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Abstract

Apartment floor plans have traditionally been interpreted through qualitative typological
readings, but coded floor-plan datasets now enable reproducible quantitative analysis. This
article examines architectural metadata from apartment units in Aurinkolahti, Helsinki,
Finland, to explore typological repetition, spatial compactness, and selected indicators of
domestic spatial quality. Rather than reconstructing full apartment geometries, the study
treats each mapped layout as an architectural metadata record and distinguishes it from
the number of built apartments represented by that layout. This stock-sensitive distinction
allows repeated floor plans to be analyzed as components of housing production, not
merely as individual cases. The workflow includes data cleaning, classification-coverage as-
sessment, weighted and unweighted summaries, temporal grouping, compactness metrics,
repetition indicators, kitchen-related quality markers, exploratory clustering, and statistical
modeling. Results show typological concentration around a limited number of layout
families and identify the 2021-2023 period as combining smaller weighted mean floor
areas, higher repetition intensity, and lower kitchen natural-light shares. Coded floor-plan
metadata are therefore positioned as a limited but useful intermediate form of architectural
evidence: more structured than visual typological description, but not a substitute for direct
plan analysis or comprehensive housing-quality assessment.

Keywords: apartment layouts; housing typology; spatial compactness; domestic spatial
quality; floor-plan metadata

1. Introduction

Apartment floor plans are more than technical representations of individual dwellings.
They also reflect broader patterns of housing production, domestic organization, spatial
standardization, and architectural priorities [1]. For decades, architectural research has
relied on floor plans to compare housing typologies, circulation systems, spatial hierarchies,
and changing models of domestic life. Manuals and case-based repositories such as Floor
Plan Manual Housing have contributed to this tradition by documenting recurring apart-
ment configurations and offering systematic ways of interpreting housing morphology and
layout organization [2]. However, recent typomorphological research has also shown that
systematic quantitative methods can complement historically qualitative approaches by
enabling comparison across larger urban and architectural datasets [3].
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The growing availability of coded architectural datasets has created new opportunities
to connect typological interpretation with computational and data-driven analysis. Rather
than replacing the architectural reading of plans, these datasets make it possible to identify
recurring spatial patterns that are difficult to detect through isolated case studies alone.
Recent research has shown that floor-plan analysis increasingly relies on computational
methods capable of extracting geometric and semantic information from architectural
drawings, although standardization, dataset diversity, and generalizability remain persis-
tent challenges [4,5]. In this context, apartment layouts become not only drawings to be
interpreted individually, but also data structures capable of revealing broader tendencies in
housing production.

This distinction is especially important in apartment housing, where the same layout
may be repeated across several floors, stairwells, or buildings. A single floor-plan record
may therefore represent dozens of built apartments. Consequently, quantitative analy-
sis must distinguish between the number of mapped layout records and the number of
dwellings represented by those records. This shift from plan-by-plan observation toward
stock-sensitive interpretation expands the analytical possibilities of architectural typology
research. This stock-sensitive perspective is consistent with previous Finnish housing-stock
research showing that apparently diverse apartment buildings may still contain recurring
flat types that structure a substantial proportion of the dwelling stock [6].

Previous studies have demonstrated the value of typological analysis for under-
standing both existing housing stocks and their long-term transformation. For example,
Kaasalainen and Huuhka [6] examined 8745 Finnish flats built between the 1960s and
1980s and identified 18 recurring apartment types based on 10 basic layouts. Their findings
showed that substantial typological repetition can emerge even in housing stocks that
were not formally standardized. Similarly, quantitative apartment-layout studies have
used clustering and building-drawing information to identify typical layouts and standard
design patterns across large housing datasets [7]. Together, these studies frame housing not
as a collection of isolated buildings, but as a system of repeated spatial solutions shaped by
broader production logics.

Quantitative floor-plan research has also contributed to debates on adaptability,
dwelling morphology, and domestic quality. For instance, Femenias and Geromel [8]
analyzed 313 contemporary apartments modified by owner-occupiers and found that char-
acteristics such as living-space size and floor-plan fragmentation were associated with
later spatial rearrangements. Their work suggests that apartment layouts are not neutral
configurations, but spatial structures that can support or constrain long-term adaptability
and everyday domestic life. Recent studies on spatial quality have similarly argued that
housing evaluation requires more than floor-area measurements alone. Connectivity, open-
ness, integration, daylight access, and room organization all contribute to how residential
layouts may support usability and adaptation. In particular, floor-plan openness has been
explicitly operationalized through quantitative indicators such as openness score, weighted
openness score, and openness potential [9,10].

Within this broader discussion, the Finnish context offers a particularly relevant case
for examining the relationship between apartment typology, compactness, and domestic
spatial quality. Earlier research has already shown that housing layouts in Finland carry
implications for adaptability, usability, and long-term stock management [6]. More recently,
Merildinen and Tervo [11] documented significant changes in apartment building mor-
phology in Aurinkolahti between 2000 and 2023, including increasing building depths, a
growing number of units, and more complex typological structures, with implications for
natural light, adequate space, and usability.
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The present study builds on this context by analyzing the dataset titled Architectural
floor plan data from apartment units in Aurinkolahti, Helsinki, Finland, 2000-2023 [12].
The dataset was compiled using open GIS information from kartta.hel.fi and floor-plan
drawings obtained from public building-permit archives. It contains coded metadata from
apartment units completed between 2000 and March 2023 and was originally developed
to classify recurring layout types and examine spatial organization in Finnish apartment
housing. As such, it provides a rare opportunity to study apartment layouts at a scale
that extends beyond conventional architectural case studies while remaining grounded in
specific floor-plan evidence.

Rather than redrawing or vectorizing floor plans, this study approaches the dataset as
a source of coded architectural metadata. This position differs from automatic floor-plan
recognition approaches that attempt to extract walls, doors, rooms, and other geometric
objects from rasterized plan images [4]. The analysis focuses on three interconnected dimen-
sions. The first is typological repetition, understood as the extent to which individual layout
records represent repeated built apartments. The second is spatial compactness, examined
through floor area, unit depth, and area-per-room relationships rather than floor area alone.
The third is domestic spatial quality, approached through coded indicators such as kitchen
size, kitchen natural light, and bedroom-access arrangements. Although these variables do
not provide a complete assessment of housing quality or environmental performance, they
offer architecturally meaningful evidence that can support comparative analysis.

Methodologically, the study also responds to ongoing discussions about the use of
semantically enriched floor-plan datasets in architectural research. Recent literature has
emphasized that coded datasets become significantly more valuable when geometric and
semantic attributes are analyzed together, particularly through graph-based and clustering
approaches capable of identifying recurring spatial patterns and typological families [13,14].
At the same time, researchers have noted important limitations related to benchmarking,
dataset diversity, and the risk of reducing housing quality to narrow quantitative indica-
tors [15]. This study acknowledges those limitations and treats quantitative classification as
a complement to architectural interpretation rather than a replacement for the close reading
of floor plans.

