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Abstract. In the contemporary demographic context and in view of policy priorities
promoting ageing in place, it has become crucial to understand how residential
environments can either foster or undermine healthy ageing. Older adults face a
wide range of health conditions, leading to diverse residential needs. Housing
adapted to these requirements is a key factor in supporting ageing in place, a goal
shared by both older people and policymakers, particularly in order to reduce
pressure on care facilities. While an extensive body of literature highlights the
importance of safe and accessible living environments for older adults, it is also
widely recognised that remaining active and engaging in stimulating physical
activity is fundamental for healthy ageing.

This mixed-methods cross-sectional study therefore examines: (1) how the
stimulating and safety-related features of the home are interrelated and associated
with different housing typologies; and (2) whether links can be identified between
various health profiles and housing typologies.

Data was collected from 150 participants aged 75 and over, using paper-based or
online questionnaires designed by the research team to assess health status and living
environments. Stimulation and safety scores for each habitat were derived from
those “the living environment” questionnaires, which items had been previously
weighted by an interdisciplinary panel of experts. Stimulation and safety scores for
the 150 habitats were first analysed jointly through correlation analysis and
categorisation within a safety—stimulation matrix, in which housing typologies were
mapped. Health profiles were further examined across five housing typologies using
comparative analyses and cross-tabulations. Finally, each model was then subjected
to an exploratory interpretative analysis with a view to enhancing comprehension of
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the results concerning safety—stimulation configurations and thematic patterns
combining health statuses and housing typologies.

The present paper highlights preliminary trends, including the finding that, despite
their apparent contradictions, stimulating and safe environments can coexist,
provided an appropriate balance is maintained, and that no single housing typology
can meet the needs of all older adults. The findings of this study call into question
the conventional view that small, single-storey and secure housing is universally
suitable for healthy ageing in place. Instead, the emphasis is placed on the necessity
to transcend a uniform approach and to formulate residential strategies that are more
nuanced and necessarily multiple in nature, this way answering the wide range of
ageing trajectories.
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1. Introduction

Over the past four decades, surveys have consistently shown that older adults strongly
prefer to remain in their homes and neighbourhoods while maintaining as much
independence as possible, despite potential challenges related to functional capacity and
psychological well-being [1, 2]. Nevertheless, some older individuals recognise that
relocation may eventually become unavoidable.

Since the 1990s, policies in many European countries have increasingly promoted the
concept of ageing in place [1]. From the early 2000s onwards, this approach has
progressively developed into a major global paradigm in ageing policy, as reflected in
the growing body of academic research on the topic [3]. Widely endorsed by both
individuals and governments [4], this model enables older adults to maintain familiar
environments and social networks [5]. It is also associated with additional benefits,
notably being considered a more cost-efficient approach to ageing and aligning with a
key objective of ageing policy: reducing reliance on nursing homes [6].

However, barriers to ageing in place are often associated with the progressive health
decline that accompanies ageing. This can alter older adults' environmental needs and
make their homes less suitable [5]. The relationship between ageing and the home
environment is therefore bidirectional, with the physical environment recognised as one
of the six key determinants of healthy and active ageing [5]. An inadequate environment,
lacking accessibility or safety features can create barriers to mobility, exacerbating health
issues and restricting autonomy. Conversely, age-related biological and functional
changes can make home maintenance increasingly challenging, especially given an
ageing housing stock and limited retirement income [5, 6, 7]. As functional capacities
decline, older adults increasingly rely on their physical environment to compensate for
mobility limitations. In order to meet individuals' evolving needs, it is thus crucial to
create safe, accessible and supportive living environments that promote autonomy,
quality of life and physical activity. This also emphasises the importance of aligning
well-designed spaces with healthcare services [7, 8].

The living environment is recognised as having an impact on healthy ageing,
especially with regard to its influence on physical and mental health [9], [10]. This is
particularly relevant for people who spend a large part of their time at home, up to 90%
for older people [2, 10]. At the same time, older populations face an increased risk of
leading inactive lifestyles. Ageing is often linked to reduced physical activity, mobility,
and functional independence, as well as increased multi-morbidity risks [11]. However,
maintaining physical capacity is widely recognised as essential for healthy ageing [12].



Regular physical activity provides a range of physiological and psychological benefits,
such as improved cardiovascular and bone health, reduced risk of falls, and preservation
of cognitive function and mental well-being [13]. Beyond these health benefits,
participation in physical and recreational activities may also encourage social interaction,
further contributing to overall well-being. Consequently, promoting physical activity and
reducing sedentary behaviour among older adults has become a major public health
priority [14]. More broadly, policymakers, healthcare professionals and the general
public are increasingly recognising active lifestyles as a key factor in preserving physical
and cognitive functioning throughout the ageing process [13]. In summary, ageing in
place is a dynamic process that encompasses the key aspects of independent and active
living, as well as a good quality of life, all of which are crucial for the well-being of older
adults [7].

