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Abstract

In the aftermath of the WWII, many French cities faced a great need for reconstruction in response to the heavy destruc-
tion caused by the bombardments. Reconstruction plans were developed and implemented at relatively short notice in
response to a critical and urgent situation. However, not all cities adopted the same approach: (a) some proposed and
implemented a new layout; (b) others tried to recreate the old street layout but with some updates such as widening and
alignment; and finally, (c) some have preferred to resort to more targeted interventions. The choice of approach was moti-
vated by various factors associated with the level of destruction, the futuristic vision of the architect or urbanist in charge,
or the historic value of the place destroyed. This article assesses the impact of these approaches on the urban tissue by
measuring changes in the overall morphology and intelligibility of multiple city centres before and after the reconstruction
based on their cadastral maps. Intelligibility is first measured as a configurational property of the street layout and then
as a result of public participation in a navigation task using these maps and digital technology that records the speed of
movement and trajectories. This allows a comparison between the original street layout and the new one, as well as across
the different cities. Drawing on indicators of spatial cognition, this interdisciplinary research approach provides a means

to measure and better understand the impact of the reconstruction on the intelligibility of urban environments.
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1. Introduction

The destruction of cities due to conflicts and wars gen-
erates the question of how to rebuild them. Any recon-
struction of an urban space must position itself in the
face of its past, think about the history of the place
that is no longer and how to respond to its destruc-
tion. Faced with destruction, several choices are possible:
(a) to rebuild identically, (b) to preserve the ruins, (c) to
restore the traditional character, or (d) to use this oppor-
tunity to innovate (Bullock & Verpoest, 2011). In France,
in the wake of the WWII, the level of destruction result-
ing from the bombardments wiped out large parts of
town centres—some were destroyed by up to 80%. Once
the rubble was removed, this large-scale destruction pro-
duced vast areas of empty land where once had been

dense urban fabric, contrasting with the remaining sur-
roundings. These large voids within the urban fabric
were seen at the time to present the perfect conditions
for implementing Tabula Rasa planning, as advocated
by some modernists. They presented opportunities to
build a new future liberated from the constraints of the
past. This view conflicted with the notion of continuity
and identity found in the familiarity of the inhabitants
with the structure of their streets. Part of the debate
was focused on the importance given to the preserva-
tion and reinstatement of the character of the past city
to ensure continuity for its inhabitants, and to which
extent this opportunity could be used to implement the
long-awaited upgrades of the urban fabric with a more
airy, rational, and hygienic urbanism, already a primary
concern of the first reconstruction. This dual concern
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is reflected in a letter addressed to the architects of
the reconstruction plan of Orléans by its mayor Pierre
Chevallier on January 16, 1945:

Modern installations should be built, some pub-
lic buildings should be modernised; existing roads
should be upgraded and ventilated and open spaces
should be provided, etc....At the same time, the
historical character of the city, of which we are
rightly proud, should be preserved. (Chevallier, 1945,
para. 2-3)

Part of the character of a town is related to the way it
is experienced and by where people tend to naturally
congregate, which forms the identity core of a town.
From an experiential perspective, an urban grid with its
clear orthogonal structure engages its visitors very dif-
ferently compared to the irregular streets of a medieval
town. The former has a clarity built into its geometry
that provides a Cartesian structure in which to navigate,
while the latter, with its less predictable layout, is more
conducive to exploratory behaviour or Flanerie (Sansot,
1973). The morphological character of the medieval or
historical fabric which results from micro-adaptations
over time (Noizet & Clémencgon, 2020) cannot be easily
replicated or emulated in a planned proposal due to their
incremental nature. Although they can also evolve over
time, the geometry of grid layouts can be more easily
reproduced by comparison. As such, all destroyed cities
are not equal in their reconstruction and their ability to
be replicated to provide continuity. Preservation of char-
acter is partially embedded and expressed in the physical
characteristics of the urban tissue that includes street,
plot, and building patterns (Kropf, 1996). Changes in the
relationships of these three elements impact the charac-
ter of a city through the configurations of buildings on
the urban blocks and the pattern of urban blocks that
forms the street structure.