This study therefore uses coded apartment-layout metadata to examine three related
tendencies in the Aurinkolahti housing stock: typological repetition, spatial compactness,
and selected domestic spatial-organization markers. The aim is not to provide a com-
plete assessment of housing quality, nor to reconstruct full floor-plan geometry, but to
show how repeated apartment layouts can be analyzed as part of a represented housing
stock. The analysis combines weighted summaries, typological profiles, schematic plan
diagrams, exploratory clustering and statistical checks to connect quantitative patterns
with architectural interpretation.

The article is guided by four research questions:

1.  How can coded apartment floor-plan metadata be organized into a reproducible
workflow for analyzing typological repetition, compactness, and domestic spatial-
quality markers?

2. How does the interpretation of apartment typology change when mapped layout
records are weighted by the number of represented apartments?

3. What temporal patterns can be identified in layout repetition, compactness, and
selected domestic-quality indicators across the Aurinkolahti apartment stock?

4. To what extent can exploratory data-driven classification complement architectural
typological interpretation without replacing the close reading of floor plans?

Unlike previous analyses of Finnish apartment housing, which either relied on fixed ty-
pological categories without weighting [6] or examined building-level morphology without
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unit-level metadata analysis [11], the present study combines apartment-count weighting,
multi-indicator compactness assessment, and exploratory data-driven classification within
a single reproducible workflow applied to unit-level coded data.

2. Materials and Methods
2.1. Research Design

This study applies a quantitative and interpretive workflow to coded apartment-layout
metadata. Each mapped layout is treated as one architectural record, while the number
of identical apartments represented by that layout is used as a weighting variable. This
distinction allows the analysis to describe both the diversity of mapped layouts and their
actual representation in the built housing stock (see Figure 1).

Typological

repetition
Identical lavouts,
re

Quanlitative reading
of apartment layoul metadala

Spatial

Domestic spatial
compackness

quality

Figure 1. Conceptual framework for analyzing apartment layout metadata through typological
repetition, spatial compactness, and domestic spatial quality.

To strengthen the architectural readability of the quantitative workflow, the analysis
also includes representative schematic plans for the main typological families and data-
driven clusters. These diagrams provide a spatial counterpart to the tabular and statistical
summaries and clarify how compactness, circulation, depth, and kitchen-light conditions
are expressed at the level of apartment organization.

The methodological sequence consisted of six stages: dataset import and cleaning;
classification-coverage assessment; construction of weighted; calculation of compactness,
repetition, and domestic-quality indicators; and exploratory data-driven classification.

2.2. Data Source

The dataset was obtained from Zenodo record 19894248, titled Architectural floor
plan data from apartment units in Aurinkolahti, Helsinki, Finland, 2000-2023. The dataset
presents a mapping of apartment units from the housing stock of Aurinkolahti, Helsinki,
completed between 2000 and March 2023 [12]. Data were collected using open GIS data
available from kartta.hel.fi and floor-plan drawings from public building-permit archives
in February and March 2023. The dataset was created to classify recurring layout types
and to study spatial organization in urban Finnish apartments and its development during
the 2000s. The spreadsheet includes information such as unit identifier, building name,
permit year, completion year, number of floors, building type, studied floor plan, number
of identical floor plans in the building, number of units in each floor plan, total number of
identical units, unit floor area, unit depth, room count, initial and final layout classification,
bedroom-entrance position, kitchen size, natural light in the kitchen, and analysis notes.

2.3. Analytical Dimensions

The study was organized around three analytical dimensions: typological repetition,
spatial compactness, and domestic spatial quality. These dimensions were selected because
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they allow the dataset to be read not only as a list of floor-plan categories, but as a structured
representation of recurring layout production, dimensional organization, and selected
domestic-quality attributes.

Typological repetition refers to the extent to which a mapped apartment layout repre-
sents multiple identical apartments. Spatial compactness refers to dimensional relation-
ships among floor area, unit depth, and room structure. Domestic spatial quality refers
to coded attributes associated with the kitchen and bedroom-access arrangement. These
quality-related markers are not treated as complete measures of habitability, but as partial
indicators available within the dataset. The analytical dimensions and derived indicators
are summarized in Table 1.

Table 1. Analytical dimensions and derived indicators.

Analytical Dimension Description Derived Indicators
Typological repetition Measures how strongly apa.rtrnent Repetition 1r1ten.51t.y; represented .a.partrnent
layouts recur across the housing stock count; building-level repetition
. Describes dimensional relationships Floor area; unit depth; area per room;
Spatial compactness 1 . :
within apartment layouts depth-area relationships

Domestic spatial quality

Kitchen larger than 7 m?; kitchen with
natural light; bedroom access from
entry/corridor

Captures selected coded attributes
related to everyday interior quality

Temporal development

Allows comparison across construction . . .
Completion-period grouping

periods
. . Explores whether coded attributes Gower distance; PAM clustering;
Data-driven layout families . . .
form interpretable groups silhouette-based cluster selection

Note. Indicators are reported descriptively in the Section 3. Formula-based definitions were simplified in the
main text, and full calculations are provided in the reproducible R workflow.

2.4. Data Preparation and Cleaning

The spreadsheet was imported into R 4.4.3 (version 4.3.1; R Foundation for Statistical
Computing, Vienna, Austria) [16] using RStudio (version 2023.09.1; Posit Software, PBC,
Boston, MA, USA) [17]. Column names were standardized, numeric fields were converted
into numeric format, and text-based categorical fields were cleaned for consistency. The
workflow retained the original logic of the dataset while creating derived variables for
analysis. The number of represented apartments associated with each mapped layout was
used as the weighting variable.

Binary indicators were derived from the spreadsheet annotations for kitchen size,
kitchen natural light, and bedroom access. Marked cells were coded as presence (1) and
empty or missing cells as absence (0). While this approach is consistent with the original
dataset structure, the resulting indicators remain dependent on the completeness and
consistency of the source annotations. The R code used for data processing and analy-
sis is publicly available in the accompanying Zenodo repository to ensure transparency
and reproducibility.

2.5. Operational Definition of Typological Families

The labels Type A, Type B, Type C, Type D, Type E, and Type F refer to grouped layout
families defined in the source dataset. They are used here as operational categories specific
to the Aurinkolahti dataset, not as universal apartment typologies. Room-group labels
indicate the number of bedrooms: ST refers to studio apartments, 1BR to one-bedroom
apartments, 2BR to two-bedroom apartments, and 3BR+ to apartments with three or
more bedrooms.
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Each typological family was profiled using the architectural variables available in the
dataset, including mapped records, represented apartment count, room group, floor area,
unit depth, kitchen-size marker, kitchen natural-light marker, and bedroom-access marker.
This allowed the labels to be interpreted through measurable spatial attributes rather than
as purely nominal categories.

