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Abstract

This paper develops a biologically informed framework for public housing allocation that
interrogates how allocation systems participate in the production of urban inequality. Conventional
housing policies, grounded in administrative efficiency and eligibility criteria, are embedded within
broader regimes of urban governance that prioritize managerial control while obscuring the socio-
spatial processes through which disadvantage is organized. As a result, allocation practices often
reproduce concentrated vulnerability and reinforce uneven urban geographies, particularly in high-
density public housing environments. Drawing on insights from neurobehavioral research and
translational neuroscience, the paper reconceptualizes housing allocation as a socio-spatial process that
shapes behavioral outcomes through the interaction of environmental conditions and individual
vulnerability. It introduces a Social Indicator Score, derived from experimental evidence on stress,
anxiety, and environmental modulation, capturing variation in emotional regulation, stress reactivity,
motivation, and threat sensitivity. This measure is embedded in a lexicographic goal-programming
framework that prioritizes minimizing mismatches between resident capacities and the behavioral
demands of housing environments. The analysis demonstrates that allocation systems that neglect
behavioral heterogeneity risk intensifying the very dynamics they seek to manage, concentrating stress
vulnerability, and amplifying antisocial spillovers. In contrast, aligning environmental conditions
with resident profiles offers a mechanism for supporting more stable and cohesive urban environments.
Positioned within critical urbanism, the paper links micro-level behavioral processes to macro-level
structures of spatial inequality, while raising concerns regarding the use of behavioral metrics in
governance, including the risks of technocratic sorting and new forms of requlatory control.

Introduction

This paper examines how public housing allocation systems contribute to urban inequality by
shaping the relationship between environmental conditions and resident vulnerability in high-density
settings. Traditional approaches treat allocation as a technical problem focused on efficiency, capacity,
and eligibility under assumptions of rational choice. While effective for managing scarcity, these models
abstract from lived experience and overlook how environmental stressors and social context influence
behavior (Manley et al., 2013), limiting policy’s ability to address social dynamics in dense housing
environments.

Urban scholarship has challenged this abstraction by emphasizing that social outcomes arise from
interactions between individuals and their environments (Galster, 2012; Sampson et al., 2002). Research on
social mix and spatial inequality further shows that allocation policies can either mitigate or reproduce
concentrated disadvantage (Imbroscio, 2012; Musterd et al., 2005; Wilson, 1987). Yet most allocation
systems remain grounded in administrative rules, with little attention to behavioral interaction effects.

This gap is particularly significant in high-density housing, where stressors such as crowding and
instability are intensified. Neuroeconomic research suggests that decision-making shifts under stress
toward short-term or defensive behaviors, while stable environments promote cooperation and trust (Paul
W. CGlimcher et al., 2014; Kahneman, 2011). We argue that housing allocation is constitutive (not
distributive) as it shapes the behavioral conditions of urban life.
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Evidence from translational research supports this perspective. Studies of environmental stress
demonstrate that high-density or adverse conditions can produce behavioral dysfunction, while more
recent work highlights heterogeneity in responses (Liu et al., 2018). Individuals differ in sensitivity to
stress, with more vulnerable populations exhibiting stronger behavioral and physiological reactions.
Outcomes thus depend on the interaction between environment and individual characteristics. Despite
these insights, existing allocation approaches—rule-based, market-oriented, and social-mix strategies —
lack mechanisms to align resident characteristics with environmental conditions. As a result, they may
inadvertently concentrate on vulnerable individuals, amplifying negative spillovers.

To address this limitation, the paper proposes a prosocial housing assignment framework that
incorporates behavioral heterogeneity via a Social Indicator Score (SIS) that captures differences in stress
reactivity and behavioral capacity. Embedded in a multiobjective optimization model, the framework
enables policymakers to balance competing goals while aligning residents with appropriate environments
(R. Church et al., 2018; Eiselt et al., 2011).

This approach advances urban studies by integrating a biologically informed view of behavior,
translating it into a formal allocation model, and reframing housing policy as an active tool for shaping
social outcomes. While conceptual and requiring empirical validation, it offers a foundation for designing
housing systems that promote stability and reduce concentrated disadvantage.

