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Abstract—As virtual avatars become key mediums for self-
expression and user engagement, understanding the factors that

influence user satisfaction and interaction experience is essential.

This study employs the Analytic Hierarchy Process (AHP) to
construct a multi-criteria decision-making model aimed at
identifying and prioritizing user preferences in virtual avatar
customization systems. Through expert evaluations and
hierarchical analysis, a structured framework is developed to
quantify user expectations regarding visual aesthetics,
interaction flexibility, and identity expression. The research
seeks to optimize user-centered design of personalized virtual
avatar systems and offer actionable insights for developers,
ultimately enhancing interaction quality and personalization
efficiency in virtual environments.
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1. INTRODUCTION

In recent years, systems and applications such as
Apple’s Memoji, Snapchat’s Bitmoji, and WhatsApp’s avatar
feature have gained significant popularity in everyday mobile
and social media environments, leveraging personalized
avatar systems as tools for digital self-expression. To
reconcile the motives of self-verification and self-
enhancement, users often customize avatars to resemble their
real-world appearance [1]. These platforms allow users to
create stylized virtual avatars that reflect their personal
aesthetic preferences, and are typically embedded within other
interactive environments such as messaging, fulfilling
people's desire to customize their enduring digital identities.
As online social spaces evolve towards more embodied digital
representations, understanding how users construct and
experience their selves, and how they interact with others'
selves in new and more complex ways, is crucial [2].
Consequently, elucidating user interaction mechanisms with
avatar systems and identifying the most impactful design
elements on user experience constitute central concerns in
design and research domains.

Despite the growing adoption of such virtual avatar
systems, many current avatar creation systems face limitations
in providing optimized and satisfying user experiences. Some
systems may focus on avatar appearance creation while
neglecting interactive system experiences such as real-time
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feedback or social value such as display ability. Some
platforms emphasize simplicity but sacrifice depth and
richness in personalization, failing to meet the expressive
needs of users seeking to create unique digital identities. The
underlying design of these systems often reflects developers'
technical or aesthetic preferences rather than a structured
assessment of user priorities.

To address these challenges, this study proposes a user-
centred design framework leveraging the Analytic Hierarchy
Process (AHP) to structurally capture and quantify user
preference priorities. By employing AHP within virtual avatar
creation contexts, three objectives are pursued:

(1) Significantly enhance user satisfaction;

(2) Provide robust data-driven foundations for design
decisions, bridging the gap between developer perspectives
and user requirements;

(3) Strengthen the universality and transferability of
system design to facilitate broader adoption of high-quality
avatar experiences across diverse platform ecosystems.

This work not only seeks to refine existing systems but
also aims to provide theoretical grounding and practical
guidance for developing next-generation digital identity
interaction paradigms with greater inclusivity and expressive
capacity.

II. LITERATURE REVIEW

Virtual avatars are digital characters (static or animated)
that represent human users' actions and communications in
digital environments [3]. They are typically customizable by
users to serve as their visual representations and act as a
‘tangible’ manifestation of identity [4]. Due to the high
consistency between the physiological characteristics of
virtual avatar and users' real and ideal selves [5], virtual
avatars have recently become an important tool for self-
expression on social media. Through such avatars, users can
craft and refine their identities, convey distinctive personality
traits, and form social connections in online settings.

Previous research has explored related areas such as
virtual identity and self-expression [6] and the cultural
appropriateness of user interfaces [7]. Most existing work has
focused on virtual reality-based avatars, including factors
influencing embodied cognition [8], social interaction [9],



identity formation [10], and studies on the uncanny valley
effect [11] and motion sickness [12], among others. In
addition, scholars have investigated brand avatar marketing
[13] and social media virtual influencers [14], exploring
avatars’ influence on consumer behavior and their potential to
enhance communication.

Other studies on interface interaction and personalized
customization systems have primarily focused on the
physiological and psychological effects of personalized
avatars. For instance, research has examined how interaction
with personalized avatars and virtual agents affects users’ self-
esteem [15], how matching key visual features (e.g., gender,
skin tone, and hair color) to approximate learners’ appearance
can enhance psychomotor task learning outcomes [16], and
factors that influence avatar creation—such as findings that
the perceived seriousness of the environment can affect the
degree of self-similarity in customized avatars [17].
Nevertheless, relatively few studies have systematically
modeled user preferences across multiple design criteria
within a structured decision-making framework.