This study has therefore two main objectives. Firstly, it aims to examine the
relationship between the safety and stimulation levels in the living environments of older
adults, and to study how these relationships may vary across different housing typologies.
Secondly, it will investigate whether distinct profiles of older adults are associated with
these typologies. We hypothesise that environments that provide sufficient safety
(essential for healthy ageing in place) may also offer opportunities for physical
stimulation, which are crucial for maintaining health and autonomy. The design
characteristics and maintenance demands of specific housing typologies may influence
how safety and stimulation are experienced by residents.

2. Methodology

Firstly, a cohort of 150 people aged 75 and over was formed. Participants were recruited
in such a way as to ensure maximum representativeness of the Walloon population in
Belgium in terms of socio-demographic characteristics and diversity of existing housing
typologies. Recruitment criteria included gender, age, housing types, residential complex
type, length of occupancy, occupancy status, household composition, and socio-
economic (Table 1).

Table 1. Inclusion and exclusion criteria.

Criteria Inclusion criteria Exclusion criteria
Age > 75 years <75 years
Institutional housing (e.g.
Housing types Private housing serviced residences, residential
care homes, nursing homes)
Length of occupancy > 2 years <2 years

Able to move independently

. . - ses a wheelchair
without using a wheelchair U

Physical mobility

Severe cognitive impairment
leading to significant dependence
and a substantial impact on daily

life

Mild to moderate cognitive
impairment with preserved
functional autonomy

Self-reported cognitive
function

Visual function Functlgga! vision s.ufﬁ‘c1‘e nt for Visually impaired or blind
activities of daily living

Chemotherapy No Yes



We decided to recruit older adults aged 75 years and over. Previous research shows
that the willingness to move house decreases with age, a phenomenon particularly
marked among individuals aged 75 and over [15]. However, declining health, which
tends to accelerate after this age, remains a major factor prompting relocation at any stage
of later life [15]. Furthermore, as age increases, we encounter a growing diversity of
older adults’ profiles. Studies have demonstrated greater dispersion in cognitive abilities
among very old adults (aged 75-92 years) [16]. This heterogeneity is also observed in
physiological functions [17] and extends to behavioural, social and health dimensions
[18]. Focusing on participants aged 75 and over therefore aimed to capture the wide
diversity of situations and needs specific to older adults.

Data were collected from the study participants using paper-based or online
questionnaires, which included questions on their socio-demographic characteristics,
health status, and living environment. The items considered throughout the “living
environment” part of the questionnaire (covering both the dwelling and the
neighbourhood) had previously been weighted by an interdisciplinary panel of ageing
experts during an earlier phase of the study, and submitted elsewhere for publication [19].
As the questionnaires were self-administered, potential reporting biases should be
considered when interpreting the results. This process enabled the derivation of global
physical stimulation and safety scores for each participants' living environment. The
global scores of each living environment were calculated by combining the dwelling
score with the neighbourhood score.

The original sample consisted of 150 participants. However, after data cleaning
procedure, the analyses were conducted on 132 filled questionnaires. Several participants
were excluded for various reasons (Figure 1). One participant was 73 years old and
therefore did not meet the inclusion criteria (=75 years). Five participants had more than
20% missing responses (coded as “NAVU” for not available) in the questionnaire and
were excluded due to the substantial amount of missing data, which could affect the
reliability and interpretation of the responses. Finally, twelve participants presented
aberrant or missing values in the variables required for the analyses of this study.

<75 YEARS >20% NAVU A
OLD M

Original sample Final sample

Figure 1. Flowchart of the sample selection process.

First, the variables of interest for this study were identified and classified as either
categorical or continuous variables. The categorical variables included gender, education
level, housing status, household composition, type of residential area, housing type, and
self-reported health. Continuous variables included age, physical stimulation scores, and
safety scores.

For categorical variables, frequency distributions were calculated to describe the number
and percentage of participants in each category. For continuous variables, normality was



assessed using several criteria: comparison of the mean and median, inspection of
histograms and boxplots, examination of Q—Q plots, and, when necessary, the Shapiro—
Wilk test. Based on these assessments—commonly used for investigating the
normality—, variables were classified as parametric or non-parametric, and descriptive
statistics were reported accordingly (means for parametric variables and medians for
non-parametric variables Assessing normality is necessary for subsequent analyses, as
the distribution of the variables determines the choice of appropriate statistical tests. The
next step involved a comparative analysis of participants’ physical stimulation and safety
scores, examined at three levels: global habitat, dwelling, and neighbourhood. The global
score corresponds to the sum of the dwelling and neighbourhood scores. To ensure
comparability across measures, raw scores were transformed into z-scores, calculated
“by subtracting the mean from a data value and then dividing by the standard deviation”
[20]. Z-scores therefore provide a standardized measure of how far each observation
deviates from the sample mean [20]. These standardised scores were used to construct a
two-dimensional “physical stimulation — safety” matrix, with physical stimulation
represented on the x-axis and safety on the y-axis. Reference lines set at zero on both
axes defined four quadrants (Q1, Q2, Q3, and Q4) corresponding to relatively high or
low levels of physical stimulation and safety (Figure 2).

SAFETY
+
Low Stimulation High Stimulation
High Safety High Safety
Ql
- + PHYSICAL
STIMULATION
Low Stimulation High Stimulation
Low Safety Low Safety

Figure 2. Two-dimensional “physical stimulation — safety” matrix.