The contribution of this paper to urban studies is threefold. First, it extends research on housing and
inequality by introducing a biologically informed account of behavior that emphasizes the interaction
between environmental conditions and individual vulnerability, thereby enriching debates on social mix
and neighborhood effects. Second, it bridges a methodological divide by embedding these insights within
a formal multiobjective allocation model, translating qualitative understandings of social dynamics into a
tractable decision framework. Third, it reconceptualizes housing allocation as an instrument of urban
governance that actively shapes social relations, rather than as a neutral administrative process, offering a
new perspective on how policy design can mitigate concentrated disadvantages and promote community
stability.

Two important limitations to the study are also noted. First, the translational use of animal models
abstracts from the institutional and cultural complexity of human urban environments, and the
framework does not assume direct behavioral equivalence. Second, the SIS is a reduced-form measure
that cannot capture the full multidimensionality of human experience, including social networks and
institutional constraints. Accordingly, the framework should be understood as a first-stage model that
complements existing approaches and provides a platform for further empirical development.

The remainder of the paper proceeds as follows. Section 2 develops a theoretical account of antisocial
dynamics in high-density housing. Section 3 presents the translational rationale linking environmental
structure to neurobehavioral responses. Section 4 introduces the construction of the SIS. Section 5
formulates the multiobjective housing assignment model, and Section 6 extends the framework to
incorporate additional policy objectives. Section 7 concludes.

A Model of Antisocial Behaviors in a Public Apartment Building

Following the theoretical model of Dash et al. (2017), we define antisocial behavior in public housing
as an emergent property of environmental density, resident composition, and behavioral spillovers across
individuals within and across buildings. In contrast to standard housing models that treat residents as
homogeneous and independent, this framework allows individual behavior to be influenced by the
characteristics of neighboring residents and the broader social environment.

At the building level, antisocial behavior is defined as a function of both baseline conditions and
spillover effects generated by resident interactions. A key parameter governs whether these effects are
localized (confined to a single building) or global (diffusing across the housing system). When spillovers
are localized, individual buildings can diverge in behavioral outcomes depending on their resident
composition. In this case, housing assignment plays a critical role in determining whether a building
converges to a stable prosocial equilibrium or deteriorates into a high-risk environment.

Under localized conditions, multiple equilibria may arise. Buildings with balanced or compatible
resident profiles can sustain stable prosocial behavior. At the same time, those with concentrated
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vulnerability may experience unstable dynamics, leading to increased conflict and out-migration,
highlighting the importance of assignment mechanisms that prevent the clustering of high-risk
individuals within the same environment.

In contrast, when antisocial behavior is global, residents cannot differentiate between buildings based
on behavioral conditions. In this regime, antisocial outcomes are primarily driven by system-wide density
and composition rather than building-specific factors. Increasing density may generate positive
agglomeration effects, such as improved safety through collective monitoring, but can also amplify stress,
congestion, and behavioral dysfunction if capacity thresholds are exceeded.

The model therefore implies a fundamental tradeoff: higher density can increase social and economic
benefits, but only up to a point beyond which antisocial behavior imposes increasing costs. Optimal
housing policy must balance these opposing forces by aligning resident composition with environmental
capacity.

This theoretical framework provides the foundation for the proposed allocation model. By
incorporating behavioral heterogeneity into housing assignment decisions, the model seeks to minimize
antisocial spillovers and promote stable, prosocial equilibria across apartment buildings. These insights
motivate the use of a behavioral scoring framework (SIS) to operationalize resident heterogeneity within
the allocation model.

The Translational Rationale

We leverage a translational rodent model to bridge neurobehavioral science and housing policy,
demonstrating how environmental conditions interact with biological sex and trait vulnerability to shape
stress-related outcomes. These findings provide an empirical basis for designing housing environments
that promote prosocial behavior and psychological stability.

Public Health Context

Anxiety and stress-related disorders represent a significant public health burden, with well-
established sex differences in prevalence and sensitivity to stress. Women are approximately twice as
likely as men to develop anxiety disorders, with divergence emerging during adolescence and linked to
heightened exposure to stressors (Hankin et al.,, 2007; Kessler et al., 1994). Early-life stress further
contributes to long-term emotional dysregulation and increased risk for psychiatric and social dysfunction
(Sapolsky, 1996). These risks are disproportionately concentrated among populations reliant on
subsidized housing, where environmental stressors and social dynamics may compound vulnerability,
necessitating housing systems that actively mitigate stress and support prosocial functioning.

