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ABSTRACT

This study aims to explore the relationship between wrist size and the comfort and fit of smartwatch wearability.
Measurements of hand dimensions, including wrist width, palm length, finger length, and finger width, were taken from
41 participants. Based on the analysis results, participants were grouped by wrist width, and individuals from different
groups were asked to subjectively rate the comfort, strap fit, and ease of operation of the smartwatch. The results revealed
that wrist width significantly impacts wearing comfort, while other hand features (such as finger width) play a crucial
role in the operational experience. Users with wider wrists rated strap fit and wearing pressure more favorably, whereas
those with narrower wrists demonstrated superior touchscreen operation performance. Additionally, the significant effects
of design factors such as strap material, dial size, and smartwatch weight on wearing experience were also validated.
These findings provide valuable insights for smartwatch design, highlighting the necessity of considering variations in
hand dimensions to enhance the overall user experience.

Keywords: smartwatch; wearable devices; hand dimensions; ergonomics

1. Introduction

Wearable devices refer to electronic products designed with advanced technology that can be worn
directly on the user’s body!". The origins of wearable devices can be traced back to the 1960s, when research
focused on designing computing devices in a wearable form. With technological advancements, modern
wearable devices have become diverse and indispensable in daily life. Among them, the smartwatch has
emerged as a popular wearable device, allowing individuals to monitor their health from their wrist and
improve their well-being based on feedback datal”!. Smartwatches are versatile, networked computing devices
primarily serving as extensions of smartphones. They support the monitoring of physical activities and other
health-related parameters such as heart rate, blood oxygen saturation, energy expenditure, and sleep quality.
Through a series of sensors, smartwatches can provide timely notifications to users®!. Additionally, modern
smartwatches are often equipped with touchscreens, enabling interaction with applications™*!, offering more
functions than other wearable devices”. This convenience greatly enhances users’ daily lives, making
smartwatches one of the most popular products on the market.
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With the widespread adoption of wearable devices, the ergonomic aspects of their design have
increasingly garnered academic attention. Shao Yuguang!® developed an assistive design platform for head-
worn products, providing designers with standardized head measurements and the relationships between head-
worn products and head dimensions. This platform aids in evaluating and improving the fit and comfort of
head-worn devices. Similarly, Li Xinyi et al.!”), based on anthropometric data of the head and ears, used cluster
and percentile analyses to improve the comfort of headbands and ear cushions on headphones. These studies
underscore the critical role of human dimensions in wearable device compatibility and design.Research by
Hsiao and Chen!® as well as Dehghani et al.”!, has explored the design aesthetics of smartwatches. Their
findings confirm that dimensions, shape, and uniqueness significantly influence purchasing decisions and
continued use intentions. As a device that comes into direct contact with the skin, smartwatch wearing comfort
is also closely tied to its fit. Although most smartwatches come equipped with adjustable straps theoretically
capable of accommodating various wrist sizes, factors such as dial size, device weight, strap tightness, and
overall fit can still affect wearers’ comfort. While these issues may not lead to severe conditions like
tenosynovitis caused by poor design!'”, they can significantly impact the frequency and duration of device

use!'!,

This study aims to investigate the relationship between hand dimensions and smartwatch wearing comfort.
By measuring the wrist width and other hand dimensions of 41 participants, subjects were grouped based on
wrist width. and incorporated a Likert scale survey to assess the wearing experiences of different participants
(those who had previously worn multiple smartwatches and those who had only worn one). Through a
quantitative analysis of factors such as wearing comfort, ease of operation, and stability, the study examines
the effects of different hand characteristics on subjective perceptions of wearing a smartwatch. The findings
not only highlight the importance of wrist width as a representative hand characteristic but also explore how
hand dimensions influence smartwatch usability and comfort.

2. Methodology

2.1. Research procedure

As shown in Figure 1, the study began with participant recruitment and data collection. A total of 41
postgraduate students aged between 22 and 28 were selected as research subjects, including 25 females and 16
males. All participants were right-handed and wore smartwatches regularly in their daily lives. Hand
dimensions were measured using standardized methods, recorded on graph paper, and supplemented by
photographs to aid in statistical analysis. The collected hand data included wrist width, hand length, hand width,
and the length and width of each finger for both hands, ensuring consistency in the measurement environment
and tools to minimize errors.After data collection, IBM SPSS Statistics 26 software was used to perform
descriptive statistics, normality tests, and correlation analyses to explore the relationship between wrist width
and other hand characteristics. Based on the analysis results, hand features that were significantly correlated
with wrist width were selected for grouping, aiming to investigate the potential influence of different wrist
sizes on the smartwatch wearing experience.

First, the participants were divided into two groups: the first group consisted of individuals who had
previously worn multiple smartwatches, while the second group included those who had only worn one
smartwatch. Each group was further categorized based on wrist width, and subjective experiences of wearing
smartwatches were collected using a Likert five-point scale questionnaire.The questionnaire included
questions on the frequency of smartwatch use, duration of wear, strap tightness, operational sensitivity, and
overall comfort. To ensure the scientific rigor of the questionnaire, reliability and validity tests were conducted,
and a pilot test was performed to adjust the content as needed. After data collection, SPSS was used for
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descriptive statistics and significance testing to analyze differences in smartwatch wearing experiences among
the groups. Based on the findings, recommendations for improving smartwatch design were proposed, offering
theoretical support for personalized design and addressing market needs.