Given the presence of three types of scores (global, dwelling, and neighbourhood),
three separate matrices were constructed. In each matrix, the living environment of each
participant were positioned according to their physical stimulation and safety z-scores
and subsequently assigned to one of the four quadrants. Consequently, each participant
was classified into a specific quadrant for each level of analysis.



As each participant was assigned to a quadrant for each matrix, we examined
whether the observed distribution of participants across the quadrants differed from the
expected uniform distribution. Assessing this distribution is important, as substantial
imbalances between quadrants could affect the interpretability and robustness of
subsequent analyses based on these groups. To this end, chi-square goodness-of-fit tests
were conducted separately for each matrix. The assumptions of the test were verified
beforehand to ensure that its use was appropriate: expected frequencies exceeded 5 in at
least 80% of cells, and none were below 1. A p-value < 0.05 indicates a distribution
significantly different from uniform, reflecting over- or under-representation of certain
quadrants. Conversely, a p-value > 0.05 suggests that the observed distribution does not
differ significantly from uniform, indicating a balanced allocation of participants across
quadrants within the matrix.

Spearman’s rank correlation was used to examine associations between physical
stimulation and safety z-scores at the global, dwelling, and neighbourhood levels. This
non-parametric method was chosen because one or both variables at each level were non-
normally distributed, and it assesses monotonic relationships without assuming linearity.
Correlation coefficients (p) and their associated p-values were reported, with a
significance threshold of p < 0.05. A p-value below this threshold was considered
indicative of a statistically significant association between the variables. Spearman’s p
measures the strength and direction of a monotonic relationship, with values ranging
from -1 to 1: p = 0 indicates no correlation, p > 0 indicates a positive correlation (both
variables increase together), and p < 0 indicates a negative correlation (one variable
increases while the other decreases).

A Chi-square test of independence was conducted to examine the distribution of
different housing typologies across the quadrants of the global and dwelling matrices.
The neighbourhood matrix was excluded from this analysis because neighbourhood
scores reflect general environmental characteristics, whereas housing typologies relate
more specifically to certain characteristics of individual dwellings. Focusing on the
dwelling level allows for an assessment of potential associations that are more
conceptually coherent and interpretable. For this analysis, the “lightweight house”
typology (n = 1) was excluded due to insufficient frequency for the calculation of
expected counts, although descriptive statistics still include this category. The
assumptions of the test were verified beforehand to ensure that its use was appropriate.
If the Chi-square test is significant (p < 0.05), the null hypothesis of independence is
rejected, indicating a significant association between the variables. Conversely, if p >
0.05, no significant association is detected.

When significant associations between housing typologies and quadrants were
detected through the Pearson’s chi-square test, standardised residuals were examined.
This allows the identification of which cells of the contingency table contributed most to
the typology—matrix association, thereby highlighting housing typologies that were
significantly over- or under-represented within specific matrix quadrants. Values with
[residual| > 1.96 (=5% significance level) were considered significant contributors to the
association; r > 2 indicates significant over-representation, while r < —2 indicates
significant under-representation.

Finally, a chi-square test of independence was conducted to examine the association
between self-reported health status and housing typology. The assumptions of the test
were verified beforehand to ensure that its use was appropriate: expected cell frequencies
exceeded 5 in at least 80% of the cells, and none were below 1. The same analysis was



subsequently performed to assess the association between the global matrix quadrants
and self-reported health status.

Statistical analyses were performed using Rcmdr, a statistical software for data
processing and analysis.

3. Results
3.1. Descriptive Statistics

Descriptive statistics for the sample are presented first (Table 2). The median age of
participants was 79 years (IQR 77-82), indicating a relatively homogeneous sample of
older adults in advanced age. This could limit the variability in health status and
potentially include more participants in poor health. However, the majority of the sample
(93%) reported being in good to excellent health based on self-reported responses, which
does not reflect the usual heterogeneity of health status observed in the older population.
As mentioned in the “Limitations” section, these results may be affected by volunteer
and social desirability biases. Nearly half of participants lived alone (45%), reflecting
common living arrangements among older adults and potentially influencing daily
interaction with the residential environment.

Participants were relatively evenly distributed across rural, peri-urban, and
urban areas, providing variability in environmental contexts. The various individual
housing typologies represented suggest variability in residential built environments,
which is important for our further analysis.

Our sample also appears to have a high level of education, with 62% holding a

bachelor’s, master’s, or doctoral degree. Educational attainment in Belgium has
increased markedly over the past four decades and, for instance, in 2024, around half of
younger adults (25-34 years) hold a tertiary education degree, a proportion higher than
in older cohorts [21]. This suggests that the educational level observed in our sample is
relatively high.
Most participants were homeowners (75%), which is higher than the Belgian (67%) and
Walloon (65%) averages [22], but still unsurprising for an older adult cohort (e.g. [23]).
The high level of education and high proportion of homeowners may indicate a
socioeconomically advantaged sample, which should be considered when interpreting
certain results.