Environmental Modulation of Stress

Animal models demonstrate that environmental context is a primary determinant of stress and
behavior. Social and enriched housing conditions reduce physiological stress and improve behavioral
regulation, whereas isolation increases anxiety-like responses (Ros-Simé et al., 2012). Importantly, these
effects are moderated by sex and individual traits: social environments tend to reduce stress biomarkers
in females but produce more variable or adverse effects in males under certain conditions (Brown et al.,
1995; Westenbroek et al., 2003). At the neural level, sex differences in stress-related circuitry further
support differential environmental sensitivity.

Translational Validity

Rodent models provide a mechanistically grounded platform for studying environment-behavior
interactions owing to conserved neurobiological systems governing fear, reward, and emotional
regulation (Eliot et al., 2016; Shansky et al., 2016). Foundational work has shown that environmental
structure — including density and social organization —can profoundly influence stress physiology and
social behavior, offering a direct conceptual parallel to human housing systems.

Experimental Model

This study draws on the experimental framework of Liu et al. (2018) to conceptualize how
environmental conditions interact with individual differences to shape behavioral and physiological
outcomes. Using rats bred for high and low anxiety traits and exposed to isolated or social environments,
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the study provides a controlled basis for identifying how environmental structure modulates stress-
related behavior across heterogeneous populations.

The findings highlight the central role of environmental context while underscoring the limits of
uniform policy assumptions. Social environments improve adaptive responses, particularly among more
vulnerable individuals, while responses vary systematically by trait and sex. These results point to the
importance of interaction effects, suggesting that outcomes depend on the alignment between
environmental demands and individual characteristics.

For urban research, this implies that housing outcomes are not determined solely by density, but by
the interaction between environmental conditions and resident heterogeneity. To capture this, the study
introduces the Social Indicator Score, a composite index based on four neurobehavioral domains:
affective-motivational processing, fear-anxiety regulation, acute stress reactivity, and threat sensitivity.
This score provides a tractable measure of individual behavioral capacity and vulnerability.

The Social Indicator Score serves as the link between behavioral theory and the allocation model.
Individuals are characterized by their scores, while housing units are defined by tier-specific behavioral
thresholds reflecting environmental demands. The allocation problem is formulated as a multiobjective
goal programming (GP) model that assigns individuals to units by minimizing deviations between scores
and tier requirements, with particular emphasis on avoiding assignments that exceed individual capacity.

By embedding behavioral heterogeneity within an optimization framework, the model
operationalizes the principle that stable housing outcomes depend on aligning resident profiles with
environmental conditions. In doing so, it translates insights from experimental research into a structured
approach to housing allocation in high-density urban systems.

The Social Indicator Score

A subset of 32 rats from the Liu et al. (2018) study (four per experimental group) was used to examine
neural responses to stress under varying conditions of sex, trait anxiety, and rearing environment.
Following exposure to a novel stress test and amphetamine challenge, neural activation was measured via
c-fos expression across seven bilateral brain regions associated with reward (NAc(c), NAc(sh), Cg2), fear
regulation (Cgl, amygdala (Amy)), stress (PAG), and threat processing (VMH). These measures served as
input to an exploratory factor analysis (EFA) to identify latent neurobehavioral dimensions.

Exploratory Factor Analysis (EFA)

EFA with an orthogonal rotation identified four factors (eigenvalues > 1.0) that explained 76% of the
variance in neural activation. All statistical and modeling analyses were conducted in WinORS-2023
(2023) by the NKD-Group, Inc. These correspond to: (1) affective-motivational processing (NAc(c),
NAc(sh), and Cg2), (2) fear-anxiety regulation (Cgl and Amy), (3) acute stress reactivity (PAG), and (4)
threat sensitivity (VMH). The four factors correspond to interpretable neurobehavioral domains:
affective-motivational processing (reward and social engagement), fear-anxiety regulation (emotional
control), acute stress reactivity (immediate response to environmental stressors), and threat sensitivity
(baseline perception of risk). Collectively, these domains capture complementary dimensions of
behavioral capacity and vulnerability that influence how individuals respond to social density,
environmental stimulation, and perceived safety in housing environments.

