JOURNAL OF MECHANICS OF CONTINUA AND
MATHEMATICAL SCIENCES
www.journalimems.org

ISSN (Online) : 2454 -7190, Special Issue, No.-13, June (2026) pp 84-97 ISSN (Print) 0973-8975

USER EXPERIENCE-DRIVEN DESIGN OF YOUTH
LIVING SPACES: A UX ARCHITECTURAL
PERSPECTIVE ON HOUSING FOR “EMPTY NEST
YOUTH”

Saltanat Kozhobaeva?, Ding Zirui?, Guo Ziyi®, Liu Wei*
! Kyrgyz State Technical University named after |. Razzakov, Bishkek,
720044, 66, Ch.Aitmatov Ave., Kyrgyzstan.

2 Swan College, Central South University of Forestry and Technology,
Changsha, Hunan, China.

34 Central South University of Forestry and Technology, Changsha, Hunan,
China.

Email: *kozhobaeva74@mail.ru, 292143354@qq.com, *2325680981@¢qq.com,
418773001131@163.com

Corresponding Author: Saltanat Kozhobaeva
https://doi.org/10.26782/jmcms.spl.13/2026.05.00008

(Received: February 13, 2026; Revised: April 30, 2026; Accepted: May 15, 2026)

Abstract

Against the backdrop of rapid urbanization, a significant demographic group
known as “empty-nest youth” has emerged in China’s major metropolitan and
emerging first-tier cities. These young individuals, who predominantly live alone,
commonly face challenges such as weakened social connections, increased
psychological stress, and a reduced sense of security. Current youth housing design
tends to prioritize economic efficiency and spatial optimization while neglecting
systematic research on users’ living experiences, often resulting in spatial dysfunction
and a weakened sense of belonging.

This study introduces an innovative user experience (UX)-oriented theoretical
framework and constructs a three-dimensional design model based on perception,
behavior, and space. Using a mixed-method approach that combines quantitative
guestionnaires, behavioral observation, qualitative interviews, and scenario analysis,
the research systematically investigates the spatial usage patterns and emotional needs
of the target group. By establishing a UX-based architectural evaluation system and
conducting prototype space experiments, the findings demonstrate that user
experience-oriented design strategies can significantly improve residential
satisfaction, promote social interaction, and enhance emotional stability.

This study proposes a new design paradigm for contemporary youth housing that
integrates functional efficiency, humanistic care, and experiential value, providing
both theoretical support and practical guidance for future residential design.
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In recent years, the phenomenon of “empty-nest youth” has become
increasingly prominent within China’s urban social structure. According to the 2024
Youth Housing Conditions Survey Report, the proportion of young people living alone
in first-tier megacities such as Beijing, Shanghai, Guangzhou, and Shenzhen has
exceeded 32%. This group commonly faces multiple challenges, including economic
pressure during the early stages of their careers, high-intensity work environments, the
contradiction between fast-paced urban life and insufficient emotional support, as well
as the dual burden of limited functional living space and inadequate psychological
comfort [XIV]. The current residential design paradigm demonstrates a clear lack of
adaptability in responding to these emerging housing needs [I].

Existing youth housing design remains largely confined to practical functionality, with
primary attention given to three technical dimensions: minimum area standards,
economical layout planning, and basic ventilation and lighting requirements [XV].
However, systematic consideration of residents’ user experience remains insufficient
[XI]. Issues such as psychological belonging, emotional support, human-space
interaction, and the emotional quality of residential environments are often excluded
from architectural design considerations.

The academic development of user experience (UX) theory reflects a clear
interdisciplinary evolution [XI]. Originating from human-computer interaction (HCI)
research in the 1990s, UX theory gradually expanded into the field of architecture
through Norman’s emotional design theory (2013), which emphasized the emotional
and psychological dimensions of user-environment interaction. Furthermore, the
development of intelligent technologies, human-computer interaction systems, and big
data analysis has significantly improved design efficiency while ensuring greater
complexity and precision, providing a quantifiable analytical framework for
architectural environment research [X].