Data Collection] — [Participant Groupin@ — (Questionnaire Distribution) —— | Data Analysis

Collect hand measurements Extract hand characteristics Group participants based Distribute the smartwatch comfort Analyze the impact of variables
Data were collected using paired tests and correlation on these characteristics questionnaires according to the on smartwatch wearing comfort
grid paper and photographs analysis.ysis. grouping across different groups

Figure 1. Research procedure flowchart.

2.2. Preliminary data collection and analysis
2.2.1. Hand data collection

Hand data were collected by photographing the participants’ hands, as illustrated in Figure 2. The setup
for the data collection environment is as follows: A 25 x 35 ¢cm grid paper made up of 1 X 1 mm squares was
affixed at a height of 125 cm from the ground. This height was determined based on the 50th percentile of
shoulder height for males and females aged 18 to 70 years, as referenced in the “Chinese Adult Body
Dimensions”!'?. The camera was positioned one meter away from the grid paper, ensuring that the camera
height was level with the center point of the grid to minimize angle errors. Camera parameters (such as
resolution, focus mode, aperture, etc.) were preset and calibrated to ensure that the captured images were clear
and the scale was accurate. During data collection, participants were instructed to stand beside the grid paper,
with their upper arm and forearm forming an approximate 90° angle, allowing their hands to relax and fingers
to extend naturally!'*. To ensure comprehensive data collection, both the front and back of each hand were
photographed. All images were taken under consistent lighting conditions to avoid shadows or reflections that
could affect the accuracy of the measurements.

25x%35 ¢m grid paper
(with 1x1 mm squares)

Photographs were taken separately
for the front and back of both the
left and right hands

Figure 2. Hand data collection image.

After the photographs were taken, they were imported into a computer for post-processing. According to
the measurement requirements outlined in the document “Classification of Hand Dimensions in Chinese
Adults”!"¥,Computer-Aided Design (CAD) software was used to precisely annotate the hand contours, as
shown in Figure 3. This process involved measuring various parameters of the hands, including wrist width,
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hand length, hand width, palm length, and the length and width of each finger for both hands.Subsequently,
Adobe Photoshop was utilized for image processing and calibration to ensure the accuracy and repeatability
of the data. The entire annotation process for hand data was carried out by trained technicians to guarantee
precision and consistency in the markings. This method of hand data collection, through a standardized
photographic procedure and accurate image processing techniques, ensured high precision and consistency of
the data required for the study, providing a reliable foundation for subsequent statistical analyses!').

Figure 3. Annotation of hand dimension measurement items (same for left hand).

The measurements of hand dimensions for both hands were initially organized using Excel, with detailed
descriptive statistical analyses presented in Table 1. The descriptive statistics included the mean, standard
deviation, maximum value, minimum value, and median. Additionally, to further assess the distribution
properties of the data, particularly to test for normality, the Shapiro-Wilk test was employed on the
measurement data of both hands. The null hypothesis (HO) of the Shapiro-Wilk test posits that the data follow
a normal distribution, while the alternative hypothesis (H1) posits that the data do not follow a normal
distribution.

The test results are summarized in Table 1. For the measurements of hand length, wrist width, palm length,
thumb length, index finger length, middle finger length, ring finger length, and little finger length, the p-values
were all greater than 0.05, indicating that we failed to reject the null hypothesis (HO). This suggests that these
variables can be considered as following a normal distribution. However, for other hand measurements, the p-
values were less than 0.05, leading to the rejection of the null hypothesis (HO), indicating that these variables
do not conform to the assumption of normal distribution.

Table 1. Statistical analysis of left and right hand measurements (mm).

Shapiro-Wilk Test

Measurement Items Right or Left Mean SD Max Min Mdn
W value p value

Age (years) 24.68 1.23 28.00 22.00 25.00 0.94 0.03

R 174.13 11.50  211.50 151.00 174.00  0.96 0.22%
Hand Length

L 173.47 11.34 21090 150.90 174.10  0.96 0.12%

R 76.66 5.76 90.30 68.00 74.70 0.93 0.02
Hand Width

L 76.00 5.17 87.20 68.80 74.60 0.92 0.01

R 52.71 4.13 64.50 43.80 52.00 0.97 0.23*
Wrist Width

L 52.98 4.28 63.90 43.70 52.10 0.98 0.65%
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Table 1. (Continued).

