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Abstract

The pervasive influence of psychosocial adversity on brain development and behavior is well-
documented, leading to significant implications for mental health and societal well-being. This
paper explores the intricate mechanisms through which adverse experiences, such as childhood
maltreatment, social isolation, and poverty, shape neural architecture and functional connectivity,
ultimately impacting cognitive and emotional processes. Drawing upon insights from neuroscience
and design innovation, we propose a novel framework that leverages interdisciplinary approaches
to mitigate the detrimental effects of adversity. Specifically, we investigate how human-centered
design principles, technological interventions, and culturally sensitive strategies can foster
resilience, promote adaptive neuroplasticity, and create supportive environments. Our analysis
synthesizes existing research on brain-behavior relationships under adversity and integrates it
with innovative design methodologies, aiming to bridge the gap between scientific understanding
and practical solutions. This interdisciplinary perspective offers a pathway for developing tar-
geted interventions that not only address the symptoms of adversity but also proactively enhance
neural and behavioral resilience through thoughtfully designed systems and experiences. The
findings underscore the potential of design innovation to translate complex scientific knowledge
into actionable strategies for improving mental health outcomes in vulnerable populations.

Keywords: Psychosocial Adversity, Brain Plasticity, Design Innovation, Mental Health, Resilience,
Interdisciplinary Intervention

1 Introduction

Psychosocial adversities, including childhood maltreatment, peer victimization, social isolation,
bereavement, family conflict, and poverty, exert profound influences on the structural and functional
organization of the human brain [15]. These adverse experiences not only trigger adaptive changes
in brain plasticity to cope with environmental challenges but may also induce long-term neurobio-

logical alterations that increase the risk of psychiatric disorders [16]. For instance, chronic exposure
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to adversity leads to modifications in physiological regulatory systems such as the hypothalamic-
pituitary-adrenal (HPA) axis, autonomic nervous system (ANS), and immune system, resulting in
what is termed "allostatic load," which ultimately impairs brain function and contributes to the
onset and maintenance of mental and physical illnesses [23].

The brain serves as a critical target of allostatic load, with regions such as the amygdala,
hippocampus, prefrontal cortex, and anterior cingulate cortex showing persistent structural and func-
tional changes in response to various adversities [12]. These regions play central roles in emotion
regulation, memory, and decision-making, and their dysfunction is closely associated with adverse
mental health outcomes [22]. Understanding these neurobiological mechanisms is crucial for elucidat-
ing the complexity of adversity’s impact and provides a scientific foundation for developing effective
interventions.

While existing research has extensively explored the effects of single or limited types of adversity
on brain and behavior, individuals in real life often experience multiple adversities simultaneously or
sequentially, creating cumulative effects [25]. However, there remains a lack of systematic understand-
ing of the neurobiological basis of multiple adversity accumulation and its association with psychiatric
disorder development. Furthermore, current interventions predominantly focus on treating existing
symptoms rather than addressing the root causes or enhancing individual resilience through preven-
tive design. Therefore, this study aims to address the following core question: How can we develop
interdisciplinary intervention strategies that effectively mitigate the negative impacts of psychoso-
cial adversity on brain and behavior by integrating design innovation concepts with neuroscience
knowledge.

The neuroscience field has revealed the structural and functional impacts of psychosocial adver-
sity on the brain through extensive research. For example, childhood maltreatment is associated with
reduced volumes of the amygdala, hippocampus, and medial prefrontal cortex, as well as altered
functional connectivity [18]. Social isolation and loneliness are linked to enhanced connectivity in the
default mode network, frontoparietal network, and attention and perception networks, potentially
reflecting hypervigilance to social threats [2|. Poverty, as a persistent adversity, has been shown to
correlate with widespread reductions in cortical thickness, surface area, and gray matter volume, par-
ticularly in regions related to language processing, reading skills, visuospatial abilities, and executive
function.

However, these studies predominantly adopt single-dimensional perspectives, examining the
effects of different types of adversity independently, limiting understanding of their combined effects
and interconnected nature [3]. Although emerging data-driven approaches such as machine learn-

ing, factor analysis, and cluster analysis have begun to reveal complex associations between multiple
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adversities and neurobiology, they remain in the proof-of-concept stage, with most studies still using
simple adversity total scores to assess cumulative effects [5].

In the design innovation field, human-centered design, service design, and experience design meth-
ods have been widely applied to address social problems and enhance user experiences. However,
systematic application of these design methods to mental health, particularly interventions targeting
the neurobiological impacts of psychosocial adversity, remains relatively limited. Existing design prac-
tices primarily focus on mental health support tools or platforms, with less depth in neuroscience-level
interventions that promote positive brain remodeling and resilience enhancement through design.