Current domestic research in this field demonstrates two notable characteristics. On the
one hand, scholars primarily apply UX theory to interior design, such as smart home
interaction interfaces (Li Qiang, 2022), and to commercial space design, such as
experiential retail space models (Chen Yuanyuan, 2021). On the other hand, there
remains a significant research gap in spatial behavior modeling at the architectural
scale. This gap is reflected in three aspects. First, at the theoretical level, existing
studies often remain at the stage of intuitive experience summarization, lacking
structured dimensional extraction supported by factor analysis. Second, at the empirical
level, behavioral characteristic databases targeting specific “empty-nest youth”
populations remain underdeveloped, and existing sample sizes are often insufficient to
support reliable statistical analysis. Third, at the methodological level, a complete
research loop integrating “theoretical construction—empirical verification—design
feedback” has not yet been fully established, and long-term post-occupancy evaluation
studies remain limited [11].
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This study focuses on the housing challenges faced by empty-nest youth within the
context of China’s urbanization process. By constructing a UX-oriented evaluation
dimension system, developing user behavior research methods, and creating a
verifiable design prototype, the study aims to achieve several objectives through
empirical testing. These include identifying the spatial behavior patterns and
experiential characteristics of empty-nest youth [IX], establishing a UX-based
evaluation and design framework for youth housing spaces, empirically validating the
effectiveness of the UX model for design optimization, and proposing scalable design
strategies for youth housing in large cities.

Ultimately, the study develops a design strategy system with practical application
value, covering both physical-level optimization measures—such as spatial
organization and facility configuration—and improvements in social support systems,
including community development and service infrastructure. This provides a
systematic framework for improving the living environment of young people in large
urban contexts [VII].

This research pioneers the systematic application of user experience theory in youth
residential architectural design, achieving an organic integration of technical rationality
and humanistic care within the architectural discipline [VIII]. By establishing a
mapping model linking needs, behavior, and space, the study overcomes the limitations
of traditional residential design, which has long been dominated by functionality and
economic efficiency, and constructs an innovative theoretical framework with strong
practical relevance [VI]. Through rigorous empirical research, this study not only
validates the applicability of UX theory at the architectural scale but also provides
practical solutions for addressing youth housing challenges in high-density urban
environments, offering important references for the transformation of contemporary
urban residential design paradigms [1V].

Il.  Research design and methodology
I1.i. General framework of the study

This study adopts a research model of “demand identification, spatial
intervention, and effect evaluation.” Through a mixed research method, it
systematically explores the optimization path of youth living spaces. By combining
quantitative questionnaire surveys and qualitative interviews with spatial behavior
tracking and user satisfaction assessment results, it constructs a youth living space
design evaluation model under the UX dimension and applies it to the development and
user testing of experimental housing prototypes [I11].

Table 1: Overview of research steps
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ILii. User Research Design
Il.ii.a. Sample Selection and Recruitment

This study employed a multi-center sampling strategy, selecting Beijing,
Shanghai, Guangzhou, and Chengdu as sample collection sites. A dual-track screening
process combining social network recruitment and online platform screening was used.
A total of 30 "Empty Nest Youth" who met the study's inclusion criteria were recruited
as core research participants. The inclusion criteria were: (1) age between 20 and 35
years; (2) currently residing alone; (3) no history of VR-induced motion sickness. The
final valid sample consisted of 30 participants (15 males, 15 females), with a mean age
of 27.6 years (SD = 3.4, range: 21-34 years). Regarding living arrangements, 13
participants (43.3%) reported living alone, while 17 (56.7%) lived with others. In terms
of VR experience, 4 participants (13.3%) reported frequent use, 21 (70.0%) occasional
use, and 5 (16.7%) never used VR before. All participants completed the full VR
experience and pre/post UEQ assessments. All research subjects met the basic criteria
of having lived alone continuously for over 12 months. All rented market-priced
residential properties. The occupational composition aligns with the typical
employment structure of contemporary urban youth, encompassing fields such as
design, programming, education, and media, and exhibiting distinct characteristics of
urban white-collar occupations. The sample selection process strictly enforced a triple
verification mechanism (residence proof verification, occupational qualification
certification, and online interview confirmation) to ensure the representativeness of the
research subjects and the reliability of the data [V].

ILii.b. Quantitative tools

This study employs a multi-dimensional standardized measurement tool to
assess the quality of users' living space experiences. (1) Building Environment User
Experience Scale (UEQ): Based on a classic user experience questionnaire, this scale
has been adapted and revised to include six dimensions, including aesthetic appeal,
functional clarity, and usage efficiency. Preliminary testing indicates that the scale has
good reliability and validity. (2) Spatial Behavior Pattern Questionnaire: This
guestionnaire focuses on three aspects: functional space usage characteristics,
behavioral patterns, and satisfaction evaluations. Data are collected through a
combination of activity log methods and smart devices [XI1I].