Shapiro-Wilk Test

Measurement Items Right or Left Mean SD Max Min Mdn
W value p value

R 98.27 6.74 119.29 85.20 97.55  0.97 0.33*
Palm Length

L 97.91 6.65 118.97 85.15 97.61  0.96 0.19*

R 57.34 3.69 69.26 49.98 5722 097 0.24*
Thumb Length

L 57.13 3.64 69.07 49.95 57.25  0.96 0.13*

R 68.79 4.12 82.73 60.07 68.66  0.95 0.10*
Index Finger Length

L 68.52 4.07 82.49 60.03 68.09  0.95 0.08*

R 76.19 4.85 92.56 66.11 75.87  0.96 0.11*
Middle Finger Length

L 75.89 4.79 92.28 66.07 75.69  0.95 0.08*

R 71.90 4.59 87.22 62.43 71.80  0.96 0.13*
Ring Finger Length

L 71.62 4.53 86.97 62.38 71.63  0.95 0.09*

R 56.07 3.82 68.39 48.17 56.17  0.97 0.25%
Little Finger Length

L 55.84 3.77 68.19 48.13 56.21 0.96 0.16*

R 20.12 1.32 22.71 18.31 19.61 0.91 0.00
Thumb Width

L 20.03 1.27 22.33 18.43 19.51 0.89 0.00
Proximal Index Finger R 18.53 1.02 20.67 17.11 1820 092 0.01
Width L 18.45 0.96 2031 1721 1811 091 0.00
Proximal Middle Finger R 17.95 1.02 20.10 16.50 17.66 093 0.01
Width L 17.87 0.96 19.73 16.61 17.57 091 0.00
Proximal Ring Finger R 16.86 1.02 19.02 15.46 16.52 091 0.01
Width L 16.78 0.96 18.66 15.55 1643  0.90 0.00
Proximal Little Finger R 15.29 0.95 17.30 14.00 1496  0.91 0.00
Width L 15.22 0.90 16.97 14.08 14.88  0.90 0.00

* indicates normally distributed data based on the Shapiro-Wilk test

2.2.2. Hand data analysis

Due to the inclusion of different dominant hand groups and varying preferences for wearing smartwatches
during the questionnaire collection, it is crucial to conduct a detailed analysis of the collected hand data to
determine the hand type criteria for grouping in the questionnaire.First, paired sample t-tests and Wilcoxon
signed-rank tests were employed to analyze whether there were significant differences in hand dimensions
between the left and right hands. For the hand measurements that followed a normal distribution, such as hand
length, wrist width, and palm length, paired sample t-tests were used for analysis. In contrast, the Wilcoxon
signed-rank test was applied to data that did not meet the normal distribution assumption. As shown in Table
2, the results indicated significant differences in various hand dimensions between the left and right hands,
except for wrist width.

This analysis reveals that although there is no significant difference in wrist width between the two hands,
other hand dimensions (such as hand length and finger length) exhibit statistically significant asymmetry!'®!.
Given that all 41 participants in this study are right-handed, the test results (p-values and z-values) indicate
that the hand dimensions for the right hand are generally larger than those for the left hand. While these
differences are small, they reflect the asymmetry of the hands, which appears to be a common population
characteristic. This phenomenon aligns with findings from Barut et al.!'’) and Idenya et al.'®, who observed
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significant left-right differences in hand width, shape index, and palm length/width measurements in their
studies (p < 0.001). Moreover, our results also demonstrated significant differences in hand width
measurements, such as thumb width, index finger width, and ring finger width (p-values approaching those
reported in other studies). Kumar et al.'! similarly reported that right-handed individuals tend to have greater
hand width on the dominant side compared to the non-dominant side, suggesting that the preferred hand
inevitably has a strong influence on hand length, hand width, and shape index. These studies provide robust
theoretical support for the analysis of hand data in this research, laying the groundwork for establishing
grouping criteria and offering important references for exploring the potential relationship between hand
dimensions and smartwatch wearing comfort.

Table 2. Paired sample test for each part of the left and right hands.

Paired Sample #-test Wilcoxon Signed-Rank Test
Item

y/ t )4 4
R & L Hand Length 0.002** 3.363
R & L Wrist Width 0.189 -1.336
R & L Palm Length 0.002** 3.369
R & L Thumb Length 0.002** 3.338
R & L Index Finger Length 0.002** 3.367
R & L Middle Finger Length 0.002** 3.371
R & L Ring Finger Length 0.002** 3.363
R & L Little Finger Length 0.002%* 3.405
L & R Hand Width 0.000%** —3.787
L & R Thumb Width 0.000%** —3.740
L & R Proximal Index Finger Width 0.000%** -3.779
L & R Proximal Middle Finger Width 0.000%** —3.753
L & R Proximal Ring Finger Width 0.000%** -3.779
L & R Proximal Little Finger Width 0.000%** -3.779

**: p<0.01 (highly significant); ***: p <0.001 (extremely significant). Abbreviation explanations: “R” = Right, “L” = Left, “&” =
and.

Since no significant statistical difference was observed between the wrist widths of the left and right
hands, wrist width can be used as a grouping criterion. However, to further explore the relationship between
wrist width and other hand dimensions, this study employed Pearson correlation analysis for normally
distributed data and Spearman correlation analysis for non-normally distributed data. As shown in Table 3, the
analysis results indicate that wrist width is significantly positively correlated with multiple hand dimensions,
including hand length, hand width, and finger lengths for both hands. This suggests that wrist size can, to some
extent, reflect the size of other hand features. This finding provides a solid theoretical basis for subsequent
grouping, indicating that grouping by wrist width not only simplifies the data processing but also effectively
represents the differences in overall hand size.
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Table 3. Correlation analysis between wrist width and various parts of the hand.

