

R = maximum reference resolution

CG animation typically achieves higher texture detail due to procedural mapping and high-resolution
materials (Glassner, 1995). Traditional animation, however, may intentionally simplify surface details for
stylistic coherence.

Physics Simulation Fidelity
Physics simulation fidelity evaluates motion accuracy relative to real-world kinematic principles. Let
motion deviation be defined as:
| Asim — Qrear |
p=1-— sim real

Areal

where

asim = simulated acceleration

Qr0q1= real-world reference acceleration

CG animation employing rigid body and particle simulations generally scores higher in this metric, while
traditional animation may intentionally exaggerate motion for dramatic effect (Lamarre, 2009).
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Figure 6. Visual Realism Component Comparison

6.2 Artistic Flexibility

Artistic flexibility is the potential of an animation system for the support of different styles, exaggeration,
and aesthetic diversity. Compared to other forms, flexibility of traditional animation is at the highest level.
This is because animation motion and form is not bound by physical simulation. For instance, an animator

can choose to distort an anatomy, timing and even perspective for the purpose of expressive impact as
indicated by Solomon (1989).

On the other hand, CG animation will tend to not encourage stylistic exaggeration unless an animator
overrides this. With CG animation dominating the field, some non-photorealistic rendering (NPR)
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techniques will at least allow hand-drawn looks without the hand-drawn drawbacks as indicated by Gooch
& Gooch (2001)

Artistic flexibility index Asmay be defined as:
SV(ZT
Af =

Sconstraint

where

Syar= degree of stylistic variation achievable

Sconstraint= System-imposed constraints

Traditional animation typically exhibits higher A, particularly in stylized narratives.
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Figure 7. Artistic Flexibility Index
6.3 Audience Perception Study
While computational realism can be measured mathematically, perceived realism depends on audience
interpretation. Studies in visual cognition suggest that believability is influenced not only by physical
accuracy but also by motion continuity and narrative context (Prince, 2012).
A structured perception survey is conducted using a 5-point Likert scale across the following dimensions:
e Visual realism
e Motion naturalness
e Emotional engagement
e Overall aesthetic appeal
The Realism Perception Index (RPI) is calculated as:

1S
RPI = N
where
S;=individual respondent score
N=total respondents
Normalized perception score:
RPI -1
RPLyorm = 4

This transformation scales values between 0 and 1 for direct comparison.
Statistical significance between traditional and CG perception scores can be evaluated using independent
sample t-tests:
Xr—X
p= AT cG
2 2
St + Sce
nr  Ncg
where
X=mean score
s2=variance
n= sample size
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Figure 8. Audience Perception Comparison

Shirley et al. (2009) shows that CG-based animations tend to incur higher scores with regards to lighting,
texturing, and simulations of physics. This is due to the rendering and modelling techniques available to
physical-based (or computational) model simulations. Conversely, traditional animations tend to have
flexibility and variety that is more expressive and artistic.

Although CG-based animations are considered to have more visual realism, perceptions indicate that
traditional animations of a more stylized variety foster perceptions with more emotional and aesthetic
involvement. In this regard, the realism of animation is a multidimensional field and embraces
computational and artistic approximations.

7. Industry Preference and Future Trends

7.1 Studio Adoption Trends

Over the last 30 years, the world's animation industry has gradually moved towards computer-generated
production models. Transformation of the industry has involved industrial innovations, the global
distribution of production networks, and the rising demand for content that can be produced quickly and
at scale. (Scott, 2005). While traditional animation has its cultural and artistic value, the CG workflows of
large studios have advantages over traditional workflows in terms of asset reusability, visual effects pipeline
integration, and gaming/immersive media cross-compatible workflows (Curtin & Sanson, 2016).

Let adoption rate of a technique over time tbe modeled as:

A = e

where

K= maximum market penetration,

r= growth rate,

to= inflection point.

This logistic growth model reflects how CG animation adoption accelerated rapidly after technological
maturation, while traditional animation experienced stabilization or decline in mainstream feature film
production.
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Figure 9. Adoption Trend Model
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7.2 Economic Drivers of Industry Preference
Economic scalability is a major determinant of technique selection. Global production outsourcing and
digital asset mobility allow CG animation to integrate into distributed production pipelines (Lobato, 2012).
Once character models and rigs are created, they can be reused across sequels, series, and transmedia
expansions, reducing marginal production cost.
If long-term production volume is V, average cost per minute becomes:

Cinitial +V- Cvariable

Cavg = %

For CG systems, high initial asset cost Cj,;;iqis offset as Vincreases. Traditional animation, lacking asset
reusability at the same scale, shows relatively stable per-unit cost across volumes.
This economic characteristic explains why major studios producing franchises often favor CG pipelines.
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Figure 10. Cost per Minute vs Production Volume

7.3 Role of Real-Time Rendering and Game Engines

Recent developments in real-time rendering engines have significantly influenced industry workflows.
Real-time engines enable immediate visual feedback, reducing iterative delays traditionally associated with
offline rendering pipelines (Gregory, 2018). This has led to the integration of animation production with
interactive media and virtual production environments.