I1.ii.c. UX Dimension Construction and Design Model

By integrating Hassenzahl's experience value theory and Maslow's hierarchy of needs
theory, a user experience evaluation model for youth living spaces was constructed.
Based on a systematic analysis of survey data, the study established six key dimensions,
which were then assessed qualitatively based on interview findings.
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Table 2: User experience evaluation models

Il.iv. Spatial prototype construction
Il.iv.a. Spatial type and composition

Based on statistics from the Ministry of Housing and Urban-Rural
Development and third-party surveys, the estimated average living space per person
for young adults aged 18-35 in China in 2024 is 28.3 square meters [I]. A standard
“youth single-person independent apartment” with an area of approximately 28.3
square meters was designed as the spatial prototype, focusing on exploring strategies
to optimize living experiences under high-density conditions. The four major
functional modules—sleep, work, cooking, and relaxation—are arranged around the
core functional zone. Modular layouts are implemented for sliding furniture walls,
projection walls, and adjustable lighting systems. To address young people's social
needs, the design includes shared kitchen areas and interactive nodes with visible
interfaces on balconies. Additional emotional regulation devices, such as dynamic
lighting adjustment, sound-buffering structures, and visual buffer zones, are also
incorporated.

Il.iv.b. Modelling and Virtual Simulation

Rhino+Grasshopper was used to complete standardized and intelligent spatial
simulation modeling, and users wore Vision Pro headsets to immerse themselves in the
VR virtual space and complete interactive scenarios, thereby obtaining simulated user
experience data; through eye tracking and hand movement trajectory recording, user
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spatial cognition patterns and behavioral characteristics data were collected.
(1) VR Virtual Living Environment Construction

A standardized smart apartment model of approximately 28.3m2 was constructed in
Rhino+Grasshopper. The apartment includes a living room area, a sleeping area, a
kitchen area, and a balcony area. The scene is equipped with components such as
movable partitions, modular soft furnishings, and smart interaction systems that allow
users to reconfigure the space layout according to their own living habits and adjust the
intelligent use of lighting, temperature control, and other features.
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Fig. 1. Floor plan of a 28.2 m2 single-person apartment for young people

Fig. 2. Spatial partition display diagram
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Fig. 4. Schematic diagram of a smart home interaction system
(2) User Testing Process

Four participants (two men and two women) were invited to wear Vision Pro headsets
and complete the following tasks in a VR smart apartment environment: freely explore
for 30 minutes to observe natural user behavior patterns and gaze focus; complete
targeted tasks: flexibly adjust space partitions in the simulated space according to
individual living habits; adjust smart lighting modes via voice commands; and simulate
interactions with virtual neighbors in a shared kitchen. Semantic feedback: Verbally
describe their intuitive feelings about the spatial layout.

Fig. 5. User smart apartment testing flowchart
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(3) Data collection and analysis

Qualitative observations of gaze patterns. Eye-tracking data were collected during VR
exploration to support qualitative observation of user attention distribution. Due to
technical limitations in recording fine-grained spatial trajectories suitable for stochastic
process modeling (e.g., Markov chain analysis), the eye-tracking data are presented
here as descriptive heat maps for exploratory purposes only. The heat map in Figure 6
illustrates an example of gaze fixation patterns, indicating areas that attracted
prolonged visual attention (darker red regions). Observed fixation hotspots included
the modular furniture system, smart control panels, and adjustable lighting interfaces.
These qualitative observations informed the spatial configuration decisions in the
prototype design but are not intended for inferential statistical analysis.

Fig. 6. lllustrative heat map of gaze fixation patterns (darker red indicates longer
fixation duration). This heat map is presented as a qualitative observation and is not
used for Markov chain modeling or inferential statistics.

Il.v. Simulated Living Experiment (Exploratory Pilot)

In addition to the VR simulation with 30 participants, an exploratory 48-hour
immersive living experiment was conducted with two volunteers (one male, one
female) as a complementary qualitative observation. Due to the extremely small sample
size (N=2), no statistical inference was performed on this part of the data. The results
are reported as qualitative descriptions only and should not be generalized to the
broader population. Detailed findings from this exploratory pilot are presented in the
gualitative analysis section (see Section 3.3).

1. Findings and Analysis
I1Li. Key Components of the Living Experience of “Empty Nest Youth”

Based on in-depth interviews and daily behavioral observations of 50 “Empty Nest
Youth”, combined with text content analysis of open-ended questionnaire data, this
study identified five key UX dimensions influencing their living experience: emotional
safety, functional adaptability, social support, aesthetic freedom, and identity
expression. These dimensions form the basic cognitive structure of young people's
living experience and are mutually embedded in individual spatial practices.