The relationship between the morphological and
structural characteristics of cities and how they are expe-
rienced is embedded in what Lynch (1960) calls mental
maps and their legibility. The legibility of complex urban
environments is based on the identification of their dif-
ferent parts and the ability to structure them into a coher-
ent pattern. The work of Hillier et al. (1987) goes further
and proposes the notion of intelligibility mainly embed-
ded in the structure of the street network and arising
from their configuration. A street network is syntactically
intelligible when it is possible to get a sense of the whole
network based on local information (Hillier et al., 1987).
Levels of syntactic intelligibility are measured by the rela-
tionship between local connectivity, how many spaces
are directly available, and global integration—how each
space is positioned concerning all the other spaces of the
system. Syntactic intelligibility supports two types of nav-
igation with different purposes: exploration and wayfind-
ing (Peponis, 2016). Exploration is associated with the
ability of the street network to offer opportunities with-

out necessarily having a particular destination in mind,
while wayfinding requires finding a route to reach a spe-
cific destination. Intelligible cities should be able to sup-
port both types.

The decision-making during the navigation process is
associated with cognitive abilities linked to the formation
of mental spatial representations and how they guide
motor decisions. Cognitive mapping, a map-like mental
representation of space (Tolman, 1948), is one of the
processes used to store and interpret spatial informa-
tion in the mind (Kitchin, 1994; O’Keefe & Nadel, 1978).
Cognitive maps, by organising spatial information found
in the environment, imply a hierarchy of spatial knowl-
edge (Hirtle, 2003). This map-based strategy is associ-
ated with exploratory behaviour. The other type of cog-
nitive strategy involved in the navigation process is the
route-based strategy linked to motor function. It is linked
to sequential information such as speed, direction, and
turns and relates more to goal-oriented navigation and
wayfinding (Lafon et al., 2009). It has been suggested
that cognitive maps concur with the production of a
cognitive “skeleton” formed by the major paths identi-
fied by an individual, which serves as a spatial reference
to guide decisions (Kuipers et al., 2003). This skeleton
includes the preferred routes that tend to correspond
to the primary street network. The primary network, in
turn, tends to include the most syntactically integrated
streets (Peponis, 2016). The relationship between the
exploration of city maps and motor skills has shown that
different street configurations are associated with dif-
ferent decision times, with shorter time for street lay-
outs that have longer and straighter streets (Christova
et al., 2012; Sakellaridi et al., 2015), highlighting a lower
degree of cognitive effort. Using a goal-oriented task
and recording hand movement, previous research has
shown that Haussmannian urban transformations have
greatly increased the syntactic intelligibility of French
towns by bringing more hierarchy in the historical fab-
ric with the implementation of wider and straighter
streets (Vialard, 2022). Furthermore, Yaski et al. (2011)
found that grid-like layouts are more permeable and
tend to be easier to cognitively navigate than more irreg-
ular patterns.

Building on this work and within the context of
bombed cities, this research looks at the impact of design
decisions on the syntactic intelligibility of the street struc-
ture and wayfinding. It asks to what extent the recon-
struction plans changed how the city is experienced
through the assessment of their intelligibility as a con-
figurational property of the street layout, impacting the
ease of their navigation. The comparison between pre-
and post-WWII urban layouts shows the impact of the
changes on the intelligibility of public space. The intel-
ligibility of the urban form is assessed from two points
of view: as defined by the geometrical properties pre-
sented by the reconstruction plans but also as a function
of navigating map-like representations of urban environ-
ments. The first part highlights the role of maps and plans
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in shaping the reconstruction of the bombed cities as a
key tool to rethink cities for the architects and state offi-
cials. It discusses the different approaches taken and how
the pre-WWII original layouts influenced the proposed
new layouts. The methodology section presents the set-
ting of the experiment and the different measures asso-
ciated with the morphological properties of the maps
and the cognitive and motor functions of the partici-
pants when tracing routes on these maps. To reflect the
two types of measures, the results section is organised
in two parts looking first at the morphological changes
of the public space of the maps and their impact on
configurational intelligibility, and second, at the routes
selected by the participants with their associated motor
and cognitive metrics and their impact on the skeleton
of the urban structures. Finally, the skeletons of primary
drawn routes are compared between the pre- and post-
war maps to identify the continuities and changes in
their structure.