Right Wrist Width and Right Hand Parts Left Wrist Width and Left Hand Parts
Item PearsoEl Correlation Spearn}an Correlation Pearso? Correlation Spearn'lan Correlation
Analysis Analysis Analysis Analysis
r P P p r p P p
Hand Length 0.874 0.000%*** 0.816 0.000%**
Hand Width 0.815 0.000%*** 0.833 0.000%**
Palm Length 0.873 0.000%*** 0.823 0.000%**
Thumb Length 0.874 0.000*** 0.818 0.000%**
Index Finger Length  0.858 0.000%*** 0.789 0.000%**
Middle Finger Length 0.865 0.000%*** 0.799 0.000%**
Ring Finger Length ~ 0.868 0.000*** 0.804 0.000%**
Little Finger Length  0.872 0.000*** 0.814 0.000%**
Thumb Width 0.823 0.000%*** 0.831 0.000%**
Efgg:‘g:,gﬁex 0.824  0.000%** 0.835  0.000%%*
Efr‘l’g:‘;‘:,m;ddle 0.827  0.000%** 0.838  0.000%**
g;?é‘ti}:“al Ring Finger 0.824  0.000%** 0.835  0.000%**
Proximal Little 0.825  0.000%** 0.834  0.000%**

Finger Width
**%: p<0.001 (extremely significant).

2.3. Questionnaire design

With the continuous expansion of the smartwatch market, major brands are demonstrating increasingly
diverse design trends. Based on the representativeness and influence within the smartwatch market, this study
selected four brands—Apple, HUAWEI, Samsung (Galaxy), and Xiaomi—as the subjects of investigation. As
shown in Table 4, the design of smartwatch screens has evolved from a single-size approach to offering
multiple sizes and shapes (square and round screens). In related research, Kim®” pointed out that compared to
square screens, round screens are more effective in enhancing device pleasantness, further promoting user
acceptance and usage of smartwatches. This trend indicates that smartwatch manufacturers are placing greater
emphasis on meeting users’ personalized needs. Moreover, the weight of smartwatches across various brands

has also been continuously optimized. Notably, the latest Apple Watch Series 10 and HUAWEI Watch Series
4 are lighter than their predecessors, despite featuring larger screen sizes. The materials used for smartwatch
bands include nylon, silicone, titanium alloy, leather, fluoroelastomer, and carbon fiber. This variety of material
choices reflects adaptability to different application scenarios, such as sports, business, and daily use.

The questionnaire in this study was designed to focus on participants’ comfort, fit, and usability when
wearing smartwatches, aiming to explore the potential impact of hand dimensions on wearing experience. The
survey required users to provide feedback solely based on their wearing experience (e.g., weight, stability,
tactile sensation) without evaluating the watch’s appearance or design style. Furthermore, no images of
smartwatches were included in the questionnaire to prevent participants’ assessments of comfort from being
influenced by factors such as style, color, or appearance.
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Table 4. Survey on basic information of different smartwatch brands.

Apple Watch Series HUAWEI Watch Series Galaxy Watch é(eliioel:l Watch

Dial Shape Square Screen Round Screen Round Screen Round Screen
. 1:41.7 mm
I: 38 mm and 42 mm 1: 42 mm 2: 46 mm 1:46.5 mm
2 and 3: 38 mm and 42 mm
N 2: 45 mm 3:41 mm and 45 mm 2: 42 mm and 46 mm
Dial Size 4-6: 40 mm and 44 mm
3: 46 mm 4and 5: 40 mm and 44 mm  3: 46.5 mm
7-9: 41 mm and 45 mm
10- 42 446 4:46.2 mm 6: 44 mm 4:47.3 mm
<o mman mm 7: 40 mm and 44 mm

1: 25 g and 30g

2:282gand 524 g 1:149¢

3:26.7gand 52.8 g . 2:63¢g .

4:30.1 gand47.9 g ;j ggg 3:43gand53.8 g ;j gg.ggand465
Watch Weight  5:30.8 gand 46.7 g T & 4:259gand 303 g S & 8

6:30.5gand47.1g i 48g 5:28.7 gand 33.5¢ i 44§

7:32gand51.5¢g o8 6:333¢g A

8and 9:319 gand 51.5¢g 7:28.8gand33.8 g

10:34.2 gand 41.7¢g

. . Titanium Material, .

Strap Material Nylon Material, Silicone, Genuine leather, Nylon, Genuine leather, Nylon, Fluoroelastomer

Titanium Leather, Carbon Fiber

Fluoroelastomer

The questionnaire comprised four modules with a total of 24 questions. The first module collected
participants’ demographic information, including gender, age, occupation, dominant hand, and the hand used
for wearing the smartwatch. Participants were also required to measure their wrist width (either wrist was
acceptable) to determine their group assignment. Based on the median and mean wrist widths from prior studies,
wrist widths less than 5.3 cm were classified as Group A, while those greater than or equal to 5.3 cm were
classified as Group B. The second module focused on wearing habits, with questions designed to investigate
the frequency of daily smartwatch use, duration of each wearing session, and the brand and model of the
smartwatch worn by the participants!?"). Referring to the relevant data in Table 4, the study selected sample
models with similar screen sizes and weights for analysis, specifically: Apple Watch Series 8 (45 mm/51.5 g),
HUAWEI Watch Series 3 (46 mm/54 g), Galaxy Watch 3 (45 mm/53.8 g), and Xiaomi Watch Series 2 (46
mm/46.5 g). All selected models used fluoroelastomer straps. The third module emphasized wearing comfort
and fit, employing a five-point Likert scale for quantitative evaluation. Questions addressed factors such as
wrist pressure, strap tightness, the impact of sweating on smartwatch stability, and how the materials and
weight of the smartwatch influenced the wearing experience. These questions aimed to capture participants’
subjective perceptions in various wearing scenarios®?. The fourth module examined the usability of
smartwatches, focusing on participants’ experiences with the functional operations of the devices. This
included ease of touchscreen interaction, user-friendliness of the interface, and feedback from health
monitoring features.