Figure 2 visualizes these operational definitions through representative schematic
plans. The schemes have been reordered alphabetically in rows, from Type A to Type E,
to improve readability and consistency. They synthesize dominant spatial-organization
patterns inferred from the coded dataset and are intended as comparative interpretive
diagrams, not as exact reproductions of individual permit plans.

Type A Type B Type C
Compact basic unit Living-room mediated unit Central connector / nodal unit
Kitchenette Bedroom Natural Kitchen ST Kitchen N
light Bath Living
Bath Bath
- Tt ¢ Akl Central
T Living / dining L|\m}I.,d.-'..d1mng Syl
J Entry mediator Entry Bedroom
» ) .
Type D Type E Type F
i lifferentiated unit Deep differentiated / looped unit Hybrid / special loop unit
Kitchen
Storage Kitchen i
Living i Back / orere) iving
/dining Bedroom 2 Ll.“!.'?’ Bedroom 1 | Flexible | separate P
Bedroom 1 [dining T kitchen
Bath |
2 1 Bedroom C;:\a:.c d
o o Bath / Entry e
Entry Corridor Bath Entry Corridor \:c: ntry N
core -

o 25 S

ve diagrams recc

nstructed from coded dataset variables,

juce individual permit plans

including room group, unit depth, kitchen condition, bedroom access and qualitative layc

Figure 2. Schematic spatial organization of the six operational typological families in the Aurinkolahti
apartment dataset. The drawings are schematic interpretive diagrams derived from coded dataset
variables and are not exact reproductions of individual permit plans.

2.6. Classification Coverage and Weighting Logic

Weighted summaries were used to account for the fact that one mapped layout record
may represent several identical apartments. For each record, the weighting variable was
the total number of identical apartments represented by that layout. Weighted means
and weighted shares were then calculated using this apartment-count weight. In practical
terms, layouts repeated many times in the built stock contributed more strongly to weighted
results than layouts occurring only once. The full calculation procedure is provided in the
reproducible R script accompanying the article.

2.7. Compactness Indicators

Spatial compactness was examined through floor area, unit depth, and area per room.
Area per room was calculated by dividing apartment floor area by the coded room count.
Studio units were treated as one-room dwellings for this calculation. Two additional
proportional descriptors were calculated in the R workflow—the depth-area ratio and the
depth-square-root-area ratio—but these were used only as exploratory checks and are not
emphasized in the main result tables.
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2.8. Repetition and Standardization Analysis

Repetition intensity was defined as the number of identical apartments represented
by each mapped layout record. At the period or typological-family level, repetition
was summarized using weighted means so that highly repeated layouts had propor-
tionally greater influence on the result. This approach allowed repetition to be inter-
preted as a stock-level indicator of standardization rather than as a simple count of unique
layout records.

2.9. Domestic Spatial-Quality Indicators

This study does not attempt to measure the overall quality of individual apartments.
Apartment quality depends on multiple spatial, environmental, technical, and experiential
factors, many of which are not available in the dataset. These include, among others,
fagade orientation, the number of cardinal directions served by windows, detailed window
dimensions, daylight depth, acoustic conditions, accessibility, ventilation performance, the
number of apartments served by a staircase or elevator, and post-occupancy experience.
The analysis therefore focuses only on selected coded spatial-quality markers available in
the source dataset: kitchens larger than 7 m?, kitchens with natural light, and bedroom
access from the entry or corridor.

These variables are interpreted as partial indicators of spatial organization and do-
mestic functionality, not as comprehensive measures of housing quality. Kitchen size and
kitchen natural light provide limited evidence about the position and environmental ex-
posure of a key domestic space, while bedroom access from the entry or corridor offers
a simplified indication of circulation and privacy structure. The area-per-room indicator
complements these variables by relating apartment size to room count, but it also remains
a dimensional descriptor rather than a direct measure of quality.

The three domestic spatial-organization markers were coded as binary variables: pres-
ence or absence of a kitchen larger than 7 m2, presence or absence of kitchen natural light,
and presence or absence of bedroom access from the entry or corridor. Weighted shares were
then calculated for typological families and completion periods using the apartment-count
weight. The corresponding R code is provided in the reproducible workflow.

2.10. Crosswalk Between Detailed and Grouped Classifications

The dataset contains two levels of typological classification: detailed layout labels
describing specific apartment configurations, and broader grouped classifications repre-
senting more general typological families. Examining the relationship between these two
levels is important for understanding how individual layout variations contribute to wider
patterns within the housing stock.

To support this analysis, a crosswalk was created, linking detailed layout labels to their
corresponding grouped classifications. This procedure provides a transparent overview of
the classification structure and helps clarify how numerous fine-grained apartment layouts
are consolidated into a smaller number of broader typological categories. By making these
relationships explicit, the analysis facilitates the interpretation of both typological diversity
and typological concentration within the dataset.

2.11. Exploratory Data-Driven Classification

In addition to the predefined typological classifications contained in the dataset, an
exploratory clustering analysis was conducted to investigate whether recurring apartment
layout families could be identified from combinations of spatial, typological, and domestic-
quality attributes. The objective was not to replace the existing architectural classification
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system, but rather to examine whether data-driven methods could reveal interpretable
patterns that complement conventional typological analysis.

Because the dataset contains a mixture of numeric and categorical variables, simi-
larities between apartment layout records were calculated using Gower distance, which
is specifically designed for mixed-data environments. The resulting dissimilarity matrix
was then analyzed using Partitioning Around Medoids (PAM) clustering, a robust clus-
tering method that identifies representative observations while reducing sensitivity to
extreme values.

To determine an appropriate number of clusters, several alternative solutions were
evaluated using average silhouette width. The selected solution was chosen on the basis
of its relative interpretability and internal consistency rather than as evidence of defini-
tive apartment categories. Consequently, the resulting clusters should be understood as
exploratory layout families that highlight recurring combinations of characteristics within
the dataset.

2.12. Exploratory Statistical Modelling

To complement the descriptive analyses, two exploratory statistical models were fitted
to examine associations among the variables contained in the coded floor-plan dataset.
These models were intended as analytical tools for identifying patterns and relationships
within the data rather than for establishing causal effects.

The first model examined floor area as a function of selected temporal, dimensional,
typological, and domestic-quality attributes:

Aj = Bo+ B1Yei + B2D; + B3T; + BsK; + ¢; (1)

where A; is the floor area, Y, ; is the completion year centered around the mean completion
year of the analytical subset, D; is the unit depth, T; represents typological-family effects,
K;j is the kitchen natural-light marker, and ¢; is the error term.