Current research exhibits several limitations: First, there is insufficient deep, integrated under-
standing of the neurobiological mechanisms underlying multiple psychosocial adversity accumulation.
Existing research predominantly focuses on single adversities, failing to adequately capture the
complexity and interactions of adversities in the real world. Second, interdisciplinary integration
is inadequate, with a gap between neuroscience findings and design innovation practices. While
neuroscience provides profound insights into how the brain is affected by adversity, this knowl-
edge has not been effectively translated into actionable design principles and intervention strategies.
Third, existing interventions are often reactive, intervening after problems emerge, lacking proactive
and preventive design thinking that fails to fully utilize design’s potential in shaping environments
and behaviors to enhance individual resilience. Finally, there is insufficient consideration of differ-
ential design approaches for adversity impacts across different developmental stages and cultural
backgrounds, limiting the universality and effectiveness of interventions.

This study aims to address these limitations by proposing an interdisciplinary framework integrat-
ing neuroscience and design innovation, with the goal of developing more proactive, personalized, and
culturally adaptive intervention strategies to effectively mitigate the negative impacts of psychosocial

adversity on brain and behavior. Specific objectives include:

1. Construct Theoretical Model: Integrate relationships between psychosocial adversity, neuro-
plasticity, design innovation, and resilience, proposing a theoretical model that elucidates how
design interventions enhance individual resilience through influencing neurobiological mechanisms.

2. Identify Design Opportunities: Based on deep understanding of adversity’s neurobiological
impacts, identify intervention points and opportunities where design innovation can play key roles
across different developmental stages and life contexts.

3. Propose Design Principles: Extract a set of guiding design principles for developing innova-
tive products, services, and environments targeting psychosocial adversity, balancing neuroscience

evidence with design practice feasibility.
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4. Explore Intervention Strategies: Investigate specific design innovation strategies, such as
environmental design, interaction design, digital health technologies, and community engagement,

to promote positive neuroplasticity, reduce allostatic load, and improve mental health levels.

This study is positioned to transcend traditional psychological intervention boundaries, elevat-
ing "design" to a strategic level as a powerful tool that can actively shape environments, influence
behaviors, and thereby remodel the brain through systematic, holistic approaches across environmen-
tal, product, service, and experiential dimensions to create ecosystems conducive to healthy brain
development and resilience enhancement. The research scope primarily focuses on non-pathological
impacts of psychosocial adversity on brain and behavior, and the preventive and promotive roles of

design innovation, not involving specific clinical treatment protocols.

2 Literature Review

2.1 Impact of Psychosocial Adversity on Brain and Behavior

The impact of psychosocial adversity on brain and behavior represents a complex and multidi-
mensional field involving neurobiology, psychology, and sociology. Existing research has extensively
demonstrated that adverse childhood experiences, including abuse, neglect, and family dysfunction,
produce lasting negative effects on brain development [11]. These impacts manifest not only in changes
to brain structure (such as gray matter volume and cortical thickness) but also in abnormalities in
functional connectivity and neural circuits [21].

Childhood Maltreatment and Brain Structure/Function Changes: Childhood maltreat-
ment, including physical abuse, emotional abuse, and neglect, has been shown to correlate with
structural and functional abnormalities in multiple brain regions. For example, research has found
that childhood maltreatment is associated with reduced volumes of the amygdala, hippocampus,
and medial prefrontal cortex (mPFC) [13]. The amygdala is a core region for emotional processing,
and its volume reduction or functional abnormalities may lead to emotion regulation disorders and
hypersensitivity to threats. The hippocampus plays a key role in memory and learning, and its dam-
age may affect cognitive function. The mPFC participates in higher-order cognitive functions such
as decision-making and emotion regulation, and its abnormalities may lead to executive function
deficits. Additionally, functional magnetic resonance imaging (fMRI) studies indicate that childhood
maltreatment causes abnormal functional connectivity between the amygdala and mPFC, which may
be related to impaired emotion regulation abilities [20].

Social Isolation and Loneliness: Social isolation and loneliness, as forms of psychosocial
adversity, also significantly impact the brain. Research has found that loneliness is associated with

increased gray matter volume in the dorsolateral prefrontal cortex (dIPFC) and reduced volumes
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in the amygdala, anterior hippocampus, posterior parahippocampal gyrus, and cerebellum [24]. The
dIPFC plays an important role in cognitive control and executive function, and its volume increase
may reflect hypervigilance to social threats. Loneliness is also associated with enhanced functional
connectivity in the default mode network, frontoparietal network, and attention and perception net-
works [14], which may lead to excessive attention to negative social cues and confirmatory behaviors,
thereby exacerbating loneliness.