To address this gap, the present study employs the
Analytic Hierarchy Process (AHP) to decompose and
organize user experience into a hierarchical structure of
factors, develop a comprehensive set of design criteria for
virtual avatar customization interfaces, and conduct expert
evaluations, with the aim of optimizing user interaction
experiences.

III. METHODOLOGY

This study employs the Analytic Hierarchy Process
(AHP)—a multi-criteria decision-making method developed
by Thomas L. Saaty [18]—which integrates qualitative
judgments with quantitative analysis. AHP is well-suited for
evaluating user preferences in contexts where subjective
factors must be systematically compared and prioritized. In
this research, the method is applied to decompose the complex
problem of designing a personalized virtual avatar system into
a hierarchical structure, enabling pairwise comparisons and
the calculation of priority weights.

The AHP methodology in this study consists of the
following five steps:

A.  Step 1: Hierarchical Model Construction
The AHP model is structured into three levels:

e Goal (Level 1) —Optimize the user interaction
experience in personalized virtual avatar systems.

e Criteria (Level 2) —

1. Expressive Freedom & Customization — the degree to
which users can express themselves and exert control.

2. Interaction Experience & System Usability — the
responsiveness, ease of use, and playfulness of the system.

3. Social Integration & Platform Value — the extent to
which the avatar integrates into social contexts and digital
ecosystems.

e Sub-Criteria (Level 3) — Each criterion was further
broken down into measurable sub-dimensions:

TABLE L. CRITERIA AND SUBCRITERIA DESCRIPTIONS

Criterion ‘ Sub-Criterion ‘ Description ‘

Fine-grained control over
Al: Control Flexibility appearance (e.g., sliders for
facial features)
A A2: Diversity of Styles Availability of multiple
& Templates aesthetic or cultural templates
A3: Personalized System-generated suggestions
Recommendation based on user preferences
B1: Real-Time Feedback Imrpedlate Vlsua_l u pdates
during avatar editing
B B2: Interface Usability Intuitive navigation and ease
of use for all users
B3: Playfulness & Opportunmes‘. for crfatlve
. experimentation or “‘easter
Exploration .
eggs
C1: Displayability & Usability of avatars in social
Social Adaptability profiles and communication
C2: Functional Compatibility with in-app
C . features (e.g., chat, live
Integration
streams)
C3: Cross-Platform Maintaining avatar identity
Consistency across different platforms

This hierarchical structure is illustrated in Figure 1.

Goal
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Fig. 1. Three-level hierarchical structure of criteria and subcriteria in the
AHP model

B.  Step 2: Pairwise Comparisons and Judgment Matrices

To quantify the relative importance of each criterion and
sub-criterion, domain experts were asked to make pairwise
comparisons using a 1-9 scale, where:

1 = equal importance,

3 =slightly more important,

5 = obviously more important,
7 = strongly more important,
9 = extremely more important.

The intermediate values 2, 4, 6, and 8 are used to indicate
judgments that fall between two adjacent main scale points.

These comparisons
matrices for each expert.

produced individual judgment

To combine the expert inputs into a single consensus
matrix, the Aggregate Individual Judgments (AlJ) method was
employed, in which each element of the aggregated matrix is
the geometric mean of the corresponding elements from all
expert matrices. This approach preserves the ratio scale
property of AHP while minimizing bias from individual
ratings.



For example, the aggregated criteria-level judgment
matrix A is expressed as:

1 ap a3

1

A=|ag 10 (1)
ERE T
a3 az3

C. Step 3: Weight Calculation

Weights for each element were computed from the
aggregated judgment matrix using the arithmetic mean
method. First, the matrix was column-normalized, and then
the arithmetic mean of each row was calculated as the relative
weight:

1 n
wj = (;) i=1 Qij (2)
Where:
w; is the weight of criterion j,
a;j is the normalized value between criteria i and j,
n is the number of elements.

The eigenvalue  method was  applied solely to
calculate A,,,, for the consistency check, not for weight
derivation.

D.  Step 4: Normalization of Weights
All weights are then normalized so that their sum equals 1:

wf = L 3)
J Z;'1=1 Wj
This step ensures proportional comparison and

interpretability across all factors.