The second model examined kitchen natural light as a binary outcome. The probability
p; that apartment layout i had coded kitchen natural light was modeled using a logistic
specification:

10g<1 fip.> = Po+ P1Yei + P2Ai + B3Di+ PaTi + PsLi 2)
1

where A; is the floor area, D; is the unit depth, T; represents the typological-family effects,

and L; indicates whether the kitchen is larger than 7 m2. Both models were interpreted as

exploratory summaries of association within the dataset.

2.13. Software and Reproducibility

All analyses were implemented in R 4.4.3 [16] using RStudio [17] as the integrated
development environment. Spreadsheet import, data cleaning, transformation, statisti-
cal analysis, clustering, visualization, and output generation were performed through a
reproducible R workflow.

Spreadsheet data were imported with readxl 1.4.5, and column-name cleaning was
performed with janitor 2.2.1. Data manipulation relied on the tidyverse 2.0.0 ecosystem,
including dplyr 1.2.1, readr 2.2.0, tidyr 1.3.1, tibble 3.3.1, purrr 1.2.2, forcats 1.0.0, stringr
1.6.0, and lubridate 1.9.4. Excel outputs were exported with writexl 1.5.4.

Exploratory model outputs were extracted with broom 1.0.9. Mixed-variable similarity
and clustering were implemented with cluster 2.1.8.1, while multivariate and clustering
visualization support was provided by FactoMineR 2.12 and factoextra 1.0.7.

https://doi.org/10.3390/architecture6030106


https://doi.org/10.3390/architecture6030106

Architecture 2026, 6, 106

90f 23

3. Results
3.1. Dataset Structure and Classification Coverage

The cleaned local dataset contained 624 mapped apartment-unit records representing
3789 apartments across 116 buildings completed between 2000 and 2023. Although the
Zenodo record describes 622 unique units representing 3787 apartments, the local cleaned
file contained two additional mapped records and two additional represented apartments.
This difference was retained transparently and did not require manual removal.

Classification coverage was assessed before typological interpretation. As shown in
Table 2, 507 mapped records had a valid grouped typological classification, representing
2776 apartments or 73.3% of the weighted stock. The remaining 117 records represented
1013 apartments, equivalent to 26.7% of the weighted stock. These unclassified observations
were retained for dataset-level summaries but excluded from typological dominance claims.

Table 2. Classification coverage of the grouped apartment typology.

Classification Status

Records Weighted Apartments Share of Records  Share of Weighted Apartments

Classified typology

507 2776 81.2% 73.3%

Unclassified /missing typology 117 1013 18.8% 26.7%

3.2. Weighting Sensitivity

The comparison between mapped records and represented apartments confirmed that
weighting is necessary. As seen in Figure 3, the relative importance of some typological
groups changes when repeated units are considered. The largest typological weighting
shift occurred for Type B, whose weighted share was 4.0 percentage points lower than
its unweighted record share. At the temporal level, the largest shift occurred in the
2021-2023 period, where the weighted share was 3.7 percentage points higher than the
unweighted record share. These differences indicate that raw row counts do not fully
represent the built apartment stock and confirm the need to account for layout repetition
in subsequent analyses.

J\.'|‘-.‘ D
) —
E: Measurement
§ Type A . Unweighted mapped records
: ] B s
= I

2
3
2

%
Share
Weighted values account for the number of identical units represented by each mapped layout.

Figure 3. Effect of weighting on typological composition: mapped records versus represented apartments.
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3.3. Characterization of Grouped Typological Families

Before interpreting the distribution of typological families, the grouped labels were
empirically profiled using the coded architectural metadata available in the dataset. This
step is necessary because labels such as Type A, Type B, or Type D are dataset-specific
grouped classifications rather than self-explanatory architectural types. Table 3 summarizes
each family in terms of mapped records, represented apartments, share of the classified
weighted stock, dominant room group, dominant building type, floor area, unit depth,
kitchen-related indicators, bedroom-access marker, and repetition intensity.

Table 3. Empirical profile of grouped typological families.

. . . . . Bedroom
Typological D(;{mmant ]%or'rll:ir}ant l;/{ean N{;idmn I\I/Ije.a}n Méd%an Kitchen > 7 m? IléltChel; Access from Mean
Family Goom l,llf ng A oor 2 A oor 2 D 11111t D Il‘llt (%) Li aﬁ“rﬁ/ Entry/ Repetition
roup ype rea (m?) rea (m?) epth (m) epth (m) ight (%) Corridor (%)
kytketty
Type A 1BR point block 486 455 7.1 7 10.00% 5.20% 5.70% 9
and row
houses (9)
corner
Type B 1BR lamella 55 51 7.3 7.1 35.10% 32.20% 14.40% 7.7
B+4+4)
Type C 1BR P"‘“(t;)’l‘mk 63.6 58 72 6.4 15.80% 22.10% 27.90% 73
Type D 2BR p"m(ték)’l“k 69.3 68.5 8.9 9.1 64.50% 24.10% 66.60% 6.5
Type E 1BR pom(t;)’l“k 63.9 64.5 87 8 38.90% 40.20% 87.90% 6.4
Type F 1BR point block 552 52 7.8 82 40.60% 24.20% 11.60% 9.2

(6)

Note. 1BR = one-bedroom apartment; 2BR = two-bedroom apartment. Types A-F are grouped typological-family
labels from the source dataset and should be interpreted as operational categories specific to this analysis.

Type B was the most represented grouped family, with 146 mapped records and
734 represented apartments, accounting for 26.4% of the classified weighted stock. It was
dominated by 1BR layouts and was empirically characterized as a mid-sized, shallower
family with a comparatively high kitchen natural-light share. Type D was the second most
represented family, with 128 records and 665 represented apartments, accounting for 24.0%
of the classified weighted stock. In contrast to Type B, Type D was dominated by 2BR
layouts and showed a larger average floor area and greater unit depth. Type A followed
with 90 records and 592 represented apartments, accounting for 21.3% of the classified
weighted stock; this was dominated by 1BR layouts and profiled as a smaller, shallower
family with a low kitchen natural-light share.

The remaining grouped families represented smaller shares of the classified stock.
Type E accounted for 14.0% and was characterized as a mid-sized, moderate-depth 1BR
family with a high kitchen natural-light share and a high bedroom-corridor access share.
Type F accounted for 7.5% and was profiled as a mid-sized, moderate-depth 1BR family
with moderate kitchen natural-light share. Type C represented 6.8% of the classified
weighted stock and was profiled as a mid-sized, shallower 1BR family with moderate
kitchen natural-light share.

