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ABSTRACT

This study presents an aesthetic evaluation system for smartwatches based on
Principal Component Regression (PCR). User reviews and product parameters were
collected from platforms like Taobao and JD.com using web scraping techniques, and
38 attributes related to form aesthetics were extracted through literature review and
interviews. Using card sorting, these attributes were reduced to six core evaluation
attributes: style, color, material, dial, strap, and overall feel. A predictive model for
form aesthetics evaluation was developed, along with a visualization system. The
results show that design style and overall feel have the most significant impact on
the aesthetic score, and the model effectively reflects the core aesthetic preferences of
users. This system provides designers with a scientific tool from the user’s perspective
and can be extended to optimize the design of other wearable devices. Future research
will expand the sample size and introduce multidimensional evaluations to further
enhance the system’s functionality.

Keywords: Product form aesthetics, Smartwatch design, Aesthetic evaluation, PCR, Visualized
evaluation system, Wearable products

INTRODUCTION

In the process of product design, aesthetic evaluation often relies on designers’
professional expertise and subjective judgment (Wu et al., 2016). However,
there are significant differences between designers and users in aesthetic
assessment, which may result in design outcomes that fail to fully meet user
aesthetic needs. As the field of design increasingly transitions toward a user-
centered approach, identifying and quantifying key attributes that influence
user perception—particularly those related to product form aesthetics—has
become a crucial issue for improving design quality (Qi et al., 2015).

With the rapid development of the wearable device market, smartwatches
have emerged as a key consumer electronics product, and their form
aesthetics have gradually become a core factor in users’ purchasing decisions.
Studies have shown that product appearance directly impacts consumers’
emotional preferences and purchase intentions (Lyons, 2016). However,
there is often a significant gap between designers’ professional aesthetics
and users’ needs (Bruseberg et al., 2001; Mamaghani et al., 2014).
Traditional design processes rely heavily on designers’ subjective experience
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for aesthetic evaluation, lacking a systematic, quantifiable analysis of user
perception, which can lead to a disconnect between design proposals and
market acceptance. Although existing research has focused on functional
optimization and human-computer interaction in smartwatches (Jeong et al.,
2017), how to scientifically quantify the impact of form aesthetics attributes
on user evaluation remains an unresolved challenge.

In the existing literature, Principal Component Regression (PCR) has
shown distinct advantages in multivariate data analysis, effectively solving
multicollinearity issues and extracting key variables (Jin et al., 2011).
However, its application in smartwatch form aesthetic evaluation has not
been fully explored. This study aims to fill this gap by proposing a
smartwatch form aesthetics evaluation tool based on PCR. By integrating
user review data with design parameters, this tool extracts key attributes
influencing aesthetic perception (such as style, dial design, material, etc.),
constructs a quantitative model to reveal the contribution weights of these
attributes to user ratings, and develops a visualization system to support
designers in making more scientifically informed decisions in the early design
stages.

METHODS

Data Collection and Processing

This study collected user review data from the top ten selling smartwatches
on platforms like Taobao and JD.com using web scraping technology, with
reviews posted before June 2023. After data collection, we performed
cleaning, tokenization, and deduplication. Additionally, through literature
review and open-ended interviews, we gathered as many attributes related to
smartwatch form aesthetics as possible, continuing until no new attributes
emerged. This phase resulted in 38 basic attributes describing smartwatch
form aesthetics.

To ensure the attributes were both reasonable and accurate, we applied the
Card Sorting method (Lin et al., 2015) to reduce the number of attributes.
An 8-member group (4 members with product design experience and 4 non-
design background users with smartwatch/fitness tracker usage experience)
was formed. Each card represented one attribute, and group members
categorized the cards based on similarity until all attributes were grouped.
Any attribute that did not fit any category was placed into its own category.
Finally, one representative attribute was selected from each category, resulting
in six core evaluation attributes: Style, Color, Material, Dial, Strap, and
Overall Feel (see Table 1).

Table 1: Basic attributes and evaluation attributes for smartwatch form aesthetics
evaluation.