Poverty and Brain Development: Socioeconomic status (SES), as a comprehensive indicator,
correlates with widespread changes in brain structure and function at lower levels. Research shows
that lower SES is associated with widespread reductions in cortical thickness, cortical surface area,
and gray matter volume, particularly in regions related to language processing, reading skills, visu-
ospatial abilities, and executive function [8]. In children and adolescents, socioeconomic disadvantage
is closely related to altered overall cognitive development, with impoverished children performing
worse on cognitive and academic assessments and being more prone to behavioral and emotional
problems [7]. These findings emphasize the long-term effects of poverty on brain development and
may increase individual vulnerability to other adversities by affecting cognitive function and emotion
regulation abilities.

Environmental Toxins: Although environmental toxins are not strictly microenvironmental
factors, they are external factors affecting individual physical and mental health. Research shows that
exposure to neurotoxins such as arsenic and lead leads to changes in brain gray matter volume [10].
For example, higher arsenic exposure is associated with increased gray matter volume in the inferior
frontal gyrus (IFG) and reduced gray matter volumes in the right inferior temporal cortex, right
rostral anterior cingulate cortex, and left insula [17]. These changes may affect cognitive function,
emotion regulation, and sensory processing, further exacerbating the negative impacts of psychosocial

adversity on the brain.

2.2 Limitations of Existing Research

Despite providing valuable insights into understanding the impacts of psychosocial adversity on brain
and behavior, existing research still has limitations. First, most studies tend to examine single or
limited types of adversity in isolation, failing to adequately capture the complexity and interactions
of adversities in the real world . This simplification may lead to neglect of cumulative effects and
potential synergistic actions. Second, methodologically, most studies rely on questionnaire surveys to
assess adversity exposure, which may involve recall bias and subjectivity [1]. Although some studies
have begun adopting data-driven approaches to analyze high-dimensional environmental features,
they remain in early stages [4]. Third, existing research pays insufficient attention to the timing and

duration of adversity exposure. Exposure to adversity at different developmental stages may produce
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different neurobiological consequences, while long-term persistent adversity may have more profound
impacts than isolated events [19]. Finally, translational research converting neuroscience findings into
practical interventions is relatively limited, particularly applications in the design innovation field

remain in their infancy.

2.3 Application Potential of Design Innovation in Mental Health

Design innovation, as a human-centered, systematic problem-solving approach, shows tremendous
application potential in the mental health field. Traditional design domains such as product design,
service design, and environmental design have gradually shifted focus from pure functionality and
aesthetics to user experience and emotional well-being. In recent years, with increasing recognition of
mental health importance, design thinking has begun to be introduced into mental health intervention
fields, aiming to improve individual mental health conditions through creative solutions.

Human-Centered Design: Human-centered design emphasizes designing with users’ needs,
behaviors, and experiences at the center. In the mental health field, this means deeply understanding
the real needs and challenges of individuals affected by adversity and designing products and services
that align with their cognitive and emotional characteristics. For example, through user research and
empathetic design methods, more attractive, usable, and effective mental health support tools can
be developed, such as emotion regulation applications and meditation guidance platforms.

Service Design: Service design focuses on constructing and optimizing entire service systems,
aiming to provide seamless, efficient, and satisfying service experiences. In mental health services,
service design can help optimize psychological counseling processes, community support networks,
and crisis intervention mechanisms, making them more accessible, inclusive, and better able to meet
different groups’ needs. For example, by designing more convenient appointment systems, providing
multilingual support, or establishing online-offline integrated service models, barriers to seeking help
can be reduced.

Environmental Design: Environmental design influences individuals’ psychological states and
behaviors through planning and transforming physical spaces and social environments. Research
shows that natural environments, lighting, colors, and spatial layouts all affect emotions and cogni-
tion. In the mental health field, environmental design can be used to create supportive therapeutic
environments, public spaces promoting social interaction, or residential environments that reduce
stress and promote relaxation. For example, designing spaces with safety and belonging in schools
or communities can help children and adolescents better cope with adversity.

Digital Health Technologies: With the development of mobile internet, artificial intelligence,
and wearable devices, digital health technologies provide new avenues for mental health interventions.

Through developing mental health apps, virtual reality (VR)/augmented reality (AR) therapies,
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and intelligent wearable devices, personalized, real-time, and accessible mental health support can
be achieved. These technologies can be used for emotion monitoring, cognitive behavioral therapy
(CBT) assistance, and social skills training, providing convenient intervention tools for individuals
affected by adversity.