2. Context
2.1. Map, A Tool for Change

In 19th-century France, maps became a means for the
state to control and shape public space, as well as
for planning changes. The systematic survey of France
to produce the Napoleonic cadastre, started in 1806,
consolidated the importance of plot boundaries and
solidified its distinction from public space. In the same
year, the required production of alignment plans for
cities above 2,000 inhabitants aimed at bringing some
rationalisation to the public space by identifying pos-
sible street alignments, and widening, the creation of
new streets, and squares. Building on these precedents,
the use of plans in the two World Wars became a
complementary tool to laws and policies that tended
to be directed to the individual and helped to shift
the approach to a more global vision. This shift from
an individual to a collective approach is what distin-
guishes the two periods of reconstruction. While both
post-war periods are accompanied by a set of laws
that recommends establishing reconstruction plans, they
have had very different impacts. The destruction at the
end of WWI was for the most part in the countryside.
Fewer cities were destroyed and to a lesser extent than
after WWII. On March 14, 1919, Cornudet’s law estab-
lished the Development, Embellishment and Extension
Plan (PAEE—PIlan d’Aménagement, d’Embellissement et
d’Extension) first aimed at cities with more than 10,000
inhabitants destroyed during the war. They intended
to adapt these cities to the industrial era by improv-
ing aesthetics, hygiene, and circulation (Renaud, 2016).
However, they had a limited impact with only 10% imple-
mented by the start of WWII. One of the reasons was
the lack of connection with the law of April 17, 1919,
establishing the grounds for war compensation which
was paid to individuals without any constraints on how

to use the money (Voldman, 2011), making a collective
vision difficult.

For WWII, the reconstruction process started before
the end of the war, during the Vichy government, with
the creation in November 1944 of the Ministry of
Reconstruction and Urbanism (MRU) by Raoul Dautry
(Voldman, 1989). This was followed by the establish-
ment of Development and Reconstruction Plans (PAR—
Plan d’Aménagement et de Reconstruction) by the
Ordinance of April 21, 1945, which required the approval
of the newly created MRU. The compensation law of
October 28, 1946, was more tuned towards the pub-
lic interest rather than individuals (Vayssiére, 2009).
Owners were required to join a state-managed or inde-
pendent reconstruction association or cooperative to
benefit from the compensation (Clout, 1999). This was
a more state-driven and collective approach, which
brought the possibility to think more holistically. One of
the main tools was land or plot consolidation (remem-
brement urbain). Land consolidation helped in reducing
the number of plots and allowed for the creation of
larger plots and consequently larger building footprints
(Chabrol, 2010; Clout, 1999). With their medieval fabric,
both Amiens and Caen saw their number of plots divided
by three. The process of land consolidation involved
a zone whose perimeter included both the space of
the street and the individual plots. The amalgamation
into a single space erased boundaries allowing for eas-
ier changes in the perimeters of urban blocks and the
definition of new street configurations (Chabrol, 2010).
It meant that more space, therefore, could be allocated
to public space. This increase facilitated the widening
and alignment started in the past century and the cre-
ation of public squares and new streets. In exchange
for their lost individual property, owners were offered
a co-ownership share of a larger building or a spa-
tial transfer of the cadastral base. The decisions were
made during meetings of the reconstruction associa-
tions. The presence of the architects of the reconstruc-
tion plan (Table 1) played an essential role in these nego-
tiations and the application of their plan (George, 1960).

The reconstruction plans for the future street layout
tended to show the outline of urban blocks (plan masse).
There were no directives or specifications for what
should be included in such a plan. Some showed the new
street layout with the boundaries of the urban blocks,
some the building footprints, and other, more abstract,
zones. Their scale ranged from 1-500 to 1-50,000
but the high-level plans at 1-2,000 and 1-5,000 were
mostly used (Table 1). Although these plans were only
two-dimensional representations of space, they were
essential in the discussion between the different stake-
holders (MRU, inhabitants, council and architects) to
communicate the broader vision for the city. This justifies
to some extent the use of figure-ground plans to under-
stand the impact of change, as they play an important
role in driving changes and in shaping public space.
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Table 1. Dates and authors for the PAEE, the PAR, and the scale of the plans.