Table 2. Descriptive characteristics of the study sample (n = 132).

Variable Results, n (%) or median (P25-P75)
Gender
Male 59 (45%)
Female 73 (55%)
Age (years) 79 (77-82)
Education level
Low education (none + primary) 2 (2%)
Secondary education 43 (33%)
Higher education (Bachelor’s + Master’s + Doctorate) 82 (62%)
Other 5 (4%)
Housing status
Owner 99 (75%)
Tenant 25 (19%)
Usufructuary 6 (5%)
Other 2 (2%)
Household composition
Living alone 59 (45%)
Living with others 73 (55%)
Type of residential area
Rural 48 (36%)
Peri-urban 44 (33%)
Urban 40 (30%)
Housing type
Apartment (Appartement) 45 (34%)
Terraced houses (Bati mitoyen) 23 (17%)
Semi-detached houses (Bati semi-mitoyen) 25 (19%)
Detached houses (Béti ouvert) 38 (29%)
Lightweight Houses (Habitat 1éger) 1 (1%)
Self-reported health (question from SF_12)
Poor (Mauvaise) 2 (2%)
Fair (Médiocre) 8 (6%)
Good (Bonne) 87 (66%)
Very good (Trés bonne) 29 (22%)
Excellent (Excellente) 6 (5%)

3.1.1. Physical Stimulation and Safety Scores

The following section focuses on the overall living environment scores of all 132
participants (Table 3). The median global physical stimulation score was 408 (IQR 348—
498), with values ranging from 198.40 to 902.20, reflecting substantial variability among
participants. The apparent maximum value was driven by an outlier; when this
observation was excluded, the range in the corresponding global z-score was reduced to
approximately —2.17 to 2.07 (Figure 3). After accounting for this outlier, most
participants were clustered around the median, indicating that physical stimulation levels
were moderately concentrated near the central tendency while a few individuals had
notably higher or lower scores. Global safety scores showed a similar pattern: the mean
score was 303 (SD 163), with a wide range from —106.80 to 728.55. Most participants
fell within approximately one standard deviation of the mean, suggesting that safety
levels were relatively consistent for the majority, although some participants reported
substantially higher or lower safety scores. Overall, there was substantial variability in
both physical stimulation and safety scores across participants, although most
individuals' values were concentrated around the sample's central tendency.



Table 3. Physical stimulation and safety scores of older adults' living environments (n = 132).

Results*, mean (sd) or

°

Matrix Variable median (P25-P75) Range (min—max)
Global score 408 (348-498) 198.40-902.20
Global z-score —0.18 (—0.76-0.67) —2.17-4.50

Physical | pyelling score 141 (93-179) 19.90-376.00
stimulation .

—_—— Dwelling z-score 0.06 (=0.76—0.70) —1.99-4.02
Neighbourhood score 287 (80.23) 138.60—526.20
Neighbourhood z-score 0.04 (0.99) —1.80-3.00
Global score 303 (163) —106.80-728.55
Global z-score 0.00 (1.00) -2.52-2.61

Safety Dwelling score 188 (130-247) —32.45-666.60

scores Dwelling z-score —0.10 (—0.68—-0.49) —2.31-4.69
Neighbourhood score 88 (34-172) —215.15-438.60
Neighbourhood z-score —0.12 (—0.58-0.60) —2.70-2.87
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Figure 3. Distribution of global z-scores in the two-dimensional “physical stimulation — safety” matrix.

3.2. Distribution of Participants across Matrices

5.0

Afterwards, chi-square goodness-of-fit tests were conducted to assess whether the
observed distribution of participants across the four matrix quadrants differed from a
uniform distribution (Table 4). Participants were evenly distributed across the quadrants
of all three matrices. The global (p = 0.5272) and dwelling (p = 0.7771) matrices showed
no evidence of over- or underpopulated quadrants. The neighbourhood matrix exhibited
a slightly lower p-value (p = 0.132), suggesting a minor tendency for Q3 (LoSt; LoSa)
to be more populated and Q4 (HiSt; LoSa) less so, but the distribution was not



significantly different from uniform. Overall, the balanced distribution across quadrants
provides a useful basis for subsequent comparisons with housing typologies or other
variables. In other words, observed distribution across the quadrants didn't differ from
the expected uniform distribution, thus allowing for robust analysis of other parameters.

Tableau 4. Chi-square goodness-of-fit test assessing the distribution of participants across matrix quadrants
(n=132).

Matrix Q1 Q2 Q3 Q4 p-value
Global matrix (24.3231%) (233118%) (32.23%) (19.27?)%) 0.5272
Dwelling matrix (20.3175%) (25.%?)%) (2943595%) (25.%?)%) 0.7771
Neighbourhood matrix (153)11 %) (29;95%) (34.4(‘)‘;%) (203‘75%) 0.132

Legend. Q1: low stimulation — high safety; Q2: high stimulation — high safety; Q3: low stimulation — low
safety; Q4: high stimulation — low safety. Values are presented as n (%) in each quadrant.