To ensure the scientific validity and effectiveness of the questionnaire, the research team initially
conducted a small-scale pilot test. Using preliminary data, Cronbach’s Alpha coefficient was employed to
assess the internal consistency of the questionnaire, ensuring that the scale design had high reliability. Based
on the pilot test results, the wording and response options for some questions were revised to enhance the
readability and relevance of the final questionnaire. The final version was designed to incorporate user
feedback from various dimensions, covering the three main aspects of comfort, fit, and usability, thus ensuring
the reliability of subsequent statistical analyses and the representativeness of the data.
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3. Results

The subjects of this survey were smartwatch users aged 18-35 years (mean age: 25.8 years),
encompassing individuals of different genders, ages, occupations, and dominant hands. The demographic
information of all participants is summarized in Table 5. Based on the survey data, participants were divided
into two groups: the first group (control group) consisted of individuals who had previously used multiple
smartwatches, while the second group included those who had only used one smartwatch. A total of 182 valid
questionnaires were collected (95 from the first group and 87 from the second group). Additionally, participants
in each group were further categorized based on wrist width to analyze differences in wearing comfort across
groups and wrist width categories.

Table 5. Basic information for smartwatch wearing comfort questionnaire survey.

Sample Category Sample Size  Percentage
Male 86 47.25%
Gender Female 96 52.75%
Other 0 0
Students 53 29.12%
Educational Professionals (e.g., professors, teachers of various o
16 8.79%
grades, lecturers)
Medical Professionals (e.g., doctors, nurses, caregivers) 12 6.59%
Service Industry Workers (e.g., restaurant servers, delivery o
13 7.14%
personnel)
Occupation Office/Administrative Workers (e.g., white-collar employees, o
. 18 9.89%
executives)
Technical/Engineering Professionals (e.g., repair technicians, o
10 5.49%
programmers)
Manufacturing Workers 16 8.79%
Sports Professionals (e.g., athletes, fitness coaches) 14 7.69%
Freelancers 14 7.69%
Unemployed 16 8.79%
Left Hand 65 35.71%
Dominant Hand )
Right Hand 117 64.29%
Hand Usually Wearing the Left Wrist 71 39.01%
Smartwatch Right Wrist 111 60.99%
Less than 5.3 cm 112 61.54%
Wrist Width Range
Greater than or equal to 5.3 cm 70 38.46%
Apple Watch Series 8 (Square Dial) 56 30.77%
Brand and Model of the Watch HUAWEI Watch Series 3 (Round Dial) 32 17.58%
Usually Worn Galaxy Watch 3 (Round Dial) 37 20.33%
Xiaomi Watch Series 2 (Round Dial) 57 31.32%
Less than 1 month 26 14.29%
1 to 3 months (excluding 3 months) 38 20.88%
qu long have you been wearing 3 to 6 months (excluding 6 months) 60 32.97%
this watch
6 to 12 months (excluding 12 months) 37 20.33%
More than 1 year 21 11.54%
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Table 5. (Continued).

Sample Category Sample Size Percentage

Lessthan 1 h 20 10.99%
Average 1 to 3 h(excluding 3 h) 28 15.38%
VD\;‘;;ﬁng 3 t0 6 h (excluding 6 h) 58 31.87%
Duration 6 to 9 h (excluding 9 h) 53 29.12%

More than 9 h 23 12.64%

Among individuals who had previously used multiple smartwatches, as shown in Table 6, wrist width
was found to significantly affect certain indicators of smartwatch wearing comfort. Regarding the sensation of
wearing pressure over prolonged use, Group A, with smaller wrist widths, reported significantly higher scores
than Group B (Group A mean = 2.98, Group B mean = 2.36, p = 0.021), indicating a stronger perception of
pressure. This suggests that for users with smaller wrists, smartwatch designs may not adequately address the
distribution of wearing pressure, resulting in a diminished wearing experience.

Similarly, in terms of the impact of watch face size and smartwatch weight on wearing comfort, Group A
also scored significantly higher than Group B. Smaller wrist widths may limit users’ acceptance of larger watch
faces and heavier watches, further influencing their overall evaluation of smartwatches. Additionally, there
was a significant difference in strap material comfort (Group A mean = 2.93, Group B mean =2.41, p =0.027),
with Group B expressing greater dissatisfaction, highlighting deficiencies in physical wearing comfort for
users with larger wrist widths.