Cities Type PAEE *  Architect PAR  Architect/Urbanist Scale 1 **

Amiens Historical 1919 Duthoit 1942 Dufau 2,000; 5,000

Caen Historical 1938 Danger 1947 Brillaud de Laujardiere 2,000; 10,000
Dunkirk Historical/17thC 1911 Agache 1949 Leveau & Niermans 2,000

Le Havre 16thC/18-19thC 1786 Lamandé 1945 Perret 2,000; 50,000
Lisieux Historical 1898 Bailleul 1946 Camelot 5,000

Lorient 18thC 1929  Parenty 1943 Danger & Toury 2,000

Orléans Historical/18-19thC 1751 Hupeau 1945 Royer & Abraham 500; 2,000; 10,000
St-Nazaire  19thC 1858 Leferme 1947 Le Maresquier & Guillou 5,000

Tours Historical 1933  Agache & Saunier 1946 Lefévre & Patout 5,000

Notes: * and other significant plans in the absence of PAEE, in italics; ** as listed in the repertory of the national archives by the Direction

de 'aménagement foncier et de I'urbanisme (1990).

2.2. Bombed Cities: Before and After

Bombed cities have in common the disappearance of
their urban fabric, however, the size of the area affected
by the destruction and their past urbanism play an impor-
tant role in the mode of rebuilding undertaken. The nine
cities selected represent different types of urban forms
and are located in the northern and western regions
of France, which were the most affected. They range
from historic towns with a predominant medieval fabric
(Lisieux, Amiens, and Caen), to established cities restruc-
tured around new major axes (percées) implemented
during the 18th century (Orléans and Tours), or by a
new grid extension in the 17th century (Dunkirk), to
relatively new ports that emerged during the 18th and
19th century (Lorient) following a grid plan (Saint-Nazaire
and Le Havre). The overlay of pre- and post-war block
boundaries in Figure 1 illustrates the different levels of
destruction for each city and the subsequent modifica-
tions: where street boundaries were aligned or widened,
where new streets and squares were created, and where
block consolidation or subdivision occurred. Figure 1 also
helps visualise any orientation changes.

The reconstruction plans shared a common aim
which was to update the cities to higher hygienic stan-
dards. In the historical towns, the new plans proposed a
more open city centre and wider circulation axes with a
rationalisation of spatial structure. This was achieved by
the introduction of a new major axis (Caen and Amiens)
or public square (Orléans and Tours), alignment and
widening of existing major axes (Orléans, Tours, Dunkirk,
Amiens, Caen, and Lisieux). The historical cities tended
to have vernacular fabric made of a very dense system
of small plots which were systematically re-modelled
by the post-war proposals. In Caen, the street grid was
realigned to connect more directly with the docks, wide
streets were created in both directions, and elongated
east-west blocks were subdivided to create more acces-
sibility north-south (Clout, 1999). It is important to note
that Orléans and Tours were only partially destroyed

and are examples of targeted and contained intervention.
In more recent cities planned on grids, the aims are simi-
lar, the widening of streets is also systematically applied
but the tendency is towards the aggregation of blocks.
In Lorient and Saint-Nazaire, the centre was moved away
from the docks (Dieudonné, 2001). In Lorient, based
on the PAEE, the radial plan was adjusted to become
more rectilinear, preserving the main central square.
The adjustment of the grid in Saint-Nazaire was made
through the consolidation of urban blocks into larger
ones (Sicard, 1994) while the main orientation was pre-
served. Le Havre also consolidated its smaller blocks into
larger ones but the previous colliding grids—inherited
from successive extensions—were consolidated into a
single grid with wide streets and larger blocks. One histor-
ical street was preserved due to pressure from the inhab-
itants (Jacono & Arnould, 2000).

3. Methodology

The methodology for testing degrees of syntactic intelligi-
bility is centred on the properties of maps as they relate
to the plans used by the architects and urbanists of the
reconstruction to convey the new street layout. The pro-
posed method combines the configurational properties
of maps and some of the motor functions associated with
map navigation to assess the impact of post-war recon-
struction in bombed cities. A wayfinding task is imple-
mented that links the role of maps with the experience
related to their navigation. It makes it possible to link
the measures associated with the geometric properties
of maps to the metrics associated with the cognitive
and motor efforts of the participants when selecting and
drawing a path between two locations.