In summary, design innovation provides new perspectives and tools for mental health inter-
ventions, potentially addressing shortcomings of traditional intervention models. By combining
neuroscience’s deep understanding of adversity impacts with design innovation’s human-centered, sys-
tematic approaches, we can develop more proactive, effective, and sustainable intervention strategies,

thereby promoting mental health and resilience at broader societal levels.

3 Methodology

3.1 Research Strategy

This study adopts an interdisciplinary integration research strategy, aiming to combine neuroscience
understanding of psychosocial adversity impacts with design innovation methodologies to construct a
resilience-promoting intervention framework. The overall approach follows a "problem identification-
theory construction-design principle extraction-intervention strategy exploration" pathway. First,
through in-depth analysis of existing neuroscience literature, we clarify specific impact mechanisms
of psychosocial adversity on brain and behavior. Second, based on this foundation and combining
core concepts of design thinking, we construct a theoretical model elucidating how design interven-
tions enhance individual resilience through influencing neurobiological mechanisms. Third, we extract
actionable design principles from the theoretical model. Finally, based on these principles, we explore
and propose specific interdisciplinary intervention strategies and envision their potential in practical

applications.

3.2 Data Collection Methods

Since this study primarily focuses on theory construction and framework proposal rather than empir-
ical research, data collection mainly relies on secondary analysis and integration of existing literature.

Specifically, data sources include:

1. Neuroscience Literature: Focus on collecting and analyzing empirical studies, reviews, and
meta-analyses regarding the impacts of psychosocial adversities (such as childhood maltreatment,
social isolation, poverty, environmental toxins) on brain structure (such as gray matter volume,
cortical thickness), function (such as functional connectivity, neural activity), and behavior (such
as emotion regulation, cognitive function, social behavior). Particular attention is paid to stud-

ies using neuroimaging techniques (fMRI, MRI, etc.) to obtain neurobiological-level data. For
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example, in-depth interpretation of high-quality review articles like the provided PDF document,
extracting key findings and data.

Design Innovation Cases: Collect and analyze successful cases and practice reports in mental
health or related social problem fields using human-centered design, service design, environmental
design, and digital health technology methods for interventions. Focus on how these cases identify
user needs, solve problems through design, and evaluate intervention effects.

Interdisciplinary Theories: Review and integrate relevant theories from psychology, sociology,
education, and other fields regarding resilience, developmental psychology, and social ecological

system theory to provide multidimensional support for this study’s theoretical model construction.

During data screening, priority will be given to literature from high-impact journals, large sample

sizes, and rigorous research designs to ensure data reliability and representativeness. For design inno-

vation cases, emphasis will be placed on practices with clear design objectives, innovative solutions,

and preliminary effect evaluations.

3.3 Data Analysis Methods

This study’s data analysis primarily employs qualitative analysis and conceptual integration methods

rather than quantitative statistical analysis. Specific analysis steps include:

1.

Thematic Coding and Induction: Conduct intensive reading of collected neuroscience liter-
ature, identifying and coding key themes, neurobiological mechanisms, and related brain regions
regarding psychosocial adversity impacts on brain and behavior. Analyze design innovation cases,
extracting their design concepts, intervention strategies, and potential effects. Through repeated
reading and comparison, induce common patterns and core concepts.

Cross-Domain Mapping and Association: Map neuroscience findings about adversity impacts
with intervention strategies in design innovation. For example, explore design interventions target-
ing amygdala functional abnormalities (such as reducing threat perception through environmental
design) or design support for prefrontal cortex functional impairment (such as enhancing executive
function through interaction design). Seek potential association points between neurobiological
mechanisms and design intervention objectives.

Theoretical Model Construction: Based on thematic coding and cross-domain mapping
results, gradually construct an integrative theoretical model. This model will elucidate how
psychosocial adversity affects the brain and how design innovation can regulate these impacts
through specific intervention pathways (such as changing environmental stimuli, providing cogni-

tive support, promoting social connections) to ultimately enhance individual resilience. The model
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construction process will employ visualization tools such as concept maps and flowcharts to assist
thinking and expression.

4. Design Principle Extraction: From the theoretical model and successful cases, induce and
extract a set of universal design principles. These principles will serve as guidelines for future
development of intervention programs targeting psychosocial adversity, ensuring design solutions
have both neuroscience theoretical support and practical feasibility and effectiveness.

5. Intervention Strategy Outlook: Combining the theoretical model and design principles, pro-
pose a series of specific, innovative interdisciplinary intervention strategies. These strategies will
cover different levels (such as products, services, environments, policies) and explore their appli-
cation potential in different populations and contexts. For each strategy, attempt to analyze its

possible neurobiological mechanisms of action and expected effects.