Notably, the differences in wearing stability were particularly significant. Whether in normal wearing
conditions (Group A mean = 2.38, Group B mean = 3.10, p = 0.001) or after sweating (Group A mean = 2.32,
Group B mean = 3.08, p = 0.001), Group A scored significantly lower than Group B. This indicates that users
with smaller wrists generally found the smartwatch less secure to wear. For smartwatch design, improving
wearing stability to accommodate a wider range of wrist sizes is a pressing challenge. Furthermore, Group B’s
lower ratings in touchscreen responsiveness (Group A mean = 3.00, Group B mean = 2.49, p = 0.015) also
reflect the potential influence of wrist width, and consequently finger size, on interaction and operational

experience.
Table 6. Analysis of Group A and Group B data for the first set of subjects.
Wilcoxon Signed-Rank Test
Question Group Mean SD
)4 Z
Personal Subjective Comfort Level(1 = Very Uncomfortable, 5 = Very A 2.93 1.08 0.635 —0.475
Comfortable) B 2.90 0.94 ’ ’
Personal Subjective Expectation Value(1 = No Expectation, 5 = Very A 2.84 0.95 0.925 —0.094
High Expectation) B 2.82 1.10 ’ ’
Sense of Pressure During Long-Term Wear (1=None, 5=Very A 2.98 1.00 0.021* 5315
Uncomfortable) B 2.36 1.06 ’ ’
) A 3.04 1.03
Impact of Watch Weight (1 = No Impact, 5 = Very Impactful) 0.027* -2.210
B 2.31 1.00
I f Dial Size (1 =No I 5=Veryl ful) A 307 LB 0.015* 2.441
mpact of Dial Size (1 = No Impact, 5 = Very Impacttu . 2.
P P P B 2.41 0.94
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Table 6. (Continued).

Wilcoxon Signed-Rank Test

Question Group Mean SD
p z
Strap Fit (1 = Very I iate, 5 = Very A iate) A 300087 0.057 1.904
trap Fit (1 = Very Inappropriate, 5 = Very Appropriate . —1.
B 2.69 0.95
The Comfort of Strap Material(1 = Very Uncomfortable, 5 = Very A 2.93 0.95 0.027* 2208
Comfortable) B 241 088 ' "
Stability of the Watch When Worn (1 = Very Unstable, 5 = Very A 2.38 0.91 0.001%* ~3304
Stable) B 310 0.9 ' ’
Stability of the Watch When Worn After Sweating (1 = Very Unstable, A 2.32 0.79 0.001%* 3332
5 = Very Stable) B 3.08 096 ' '
o N o A 3.00 1.01
Touchscreen Sensitivity (1 = Very Insensitive, 5 = Very Sensitive) 0.015* —2.438
B 2.49 0.94
Fit of Buttons and Touchscreen Operations with Finger Width (1 = A 2.98 1.10 0.085 1723
Very Inappropriate, 5 = Very Appropriate) B 251 0.91 ' '
Fit of Touchscreen Icons (1 = Very Inappropriate, 5 = Very A 2.89 1.07 0.074 ~1.787
Appropriate) B 2.33 1.11 . .
Accuracy of Function Detection (1 = Very Inaccurate, 5 = Very A 2.93 1.08 0.889 ~0.140
Accurate) B 290 082 ' '
A 2.71 0.89
Overall Satisfaction (1 = Very Dissatisfied, 5 = Very Satisfied) B 308 0.98 0.109 —1.604

*: p <0.05(significant); **: p <0.01 (highly significant). A: Individuals with a wrist width less than 5.3 cm, B: Individuals with a
wrist width greater than or equal to 5.3 cm.

As shown in Table 7, among individuals who had only used one smartwatch, the impact of wrist width
on wearing comfort was further validated. Regarding the influence of watch face size, Group A scored
significantly higher than Group B (Group A mean = 3.21, Group B mean = 2.35, p = 0.001). This difference
reinforces the observation that larger watch faces may cause more pronounced discomfort for users with
smaller wrists. Similarly, the effect of smartwatch weight on comfort aligned with the findings from the first
group.Furthermore, Group B again exhibited significant dissatisfaction with the comfort of strap materials
(Group A mean = 3.04, Group B mean = 2.29, p = 0.015), suggesting that this issue is widespread. In terms of
wearing stability, although the difference in normal wearing conditions was only marginally significant (p =
0.066), Group A’s stability rating (mean = 2.82) was still lower than that of Group B (mean = 3.26).

Additionally, significant differences in touchscreen responsiveness (Group A mean = 2.98, Group B mean
=2.26, p=0.021) and touchscreen icon compatibility (Group A mean = 3.05, Group B mean =2.29, p =0.021)
indicate that users with smaller wrists tend to have higher satisfaction with touchscreen interaction. This may
be attributed to better operational accessibility of the touchscreen area and a more harmonious proportion
between finger size and the screen.
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Table 7. Analysis of Group A and Group B data for the second set of subjects.