3.3. Correlation Analysis between Safety and Physical Stimulation Z-Scores

We next explored the correlations between safety and physical stimulation z-scores
(Table 5). A weak but statistically significant positive correlation was observed at the
global level (p = 0.289, p < 0.001), while a moderate positive correlation was found at
the neighbourhood level (p = 0.436, p < 0.001). No significant correlation was detected
at the dwelling level (p = 0.115). These results suggest that environments with higher
physical stimulation tend to also exhibit higher safety scores, particularly at the
neighbourhood scale.

Table 5. Spearman correlation between physical stimulation and safety z-scores.

Variable Spearman’s p p-value
Global physical stimulation x safety 0.289 0.00076***
Dwelling physical stimulation x safety 0.138 0.115
Neighbourhood physical stimulation x safety 0.436 <0.001***

w6k 1 < 0,001

3.4. Distribution of Housing Typologies across Quadrants Matrices

The contingency table presents the distribution of housing typologies across the
quadrants of the global (Figure 4) and dwelling matrices (Table 6).



Table 6. Distribution of housing typologies across quadrants of the global and dwelling matrices (n = 131).

emi-
Matrix Quadrant Apartment destached Tﬁ;l:;?sd Dlelzz:lcsl:;d Count
houses
Ql 19 (59.4%) 2 (6.2%) 5 (15.6%) 6 (18.8%) 32 (100%)
Global Q2 12 (38.7%) 4 (12.9%) 5(16.1%) 10 (32.3%) 31 (100%)
matrix Q3 14 (33.3%) 7 (16.7%) 7 (16.7%) 14 (33.3%) 42 (100%)
Q4 0 (0%) 12 (46.2%)  6(23.1%) 8 (30.8%) 26 (100%)
Ql 20 (74.1%) 1.(3.7%) 3 (11.1%) 3 (11.1%) 27 (100%)
Dwelling Q2 2 (6.2%) 6 (18.8%) 9 (28.1%) 15 (46.9%) 32 (100%)
matrix Q3 22 (56.4%) 4 (10.3%) 4 (10.3%) 9 (23.1%) 39 (100%)
Q4 1 (3.0%) 14 (42.4%) 7 (21.2%) 11 (33.3%) 33 (100%)

Legend. Q1: low stimulation — high safety; Q2: high stimulation — high safety; Q3: low stimulation — low
safety; Q4: high stimulation — low safety. Values are presented as n (%).
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Figure 4. Distribution of housing typologies across quadrants of the global matrix (n = 131).

The distribution of housing typologies varied substantially across matrix quadrants.
Apartments were predominantly located in quadrants characterised by higher perceived
safety, particularly in Q1 (LoSt - HiSa) of both the global (59.4%) and dwelling matrices
(74.1%). They were less represented in highly stimulating environments in both matrices.
Overall, this pattern suggests that apartments are more frequently associated with
environments perceived as safer but less stimulating.

In the global matrix, Q2 (HiSt— HiSa) is dominated by apartments (38.7%), whereas
in the corresponding quadrant of the dwelling matrix, they were much less prevalent
(6.2%). This contrast suggests that neighbourhood-level characteristics may contribute
substantially to the perceived stimulation of the overall living environment.

In contrast, Q4 (HiSt - LoSa) in the global matrix contained no apartments and was
mostly composed of semi-detached (46.2%) and detached houses (30.8%). Detached



houses were mostly frequent in Q2 (HiSt — HiSa) in the dwelling matrix (46.9%).
However, their lower proportion in the corresponding global matrix quadrant (32.3%)
may indicate that neighbourhood characteristics contribute less to the stimulating
character of these environments.

In the global matrix, Q3 (LoSt — LoSa) exhibited a relatively balanced distribution of
housing typologies, whereas in the dwelling matrix, the majority were apartments
(56.4%).

3.5. Association Analysis between Housing Typologies and Matrix Quadrants

Pearson’s chi-square tests were conducted to examine the association between housing
typologies and matrix quadrants. Significant associations were observed for both the
global and dwelling matrix, indicating that the distribution of housing typologies differs
across quadrants (Table 7). These results suggest that housing typology and matrix
quadrant membership are not independent, with some housing typologies more
frequently represented in specific quadrants of the matrix.

Table 7. Chi-square test of association between housing typologies and the quadrants of the global and
dwelling matrices.

Matrix Ve Df p-value
. . <0.001%**
Global matrix x housing typology 30.59 9 0.000348
Dwelling matrix x housing typol 60.367 9 <0.001%+%
welling matrix x housing typology . 0.000000001139

k1 < 0,05

Analysis of the standardized residuals (Table 8) allowed identification of the specific
typology—quadrant combinations driving these associations. In the global matrix,
apartments were significantly over-represented in Q1 (LoSt - HiSa) and under-
represented in Q4 (HiSt - LoSa). Conversely, semi-detached houses were over-
represented in Q4 (HiSt - LoSa) and under-represented in Q1 (LoSt - HiSa). No
significant deviations were observed for terraced or detached houses. These results
suggest a clear distinction between apartments, which are associated with safer and less
stimulating environments, and semi-detached houses, which are more frequent in less
safe and more stimulating quadrants.