This study’s analysis process will be iterative and reflective, gradually improving the theoretical
framework and intervention strategies through continuous dialogue between neuroscience findings
and design innovation practices. Emphasis on the depth of qualitative analysis and rigor of conceptual

integration ensures the proposed framework has both scientific validity and innovation.

4 Results

This study, as a work of theoretical construction and framework proposal, presents "results" that
are not findings from empirical data analysis but rather key discoveries, theoretical models, and
design principles extracted from integrative analysis of existing neuroscience and design innovation
literature. These "results" constitute the core contributions of this research, providing guidance for

future empirical studies and practices.

4.1 Integrative Findings on Psychosocial Adversity’s Impact on Brain

and Behavior

Through systematic review of extensive neuroscience literature, this study integrates universal and
specific mechanisms of psychosocial adversity’s impact on brain and behavior. We found that although
different types of adversity (such as childhood maltreatment, social isolation, poverty, environmental
toxin exposure) differ in manifestation and specific affected brain regions, they show significant
convergence in core neurobiological pathways, mainly concentrated in the following key brain regions

and their functional networks:

1. Amygdala and Emotion Regulation: Adversity universally leads to abnormalities in amygdala

structure (such as volume reduction) and function (such as hyperreactivity or hyporesponsiveness
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to threat stimuli). This is closely related to emotion regulation disorders, anxiety, and fear general-
ization. Design interventions should focus on how to reduce threat perception and promote safety
through environmental and interaction design, thereby regulating abnormal amygdala activity.

2. Hippocampus and Memory/Stress Response: The hippocampus, as a key region for memory
formation and stress response regulation, shows volume reduction and functional impairment
under various adversities. This may lead to memory deficits, decreased learning ability, and HPA
axis dysfunction. Design strategies can consider how to promote hippocampal neurogenesis and
functional recovery through cognitive training, narrative therapy, or immersive experiences.

3. Prefrontal Cortex (PFC) and Executive Function/Decision-Making: PFC regions,
including dorsolateral prefrontal cortex (dIPFC) and ventromedial prefrontal cortex (vinPFC),
commonly show reduced gray matter volume, decreased cortical thickness, and abnormal func-
tional connectivity under adversity, leading to impaired executive functions (such as working
memory, inhibitory control, cognitive flexibility) and biased risk decision-making. Design innova-
tion should strive to develop tools and environments that support and enhance these higher-order
cognitive functions, for example, through gamified design, cognitive training applications, or
structured learning environments.

4. Anterior Cingulate Cortex (ACC) and Conflict Monitoring/Emotional Processing:
ACC shows abnormal functional connectivity under adversity, especially in processing social pain
and conflict monitoring. This may lead individuals to experience more pain and discomfort in
social contexts. Design interventions can explore how to improve ACC function by promoting
positive social interactions, providing emotional support, and building belonging.

5. Neuroplasticity and Allostatic Load: The cumulative effects of adversity, namely allostatic
load, have been confirmed to relate to persistent structural and functional changes in the brain.
However, brain neuroplasticity also provides windows for intervention. This study emphasizes that
design innovation should utilize the brain’s adaptive capacity by providing positive, supportive
environmental stimuli and experiences to guide neural circuits toward healthy remodeling, thereby

enhancing resilience.

4.2 Theoretical Model Integrating Neuroscience and Design Innovation

This study proposes a theoretical model integrating neuroscience and design innovation (see Figure
1), aiming to elucidate how design interventions enhance individual resilience through influencing
neurobiological mechanisms. The core viewpoint of this model is that design is not merely about
creating physical products or services but is a powerful force for shaping human experiences and
environments, capable of directly or indirectly influencing brain structure and function, thereby

regulating individual responses to adversity.
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Fig. 1: Theoretical Model Integrating Neuroscience and Design Innovation for Resilience Promotion

Model Explanation:

¢ Adversity Pathway: Psychosocial adversity (A) leads to neurobiological changes (B), which then
trigger behavioral and mental health problems (C), ultimately manifesting as low resilience (D).
¢ Design Intervention Pathway: Design innovation interventions (E) work through multiple

pathways:

— Positive Environmental Stimulation (F): By optimizing physical environments (such as

natural lighting, green spaces) and digital environments (such as user interfaces, interactive
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experiences), providing positive sensory input and cognitive challenges to promote healthy brain
development and functional optimization.

— Cognitive Restructuring and Emotion Regulation Support (J): Through designing
tools, services, or experiences that help individuals identify and change negative thought patterns
and learn effective emotion regulation strategies, for example, through gamified applications or
narrative therapy platforms.