Construction of the Social Indicator Score

Each factor was operationalized using a five-item Likert-scale instrument, producing domain scores
ranging from 5 to 25. To construct a single composite measure, the two risk-oriented domains —acute
stress reactivity (S;) and threat sensitivity (T;) were reverse-coded using the transformation (max + min) -
original score. That is, for individual i, the reverse-coded forms were defined as S;'= 30-S; and T;"= 30-T;,
respectively. Reverse-coding ensures that higher values consistently reflect more favorable housing
suitability.

The composite Social Indicator Score (SIS) for individual i was then defined as the sum of the two
positive-capacity scores and the two reverse-coded risk scores.

SIS; = Ay + Ry + S + T/
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where A;and R; represent affective-motivational processing and fear-anxiety regulation, respectively.
The resulting SIS ranges from 20 to 100, with higher values indicating greater behavioral capacity and
lower overall risk.

Link to Housing Allocation

The SIS provides a reduced-form representation of neurobehavioral heterogeneity that can be directly
incorporated into the housing allocation model. For interpretability, SIS values can be mapped to a four-
tier housing structure reflecting increasing levels of behavioral risk, ranging from prosocial-adaptive (low
risk) to protective, low-stimulation environments (high risk). Higher SIS values indicate greater suitability
for socially integrated housing, whereas lower values indicate increased sensitivity to environmental
stressors and a greater need for more structured or protective housing conditions.

Lexicographic Goal Programming for Optimal Housing Allocation

The allocation problem is framed using a lexicographic GP approach, in which policy objectives are
ordered by priority and addressed sequentially rather than traded off, ensuring that core behavioral
constraints are satisfied before secondary considerations are introduced (Ignizio, 1976; Romero, 1991). At
its center is the aim of minimizing mismatches between individuals and their housing environments,
particularly when environmental demands exceed an individual’s capacity to adapt.

To operationalize this, applicants are situated within a four-tier housing structure that reflects varying
levels of environmental intensity and behavioral risk. These tiers range from socially integrated, prosocial
settings to more protective, low-stimulation environments designed to reduce exposure to stress. The
Social Indicator Score provides a means of positioning individuals within this structure: higher scores
indicate greater capacity to engage with socially complex environments, while lower scores signal
heightened sensitivity to stress and a corresponding need for more supportive housing conditions.

In this way, the allocation process is oriented toward aligning resident characteristics with
environmental demands, aiming to reduce maladaptive outcomes and support more stable and cohesive
urban communities.

Model Formulation

To illustrate the allocation mechanism, consider n clients indexed by i, and m apartments indexed by j.
Each client has a composite SIS, ranging from 20 to 100, where higher values indicate greater behavioral
capacity and lower overall housing-related risk. Each apartment is assigned to one housing tier (K),
k=1,2,3,4, reflecting increasing levels of behavioral risk accommodation, from Tier 1 (prosocial-adaptive)
to Tier 4 (protective, low-stimulation). We use the parameter g; to denote the tier-specific SIS target,
representing the behavioral capacity required to sustain stable functioning within apartment j. For the
illustrative model, tier-specific SIS targets were assigned using equal-width intervals over the feasible SIS
range of 20 to 100, yielding thresholds of 80, 60, 40, and 20 for Tiers 1 through 4, respectively

We begin the model formulation by setting the apartment-tier mapping and tier-specific SIS targets as
shown below. The mapping indicates that higher-tier apartments require higher SIS values.

e Apartment 1: Tier 1: g; = 80

e Apartment 2: Tier 2: g2 = 60

e Apartment 3: Tier 3: g; = 40

e Apartment 4: Tier 4: g4 = 20

Decision Variable

Xy = {1 if individual i assigned to housing tier k

0 otherwise
Goal Constraint
Let k(j) denote the tier associated with apartment j. For each client i and apartment j, define the
deviation from the apartment-tier target as:
where:
h;; = underachievement below the target SIS for apartment j
h{; = overachievement above the target SIS for apartment j
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Since our primary concern is assigning a client to an apartment that is too socially demanding relative
to the client’s behavioral profile, the model prioritizes minimizing underachievement.