In the dwelling matrix, apartments showed strong over-representation in Q1 (LoSt -
HiSa) and Q3 (LoSt — LoSa), and strong under-representation in Q2 (HiSt — HiSa) and
Q4 (HiSt - LoSa). Semi-detached houses were still over-represented in Q4 (HiSt - LoSa)
and under-represented in Q1 (LoSt - HiSa). Detached houses were over-represented in
Q2 (HiSt — HiSa) and under-represented in Q1 (LoSt - HiSa). Terraced houses did not
display significant residuals in any quadrant. Overall, this pattern indicates that
apartments are over-represented in environments characterised by lower stimulation and
under-represented in highly stimulating environments, regardless of safety levels. Semi-
detached and detached houses are more frequently represented in highly stimulating
environments, but with low and high safety levels, respectively.

These findings highlight that the associations between housing typology and
environmental characteristics differ between global and dwelling-level matrices, with the



dwelling matrix showing a more complex pattern of typology distribution across
quadrants.

Table 8. Standardized residuals from the chi-square test examining the association between housing
typologies and the quadrants of the global and dwelling matrices (n=131).

Semi-

Matrix Quadrant Apartment detached Terraced Detached
houses houses
houses

Ql 3.43 -2.13 -0.33 -1.47

. Q2 0.58 -1.00 -0.24 0.46
S Q3 20.17 -0.48 0.18 0.75
Q4 -4.12 3.92 0.83 0.22

Q1 4.88 -2.28 -0.99 -2.30

Dwelling Q2 -3.85 -0.06 1.81 2.56
matrix Q3 3.46 -1.67 -1.43 -0.97
Q4 -4.38 3.94 0.64 0.63

Legend. Q1: low stimulation — high safety; Q2: high stimulation — high safety; Q3: low stimulation — low
safety; Q4: high stimulation — low safety. Standardized residuals greater than +£1.96 indicate statistically
significant over- or under-representation (p < 0.05).

3.6. Distribution of Health Status across Housing Typologies

Self-reported health status was broadly similar across housing typologies (Table 9). The
majority of participants in all housing types reported “Good” or “Very good” health, with
no statistically significant differences observed between housing typologies (p-value >
0.05; Table 10). Overall, these results suggest that housing typology is not meaningfully
associated with self-reported health in this sample, the small differences observed could
be due to chance.

Table 9. Distribution of self-reported health status across different housing typologies (n = 131).

Self-reported health

Poor Fair Good Very good  Excellent Count

P Apartment 2 (4.4%) 3(6.7%) 30 9 (20.0%) 1(22%)  45(100%)
2 (66.7%)
ED Semi- 17
2 detached 0 (0.0%) 0 (0.0%) 6 (24.0%) 2 (8.0%) 25 (100%)
= (68.0%)
= houses
1 Terraced 16
- 0, 0, 0, 0, 0,
§ houses 0 (0.0%) 1(4.3%) (69.6%) 4 (17.4%) 2(8.7%) 23 (100%)
= Detached o o 23 10 N o

houses 0 (0.0%) 4 (10.5%) (60.5%) (26.3%) 1(2.6%)  38(100%)

Legend. Values are expressed as n (%).



Table 10. Chi-square test of association between self-reported health and housing typologies (n = 131).

Variables Ve df p-value

Self-reported health x housing typology 9.954 12 0.62

3.7. Distribution of Health Status across Matrix Quadrants

The distribution of self-reported health profiles across the quadrants of the global matrix
was examined (Table 11). The Chi-square test of independence indicated that there was
no statistically significant association between the quadrant of the global matrix and self-
reported health status (p = 0.328 > 0.05; Table 12).

Table 11. Distribution of self-reported health across quadrants of the global matrix (n = 131).

Quadrant Poor Fair Good Very good Excellent Count
Ql 0 (0.0%) 3 (9.4%) 22 (68.8%) 7 (21.9%) 0 (0.0%) 32 (100%)
Q2 0 (0.0%) 0 (0.0%) 19 (61.3%) 9 (29.0%) 3(9.7%) 31 (100%)
Q3 2 (4.8%) 4 (9.5%) 26 (61.9%) 9 (21.4%) 1 (2.4%) 42 (100%)
Q4 0 (0.0%) 1 (3.8%) 19 (73.1%) 4 (15.4%) 2 (7.7%) 26 (100%)

Legend. Q1: low stimulation — high safety; Q2: high stimulation — high safety; Q3: low stimulation — low
safety; Q4: high stimulation — low safety. Values are expressed as n (%).

Table 12. Chi-square test of association between the quadrants of the global matrix and self-reported health
(n=131).

Variables e df p-value

Self-reported health x global matrix 13.586 12 0.328

4. Discussion

As already mentioned, this study has two main objectives. The primary is to examine the
relationship between safety and stimulation levels in the living environments of older
adults, and to investigate how these relationships may differ across various housing
typologies. The second investigate whether distinct profiles of older adults are associated
with these typologies. To this end, physical stimulation and safety scores of the living
environment were obtained for 132 older adults and combined to construct a four-
quadrant matrix (Figure 1). These scores were computed at three spatial scales (global
habitat, dwelling, and neighbourhood) with the global score corresponding to the sum of



the dwelling and neighbourhood scores. The discussion focuses on two principal findings
and addresses two limitations of the study.