During the interview coding process, frequently occurring keywords were identified,
such as “feeling secure,” “convenient,” “easy for friends to visit,” and “able to make
changes freely.” These keywords reveal the young population's complex expectations
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for residential spaces. They seek spaces that provide psychological stability during
solitary moments while also requiring flexibility in configuration and the ability to
express individuality. These UX dimensions do not exist in isolation but collectively
form an experience system spanning three layers: emaotional, functional, and identity.

IILii. Behavioural Paths and Space Preferences of “Empty Nest Youth”

Spatial usage behaviour is not entirely determined by physical structure but is
significantly influenced by individual lifestyle rhythms and an internal sense of order.
Through scenario reconstruction methods and typical daily routine tracking interviews,
four common functional path models were identified among young people in
residential spaces: self-repair paths, emotional transition paths, social activation paths,
and daily return paths.

For example, the self-repair path typically centers around the bathroom, bedroom, desk,
and bed. Its function is not merely for cleaning and rest, but rather serves as a
mechanism for the gradual release and reconstruction of psychological stress. Some
interviewees stated: “When I get home from work, I don't speak first. I take a shower,
drink some water, and then | have the strength to face myself.”

Such behaviors indicate that residential pathways essentially serve as an “emotional
regulation mechanism,” and spatial layouts should support this organic transition rather
than merely accommaodating physiological movement logic.

I11.iii. Semantic Feedback and the Hierarchical Model of Spatial Satisfaction

In order to gain a more systematic understanding of users' satisfaction with space, this
study used semantic analysis to code and categorize interview data, establishing a
three-level “semantic hierarchy model of spatial satisfaction.” The semantic hierarchy
corresponds to users' descriptions of spatial functions.

Table 3: Semantic Feedback Hierarchy Model

Research has found that the level of residential satisfaction is highly correlated with
whether users can obtain emotional confirmation and identity mapping from the space.
This indicates that spatial design should not only focus on physical comfort and
functional rationality, but should also strive to enhance users' psychological sense of
belonging.

I1Liv. Spatial flexibility and sense of structural control

Spatial flexibility does not equate to unlimited change, but rather refers to the
user's ability to moderately reorganize space according to specific needs. Observations
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reveal that young users generally prefer “lightweight, movable” furniture and tend to
use high-flexibility soft furnishings such as curtains, folding tables, and storage
modules to establish temporary boundaries between functional zones.

In further interviews, most users noted, “Even if [ only have a single room, [ would still
distinguish between the lighting, seating direction, and even the scent of the work area
and rest area.” This reflects users' subjective reconstruction of spatial order.

This phenomenon can also be referred to as “structural control,” where users achieve a
sense of stability, control, and ritual through autonomous manipulation of spatial layout
and usage patterns. This sense of control is a crucial mechanism for enhancing overall
user satisfaction and spatial identity.

I11.v. Quantitative Results: Pre-Post VR Intervention Analysis

To evaluate the effectiveness of the VR-simulated living space on user
experience, a paired-samples t-test was conducted comparing pre- and post-
intervention UEQ scores. Descriptive statistics revealed that the mean UEQ score
increased from M = 5.55 (SD = 1.01) at pre-test to M = 5.88 (SD = 0.81) at post-test.
The paired-samples t-test indicated a statistically significant improvement, t(29) = 2.66,
p =.012, 95% CI [0.08, 0.58]. The effect size was moderate, with Cohen's d = 0.49
(95% CI [0.10, 0.87]), according to Cohen's (1988) conventions (0.2 = small, 0.5 =
medium, 0.8 = large). These results suggest that the UX-oriented spatial design
significantly enhanced participants' overall user experience.

Exploratory subgroup analyses by gender showed positive trends for both males (pre:
M =5.46, SD = 1.12; post: M =5.81, SD = 0.88; mean difference = +0.35, t(14) = 2.01,
p = .064) and females (pre: M = 5.64, SD = 0.90; post: M = 5.94, SD = 0.74; mean
difference = +0.30, t(14) = 1.86, p = .084). Although neither reached statistical
significance at o = .05, the consistent positive direction supports the overall finding.
The lack of significance may be attributable to the relatively small sample size within
each subgroup.