Objective function
n m
minZ = Z Z(Wdi_jxij)

i=1 j=1

where w is the weight assigned to deviation from the SIS target. If we suppose all individuals are
weighted equally, then w = 1. The objective minimizes the total mismatch created when clients are
assigned to apartments whose tier-specific SIS target exceeds their observed SIS.

Alternatively, we can use a cost-based version of the objective function. We first define a mismatch
cost matrix as: ¢;; = max{0, gy — SIS;}

and solve the

n m
minZ = ZZ CijXij
i—1 j=1
subject to the same assignment constraints.
Assignment Constraints

Understanding that the simple assignment problem (e.g., m = n) is a bijective mapping of a finite set
N = {1,2,..., n} into itself, we add and augment the well-known assignment constraints of (Burkard et

al., 1999). Hence, to achieve the canonical assignment model specification, we incorporate the following
constraints:
Each client must be assigned to exactly one apartment:

m

le-j =1Vi= 1,...,n

j=1

Each apartment can only receive one client:

n
inj =1 V]: 1,...,m

i=1
Non-negativity and Binary constraints

i-hi =0 Vi,j, and x;; € {0,1} Vi, j

This formulation assigns each client to a single apartment by minimizing mismatches between the
client’s composite SIS and the behavioral demands implied by the apartment’s tier. Clients with higher
SIS values are therefore more likely to be assigned to Tier 1 or Tier 2 apartments, which correspond to
more socially integrated environments. In contrast, clients with lower SIS values are directed toward Tier
3 or Tier 4 apartments, which provide greater structure, lower stimulation, and greater behavioral
protection.

IMlustrative Example

To demonstrate the implementation of the proposed model, we consider a stylized example with four
clients and four apartments, each corresponding to a distinct housing tier. Each client is characterized by a
composite SIS, and each apartment is associated with a tier-specific SIS target.

The Uniform SIS Case
In the first scenario, SIS values align closely with tier targets, resulting in a perfect match between
clients and apartments. The optimal assignment places each client in the apartment corresponding to their
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SIS level, yielding zero deviation in the cost-based formulation and minimal underachievement in the GP
formulation. The SIS were 85, 68, 47, and 32.

The Non-Uniform SIS Case

In the second scenario, SIS values do not perfectly align with tier thresholds, requiring the model to
resolve tradeoffs. The SIS were: 78, 65, 52, and 35. The optimal solution assigns: Client 1 — Apartment 1;
Client 2 — Apartment 2; Client 3 — Apartment 3; Client 4 — Apartment 4

Under the GP formulation, this allocation results in a total underachievement of Z = 2, reflecting a
small mismatch between the highest-tier apartment requirement and the available SIS of Client 1. All
other assignments satisfy or exceed tier-specific requirements.

Interpretation

These results illustrate that the model prioritizes minimizing behavioral mismatch while maintaining
feasible assignments across all units. Even in the presence of imperfect alignment, the framework
produces stable and interpretable allocation outcomes that reflect underlying behavioral suitability.

Extension to Multiobjective Goal Programming

Prior research demonstrates that assignment and location-allocation problems often require
hierarchical weighting of multiple social and economic objectives (Rlchard Church et al., 1974; Paul W
Glimcher et al., 2005). Extending beyond traditional rational-choice frameworks, recent work emphasizes
the importance of incorporating behavioral and system-level interactions into multiobjective decision
models (Bellomo et al. (2017)). Consistent with this perspective, the housing allocation problem is
inherently multi-dimensional, involving behavioral, spatial, and policy-driven considerations.

While the preceding formulation minimizes mismatch between individual Social Indicator Scores
(SIS) and tier-specific housing requirements, it represents a reduced-form implementation of a broader
multiobjective decision framework. In practice, housing managers must simultaneously balance objectives
such as minimizing antisocial behavioral interactions, improving access to urban resources, and
prioritizing placement for high-need populations.