These profiles do not define the complete geometric configuration of each type. Rather,
they provide an empirical basis for interpreting the typological labels used in the subsequent
analyses. Architectural claims about corridor organization, kitchen integration, room
adjacency, facade exposure, or orientation would require direct inspection or vectorized
reconstruction of the original floor plans.
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3.4. Typological Composition and Temporal Structure

Among the classified apartments, Type B was the most represented typological family,
accounting for 734 represented apartments. Type D followed with 665 apartments, and
Type A with 592 apartments. Together, these three types represented 71.7% of the classified
weighted stock.

The temporal distribution showed that the 2000-2005 period represented the largest
weighted share of apartments, with 1521 represented units. The most recent period,
2021-2023, was smaller in absolute terms but became analytically important because of
its compactness and repetition patterns. Figure 4 presents the typological composition of
apartment layouts by completion period. The figure highlights shifts in the relative preva-
lence of different typological families and provides context for the subsequent analyses of
repetition and compactness.
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Figure 4. Typological composition of apartment layouts by completion period.

3.5. Spatial Compactness

The weighted mean floor area was 58.91 m?, and the approximate weighted median
was 56.00 m?. The weighted mean unit depth was 7.87 m, with an approximate weighted
median of 7.40 m. The weighted mean area per room was 43.80 m?/room.

The temporal comparison showed a relevant contrast. The lowest weighted mean
floor area occurred in 2021-2023, with 52.11 m?2, while the highest occurred in 2006-2010,
with 61.63 m?. This suggests that the most recent period is associated with more compact
apartment production. Figure 5 illustrates the temporal variation in apartment floor area
across the five periods. This visualization offers an initial indication of changes in dwelling
size over time and serves as a basis for the more detailed compactness analysis presented
later in the study.

To complement the temporal analysis, the relationship between apartment floor area
and unit depth was examined directly (Figure 6). The scatterplot shows how dimensional
compactness varies across mapped layouts, while point size represents repetition intensity.
This visualization makes it possible to distinguish isolated layout records from floor plans
that represent larger numbers of identical apartments.

Figure 6 shows that compactness is not captured by floor area alone. Layouts with
similar floor areas may differ in unit depth, and highly repeated layouts appear across
different size-depth combinations. This supports the interpretation of compactness as a
relationship between apartment size, spatial proportion, and repetition rather than as a
single-dimensional measure. The schematic plans in Figure 2 provide a complementary
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architectural reading of these differences by contrasting shallower compact layouts with
deeper and more differentiated apartment organizations.

Weighted mean and weighted median floor area by completion year
50

E Represented apartments
E.. ® wo

g @ m

] 300

k: ®

2000 2005 2010 2015 2020
Completion year

Figure 5. Temporal variation in apartment floor area.

Point size represents the number of identical units represented by each floor plan record

Identical units

Final unit type
TypeA

Unit depth (m)

Type B
® TypeC
® TypeD
Type E
Type F

40 60 80 100
Unit floor area (m?)

Figure 6. Relationship between apartment floor area and unit depth.

3.6. Domestic Spatial Quality: Kitchen Size and Natural Light

The weighted share of apartments with kitchens larger than 7 m? was 26.7%. The
weighted share of apartments with kitchen natural light was 17.8%, while the share with
bedroom entrance from the entry/corridor was 26.4%.

The temporal contrast was especially marked for kitchen natural light. The highest period-
level share occurred in 2000-2005, with 24.3%, whereas the lowest occurred in 2021-2023, with
only 5.7%. This suggests that recent compactness may coincide with a reduction in this partial
marker of domestic spatial quality. This pattern is shown in Figure 7.

Figure 7 shows that the decline in kitchen natural light is not evenly distributed across
typological families or completion periods. The 2021-2023 period combines a low share of
kitchens with natural light with the compactness and repetition patterns reported above.
In architectural terms, this indicates a changing relationship between kitchen space, fagade
access, and apartment depth. However, kitchen natural light is treated here only as a partial
spatial-organization marker, not as a comprehensive measure of housing quality.
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Figure 7. Share of apartments with kitchen natural light by completion period and typological family.

3.7. Typological Repetition and Standardization

The strongest layout repetition appeared in As Oy Helsingin Hyperion, completed
in 2023, where one mapped layout represented 45 identical apartments. At the period
level, the highest mean repetition occurred in 2021-2023, with a mean repetition intensity
of 14.87.

This finding indicates that the most recent period combines three relevant characteris-
tics: the lowest weighted mean floor area, the lowest share of kitchen natural light, and the
highest mean repetition intensity. This combination suggests a shift toward more compact
and standardized apartment production in the most recent years of the dataset. Repetition
patterns by period are shown in Figure 8.
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Figure 8. Typological repetition across completion periods.
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3.8. Detailed-to-Grouped Typological Structure

The detailed-to-grouped typological heatmap showed how fine-grained layout labels
were consolidated into broader typological families. This visualization supports the inter-
pretation that the dataset contains detailed variation, but that much of the classified stock is
organized around a smaller number of broader typological groups. This structure is shown
in Figure 9.
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This figure shows how detailed layout codes collapse into final typological categories.

Figure 9. Crosswalk between detailed layout labels and broader typological families.

3.9. Data-Driven Layout Families

The exploratory clustering selected a two-cluster solution based on average silhouette
width. The silhouette value was 0.31, indicating moderate rather than strong separation.
The clusters should therefore be interpreted as exploratory layout tendencies rather than
definitive architectural typologies.

Cluster 1 represented 1779 apartments and was dominated by Type B and 1BR layouts.
Its mean floor area was 50.74 m?, mean depth was 6.96 m, and kitchen natural light was
present in 15.3% of represented apartments. This cluster can be interpreted as a compact
and relatively shallow layout tendency.

Cluster 2 represented 997 apartments and was dominated by Type D and 2BR layouts.
Its mean floor area was 73.51 m?, mean depth was 9.50 m, and kitchen natural light was
present in 40.4% of represented apartments. This cluster corresponds to a larger and deeper
layout tendency.

The cluster profiles are summarized in Table 4, while Figure 10 shows the ordination
of the two data-driven layout families. Figure 2 provides the corresponding schematic
reference for interpreting these clusters spatially.

Table 4. Spatial profiles of the exploratory data-driven layout clusters.

Cluster Weighted Dominant Dominant Mean Floor Mean
Apartments Family Room Group Area Depth

1 1779 Type B 1BR 50.74 m? 6.96 m

2 997 Type D 2BR 73.51 m? 9.50 m
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Figure 10. Data-driven classification of apartment layout families.