Let rendering delay be defined as:

Trender

F

D, =

Real-time systems aim to minimize D, toward near-zero latency, enabling dynamic scene manipulation
during production.

This convergence between film animation and interactive media has strengthened CG dominance in
commercial markets, particularly where cross-platform deployment is required.

7.4 Emergence of Hybrid Animation Models

Although the dominance of CG continues to grow, more and more examples of models in the mix utilizing
hand-drawn aesthetics and digital tools are being produced. In this context, a hybrid workflow with digital
compositing and non-photorealistic rendering is used to mimic the traditional while retaining the
efficiencies of the computational (Halpern, 2015).

Let hybrid realism index be modelled as:
RH = (XRCG + (1 - a)RT

where

0<ac<l

This formulation illustrates how hybrid productions blend computational realism and stylistic
expressiveness. Studios increasingly adopt this approach to differentiate visual identity while maintaining
technological efficiency.
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Hybrid Animation Realism Model
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Figure 11. Realism Blending Model

7.5 Influence of Artificial Intelligence
Artificial intelligence is reshaping animation production through automated in-betweening, motion
synthesis, and procedural animation systems. Machine learning models enable motion interpolation, facial
animation transfer, and real-time character control (Karras, Aila, Laine, & Lehtinen, 2017).

Let automation efficiency factor be:

EAI — Tmanual

Tautomated

An increasing Ej,;reflects greater productivity gains. Al tools reduce repetitive tasks traditionally required
in both hand-drawn and CG workflows, potentially narrowing the production-time gap between techniques.

7.6 Market Forecast Model
Future industry preference may be estimated using weighted utility modelling. Let utility of each technique
be:

U= PiEr + B2Ec + B3RPI + B,S

where

Er=time efficiency,

E .= cost efficiency,

RPI=realism perception index,

S=scalability factor,

B;= weighting coefficients.

Studios are likely to select the technique with higher utility value. Current technological trends suggest CG
and hybrid models yield higher aggregate utility in large-scale production contexts.

8. Discussion

8.1 Synthesis of Comparative Findings

The comparative analysis of traditional versus computer-generated (CG) animation techniques shows
differences in structure, economics, and perception, which are not due solely to technological factors. The
results show traditional animation as still being strongly labour-intensive. With traditional animation, as
more frames are added, the more time the animation will take to complete. CG animation, on the other hand,
has a type of flexibility and time scalability due to the reuse of assets and the ability to parallel compute.
This type of structural flexibility in CG animation supports other observations about the digitization of the
media production process and the increasing importance of computing in the creative production process
(Manovich, 2001; Scott, 2005).

The time efficiency analysis shows traditional animation as more susceptible to changes in revision cycles
and frame density. In contrast, CG animation production pipelines balance effort across fixed-value asset
preparation and variable-value animation refinement. The asset-driven nature of CG animation production
and the digital transactional model (Lobato, 2012) works to decrease cost over large cycles of production.
This leads to CG animation being more applicable to long-format, franchise-based productions, while

72



Int. J. Adv. Sig. Img. Sci, Vol.12, No.3, 2026

traditional animation can still be economically feasible for short-format productions or productions with a
specific stylistic focus.

8.2. Realism: Computation vs. Believability

One of the most significant findings highlights the multifaceted definition of realism. Objective metrics of
realism (accuracy of lighting, resolution of texture, fidelity of physics) consistently preferred CG animation
as aresult of the advantages provided by physically based rendering and simulations. Audience perception
data, however, indicated that improved computational realism did not correlate with improved audience
emotional response.

This rift is an expression of the theoretical separation between photorealism and perceptual realism. Prince
(2012) suggests that digital realism is more about a perceptual realism contract between the viewer and
the image, not a reduction to a photorealistic representation. Classical animation frequently and effectively
conveys a narrative that is believable by not adhering to a strict interpretation of the laws of physics. This
is also noted by Lamarre (2009) when he says that animation is about perception of movement and dynamic
compositing, not the accurate representation of a picture.

The statistical analysis of the Realism Perception Index (RPI) shows that while CG animation is perceived
as more visually realistic, classical animation also scores very well in aesthetic and expressive value. This
indicates that the realism in animation is not a result of the technical but more of the contextual.

8.3 Artistic Flexibility and Creative Control

Greater artistic flexibility is shown with traditional animation. For abstraction, deformation, and stylistic
variation, traditional animation has a greater capacity. Animators have free expressive control without the
limitations of imposition and construction with a simulation. This confirms Solomon's (1989) statement
concerning traditional animation, a medium which surpasses live-action in temporal and spatial elasticity.

The use of advanced technology and simulation control and rig systems is a means of digital animation. The
newly developed non-photorealistic rendering (NPR) and stylized shaders, however, indicate that hand-
drawn looks can be achieved through digital design (Gooch & Gooch, 2001). Artistic flexibility has been
proven to be more about the software designed than the medium.

An increasing number of hybrid workflows suggests the traditional /CG divide has become more prominent,
but is increasingly less so.