— Social Connection and Belonging Construction (K): Through designing community
spaces, social platforms, or services that promote interpersonal interaction and strengthen social

support networks, thereby alleviating negative brain impacts of social isolation and loneliness.

¢ Enhanced Neuroplasticity (G): The above design intervention pathways work together on the
brain, enhancing neuroplasticity and promoting formation and optimization of adaptive neural
circuits.

e Adaptive Behavior and Cognition (H): Enhanced neuroplasticity brings improvements in
adaptive behavior and cognition (H), such as enhanced emotion regulation abilities, optimized
executive functions, and strengthened social skills.

e High Resilience (I): Ultimately, these adaptive changes enable individuals to better cope with
adversity, demonstrating higher resilience.

® Regulatory Effects: Design interventions not only directly promote positive changes but can
also regulate adversity’s impact on neurobiological changes and alleviate existing behavioral and

mental health problems.

4.3 Design Principles for Promoting Resilience

Based on the above theoretical model and comprehensive literature analysis, this study extracts the

following design principles for promoting resilience, aimed at guiding future design practices:

1. Human-Centered and Empathetic Design: Deeply understand target populations’ unique
needs, cultural backgrounds, and life experiences, designing based on empathy. This means the
design process should include user participation, ensuring solutions truly address user pain points
while respecting their diversity.

2. Positive Stimulation and Environmental Enrichment: Design should actively create envi-
ronments that provide positive sensory input, cognitive challenges, and social interactions. For
example, utilizing natural elements, art, music, and interactive technologies to enrich physical and

digital spaces, promoting healthy brain development and neuroplasticity.
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3. Empowerment and Autonomy Support: Design should provide individuals with a sense of
control and autonomy rather than passive acceptance. By offering choices, personalized pathways,
and trackable progress, enhance individuals’ self-efficacy and ability to cope with adversity.

4. Social Connection and Belonging: Design should promote interpersonal connections and com-
munity belonging. For example, by designing shared spaces, collaborative platforms, or social
activities, encourage individuals to establish and maintain supportive relationships, thereby
alleviating negative impacts of social isolation.

5. Progressive Challenges and Success Experiences: Design should provide moderate, man-
ageable challenges while ensuring individuals can experience success. This progressive challenge
and success feedback mechanism helps reinforce positive neural circuits, enhance self-efficacy, and
gradually build resilience.

6. Contextualization and Adaptability: Design should consider specific contexts and cultural
backgrounds of intervention measures and possess adaptability. This means solutions should be
able to adjust according to individual needs and environmental changes, avoiding "one-size-fits-all"
approaches.

7. Accessibility and Inclusivity: Design should ensure solutions are accessible and inclusive
for all target populations, regardless of their socioeconomic status, physical abilities, or techni-
cal proficiency. This includes considering factors such as cost, technical barriers, and language
obstacles.

8. Feedback and Reflection: Design should provide clear, timely feedback mechanisms to help indi-
viduals understand their status and progress. Meanwhile, encourage reflection to help individuals

understand adversity’s impact on them and develop healthier coping strategies.

These design principles are not mutually independent but interconnected and synergistic. In prac-
tical applications, these principles should be comprehensively considered to develop comprehensive

and effective resilience-promoting intervention programs.

5 Discussion

5.1 Horizontal Comparison: Comparison of This Study’s Results with

Existing Research

This study proposes a theoretical framework and design principles for promoting resilience by inte-
grating neuroscience and design innovation perspectives, forming complementarity and expansion
with existing research. Traditional neuroscience research primarily focuses on revealing negative
impact mechanisms of psychosocial adversity on the brain [6, 9], with less in-depth exploration of how

to actively shape neuroplasticity to enhance resilience through external interventions, particularly
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design interventions. This study’s contribution lies in not only summarizing neurobiological conse-
quences of adversity but further translating these scientific findings into actionable design insights
and principles, providing theoretical foundations for developing evidence-based interventions.

Compared to existing applications of design innovation in mental health, this study’s uniqueness
lies in emphasizing the central role of neurobiological mechanisms in the design process. Previous
design practices, such as human-centered design, service design, and environmental design, while
also focusing on user experience and well-being, often lack deep understanding of underlying neural
mechanisms. This study’s proposed design principles, such as "positive stimulation and environmen-
tal enrichment" and "cognitive restructuring and emotion regulation support," directly correspond
to brain neuroplasticity, emotion regulation circuits, and cognitive control networks, making design
interventions more scientific and targeted. For example, by designing environments that provide nov-
elty and moderate challenges, hippocampal neurogenesis and synaptic plasticity can be stimulated,
thereby improving memory and emotion regulation functions, which involves deeper mechanistic
considerations than designs that simply provide "relaxing" environments.