3.10. Exploratory Statistical Models

The two exploratory statistical models were fitted using the classified analytical subset
with complete model variables. Both models used 507 mapped apartment-layout records,
representing 2776 apartments after weighting by the number of identical units associated
with each record. Completion year was centered around the mean year of the modeling
subset, which was 2008.507. Therefore, the model intercepts refer to the centered temporal
condition rather than to an uninterpretable year-zero baseline.

The first model was a weighted linear regression with apartment floor area as the
dependent variable (see Table 5). The model explained a moderate share of floor-area
variation, with R? = 0.485 and adjusted R? = 0.476. Unit depth was positively associated
with floor area, indicating that deeper apartment layouts tended to have larger floor areas.
Completion year also showed a positive association with floor area, although the magnitude
of this effect was small compared with the typological and dimensional predictors. All
reported typological-family coefficients were positive and statistically significant relative
to the reference family. The largest estimated differences were observed for Type D and
Type C. Kitchen natural light was also positively associated with floor area, suggesting that
layouts with coded kitchen natural light tended to be larger after accounting for centered
completion year, unit depth, and typological family.

The second model was a weighted logistic regression with kitchen natural light as the
binary outcome (see Table 6). The model indicated that completion year was negatively
associated with the odds of kitchen natural light. In other words, more recent completion
years were associated with lower odds of a kitchen being coded as naturally lit, after
accounting for floor area, unit depth, typological family, and kitchen size. Floor area
showed a small positive association, whereas unit depth showed a negative association.
Thus, larger apartments had slightly higher odds of kitchen natural light, while deeper
units had lower odds, all else equal.
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Table 5. Exploratory weighted linear model for apartment floor area.
Predictor Estimate 95% CI p-Value
Intercept 28.40 24.70 to 32.10 <0.001
Centered completion year 0.210 0.058 to 0.362 0.0068
Unit depth 2.615 2.186 to 3.043 <0.001
Type B 5.607 2.784 to 8.430 <0.001
Type C 16.000 11.700 to 20.200 <0.001
Type D 16.400 13.300 to 19.500 <0.001
Type E 10.000 6.680 to 13.400 <0.001
Type F 4.580 0.675 to 8.480 0.0216
Kitchen natural light 6.420 4.230 to 8.610 <0.001

Model fit: R? = 0.485, adjusted R? = 0.476, n = 507, p < 0.001. Completion year was centered around the mean
completion year of the modeling subset (2008.507). The model was weighted by the number of identical apartments
represented by each mapped layout record. Coefficients should be interpreted as exploratory associations within
the coded dataset, not as evidence of causal effects.

Table 6. Exploratory weighted logistic model for kitchen natural light.

Predictor Odds Ratio 95% CI p-Value
Intercept 0.055 0.029 to 0.102 <0.001
Centered completion year 0.871 0.852 to 0.891 <0.001
Floor area 1.018 1.007 to 1.030 0.0018
Unit depth 0.870 0.822 to 0.921 <0.001
Type B 2.591 1.700 to 4.060 <0.001
Type C 1.239 0.692 to 2.230 0.471
Type D 0.546 0.337 to 0.901 0.0157
Type E 4.362 2.760 to 7.050 <0.001
Type F 1.846 1.070 to 3.200 0.0271
Kitchen larger than 7 m? 12.400 9.340 to 16.600 <0.001

Model fit: null deviance = 3079.64; residual deviance = 2238.46; n = 507. Completion year was centered around
the mean completion year of the modeling subset (2008.507). The model was weighted by the number of
identical apartments represented by each mapped layout record. Odds ratios should be interpreted as exploratory
associations within the coded dataset, not as evidence of causal effects.

The strongest association in the logistic model was observed for kitchens larger than
7 m2. Layouts with kitchens larger than 7 m? had markedly higher odds of kitchen natural
light. Typological-family effects were also visible: Type B, Type E, and Type F showed
higher odds of kitchen natural light relative to the reference family, whereas Type D showed
lower odds. Type C did not show a statistically clear difference from the reference family.

The exploratory models support the descriptive interpretation developed in the previ-
ous subsections. Floor area was associated with unit depth, typological family, and kitchen
natural light, while kitchen natural light was associated with completion year, floor area,
unit depth, typological family, and kitchen size. The logistic model is especially relevant
because it reinforces the temporal pattern observed descriptively: more recent completion
years were associated with lower odds of kitchen natural light even after controlling for
apartment size, depth, typological family, and kitchen size. Nevertheless, these models
should be interpreted as exploratory associations within the coded and weighted dataset,
not as causal explanations of apartment design quality.

4. Discussion
4.1. From Individual Floor Plans to a Stock-Sensitive Interpretation of Apartment Layouts

This study demonstrates that coded floor-plan metadata can support a more stock-
sensitive interpretation of apartment production than conventional record-by-record typo-
logical analysis. While the Aurinkolahti dataset was originally created to classify recurring
apartment layouts and document spatial organization in Finnish housing between 2000 and
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2023 [12], the present analysis extends that objective by treating each mapped layout not
only as a typological observation, but also as a representation of multiple built apartments.

The distinction matters because it changes the scale of interpretation. When every floor-
plan record is treated equally, the analysis primarily reflects the internal structure of the
dataset. However, when layouts are weighted according to the number of apartments they
represent, the interpretation shifts closer to the actual built housing stock. The weighting
sensitivity analysis did not completely transform the overall results, but it did alter the
relative prominence of several typological families and time periods. This suggests that
housing research benefits from considering apartment layouts not simply as isolated
design cases, but as recurring spatial products embedded within broader systems of
housing production.

The findings align with earlier Finnish housing research by Kaasalainen and Hu-
uhka [6], who identified substantial typological repetition within a large and appar-
ently diverse housing stock. Similar observations have also emerged in recent computa-
tional studies using graph-based and clustering approaches to analyze large floor-plan
datasets [7,18,19]. Together, these studies reinforce the idea that housing diversity at the
level of individual plans can coexist with strong structural repetition at the scale of the
housing stock.

At a broader methodological level, the study also supports recent arguments that
coded architectural datasets can expand typological analysis beyond descriptive visual
comparison. Research on graph-based floor-plan representations has shown that connec-
tivity structures and semantic annotations can reveal relationships between layouts that
are difficult to identify manually [14]. In this sense, the present workflow contributes to a
growing body of research seeking to combine architectural interpretation with reproducible
quantitative analysis.

4.2. Typological Concentration and Measurable Repetition

One of the clearest findings is the concentration of the housing stock around a relatively
small number of broader typological families. Although the dataset contained substantial
variation at the detailed layout level, Type B, Type D, and Type A together accounted for
more than 70% of the classified weighted stock. This does not imply a lack of architectural
variation. Rather, it suggests that much of the observed diversity is organized around
recurring spatial structures that become visible once the data are interpreted at a broader
typological scale.