Wilcoxon Signed-Rank Test

Question Group Mean SD
p b4
Personal Subjective Comfort Level(1 = Very Uncomfortable, 5 = Very A 3.59 1.44 0.928 ~0.090
Comfortable) B 358 112 ' ’
Personal Subjective Expectation Value(1 = No Expectation, 5 = Very A 2.95 1.23 0.709 ~0.373
High Expectation) B 297  1.11 ’ ’
Sense of Pressure During Long-Term Wear (1=None, 5=Very A 2.96 1.08 0.084 1727
Uncomfortable) B 2.39 1.25 ' ’
A 3.13 1.06
Impact of Watch Weight (1 = No Impact, 5 = Very Impactful) 0.029* —2.178
B 2.35 1.08
A 3.21 1.00
Impact of Dial Size (1 = No Impact, 5 = Very Impactful) 0.001** —3.447
B 2.35 0.84
( ) A 2.63 1.04 .
Strap Fit (1 = Very Inappropriate, 5 = Very Appropriate 0.018 —2.369
p Ty Inapprop: Y Approp! B 313 0.85
e _ A 3.04 111
The Comfort of Strap Material(1 = Very Uncomfortable, 5 = Very 0.015* 0435
Comfortable) B 229 094 '
Stability of the Watch When Worn (1 = Very Unstable, 5 = Very A 2.82 1.01 0.066 ~1.840
Stable) B 326 115 '
Stability of the Watch When Worn After Sweating (1 = Very Unstable, A 2.93 0.97 0732 ~0.343
§ = Very Stable) B 310 101 '
A 2.98 1.09
Touchscreen Sensitivity (1 = Very Insensitive, 5 = Very Sensitive) 0.021* —2.308
B 2.26 0.96
Fit of Buttons and Touchscreen Operations with Finger Width (1 = A 3.04 1.09 0.019% ~2.355
Very Inappropriate, 5 = Very Appropriate) B 219 1.14 ’ '
Fit of Touchscreen Icons (1 = Very Inappropriate, 5 = Very A 3.05 1.05 0.021* 22312
Appropriate) B 229 104 ' '
Accuracy of Function Detection (1 = Very Inaccurate, 5 = Very A 3.09 1.03 0.065 ~1.842
Accurate) B 2.55 0.99 . .
A 2.96 0.97
Overall Satisfaction (1 = Very Dissatisfied, 5 = Very Satisfied) B 319 0.1 0.674 —0.420

*: p <0.05(significant); **: p <0.01 (highly significant). A: Individuals with a wrist width less than 5.3 cm, B: Individuals with a

wrist width greater than or equal to 5.3 cm.

A comparison of the two groups’ data reveals that wrist width significantly and consistently affects both
the physical comfort and interactive compatibility of smartwatches. Group A, with smaller wrists, scored
significantly higher than Group B on multiple indicators, particularly in wearing pressure sensation, the impact

of watch face size, smartwatch weight, and wearing stability.

As shown in Figure 4 (left), the median scores for watch weight in both groups were significantly higher
for Group A than for Group B, with Group A displaying a broader score distribution that included more high
scores. This indicates that users with smaller wrists are more sensitive to the negative impact of smartwatch
weight on wearing comfort. Similarly, for watch face size, Figure 4 (middle) shows that the median scores in
Group A were also higher than those in Group B. This suggests that users with smaller wrists are more likely
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to perceive watch face size as having a substantial impact on wearing comfort. In contrast, Group B exhibited
lower median scores and a more concentrated distribution, reflecting a weaker perception of this factor’s
influence among users with larger wrists. These findings indicate that current smartwatch designs are more
suitable for users with larger wrists, while those with smaller wrists may experience significant discomfort
during use.

In addition, Group A’s notable advantage in touchscreen responsiveness and touchscreen icon
compatibility highlights that users with smaller wrists also report higher satisfaction with the interactive
experience. As shown in Figure 4 (right), the median scores for Group A in both categories were higher than
those for Group B, with Group A’s score range being broader and including more high scores. This suggests
that users with smaller wrists tend to perceive smartwatch touchscreen operations as more responsive. On the
other hand, Group B exhibited a more concentrated score distribution with a smaller interquartile range,
indicating a more consistent subjective perception of touchscreen responsiveness among users with larger
wrists.

Overall, these findings emphasize the importance of wrist width as a critical variable in smartwatch design.
Future designs should focus on optimizing watch face size, strap material, and wearing stability for users with
larger wrists, while also improving the adaptability of touchscreen operations. These improvements could
ensure broader user coverage and enhanced wearing comfort.

The Tmpact of Spastwateh Weight on Wearing Confirt 1 | e Tt o Wateh Fare Size oo Wearing Comfor T Smsrtons Touehseroen Respasiersess Ruting

TETE TT1F |11
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Figure 4. Comparison of Data Between Group 1 and Group 2.

4. Discussion

This study focuses on the issue of smartwatch wearing comfort by conducting a comparative analysis of
subjective experience data between two groups: individuals who have used multiple smartwatches (Group 1)
and those who have only used one smartwatch (Group 2). Each group was further divided based on wrist width
into smaller-wrist users (Group A, wrist width < 5.3 cm) and larger-wrist users (Group B, wrist width = 5.3

cm). The analysis explored the impact of physical design features of smartwatches (e.g., weight, watch face
size, strap design) on wearing comfort, with a detailed discussion on subjective comfort levels and personal
expectations. The results indicated no significant differences in subjective comfort and personal expectation
levels between the two groups. This suggests that users with different wrist widths perceive overall comfort
and personal expectations similarly when using smartwatches. These findings indicate that the physical
characteristics of smartwatches, rather than subjective psychological factors, primarily determine users’
comfort perception, and these perceptions do not interfere with the conclusions of the study.