E.  Step 5: Consistency Check

To validate the reliability of the expert
judgments, Consistency Index (CI) and Consistency Ratio
(CR) are computed.

Amax—n
Cl = =pax=n (4)
CI
CR = — (5)

Where:
Amax 18 the largest eigenvalue of the matrix,
n is the number of elements being compared,

RI is the Random Consistency Index, representing the
average CI of randomly generated reciprocal matrices for
different matrix sizes (Table II).

TABLE II. RANDOM CONSISTENCY INDEX (RI) VALUE

[nlofzfafesfo]r]afo[n]

RI [0 | O | 058|090 | 1.12 | 1.24 | 1.32 | 1.41 | 145 | 1.49

A CR value less than 0.10 is generally considered
acceptable, indicating satisfactory consistency in the pairwise
comparisons.

F.  Expert Involvement and Data Collection

A total of five domain experts were consulted to perform
pairwise comparisons and complete the evaluation:

2 system/user interface designers

1 product manager in avatar-based platforms

1 visual identity designer

1 academic researcher specializing in interactive
systems

Each expert independently constructed judgment matrices
for all criteria and subcriteria. The individual matrices were
aggregated into a consensus matrix for each level using the
AlJ method described in Step 2, which was then used for
weight calculation (arithmetic mean method) and consistency
checking (eigenvalue method).

IV. RESULT

The weights of each indicator were calculated using the
arithmetic mean method, and all judgment matrices achieved
consistency ratios (CR) below the 0.1 threshold, confirming
satisfactory reliability of expert evaluations. Local weights for
subcriteria were multiplied by their corresponding criteria
weights to obtain global priorities.

Table III presents the aggregated criteria-level pairwise
comparison matrix as an example. For brevity, subcriteria-
level matrices are not shown here, but they were computed in
the same way and their weights are reported in Tables
IVand V.

At the criteria level (Table IV and Fig. 2), Expressive
Freedom & Customization (A) ranked highest with a weight
of 0.5040 (CR = 0.0607), followed by Social Integration &
Platform Value (C) with 0.2940, and Interaction Experience
& System Usability (B) with 0.2020. The bar chart in Fig.
2 visually confirms the dominance of A, which accounts for
over half of the total weight.

At the subcriteria level (Table V and Figure 3), the leading
subcriteria within each criterion were Al (Control Flexibility,
local weight =0.4884), B1 (Real-Time Feedback, local
weight =0.4885), and C1 (Displayability & Social
Adaptability, local weight =0.4821). The global priority
ranking (Table V) shows that A1 (0.2460), A3 (Personalized
Recommendation, 0.1519), and C1 (0.1418) together account
for 54.3% of the overall importance, a pattern clearly
illustrated in Fig. 3.

Across all aggregated matrices, CR values ranged from
0.0138 to 0.0607, indicating high internal agreement among
expert judgments.

TABLE III. AGGREGATED CRITERIA-LEVEL PAIRWISE COMPARISON

MATRIX (ALJ)



A B C
A 1.0000 2.2902 2.5365
B 0.4366 1.0000 0.8394
0.3942 1.1914 1.0000

TABLE IV. CRITERIA-LEVEL WEIGHTS AND CONSISTENCY VALUES
Criteria Weight | Amax CI CR
A: Expressive Freedom & 0.5040

Customization

B: Interaction Experience &

System Usability 0.2020 | 3.0704 | 0.0352 | 0.0607

C: Social Integration &

Platform Value 0.2940

TABLE V. SUBCRITERIA WEIGHTS (LOCAL AND GLOBAL) AND

CONSISTENCY

Local Global
- 2
Subcriteria Weight | Weight max | CI CR

Al: Control Flexibility | 0.4884 | 0.2460

A2: Diversity of Styles

& Templates 0.2098 | 0.1059 | 3.016 | 0.008 |0.0138

[A3: Personalized

Recommendation 0.3018 0.1519

B1: Real-Time

Feedback 0.4885 | 0.0985

B2: Interface Usability | 0.3307 | 0.0667 |3.0601 | 0.0301 |0.0519

B3: Playfulness &

Exploration 0.1808 | 0.0365

C1: Displayability &

Social Adaptability 04821 | 0.1418

C2: Functional
Integration

C3: Cross-Platform
Consistency

0.2168 | 0.0636 |3.0495|0.0247 | 0.0426

0.3011 0.0886

Criteria-Level Weights in AHP Analysis

»