Table 4: Descriptive statistics and paired t-test results for UEQ scores
(N =30)

I11.vi. Synergistic relationship between UX dimensions and the experience system
model

Based on the above analysis, this study constructed a “Youth Residential UX
Experience System Model,” emphasizing that the various dimensions are not isolated
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from one another but form structural synergistic relationships in actual experiences.
Emotional safety helps enhance users' stability within a space, thereby increasing their
willingness to engage in social activities; functional adaptability is a prerequisite for
initiating the user experience, enhancing the efficient use of space; the flexibility of
furniture use provides feasible conditions for aesthetic freedom and personal
expression, further reinforcing users' sense of belonging to the space. Aesthetic
freedom and identity expression form the top-level structure of the experience,
providing a reciprocal support mechanism with emotional safety, thereby constructing
a complete emotional, functional, and expressive feedback loop.

Table 5: Youth Residential UX Experience System Models

I11.vii. AHP Weighting Consistency and Robustness Analysis

To improve the reliability of the UX evaluation model, the Analytic Hierarchy Process
(AHP) was applied with additional consistency and sensitivity verification. Since user
experience perception contains subjective uncertainty, the stability of pairwise
comparison matrices was carefully examined.

The judgment matrices for the six UX dimensions ... were constructed based on expert
evaluations and interview coding results. The principal eigenvalue (Amax) of the
comparison matrix was calculated to test consistency.

The Consistency Index (CI) was computed using the formula:
Cl=(Amax-n)/(n-1)

where n represents the number of evaluation dimensions.

The Consistency Ratio (CR) was further calculated as:
CR=CI/RI

where RI is the Random Index corresponding to matrix order n.

The results showed that Amax = 6.41, CI = 0.082, and CR = 0.066. Since CR < 0.10,
the judgment matrix satisfies the acceptable consistency standard, indicating that the
weighting results are reliable and mathematically stable.

To further test robustness, a simple sensitivity analysis was conducted by introducing
small perturbations (+5%) to selected pairwise comparison values in the judgment
matrices. The ranking order of the six UX dimensions remained unchanged, indicating
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that the weight distribution is stable under minor judgment fluctuations and does not
exhibit significant rank reversal.

Although AHP provides a practical deterministic framework for architectural
evaluation, future studies may further compare these results with probabilistic
approaches such as Bayesian weighting methods to better capture the stochastic nature
of user perception.

IV. Discussion and Limitations
IV.i. Discussion

This study focuses on the “Empty Nest Youth” demographic, exploring their
psychological needs, behavioural habits, and emotional belonging within living spaces
from a UX (user experience) architectural perspective. Through methods such as
interviews, observation, and experiential analysis, the core characteristics and multi-
dimensional synergistic logic of young people's living experiences were reconstructed.

First, the study confirmed that the living behaviors of “Empty Nest Youth” possess
significant identity-building functions. Living spaces are not solely containers for daily
life but also serve to accommodate the multifaceted psychological and social needs of
individuals to express themselves, organize order, and resist loneliness.

Second, from the perspectives of behavioral perception pathways, semantic feedback,
and spatial usage flexibility, the study found that UX dimensions exhibit strong
synergistic characteristics. Spatial security, social support, flexible structures, and
aesthetic freedom are not independent variables but form dynamic interactive
relationships in actual experiences. This “experience synergy” is a key entry point for
optimizing youth housing.

Finally, this study emphasizes that residential design should not rely solely on technical
optimization metrics but should instead adopt an “experience-driven” approach,
balancing users' “mental maps” and “emotional trajectories.” The construction of future
living spaces should incorporate more user participation in co-creation and mechanisms
for timely adjustments and modifications.

IV.i. Limitations

Several limitations of this study should be acknowledged. First, while the sample size
of N = 30 meets the minimum requirement for detecting medium-to-large effect sizes
in paired t-test analyses (based on a priori power analysis: a = .05, 1-p =.80,d = 0.5,
N required = 27), it remains relatively modest. Subgroup analyses by gender were
underpowered, and the null findings in these subgroups should be interpreted with
caution. Second, the 48-hour immersive living experiment included only two
participants and thus served only as an exploratory pilot; its findings are qualitative and
non-generalizable. Third, the current study did not model spatial behavior using
stochastic processes (e.g., Markov chains), which limits the ability to capture dynamic
behavioral transitions. This is acknowledged as an area for future methodological
refinement. Fourth, all participants were recruited from four major Chinese cities
(Beijing, Shanghai, Guangzhou, and Chengdu); the extent to which these findings
generalize to other cultural or geographical contexts remains unknown.
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Table 6: Appendix A. Raw UEQ scores for all participants (N = 30)
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