8.4 Economic and Industrial Implications

The cost modelling results show traditional animation spends more budget on human resources, while CG
production shifts costs to more advanced technologies. In long-term production, CG asset creation is more
cost-efficient because it can be reused for sequels, spin-offs, and even interactive apps. This is consistent
with the global studies of creative economy on digital scalability and networked production (Curtin &
Sanson, 2016).

Integration of real-time engines and virtual production systems is also the signalling of animation, gaming,
and cinematic visual effects (Gregory, 2018). This further strengthens the dominance of CG in the
mainstream commercial productions.

Nonetheless, independent and culturally specific animation segments continue to use traditional animation
as a marker of artistic identity and authenticity. The sustained hand-drawn look indicates that industry
preference is not based on efficiency alone, but also on branding, audience expectation, and narrative style.

8.5 Technological Convergence and Hybrid Futures

The development of hybrid production models represents a significant transitional stage in the history of
animation. Hybrid production methods merge computational lighting and compositing with elements of
hand-drawn animation, resulting in unique and visually mixed styles that integrate the use of both analog
and digital techniques. This hybrid development complicates value dichotomies and suggests a continuum
of styles instead of a dichotomy.

The introduction of artificial intelligence in animation even further complicates the situation. In traditional
as well as in computer-generated pipelines, the labour intensity of automated in-betweening, motion
transfer, and procedural animation is compressed. As Al-driven animation tools evolve, production time
differences will likely narrow, leading to a re-evaluation of styles in terms of artistry rather than in terms of
labour.
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The future of the industry will likely be integrated rather than replacing styles or methods. In cutting-edge
CG techniques, the fundamentals of animation timing, exaggeration, and staging remain central to the digital
animator. This is likely the result of the increasing ability of digital tools to implement these enduring
principles of animation automatically.

8.6 Theoretical Contributions

This research offers a structured quantitative approach that encompasses workflow modelling, cost
analysis, computational realism, and perceptual evaluations facilitating the integration of animation and
rational cost/benefit analysis. Previous work has tended to separate the disciplines of traditional and CG
animation into film studies and computer graphics, respectively. By uniting these disparate fields, the
present research forms an interdisciplinary model that serves both theory and practice in the industry.

This research contends that a utility-based selection framework posits that the choice of animation
technique is dependent on the scale of the project, the narrative, the associated costs, and the perceived
value to the audience. The focus is on contextual optimization as opposed to viewing CG animation as a
substitute for traditional animation.

8.7 Limitations and Interpretive Boundaries

The comparative framework, while providing measurable elements, has obvious shortcomings that must
be acknowledged. First, production metrics can, and often do, vary widely among studios based on the
experience of the staff, budget, and the level of technology being used. Second, the perception of realism
can be influenced (and often is) by the cultural familiarity and stylistic expectations of the viewer. Third,
the rapid pace of technological change, and in particular the trends in artificial intelligence and real time
rendering engines, is likely to change the parameters of efficiency in very short time frames.

Longitudinal production data and expanded data sets from multiple studios may be used to improve
predictive modelling of industry trends in future research.

9. Conclusion

This study provided a detailed comparative analysis of conventional (hand-drawn) animation and
computer-generated (CG) animation techniques pertaining to workflow design, time and financial cost of
production, levels of realism, and frequency of use within the respective industries. The use of mathematical
modelling, coupled with economic assessment and perceptual modelling provided the basis for a
framework of animation production systems empirically.

The research identifies the fact that conventional animation employs a linear scale of production which can
be very labour-intensive. Its production scale can also be increased with the number of frames within a
cycle which can be also increased with respect to the flexibility the artist utilises. The employment of hand-
drawn frames also means that the time necessary for the production of the animation to be revised.

Conversely, CG animation utilises a modular, asset-based approach to production. While the initial costs of
CG animation can be very high with the production of digital models, rigs and the technology, the long-term
effect of the production of re-usable digital assets means that they can be very cost effective with far fewer
production costs associated with animation. The larger a unit of production, the lower the costs associated
with production of unit. These factors support the use of CG animation within large scale production
studios.

The realism evaluation underscored the critical difference of computational realism and perceptual realism.
CG animation achieves greater measurable realism from lighting, texture, and physics. Yet CG animation still
fails to engage the audience the way stylized animation does. Animation realism is therefore
multidimensional, beyond simply simulation.

The industry report confirms the continuing shift to CG, butalso the use of hybrid models, which synthesize
the best of both to converge rather than replace. Theoretically, this study attempts to integrate animation
and CG research. Practically, it provides an evaluative model where technique choice is based on scale,
budget, style, and audience.

To conclude, itis impossible to say that any one method is superior to any other when it comes to traditional
animation, or computer animation. Each focus on a different optimization technique regarding how digital
media evolves. With the integration of artificial intelligence, and new real-time processing, the traditional
and computer animation techniques will become more closely intertwined. With further advancements, the
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integration, flexibility, and the creativity of the underlying systems will be the foci of the evolution of
animation.
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