Fig. 2. Criteria-Level Weights in AHP Analysis

Global Weights of Subcriteria

Fig. 3. Global Weights of Subcriteria in AHP Analysis

The dominance of Expressive Freedom & Customization,
particularly Control Flexibility (Al), suggests that fine-
grained visual adjustments are the most valued capability in
avatar systems, enabling close alignment between avatars and
users’ real or ideal selves. This finding is consistent with prior
studies highlighting the importance of self-resemblance in
digital self-representation [1], [5], and supports the argument
that personalization depth is a key driver of user satisfaction
in avatar systems.

The comparatively high weighting assigned to
Personalized Recommendation (A3) highlights the rising
relevance of adaptive features that simplify the customization
process while preserving creative autonomy. This is supported
by a study demonstrating that an Al-driven decision
minimizer network can reduce the number of decision steps
by 20-39%, thereby alleviating decision fatigue while
boosting satisfaction[19].

Although Interaction Experience & System Usability (B)
ranked lower as an overarching criterion, Real-Time Feedback
(B1) stood out as the most valued subcomponent within this
group. This result indicates that immediate, visible system
responses enhance users' sense of control and engagement,
and that system responsiveness during the role editing process
remains a key factor in maintaining user stickiness[20].
Conversely, Playfulness & Exploration (B3) received a
comparatively minor global weight, indicating that, in this
design context, practical customization depth and social
visibility are regarded as more important than entertainment-
focused or ancillary features.

The strong performance of Displayability & Social
Adaptability (C1) reinforces the idea that virtual avatars
function not merely as private creative outputs but as socially
embedded representations. Users place considerable
importance on the portability and public presentation of their
avatars, implying that the perceived value of personalization
capabilities depends partly on the ability to display these
avatars across different platforms and social interactions. This
aligns with findings from Zimmermann, who observed that
users strategically maintain avatar—self congruence, especially
when transitioning across different social contexts[21].

Summarizing the above results, the following key design
implications are drawn:



(1) Prioritize fine-grained control over avatar appearance:
allow precise adjustments to visual attributes to match users’
desired identities.

(2) Integrate intelligent, personalized recommendations:
guide users toward preferred options while preserving creative
freedom.

(3) Ensure social adaptability and cross-platform
consistency: make avatars usable and visually coherent across
diverse digital environments.

V.CONCLUSION

This study applied the Analytic Hierarchy Process (AHP)
to systematically model user preferences in personalized
virtual avatar systems. By structuring the evaluation into three
main criteria—Expressive Freedom & Customization,
Interaction Experience & System Usability, and Social
Integration & Platform Value—and further refining them into
nine measurable subcriteria, the analysis revealed that
personalization depth and flexibility play a dominant role in
shaping user interaction experience. Among all subcriteria,
Control Flexibility, Personalized Recommendation, and
Displayability & Social Adaptability emerged as the most
influential factors, collectively accounting for over half of the
overall importance.

These findings provide actionable guidance for avatar
system designers and developers: prioritizing fine-grained
customization tools, integrating intelligent recommendation
mechanisms, and ensuring the social presentability and cross-
platform consistency of avatars are likely to yield the greatest
gains in user satisfaction.

While the present work offers a structured decision-
making framework grounded in expert evaluation, it is not
without limitations. The relatively small, expert-focused
sample may limit the representativeness of the results, as it
does not fully encompass the diversity of end-user
demographics, cultural backgrounds, or usage scenarios.
Future research could expand the sample to include a broader
range of participants—such as casual users, professional
creators, and individuals from different cultural contexts—to
assess potential variations in preference structures. Cross-
cultural validation would be particularly valuable in
identifying culturally specific customization priorities or
interaction patterns. In addition, conducting longitudinal user
behavior experiments could reveal how preferences evolve
over time with continued use of avatar systems, providing
deeper insight into the stability and adaptability of the
proposed model.

By combining empirical rigor with practical applicability,
the proposed framework contributes to the user-centered
design of personalized virtual avatars, supporting richer self-
expression, smoother social integration, and ultimately, more
engaging digital interaction experiences.
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