Additionally, this study’s proposed model emphasizes cumulative effects of adversity (allostatic
load) and the role of design interventions in regulating these effects. This aligns with current under-
standing of complex adversity exposure and transcends linear thinking of single adversity-single
effect. By viewing design as a tool capable of systematically influencing individual-environment inter-
actions and thereby reshaping adaptive brain responses, this study provides a more comprehensive

perspective for understanding and intervening in complex mental health problems.

5.2 Longitudinal Associations: Internal Logical Relationships Among

This Study’s Results

This study’s various results have tight internal logical associations, jointly constructing a complete
chain from theory to practice.

First, integrative findings on neurobiological impacts of psychosocial adversity (Section 6.1) form
the foundation of the entire framework. By deeply understanding how adversity affects key brain
regions such as the amygdala, hippocampus, PFC, and ACC and their functional networks, we clarify
core neural mechanisms that design interventions need to target. These findings not only reveal the
nature of problems but also point to potential intervention directions.

Second, the theoretical model integrating neuroscience and design innovation (Section 6.2) serves
as a bridge connecting neurobiological findings with design practices. This model organically com-
bines psychosocial adversity, neurobiological changes, behavioral problems, design interventions, and
resilience enhancement, elucidating how design interventions promote neuroplasticity through provid-

ing positive environmental stimulation, supporting cognitive restructuring and emotion regulation,
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and building social connections, ultimately enhancing individual resilience. This model provides the-
oretical guidance and logical framework for subsequent design principle extraction and intervention
strategy exploration.

Third, design principles for promoting resilience (Section 6.3) represent the practical implemen-
tation of the theoretical model. These principles, such as human-centeredness, positive stimulation,
empowerment, and social connection, directly derive from understanding neurobiological mechanisms
and theoretical model deduction. They translate abstract theoretical concepts into actionable design
guidelines, ensuring future design practices can effectively act on adaptive brain remodeling.

Finally, this study’s overall framework, from problem identification (adversity impacts) to theory
construction (model) to practical guidance (design principles), forms a closed loop. Each part builds

on the previous part and provides support for the next, ensuring research coherence and systematicity.

5.3 Difference Attribution: In-depth Analysis of Possible Reasons for

Differences from Previous Work

Since this study is primarily theoretical and framework construction work without empirical data
collection and analysis, there are no direct "differences" with previous empirical results. However,
this study’s innovation lies in its interdisciplinary integrative perspective, which creates some "differ-
ences" at the conceptual level with existing research. These differences represent this study’s value,

attributable to the following reasons:

1. Research Paradigm Shift: Traditional neuroscience research predominantly adopts reductionist
paradigms, focusing on in-depth exploration of single variables and mechanisms. This study adopts
systemic and integrative paradigms, aiming to integrate knowledge across multiple levels (from
molecular to social) and disciplines (neuroscience, design). This paradigm shift enables this study
to propose more macro, transformation-potential frameworks rather than merely revealing isolated
neurobiological phenomena.

2. Redefinition of "Design" Role: In mental health fields, design is often viewed as an auxiliary
tool for optimizing user interfaces or enhancing product aesthetics. This study elevates "design"
to a strategic level, considering it a powerful force capable of actively shaping environments, influ-
encing behaviors, and thereby remodeling the brain. This redefinition of design’s role enables
this study to explore deeper intervention possibilities, transcending traditional psychological
interventions.

3. Emphasis on Prevention and Promotion: Many mental health research and interven-

tions focus on disease diagnosis and treatment, intervening after problems emerge. This study
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emphasizes design’s role in preventing negative impacts of psychosocial adversity and promot-
ing resilience. Through proactive design, we can intervene before problems occur or in early
stages, thereby reducing allostatic load and enhancing individual adaptive capacity. This proactive
thinking represents a significant difference from many traditional studies.

4. Embracing Complexity: Real-world adversities are often multiple and interconnected, with
cumulative and dynamic impacts on individuals. This study’s model and principles attempt to
embrace this complexity rather than simplify it. For example, by considering social ecological
system theory, this study recognizes that both macro and micro environments where individuals
are situated impact brain and behavior, thus design interventions also require multi-level, multi-
dimensional synergistic action. This contrasts with some studies focusing only on single adversities

or single intervention variables.

In summary, this study does not "contradict" previous research but expands concepts and
perspectives based on their foundations. These "differences" reflect this study’s new attempts in
understanding relationships among psychosocial adversity, neurobiology, and design innovation, aim-
ing to provide a more comprehensive, transformation-potential theoretical framework for future

interdisciplinary research and practice.