Firstly, we will discuss the relationship between stimulation and safety scores across
three spatial scales. The results indicate that safety and physical stimulation scores are
positively correlated at the global level. However, this association appears to be largely
driven by the moderate correlation observed at the neighbourhood level, as no significant
relationship was identified at the dwelling level. These findings suggest that, at the
neighbourhood scale, environments perceived as safer tend to offer greater opportunities
for physical stimulation and vice versa. This pattern is consistent with the idea that safe
neighbourhoods encourage older adults to engage in outdoor activities such as walking,
shopping, or visiting parks, thereby increasing opportunities for physical stimulation [24,
25]. However, the systematic review by Van Cauwenberg et al. [25], also highlights that
neighbourhood safety can be influenced by multiple environmental characteristics, some
of which are not directly related to physical activity. In the present study, neighbourhood
characteristics were grouped together into composite measures and examined
collectively in the correlation analysis. Consequently, the observed association between
safety and physical stimulation reflects the combined influence of multiple
environmental factors rather than the effect of individual characteristics.

By contrast, safety and physical stimulation appear to be largely independent at the
dwelling level. A safe dwelling does not necessarily provide a stimulating environment,
and a stimulating dwelling does not necessarily guarantee safety. The private dwelling
environment could offer less opportunities for physical activity, which may partly
explain the absence of correlation at this scale. Nevertheless, a safe and well-adapted
dwelling can support older adults by reducing environmental hazards and barriers,
thereby lowering fall risk and promoting functional independence and continued activity
[26, 27]. In this context, certain dwelling characteristics may simultaneously contribute
to both safety and physical stimulation. Conversely, some features that promote physical
activity may also be perceived as potential hazards (e.g. stairs), thereby increasing
perceptions of insecurity within the dwelling. This tension between safety and activity-
supportive features may partly explain the absence of a correlation between these two
dimensions at the dwelling level.

Further investigation of the specific dwelling elements included in the assessment
could help identify which characteristics contribute to both safety and physical
stimulation, or alternatively promote one dimension at the expense of the other.
Extending this type of analysis to the neighbourhood level may also provide additional
insight into the drivers of these correlations at both micro- and macro-scales. Importantly,
the absence of a significant correlation at the dwelling level should not be interpreted as
evidence that dwellings cannot simultaneously provide both safety and physical
stimulation. Rather, this finding may reflect the complex balance between environmental
demands and individual capacities, as highlighted by the ecological theory of ageing of
Lawton and Nahemow, which emphasises the importance of achieving an appropriate fit
between the environment and the individual to support optimal functioning in later life
[28].

Secondly, we will address the relationship between housing typologies and matrix
quadrants by analysing how they are distributed within the global and dwelling matrices.
Only these two matrices were included in the analysis, since housing typologies relate
more specifically to characteristics of individual dwellings, whereas the global matrix
serves as a comparative reference. Importantly, the analysis of standardized residuals
was used to identify typology—quadrant combinations driving associations between



housing typologies and matrices. In other words, residuals indicate whether a housing
typology is over- or under-represented in a quadrant compared with what would be
expected under independence, highlighting statistically meaningful deviations rather
than simple descriptive majorities. The general results suggest that housing typology and
matrix quadrant membership are not independent, with some housing typologies more
frequently represented in specific quadrants of the matrix.

To begin with, the results show that apartments are predominantly located in low-
stimulation, high-safety environments in both matrices, which is not particularly
surprising. However, in the dwelling matrix, apartments are markedly over-represented
in both low-safety and high-safety, low-stimulation environments. This suggests that
apartments, as a typology considered independently of the wider neighbourhood context,
can indeed provide a certain degree of safety but may also result in the opposite. These
findings challenge the common assumption that this typology is inherently well-suited
to older adults due to its perceived safety.

Furthermore, we observe that the same typology is neither over- nor under-
represented, but is predominantly found in high-stimulation, high-safety environments
in the global matrix. This predominance decreases drastically in the dwelling matrix.
This indicates that the neighbourhood context may have a strong influence on the
stimulating character of the environment. Since individuals living “in apartments spend
less time engaging in domestic physical activity and more time engaging in sedentary
behaviour than those living in houses” [29] (p.2), a stimulating neighbourhood can help
compensate for the lack of activity within the dwelling itself. When considering a living
environment suitable for older adults, it should not be understood solely as an adapted
dwelling; the neighbourhood itself also plays a significant role [30]. We also note that
apartments are never found in environments characterised by both high stimulation and
low safety. These variabilities support the idea that physical stimulation and safety are
not correlated at the dwelling level, as observed previously, but can nonetheless coexist.