This relationship between apparent diversity and underlying concentration is central
to the study’s argument. Apartment production may appear varied when individual layout
labels are examined separately, while still relying heavily on repeated housing models. A
similar phenomenon was observed in Finnish apartment housing, where recurring flat
types represented a substantial share of the housing stock despite formal variation between
buildings [6]. The present findings reinforce that interpretation by showing how repetition
becomes measurable once apartment layouts are analyzed through weighted representation
rather than isolated records.

The strongest example of this phenomenon was observed in As Oy Helsingin Hy-
perion, where a single mapped layout represented 45 identical apartments. In this case,
repetition is no longer simply a visual similarity between drawings; it becomes a quan-
tifiable property of housing production. The temporal results further strengthen this
interpretation. The highest average repetition intensity was observed during the 2021-2023
period, suggesting that recent apartment production in the dataset is characterized not only
by compactness, but also by increasing standardization and replication of layouts.
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These results resonate with recent research on automated floor-plan analysis and
typological clustering, which has emphasized the growing importance of scalable methods
capable of identifying repeated spatial patterns across large housing datasets [13,15]. At the
same time, they also raise broader architectural questions about how repetition interacts
with housing quality, adaptability, and domestic experience.

4.3. Compactness as a Spatial and Typological Condition

The compactness findings require careful interpretation. The lowest weighted mean
apartment area was observed in the 2021-2023 period, whereas the highest occurred
between 2006 and 2010. This pattern supports the interpretation that recent apartment
production within the dataset is associated with smaller dwelling sizes. However, com-
pactness cannot be reduced to floor area alone. Apartments with similar surface areas may
differ substantially in depth, room configuration, circulation, and access to natural light.

For this reason, the analysis incorporated additional indicators such as unit depth and
area-per-room relationships. Recent studies on spatial compactness have similarly argued
that compactness should be understood as a configurational condition rather than merely a
geometric one [20]. Graph-based and space-syntax research has shown that connectivity,
integration, and spatial permeability often provide a more meaningful understanding of
housing usability than area measurements alone [21].

The exploratory weighted linear model reinforces this interpretation. Floor area was
not only associated with typological family, but also with unit depth and kitchen natural
light. In particular, unit depth showed a positive association with floor area, confirming
that larger dwellings in the dataset also tend to be deeper. Kitchen natural light was
likewise positively associated with floor area, suggesting that naturally lit kitchens are
more likely to appear in larger layouts once year, depth, and typological-family effects are
considered. These results do not redefine compactness as a statistical outcome, but they
support the methodological decision to interpret compactness as a combined dimensional
and typological condition rather than as floor area alone.

The Aurinkolahti findings are particularly relevant in relation to the increasing build-
ing depths and greater typological complexity documented in recent apartment develop-
ments within the same neighborhood [11]. Although the present study did not analyze
building morphology directly, it complements their work from the apartment-unit perspec-
tive by showing how compactness, repetition, and selected domestic-quality indicators
interact within the housing stock.

Importantly, compactness should not automatically be interpreted negatively. Com-
pact apartments may support affordability, spatial efficiency, and urban density goals.
The concern emerges when compactness coincides with strong repetition and weaker
domestic-quality indicators. This concern is consistent with daylight research in compact
residential forms, where the provision of daylight to interior or deeper spaces has been
identified as a significant design challenge [22]. In the present dataset, the 2021-2023 period
combines the smallest weighted average floor areas, the highest repetition intensity, and the
lowest proportion of kitchens with natural light. While these findings do not demonstrate
a definitive decline in housing quality, they do identify a pattern that deserves closer
architectural attention.

The interpretation of the 2021-2023 period requires caution because it overlaps with the
COVID-19 pandemic and its aftermath. The present dataset does not allow the pandemic-
related effects to be isolated from longer-term housing-production trends. Therefore, the
compactness and repetition patterns observed in this period should be read as empirical
signals within the dataset rather than as conclusive evidence of a permanent post-pandemic
typological shift.
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4.4. Kitchen Natural Light and Domestic Spatial Quality

The kitchen-related findings are among the most architecturally significant results
of the study. Only 17.8% of represented apartments included coded kitchen natural light,
and the proportion declined substantially over time, from 24.3% in 2000-2005 to 5.7% in
2021-2023. These figures should be interpreted cautiously. The dataset does not include
detailed information on window dimensions, fagade orientation, daylight performance,
or measured illuminance. Nevertheless, kitchen natural light remains a meaningful proxy
when analyzed alongside compactness and repetition indicators.

The exploratory logistic model adds an important multivariable check to this descrip-
tive pattern. After accounting for floor area, unit depth, typological family, and whether
the kitchen was larger than 7 m?, centered completion year remained negatively associated
with the odds of kitchen natural light. This suggests that the lower prevalence of naturally
lit kitchens in more recent layouts is not simply an artifact of apartment size, depth, or
typological composition. At the same time, the model should not be interpreted as demon-
strating a causal temporal decline in design quality. This indicates an association within
the coded and weighted dataset, and therefore strengthens the descriptive interpretation
without replacing architectural judgement.

The decline in coded kitchen natural light should not be interpreted as a direct measure
of declining housing quality. Contemporary apartments may rely on mechanical ventilation,
local exhaust systems, and integrated living-dining—kitchen arrangements, meaning that a
kitchen without a direct facade opening can still be technically serviceable and spatially
functional. For this reason, kitchen natural light is interpreted here as a partial spatial-
quality marker. Its decline remains architecturally relevant because it signals a changing
relationship between kitchen space, fagade access, and apartment depth, but it must be
read together with ventilation, room usability, open-plan organization, dwelling size, and
resident preferences.

The importance of this finding lies less in the individual variable itself than in its
convergence with broader spatial trends. Kitchens occupy a central role in everyday
domestic routines, and recent research on small urban homes in Helsinki has shown that
kitchen and dining areas can present deficiencies in functionality, furnishability, daylight
incidence, and adaptability when compact layouts are used to reduce the apartment floor
area [23]. Previous studies have emphasized that residents often prioritize factors such as
room organization, window orientation, and spatial openness when evaluating housing
quality [24,25]. In this context, the declining presence of naturally lit kitchens raises
important questions about how compact apartment layouts are being spatially organized.

The findings also connect with broader discussions about domestic adaptability and
spatial adequacy. A previous study demonstrated that characteristics such as fragmentation
and living-space organization can influence how apartments are modified by occupants
over time [8]. Similarly, the kitchen design and spatial flexibility play an important role in
the long-term adaptability of multiresidential housing [26]. Although the present study did
not examine post-occupancy transformations, it supports the broader argument that floor-
plan characteristics should be understood as indicators of potential domestic performance
rather than neutral geometric descriptors.