In this broader formulation, the assignment problem is treated as a combinatorial multiple-objective
allocation problem (MOAP), in which decision-makers seek to minimize deviations from multiple
prosocial goals simultaneously. These goals may include: (i) minimizing antisocial behavioral interactions
across housing environments, (ii) reducing travel time to key urban services such as the central business
district (CBD), and (iii) prioritizing access to high-resource locations for residents with elevated
behavioral or clinical needs. These goals motivate extending the assignment problem to a multiobjective
GP formulation, in which multiple goals are specified and deviations from target levels are minimized.

The resulting model can be expressed as a hierarchical or lexicographic GP problem, in which goals
are ordered by priority, and deviations are minimized sequentially. Let k = 1,..., index the set of goals,
and let hy, and hj denote under- and overachievement, respectively. In a hierarchical (lexicographic) Goal
Programming framework, goals are ordered by priority, and the decision-maker minimizes the
corresponding deviations subject to assignment and capacity constraints, ensuring that higher-priority
behavioral objectives dominate lower-priority spatial and policy considerations.

This formulation enables integrating neurobehavioral risk (captured through SIS), spatial accessibility
(e.g., proximity to the central business district), and policy constraints (e.g., targeted placement of
vulnerable populations) within a unified optimization model. The single-objective SIS-based model
presented in this paper can therefore be interpreted as a first-stage approximation that isolates the
primary behavioral dimension while maintaining computational tractability.

To illustrate, consider augmenting the model with a second objective capturing spatial accessibility.
Let t; denote the travel time from apartment j to a central service location (e.g., the CBD), and let T*
denote a target travel time. A second goal can be defined as:

m

n
i=1j=1
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where h; and hf are under- and overachievement relative to the desired accessibility level.
The multiobjective GP formulation can then be expressed as:

i

where:

e  P;>» P; enforces priority ordering

e  The first term minimizes behavioral mismatch (SIS shortfall)
e The second term penalizes excess travel time

Additional objectives, such as service access for high-need populations and building-level
composition constraints, can be incorporated into this framework, enabling a flexible, scalable
multicriteria housing allocation model. This extension operationalizes the theoretical model of antisocial
behavior by embedding interactions between environmental composition and spatial structure into a
unified optimization framework. Future work will implement hierarchical or weighted goal-
programming formulations to jointly optimize behavioral, spatial, and policy-driven objectives using the
mixed-integer nonlinear goal-programming algorithm (MINLGP) of Dash and Kajiji (2014).

Summary and Conclusions

This paper has developed a biologically informed framework for public housing allocation that
interrogates how allocation systems participate in the production of urban inequality. Consistent with the
abstract, the analysis shows that conventional housing policies grounded in administrative efficiency and
eligibility criteria operate within broader regimes of urban governance that often reproduce concentrated
vulnerability and reinforce uneven urban geographies in high-density housing environments.

Drawing on insights from neurobehavioral research and translational neuroscience, the study
reconceptualizes housing allocation as a socio-spatial process that shapes behavioral outcomes through
the interaction of environmental conditions and individual vulnerability. Central to this framework is the
Social Indicator Score, which captures variation in emotional regulation, stress reactivity, motivation, and
threat sensitivity and enables the incorporation of behavioral heterogeneity into allocation decisions.
Embedded within a lexicographic goal-programming framework, this measure prioritizes minimizing
mismatches between resident capacities and environmental demands, particularly those that expose
individuals to conditions beyond their adaptive capacity.

The findings confirm the central claim advanced throughout the paper: allocation systems that neglect
behavioral heterogeneity risk intensifying the dynamics they seek to manage by concentrating
vulnerability and amplifying antisocial spillovers across housing systems. In contrast, aligning
environmental conditions with resident profiles provides a mechanism for supporting more stable and
cohesive urban environments.

Positioned within critical urbanism, the study contributes by linking micro-level behavioral processes
to macro-level structures of spatial inequality, demonstrating how allocation policies actively produce
urban social relations rather than merely regulating them. At the same time, it raises critical concerns
regarding the deployment of behavioral metrics in governance, including risks of technocratic sorting and
new forms of regulatory control.

Future research should extend this framework through empirical validation using human data and
further engagement with the institutional and ethical dimensions of implementation. As emphasized
throughout, the contribution of this work lies not only in its modeling approach but in its capacity to
reframe housing allocation as a central mechanism through which urban inequality is produced,
managed, and contested.
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