6 Conclusion

This study, from the perspective of design innovation and neuroscience intersection, deeply explores
the profound impacts of psychosocial adversity on brain and behavior and proposes a theoretical
framework and guiding principles aimed at promoting individual resilience through design inter-
ventions. Core conclusions can be condensed as: Psychosocial adversity negatively impacts emotion
regulation, cognitive function, and social behavior by altering neurobiological structure and function
of the brain, leading to reduced individual resilience. However, brain neuroplasticity provides possibil-
ities for reversing or alleviating these negative impacts through carefully designed and implemented
interventions. This study emphasizes that design innovation is not merely aesthetic or functional
optimization but a powerful tool capable of directly or indirectly influencing adaptive remodeling of
neural circuits through shaping environments, guiding behaviors, and restructuring cognition, thereby
effectively enhancing individuals’ ability to cope with adversity and mental health levels.

This study brings important implications for the mental health field:

1. Necessity of Interdisciplinary Integration: Reveals tremendous potential for deep integra-
tion of neuroscience and design innovation. Future mental health interventions should break
disciplinary barriers, drawing on latest neuroscience findings to guide design practices, thereby

developing solutions with stronger scientific basis and transformation value.
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. Proactive and Preventive Nature of Design: Emphasizes design’s preventive and promotive
roles in mental health. By intervening before problems occur or in early stages, allostatic load
from psychosocial adversity can be effectively reduced and individual intrinsic resilience enhanced,
rather than merely remedying after problems emerge.

. Importance of Human-Centeredness and Contextualization: Proposed design principles
emphasize the importance of human-centered, empathetic design, and contextual adaptability.
This means interventions should fully consider target populations’ individual differences, cultural
backgrounds, and specific life contexts, ensuring solution effectiveness and inclusivity.

. Environmental Shaping and Behavior Guidance: Inspires us that by optimizing physical
and digital environments, positive stimulation can be provided to the brain, guiding individuals to
form healthy cognitive and behavioral patterns, thereby promoting neuroplasticity development

in favorable directions.
This study, as theoretical construction and framework proposal work, inevitably has limitations:

. Scope Limitations: This study is primarily based on literature review and theoretical deduction
without empirical data collection and verification. The proposed theoretical model and design
principles still require validation through rigorous empirical studies (such as randomized controlled
trials, longitudinal studies) for effectiveness and universality.

. Data Limitations: Although extensive review of existing neuroscience and design innovation
literature was conducted, differences in methodology, sample characteristics, and adversity mea-
surement across studies may present challenges for information integration. Additionally, direct
evidence regarding design intervention impacts on neurobiology remains relatively scarce, limiting
empirical support strength for certain connections in the theoretical model.

. Complexity Simplification: Although this study attempts to embrace adversity complexity,
the theoretical model remains a high abstraction of reality. In the real world, impact mechanisms
of psychosocial adversity, individual differences, and actual effects of design interventions may be

far more complex and dynamic than the model can capture.
Based on this study’s implications and limitations, future research directions may include:

. Empirical Validation and Quantitative Research: Conduct large-scale, multi-center, lon-
gitudinal empirical studies using neuroimaging, behavioral, and psychophysiological data to
quantitatively assess specific impacts of different design intervention measures on brain structure,
function, and individual resilience. For example, through randomized controlled trials, compare
effects of intervention programs developed based on this study’s design principles with traditional

intervention programs.
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2. Mechanism Exploration and Biomarkers: Deeply explore specific molecular and cellular
mechanisms by which design interventions influence neuroplasticity and identify biomarkers that
can predict intervention effects. This helps achieve more precise personalized interventions.

3. Personalized and Adaptive Design: Develop and test personalized, highly adaptive design
intervention programs for different age groups, cultural backgrounds, and adversity types. For
example, using artificial intelligence and big data technologies to dynamically adjust design inter-
vention content and forms based on individual neurobiological characteristics and behavioral
patterns.

4. Long-term Effects and Sustainability: Evaluate long-term effects and sustainability of design
interventions, exploring how to integrate design innovation into daily environments and community
services to form ecosystems that continuously support individual resilience development.

5. Interdisciplinary Collaboration and Translational Practice: Encourage deep collaboration
among neuroscientists, designers, engineers, sociologists, and policymakers to jointly promote
theoretical research toward practical translation, applying this study’s proposed framework to

real-world mental health promotion and intervention practices.

Through these efforts, we hope to further deepen understanding of relationships between psy-
chosocial adversity and the brain and develop more effective, innovative solutions to build a more

resilient and supportive society.
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