Next, environments characterised by high stimulation and low safety
predominantly consist of detached and semi-detached houses, which is not unexpected.
However, the global matrix reveals that most detached houses are located in low-
stimulation, low-safety environments, whereas the dwelling matrix shows that the
majority are found in high-stimulation, high-safety environments. The shift in
predominance between conceptually opposite quadrants when neighbourhood scores are
removed implies that the neighbourhood environment can negatively influence both
stimulation and safety of the global living environment. It would be worthwhile to
investigate the types of residential complexes (urban, semi-urban, rural) underlying these
results to understand how they are distributed across the matrix and their potential
influence on neighbourhood scores. While typologies reflect dwelling scores, residential
complexes may account for neighbourhood scores.

Regarding detached houses in the dwelling matrix, they are over-represented in
environment characterised by simultaneously high stimulation and high safety, which
may contradict general assumptions. This suggests that a detached house can offer a
balance of safety and stimulation and, notably given sufficient physical, cognitive, and
financial resources—even at an advanced age—this typology can provide a viable option
for ageing well in place, potentially avoiding unnecessary relocation.

Finally, in the dwelling matrix, semi-detached houses are over-represented in
environments with high stimulation and low safety and under-represented in the
conceptually opposite quadrant. Examining the specific features of this typology that



affect safety would be valuable, with the aim of identifying the factors that consistently
contribute to its lower safety scores in this study.

4.1. Limitations

The first limitation concerns the characteristics of the study sample. Participants were
recruited among adults aged 75 years and over in order to capture a heterogeneous
population in terms of health status. However, the sample is mostly healthy, as reflected
in the results. This may be partly explained by volunteer bias', which is commonly
observed in studies involving community-dwelling older adults. Indeed, individuals who
agree to participate in research studies are often healthier and more physically active than
those who do not (e.g. [31]). Furthermore, the relatively high educational level of the
sample may have reinforced this bias, as higher participation rates among more educated
individuals have also been documented in previous research [31]. Social desirability
bias® may also have played a role, as the variable used to assess participants’ health status,
as well as the dwelling and the neighborhood characteristics, relied on a single self-
reported question. These biases may have influenced the absence of a clear association
between housing typologies and health status and between matrix quadrants at the global
level and health status. Importantly, this does not necessarily imply that no association
exists between these variables, but rather that the low variability in health status of the
sample and/or the way health was measured may not have been optimal for examining
such relationships. Future research could address this limitation by incorporating
additional or more objective measures of health rather than relying solely on a single
self-reported question. Conversely, social desirability bias may also have influenced the
dwelling and neighbourhood scores, as individuals’ attachment to their home and
neighbourhood can affect how positively or negatively they evaluate these environments.

The second limitation relates to the methodological approach adopted for
constructing the four-quadrant matrix. There was substantial variability in both physical
stimulation and safety scores across participants, although most individuals’ values were
concentrated around the central tendency of the sample. This should be kept in mind
when interpreting the classification of environments into four quadrants. Because the
quadrant boundaries are defined by cut-off points, two living environments with very
similar numerical scores may fall into different quadrants and therefore be interpreted as
conceptually distinct. Such categorisation inevitably simplifies the underlying
continuous variation and may lead to a loss of information or to artificial distinctions
between cases that are, in practice, very similar. Nevertheless, the quadrant-based
approach provides a useful analytical framework for exploring the joint distribution of
physical stimulation and safety within residential environments. Structuring the data into
distinct profiles facilitates the identification of broader environmental patterns and
supports the interpretation of multidimensional environmental characteristics. In this
sense, the matrix should primarily be understood as an exploratory tool that helps
visualise and interpret complex environmental configurations, rather than as a strict
typology of distinct categories.

5. Conclusion

We can assert that there is a clear relationship between a secure and physically
stimulating environment at the neighbourhood level. No correlation was detected



between these two concepts at the dwelling level, although both can coexist in apartments
as well as houses. However, there is indeed an association between housing typologies
and the levels of stimulation and safety within the dwelling itself. This suggests that
housing typologies influence opportunities for physical activity—not necessarily in the
form of formal exercise, but through activities related to daily tasks and leisure. Given
that older adults spend the majority of their time at home, it is encouraging that their
living environment can support engagement in physical activity, which is essential for
healthy ageing. Our findings also indicate that housing typologies are linked to occupants’
experiences of safety. No association was observed between housing typology and health
status. Future research should consider alternative indicators to define health or recruit a
more diverse sample in terms of health profiles, in order to more conclusively examine
the relationship between housing typology and health outcomes.

Moreover, a stimulating neighbourhood may help compensate for dwellings that are less
conducive to physical activity, highlighting the importance of considering both dwelling
and neighbourhood contexts in promoting ageing well-in-place.

Endnotes

! “Self-selection bias (also called volunteer bias) refers to the bias that can occur when individuals are allowed
to choose whether they want to participate in a research study. Because participants often differ from
nonparticipants in ways significant to the research, self-selection can lead to a biased sample and affects the
generalizability of your results.” [32].

2 “Social desirability bias occurs when respondents give answers to questions that they believe will make them
look good to others, concealing their true opinions or experiences. It often affects studies that focus on sensitive
or personal topics, such as politics, drug use, or sexual behavior. Study participants have a tendency to answer
questions in such a way as to present themselves in socially acceptable terms (...). It is especially likely in self-
report questionnaires (...)." [33].
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