3.1. Setup
Twenty participants were asked to draw what they per-

ceived to be the shortest path between two pairs of
diametrically opposed points on a circular map. Asking
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Figure 1. Maps showing the urban blocks boundaries of the nine cities highlighting urban blocks only present in the
pre-WWII (hatch) layout, the unchanged blocks (dark grey), and the new urban blocks (light grey).

about the shortest path entails a goal-oriented task

which may differ from an exploratory attitude—it sug-
gests efficiency. For each of the nine cities, the circu-

lar map covered most of the urban zone destroyed by
the bombs within a quarter-mile radius, which is roughly
equivalent to a five-minute walk. The base maps used the

current cadastral maps, which were then updated manu-

ally using the reconstruction plans to reflect the situation

pre-WWII. The navigation task used two map represen-

tations: a city block map (Figure 2a) and a building foot-
print map (Figure 2b). The first one focuses on the public
space as the space that is not contained within plots and
therefore uses a figure-ground representation differenti-
ating the urban blocks from the public space. The notion
of public space in this case encompasses everything that
is not contained within plot boundaries, which includes
for example the space of the street. Block maps were
used to compare pre-WW!II and post-WWI| street layouts.
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Figure 2. Different types of maps—Block map a) and Building map b)—were used for the cognitive task, and for measuring
some of the configurational properties—Axial map c)—such as syntactic intelligibility, and an example of two recorded

paths d).

Another set of maps showing the footprints of buildings
rather than blocks was used to assess the impact of build-
ing configuration on the legibility of the open space in
post-WWII layouts. Overall, each participant was asked
to draw a total of 54 routes: two routes for 27 maps rep-
resenting nine cities before and after.

The routes are recorded using a digital tablet and the
NeuroMotor pen, a biomedical device used primarily to
detect tremor patterns while performing graphical tasks
(Tolonen et al., 2015). The NeuroMotor system measures
fine motor skills, capturing minute changes in motions
through the recording of x-y positions of the pen at a sam-
pling rate of 200Hz.

3.2. Data

The intelligibility of the urban fabric is measured as the
configurational properties of the urban form and partici-
pates to some extent in the constitution of the cognitive
map. Intelligibility is also assessed through the choice of
routes and their characteristics, which are more related
to motor function, measured by the speed of tracing.
The set of data reflects this dual approach by providing
measures linked to the urban form and street configura-
tion represented in the map, and measures linked to the
choice of routes by the participants.

3.2.1. Morphological Measures: Map Properties

From the figure-ground maps, some morphological fea-
tures are extracted such as the number of blocks as a mea-
sure of density, their area and perimeter. The perimeter
of the urban blocks gives an overview of the amount of
frontage available. The percentage of public space in the
block map is based on the area not included within the
plot boundaries, while in the building map, it is based
on all the space that is accessible between building foot-
prints regardless of plot boundaries.

Syntactic intelligibility is a topological property of the
street configuration measured through axial representa-
tion (Hillier et al., 1987). An axial map translates the open
spaces of figure-ground maps into a series of axial lines
representing all convex spaces and can be likened to lines
of sight (Bafna, 2003). It implies that the spaces traversed
by the axial line are visually connected. Long axial lines,
therefore, tend to represent wider or longer straight
streets, which are often more recognisable as they tend
to structure the street network (Peponis, 2016). In turn,
axial maps are converted into graphs, where each node
of the graph represents an axial line. Two values are com-
puted for each axial line: integration, how far that line is
from all the other lines of the system; and connectivity,
how many other lines are directly connected to it. These
are computed using the specialised software Depthmap
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(Turner, 2001). Axial intelligibility represents the relation-
ship between the local connectivity of a line and its global
integration (Figure 2c). A strong correlation between the
two properties suggests that it is easier to infer the posi-
tion of a space globally based on its local connections
(Peponis, 2016). Cities with a high degree of correlation
between the two measures are found to be cognitively
easier to understand and, therefore, easier to navigate.

3.2.2. Cognitive and Motor Metrics: Route Properties

The navigation is recorded through a series of drawn
routes which provide information regarding the ability of
participants to process spatial information. Completion
time in graphical tasks is a traditional measure of cogni-
tive and motor function—it encompasses the time taken
by a participant to solve a task. In this instance, it entails
finding the shortest route between two given points on
a map. Velocity, or speed of tracing, considers comple-
tion time concerning distance and also reflects the cog-
nitive and motor skills of participants in terms of making
sense of and drawing on figure-ground maps of unfamil-
iar cities.