Evaluation Attributes Basic Attributes

Style Body Size, shape, size, profile, dial ratio,
dial size, profile aspect ratio

Color Strap colour, dial colour, colour scheme

Continued



108 Shi et al.

Table 1: Continued

Evaluation Attributes Basic Attributes

Material Texture, material matching, material
type, material visual perception

Dial Screen, transition surface, dial size, dial
shape, dial colour, key size, key shape,
key style

Strap Strap material, button shape, strap
pattern, strap colour, strap desig

Overall feel Modeling language, unity of style,
harmony of colours and proportions

PCR Modeling

To establish a product appearance evaluation model and obtain consumer
preference data, we first conducted a literature review to identify the top
20 selling smartwatch brands. From this, 12 smartwatches with varying
price ranges were selected as samples (see Figure 1). A simple random
sampling method was used to select 20 users (average age: 23 years, with
smartwatch usage ranging from 1 to 12 years) from university students
and young faculty members. Users with backgrounds in industrial design
or art design were excluded, as their aesthetic perceptions would differ
significantly from those of “non-professional” users. Young users were
selected for testing because they represent the core consumer group for
smartwatches, and their aesthetic preferences have a significant impact on
market trends. Additionally, young users tend to have heightened sensitivity
to design details, which provides more distinctive data for form aesthetics
evaluation.

Figure 1: Smartwatch samples.

Testers were asked to evaluate the 12 smartwatches using a Likert scale
to measure the overall aesthetic score and evaluation attributes of each
smartwatch. This resulted in 240 completed questionnaires. The scores were
then converted into percentage scores for the total aesthetic score and each
evaluation attribute.

This study referenced existing principal component analysis methods
(Vidal, 2016), using the overall aesthetic score of the smartwatch (dependent
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variable Y) as the core indicator, and selected style (X1), color (X2), material
(X3), dial (X4), strap (X5), and overall feel (X6) as independent variables.
Data analysis was conducted using SPSS 26.0 and MATLAB, with the
following steps:

Variable Selection and Standardization
Bivariate correlation analysis (Pearson’s test, significance level α = 0.05)
was performed to select the independent variables. As shown in Table 2,
all independent variables showed significant correlations with the dependent
variable Y (p < 0.001), indicating that these variables significantly affect the
aesthetic score. All variables were retained for further analysis. The original
data (Table 3) were then standardized to eliminate dimensional differences:

Y
′

=
Y − Y
SY

, X
′

i =
Xi −Xi

sXi

(i = 1, 2, . . . , 6)

Table 2: Results of the correlation analysis between the overall quality of the
smartwatch’s aesthetic appeal and the measured attributes.

Parameters Style Color Material Dial Strap Overall
Feel

Correlation
coefficient

0.768 0.676 0.583 0.706 0.685 0.793

P value <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
Sample size 240 240 240 240 240 240

* is statistically significant at the 0.05 level.

Table 3: Mean and standard deviation of independent and dependent variables.

Parameters Style Color Material Dial Strap Overall
Feel

Form
Aesthetics

Sample
size

240 240 240 240 240 240 240

Mean 4.205 4.071 4.359 4.083 4.038 4.301 4.385
Std 1.497 1.662 1.280 1.662 1.549 1.496 1.018

Factor Analysis and Principal Component Extraction
Factor analysis was performed on the standardized data (Kline 2014),
yielding eigenvalues and factor loadings for each principal component (see
Table 4, Table 5), and a mathematical model for the principal components
was established. The first three principal components explained 88.61% of
the variance, capturing the majority of the information from the original
variables. The principal component expressions were as follows:

C1 = 0.423X′1 + 0.399X′2 + 0.372X′3 + 0.398X′4 + 0.395X′5 + 0.457X′6
C2 = − 0.315X′1 + 0.185X′2 + 0.743X′3 − 0.545X′4 + 0.100X′5 − 0.087X′6
C3 = − 0.284X′1 − 0.663X′2 + 0.158X′3 + 0.276X′4 + 0.612X′5 − 0.057X′6
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Table 4: Variables variance contribution.

Principal
Component

Eigenvalue Variance
Contribution Ratio

Cumulative
Variance

Contribution Ratio

C1 4.318 71.96% 71.96%
C2 0.543 9.05% 81.01%
C3 0.456 7.60% 88.61%
C4 0.366 5.59% 94.21%
C5 0.228 3.81% 98.01%
C6 0.119 1.99% 100%

Table 5: Factor loading matrix.