Design aesthetics should serve as a guiding principle in smartwatch development. According to Choi and
Kim!®!, smartwatches are perceived as fashion products, and companies and developers should emphasize
design attributes such as shape, size, and weight!**!. In terms of specific design dimensions, this study identified
significant impacts of smartwatch weight and watch face size on wearing comfort. Users with smaller wrists
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were found to be more sensitive to watch weight, likely due to its more pronounced effects on wrist muscle
strain and fatigue. Similarly, the impact of watch face size showed notable differences, with smaller-wrist users
perceiving large watch faces as inconvenient for wear. These findings highlight the importance of lightweight
design and adaptability optimization for smaller-wrist users while indicating that users with larger wrists are
better able to accommodate larger watch faces and weights. This may result from more even weight distribution
across their wrists, reducing discomfort!*!. Notably, factors related to watch straps, such as fit and material
comfort, also exhibited significant differences between the groups. Smaller-wrist users expressed
dissatisfaction with strap fit, potentially due to concentrated pressure and inadequate fixation'*”, whereas
larger-wrist users rated strap material comfort lower. As comfort is a critical factor influencing the adoption of
wearable devices'®, strap design should prioritize more flexible adjustment mechanisms and softer materials
to enhance both comfort and stability. Moreover, stability and sweat resistance during wear significantly affect
overall satisfaction. Data analysis revealed that users with larger wrists perceived the watch as more stable
during wear, including under sweaty conditions. This finding underscores the need for optimized wrist-to-
watch contact shapes in smartwatch design. Integrating anatomical features of the wrist and ergonomic
principles”” can ensure better wrist conformity. Additionally, innovations in sweat-resistant materials can
further improve comfort and adaptability, enhancing the overall user experience.

The current design trends in smartwatches indicate that lightweight construction, diversification, and
functional integration are becoming pivotal directions for industry development®®). These trends align with the
findings of this study, which highlight users’ high sensitivity to weight and watch face size. With advancements
in chip, sensor, and battery technologies, lightweight design has become a central approach to enhancing
wearing comfort, particularly for users with smaller wrists, as increased weight can significantly diminish their
wearing experience. Meanwhile, diversified watch face designs can cater to a broader range of wrist sizes,
especially in segments with a higher proportion of female users. Furthermore, the study reveals that operational
responsiveness is a crucial factor affecting smartwatch wearing comfort. Users with larger wrists have higher
expectations for touchscreen usability, which correlates with the market’s focus on functional integration and
convenience. As smartwatches evolve into multifunctional devices encompassing health monitoring, mobile
payments, and communication, a design that offers clear information display, intuitive interfaces, and user-
friendly operation is essential for achieving higher user satisfaction®”). Consequently, optimizing operating
system interfaces and improving touchscreen technology are critical for enhancing the overall user experience.

User satisfaction has been proven to have a significant impact on the intention to continue using
smartwatches"), further underscoring the critical importance of aligning design with user needs to enhance
product competitiveness. Simultaneously, trends in smartwatch design reflect a deep integration with user
requirements. From a market perspective, the drive for lightweight design is not only fueled by technological
advancements but also by a focus on the comfort of long-term wearers. Additionally, diverse material and
aesthetic designs demonstrate manufacturers’ understanding of personalized preferences and market
segmentation. These trends not only highlight the market’s responsiveness to user demands but also provide
concrete directions for product optimization. The findings of this study align with these trends. For instance,
user feedback on strap material and breathability emphasizes the pivotal role of material selection in ensuring
wearing comfort. Furthermore, it illustrates how design details can influence the overall user experience,
supporting the continuous improvement of smartwatches in both functionality and comfort.

Finally, it is important to note that this study primarily sampled young adults aged 18—35, which may
limit the generalizability of the findings. Additionally, the annual design updates, market trends, and
technological advancements in smartwatches may pose potential challenges to the applicability of the
conclusions. Future research could focus on the comprehensive impact of diverse user groups and novel design
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factors on wearing comfort. By aligning with industry trends, such studies could explore new directions for
optimizing smartwatch design. This would provide more comprehensive theoretical support for enhancing user
satisfaction and product competitiveness.

5. Conclusion

This study examines the relationship between wrist dimensions and the comfort and adaptability of
smartwatch wear, integrating biometric measurements and survey analyses to focus on users’ subjective
wearing experiences. By grouping participants based on wrist width and analyzing their perceived comfort
with smartwatches, the findings offer valuable insights into the impact of wrist size on the usability of wearable
devices. However, this study has certain limitations. First, the sample primarily consists of young adults, which
restricts the generalizability of the results to a broader population. Additionally, the influence of other factors,
such as operating systems and design updates, warrants further exploration. Although hand measurements were
conducted using standardized procedures, potential measurement errors may have arisen due to human or
equipment limitations. Future research could adopt more precise tools and methodologies, such as 3D scanning
technologies, to improve the accuracy of hand dimension data. Expanding the participant pool to include a
broader range of ages and wrist sizes, along with conducting longitudinal analyses, could help capture changes
in user adaptation and experience over time. In conclusion, this study provides empirical support for the field
of wearable technology, emphasizing the importance of accounting for biometric variations and subjective
expectations when designing next-generation wearable devices. The findings offer important references for
improving the comfort and user satisfaction of smartwatches.
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