The overlapping of drawn routes from all the par-
ticipants on each map is used to show the emergence
of a skeleton made of the primary choice of routes.
The degree of overlaps reveals the presence, or absence,
of a core structure that can be made of the main axis
and centrality. If the same routes are selected by the par-
ticipants, the presence of a clear skeleton will suggest a
street layout with an established core structure. If routes
are multiple, it will suggest a layout with a less defined
central core that may, however, offer alternative routes.
The changes in the skeleton between the two periods

provide information on how the reconstruction has pre-
served, or not, the continuity of the urban form by con-
serving a similar structure, changing it, clarifying it, or
weakening it.

4. Results
4.1. Properties of Maps
4.1.1. Morphologic Change

One of the main morphological changes taking place in
post-war layouts is the increase in the surface area of
towns given over to public space (Figure 3a) which con-
firms the systematic use of land consolidation to liber-
ate public space. While on average, before the war, pub-
lic space represented a little more than a quarter of
the total area (27.5%), it amounts to just over a third
today (34.6%). The increase in public space is not nec-
essarily due solely to an increase in the length of streets.
The overall linear frontage remains relatively unchanged,
even slightly reduced (Figure 3b). Rather, it is through the
systematic widening of streets and the creation of large
public squares to accommodate a more generous and
therefore more hygienic public space already promoted
in the PAEE extension plans.

4.1.2. Syntactic Intelligibility of Street Configurations

The surface given to public space transforms the syntac-
tic intelligibility of their layout. Based on its configura-
tion, each layout has been assigned an intelligibility value
that represents the strength of the relationship between
the local connections of a street with its surrounding, and
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how that street is centrally located and globally acces-
sible from all the other spaces. Layouts with high syn-
tactic intelligibility values tend to be layouts that sup-
port more efficient navigation (Barton et al., 2014). They
are usually supported by the presence of long straight
streets that provide continuity. Based on these values,
pre-war layouts can be categorised into three types: the
highly intelligible grids (Saint-Nazaire: 0.9, Le Havre: 0.85,
and Lorient: 0.84), cities that went through 19th-century
transformation (Dunkirk: 0.82, Lisieux: 0.71, Tours: 0.67,
and Orléans: 0.66) and layouts which retain some of their
medieval fabric with the lowest syntactic intelligibility
(Caen: 0.61 and Amiens: 0.57). This seems to confirm the
role played by long and straight streets present in the
grid-like layout and less in the medieval fabric.

Pre-war layouts represent a wide range of levels
of intelligibility (0.57-0.9). It suggests that, before the
reconstruction, cities carried different characters and
would offer different experiences based on the variation
in their street structures, potentially allowing efficient
or looser navigation. The reconstruction plans seem to
homogenise the layouts with values comprised within
a much smaller range but higher overall (0.75-0.84;
Figure 3c). When comparing the pre- and post-war intel-
ligibility values for each city, the layouts with the highest
intelligibility values tend to lose intelligibility while the
opposite happens for layouts with previously lower intel-
ligibility. Saint-Nazaire has a layout that loses the most
intelligibility but remains still high (0.76). In this case, a
grid layout is replaced by another grid layout, accompa-
nied by a change of scale in the street width or block size.
Amiens (0.75) and Caen (0.84) are the two layouts that
gain the most in terms of intelligibility due to the com-
plete re-modelling of their medieval fabric into a rational
layout. Overall, the impact of the reconstruction brings
more intelligibility to the street structure and seems to
be more beneficial to the updating of historical fabric

towards a more efficient structure. The question then is
to what extent the character of these medieval towns
is preserved and whether the new layout provides any
continuity for its inhabitants. Looking at the intelligibility
values of the building maps, this homogenisation effect
is counterbalanced by the choice of building configura-
tions, which reduces the intelligibility of the layouts over-
all but re-introduces stronger variations in values, possi-
bly indicating different characters for the cities.