At the same time, the study acknowledges the limitations of using isolated spatial
indicators to evaluate housing quality. This is also consistent with research showing that in
small homes, floor area alone is not the defining factor in improving housing design quality;
the shape and orientation of spaces also matter [23]. Recent literature has emphasized that
meaningful assessments of domestic quality require multi-metric approaches that combine
spatial, functional, environmental, and social dimensions [19,27]. The present analysis
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therefore treats kitchen natural light as a partial but architecturally relevant indicator rather
than a definitive measure of housing quality.

4.5. Exploratory Clustering and Emerging Layout Families

The clustering analysis identified two exploratory layout families with distinct spatial
tendencies. The first cluster was characterized by smaller and shallower predominantly
one-bedroom apartments with lower shares of kitchen natural light. The second cluster
contained larger and deeper apartments, mainly with two bedrooms and higher propor-
tions of naturally lit kitchens. Although these differences are architecturally interpretable,
the moderate silhouette value indicates that the separation between groups is not espe-
cially strong.

The addition of schematic archetypal plans strengthens this interpretation by showing
that Cluster 1 and Cluster 2 differ not only in mean area and depth, but also in their
likely organizational logic: a compact living-mediated layout in Cluster 1 and a deeper
corridor-differentiated layout in Cluster 2.

For this reason, the clustering results should be understood as exploratory rather than
definitive. Their value lies not in producing rigid apartment categories, but in identifying
recurring combinations of spatial characteristics within the dataset. This distinction is
important because computational classification methods can sometimes create a mislead-
ing impression of analytical certainty. In practice, apartment typologies often overlap,
hybridize, and evolve gradually, rather than forming sharply bounded categories.

Recent apartment-building research has similarly used hierarchical clustering to iden-
tify typical layouts while still linking the resulting types to architectural interpretation and
building-scale classifications [7]. Hybrid approaches that combine semantic, geometric,
and topological attributes have proven useful for detecting recurring spatial structures
while still requiring architectural interpretation to contextualize the results [28,29]. The
present findings support this perspective. The clusters are readable and meaningful, but
they should be interpreted as analytical tendencies rather than fixed housing types.

More broadly, the clustering workflow demonstrates how coded apartment metadata
can bridge descriptive statistics and architectural reasoning. Rather than replacing typo-
logical interpretation, exploratory clustering can help identify spatial relationships that
warrant closer architectural examination.

4.6. Contributions and Limitations of Coded Floor-Plan Metadata

This study demonstrates how publicly available architectural datasets can be trans-
formed into reproducible workflows for analyzing repetition, compactness, and selected
domestic spatial-quality indicators. Recent literature has emphasized that semantically
enriched floor-plan datasets create new possibilities for scalable and transparent housing
analysis, particularly when combined with graph-based methods and structured annota-
tions [14,30]. The contribution of this study lies in showing how relatively simple spread-
sheet metadata can still support meaningful architectural interpretation when analyzed
systematically.

The dataset also imposes clear limits on what can be claimed. The analysis is based
on coded metadata rather than vectorized geometric models. This limitation is important
because automatic floor-plan analysis typically aims to recover geometric and semantic
elements such as walls, doors, rooms, and vectorized spatial structures, which are not
directly available in the present spreadsheet-based dataset [4]. As a result, it cannot
directly evaluate spatial syntax, fagade exposure, circulation geometry, window orientation,
daylight depth, or lived residential experience. In this respect, the study differs from
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more advanced graph-based or space-syntax analyses that rely on detailed geometric
representations of apartment layouts [21].

The study therefore avoids claiming an objective assessment of apartment quality. Its
contribution is more limited: it identifies how selected measurable markers of compactness,
repetition, and domestic spatial organization vary across the Aurinkolahti apartment stock.
Several relevant quality-related variables could not be assessed, including facade orien-
tation, window configuration, daylight performance, staircase and elevator organization,
ventilation performance, acoustic conditions, and resident experience.

The 2021-2023 findings should also be interpreted cautiously because this period
overlaps with the COVID-19 pandemic and its aftermath. The analysis cannot determine
whether the observed compactness and repetition patterns represent a stable long-term
shift, a pandemic-related acceleration of existing tendencies, or a temporary response to
exceptional market and production conditions.

4.7. Implications for Housing Research and Design Practice

Taken together, the findings suggest that compactness, repetition, and domestic spatial-
quality indicators should be interpreted relationally rather than independently. A decrease
in apartment area alone would provide a limited interpretation of recent housing produc-
tion. Likewise, repetition by itself could simply reflect standard construction practices. The
significance emerges through the convergence of multiple tendencies: the most recent pe-
riod combines smaller apartments, stronger layout repetition, and lower shares of kitchens
with natural light. The exploratory models reinforce this convergence by showing that the
association between more recent completion years and lower odds of kitchen natural light
persists even when other dimensional and typological variables are considered.

For architectural practice, this does not necessarily imply that contemporary apart-
ment layouts are inherently deficient. However, the kitchen and dining-area evidence
from recent Helsinki housing suggests that compact design strategies require evaluation
through multiple quality criteria rather than through area efficiency alone [23]. Questions of
usability, daylight access, adaptability, and everyday domestic organization remain central,
particularly in increasingly dense urban contexts.

The findings also reinforce recent calls for multi-dimensional approaches to housing-
quality assessment. Research on residential spatial quality has shown that occupants
evaluate apartments through a combination of configurational, environmental, and social
characteristics rather than through size alone [24,27]. In this sense, coded floor-plan datasets
can help expand housing research beyond descriptive typologies toward more integrated
interpretations of housing performance and domestic experience.

Overall, the findings should be read as evidence of measurable tendencies in the
Aurinkolahti dataset rather than as a complete evaluation of residential quality. Coded
metadata can reveal relevant stock-level patterns in compactness, repetition, and selected
domestic spatial markers, but these patterns still require architectural judgement, and
where possible, direct plan-based analysis.

5. Conclusions

The main contribution of the study is methodological. It demonstrates how coded
floor-plan metadata can operate as an intermediate evidence layer between visual typologi-
cal interpretation and full geometric floor-plan analysis. By combining apartment-count
weighting, compactness indicators, repetition measures, exploratory clustering, and se-
lected spatial-organization markers, the workflow provides a reproducible way to describe
stock-level tendencies in apartment layouts. The addition of schematic typological and
cluster-based plans further helps translate coded metadata back into architectural form,
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making the relationship between compactness, circulation, depth, and domestic spatial
markers more legible. However, the findings should be interpreted as measurable ten-
dencies rather than complete evaluations of residential quality. Future research should
combine coded metadata with direct plan analysis, fagade orientation, window configura-
tion, staircase and elevator organization, daylight simulation, ventilation performance, and
resident experience.
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