Evaluation Attributes C1 C2 C3 C4 C5 C6

Style 0.423 −0.315 −0.284 0.097 −0.728 0.319
Color 0.399 0.185 −0.663 −0.356 0.449 0.196
Material 0.372 0.743 0.158 0.518 −0.045 0.121
Dial 0.398 −0.545 0.276 0.406 0.508 0.215
Strap 0.395 0.100 0.612 −0.656 −0.074 0.150
Overall feel 0.457 −0.087 −0.057 0.014 −0.059 −0.881

Principal Component Regression Modeling
The first three principal components (C1, C2, C3) were used as independent
variables to establish the regression equation:

Y′ = 0.851C1 + 0.192C2 + 0.163C3 (R2
= 0.763, adjusted R2

= 0.731)

The model passed the significance test (p < 0.001), and all regression
coefficients had p-values less than 0.05 (see Table 6). By substituting
the principal component expressions into the regression equation, the
standardized predictive model was derived:

Y′ = 0.702 + 0.251X1 + 0.098X2 + 0.042X3

+ 0.141X4 + 0.155X5 + 0.174X6

Table 6: Significance test of regression coefficients.

Principal
Component

Standardized
Coefficient

t-test Statistic p-value

Constant 3.13 0.002
C1 0.503 7.60 <0.001
C2 0.170 2.75 0.007
C3 0.177 2.57 0.011

Visualization System Development

To validate the feasibility and practical utility of the proposed system and
its value for product design guidance, a visualization system for smartwatch
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form aesthetics evaluation was developed. Designers can input scores for
smartwatch attributes into the system (style, color, material, dial, strap, and
overall feel), which automatically uses the predictive model to calculate an
overall aesthetic score and display the form aesthetics results from the user’s
perspective. This tool enables designers to quickly receive user feedback based
on professional evaluations.

Figure 2: Smartwatch form aesthetics evaluation design tool system.

DISCUSSION

This study utilized PCR analysis to quantify the impact of smartwatch form
aesthetics attributes on the overall aesthetic score, developed an aesthetics
evaluation model, and created a visualization system. The results indicate
that design style and overall feel of the smartwatch have the most significant
impact on aesthetic ratings, with weights of 0.265 and 0.169, respectively,
while the impact of material design is comparatively smaller. This finding
aligns with the user survey results, demonstrating that the model effectively
captures users’ core concerns regarding smartwatch form aesthetics and
provides valuable data support for design decision-making.
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In comparison to existing studies, the innovation of this research lies
in the toolization of the PCR model, bridging the gap between theoretical
analysis and practical application. The visualization system allows designers
to quickly obtain user feedback in the early stages of the design process,
significantly improving design efficiency and decision-making precision.
However, there are some limitations in this study, particularly the relatively
small sample size used in the computational model, which may impact
its accuracy. Therefore, future research could enhance the reliability and
accuracy of the model by increasing the user sample size.

Additionally, the system has significant potential for expansion.
Future applications could extend beyond smartwatches to other wearable
products, with evaluation dimensions expanding from 2D to 3D,
incorporating virtual fitting, dynamic interactions, and further enriching user
experience evaluation criteria. These improvements would contribute to the
comprehensiveness and accuracy of the system, providing broader support
for product design.

CONCLUSION

This study utilized PCR analysis to quantify the impact weights of
smartwatch form aesthetics attributes, developed an aesthetics evaluation
model, and created a visualization system. The main conclusions of the study
can be summarized as follows. First, in terms of model construction, the study
employed bivariate correlation analysis to identify the key attributes that
significantly influence the form aesthetics of smartwatches, and developed
a prediction model for evaluating the aesthetic appearance of smartwatches
based on these attributes. Second, regarding the value of the tool, the study
constructed a visualization system for smartwatch products based on the
PCR model. This system enables designers to quickly obtain user feedback
from a user’s perspective in the early stages of design, thereby optimizing
design decisions and improving design efficiency. Additionally, the system
exhibits good scalability and could be extended to other wearable devices.
By introducing 3D evaluation and user experience dimensions, the system’s
comprehensiveness and practical utility can be further enhanced.

Despite some limitations, such as a small sample size and a single-
dimensional evaluation, this study provides a new methodological
framework and tool support for evaluating the form aesthetics of
smartwatches and other wearable devices. Future research will expand
the sample size, extend the application scenarios, and incorporate
multidimensional evaluation to further refine the system’s capabilities,
providing a more comprehensive scientific foundation for product design
optimization.
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