The relationship between the increased amount of
space given to the public space and the overall increase
of intelligibility values in post-war layouts is confirmed by
the statistical correlation between the two sets of values
(Figure 4a). In block maps, the relationship shows that
as more public space is provided, the intelligibility of a
place is increased (AdjR? = 0.34, n = 18, 0.0066). In build-
ing maps (Figure 4b), the intelligibility values decrease
as the space is more fragmented by a higher number
of aggregated building footprints (AdjR? = 0.38, n = 9,
0.0448). From an urban design perspective, the intelligi-
bility of a street layout can be impacted by the type of
building configurations within urban blocks. Orléans and
Lisieux are both cities that have implemented very differ-
ent building configurations: one remains quite historical
and opted for a more traditional building configuration,
while Lisieux opted for more freestanding building pat-
terns. As a result, the intelligibility of the building map in
Lisieux drops drastically compared to the block map but
only lower slightly in Orléans.

4.2. Routes
4.2.1. Intelligibility and Ease of Navigation
The following set of results concerns the intelligibility

characterised by the configurational properties of the
map and how they impact the speed of tracing and the
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Summary of Fit Summary of Fit Summary of Fit Summary of Fit
RSquare 0.38 RSquare 0.46 RSquare 0.18 RSquare 037
RSquare Adj 0.34 RSquare Adj 0.38 RSquare Adj 0.15 RSquare Adj 0.35
Root Mean Square Error 542 Root Mean Square Error 435 Root Mean Square Error 0.11 Root Mean Square Error 446
Mean of Response 31 Mean of Response 167 Mean of Response 0.71 Mean of Response 106
Observations Jor Sum Wgtsl 18 Observations or Sum Wgtsll 9 Observations lor Sum Wgtsl 27 Observations lor Sum Wgts(l 27
Prob > F 0.0066* Prob > F 0.0448* Prob > F 0.0279* Prob > F 0.0007*

Figure 4. Linear regression between intelligibility, percentage of public space, number of elements (blocks and buildings),

and mean velocity for different sets of maps.
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ease to navigate them. A low but statistically significant
link exists between the level of intelligibility of the urban
form and the speed of tracing (AdjR? = 0.15, n = 27,
0.0279; Figure 4c). It indicates that the more intelligible
the layout, the easier is it to find a route and complete
it. That relationship exists to a lesser extent than previ-
ously found in historical French towns (Vialard, 2022),
which is explained by the greater variety of street lay-
outs included in this study, particularly the grid-like plans.
Navigation speed is also highly correlated to the number
of elements present in the maps (AdjR? = 0.35, n = 27,
0.0007; Figure 4d). The elements are either the urban
blocks or the aggregated building footprints depending
on the types of maps. Finer-grain urban fabrics do not
necessarily impact the level of intelligibility (no signif-
icant association) but slow down the process of navi-
gating their layout. As mentioned previously, the level
of fragmentation of building configurations—increased
for example by the use of open block configurations—
impacts intelligibility. More fragmentation lowers intel-
ligibility and slows down the speed of navigation.

4.2.2. “Cognitive” Structures: Skeletons

As participants select similar or different routes, the pre-
ferred routes form a skeleton of pre- and post-war block
map navigation (Figure 5). First, the level of definition of
these skeletons provides information on the structure of
towns. It indicates whether layouts are leading to consol-
idate routes—similar behaviour from all participants—or
offering multiple routes—absent of clear choice. Second,
the skeletons depending on their alighment or misalign-
ment with existing and new central squares and main
streets clarify the importance of their presence from a
cognitive and motor perspective. The superposition of
the two skeletons, pre- and post-war, highlights the con-
tinuity of the urban form or the changes that occurred in
the way space is navigated. Continuity and rupture can
be seen in terms of full, partial, or absence of retention
of the shape of the skeleton. It can then be compared
and related to changes in cognitive and motor functions
as measured by the gain or loss of intelligibility and speed
of navigation.

Comparing the velocity in the pre-war and post-war
block maps, the latter is overall easier to navigate with
an average increase of velocity by 7%. Loss of veloc-
ity is generally observed when the new layout provides
a finer-grain fabric than previously. The subdivision of
large blocks to produce a finer grain fabric increases its
permeability and therefore offers more choices, which
slows down the decision-making process, which trans-
lates into slower navigation. In Lorient, this translates
into the loss of a clear skeleton in the new layout, while
Tours preserves most of its primary structure. Conversely,
this multiplication of routes can enrich navigation by cre-
ating more opportunities.

Continuity or rupture can be seen in the preservation
of the main routes and public squares. They are central

elements that can challenge or reinforce the sense of
continuity or rupture with the past form. They are often
part of the most integrated core structure, strengthen-
ing their role as the active centre. This can be challenged
by the creation of a new thoroughfare (Amiens) or the
doubling of an existing one (Caen and Orléans) that can
lessen the role of the historical main street by making it
less cognitively present. Similarly, the creation of a new
square (Orléans, Amiens, Lisieux, and Caen) can shift the
centrality of the layout or lessen its presence, creating
a rupture with the past. In one instance (Tours), the new
square is placed on a nested grid rather thanin alignment
with major streets, which lessens its presence and fails to
bring some centrality to the layout.

Table 2 summarises the changes that occur between
the pre- and post-war skeletons to assess the level of con-
tinuity or rupture, highlighting the new, retention, or loss
of centrality and main axis. Continuity, the resilience of
the pre-war skeleton, is achieved in three cities. Tours
was only partially destroyed and retains most of its skele-
ton. Dunkirk and Le Havre, despite their high level of
destruction, retain both their centrality and skeleton
with a slight alteration of the main routes. Dunkirk has a
more consolidated skeleton. On the opposite spectrum,
Lorient and Amiens are both cities that show the biggest
changes of their past structure. In Amiens, both central-
ity and the main street are changed and moved towards
the south. In Lorient, while the centrality remains, the
change in the orientation of the grid multiplies the routes
and weakens the new skeleton.

5. Conclusions

In a study of the reconstruction of Caen written in 1960,
the author ponders on the uncertainty that remains on
how the new street layout will function and potentially
modify the character of the city and its uses: “The recon-
struction is not complete yet....We don’t know yet which
will be the most important commercial axis and the crys-
tallization points of urban life” (Bruté de Rémur, 1960,
p. 160). This highlights the challenges associated with
the scale of changes and their implications, and how
these new layouts will function. The main question was
whether the reconstruction plans preserved continuity
or created a rupture with the lost urban form and struc-
ture. This question has been approached from a plan-
ning, morphological, and cognitive perspective to under-
stand how the post-war reconstruction impacted the
character of the pre-war cities.

From the planning perspective, two related aspects
played an essential role in shaping post-war cities.
The role during the reconstruction period of associations
of war victims, architects, and their teams on the one
hand, and reconstruction plans and land consolidation
on the other cannot be understated. The use of plans for
implementing changes alongside legislation has allowed
the actors of the reconstruction to think more holisti-
cally and implement a collective vision. This approach
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Figure 5. All selected routes per city and map type: Mean velocity values and the percentage of increase of mean velocity
values between the pre-war and post-war maps. The skeleton formed by the most navigated routes is highlighted in red.

Table 2. Skeleton classified in terms of continuity or rupture, and in terms of retention or loss of centrality and main axis.

Continuity Centrality Main Axis

Cities Strong Partial Little New Retained Lost New Retained Lost
Amiens X X X X X
Caen X X X X
Dunkirk X X X

Le Havre X X X

Lisieux X X X X

Lorient X X X X
Orléans X X X X X X
St-Nazaire X X X

Tours X X X
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has produced overall more intelligible street layouts to
varying degrees, however, depending on the type of
urban form. What was the aspiration that could not be
fully achieved in the first reconstruction is finally imple-
mented during the second reconstruction. While the
PAEE were not necessarily implemented, it served as a
basis for the more systematic implementation of the PAR
which was more strongly supported, with better supervi-
sion from the state and their architects.

The creation of cooperatives and associations and
land consolidation have been the key to this collective
approach. Land consolidation by erasing individual own-
erships embedded in the boundaries of plots and by
consolidating them into a single space made it possible
to fully rethink these boundaries and gave more flex-
ibility to the architect. Full or partial re-orientation is
made possible as well as consolidation or fragmenta-
tion of blocks. The creation of new streets, the align-
ment and widening of existing ones, and the creation
of new squares are more easily achievable. They can be
thought of holistically and carried out in a compressed
time frame. Through the associations, the inhabitants
have also sometimes been able to push back and fight to
preserve a certain continuity by preserving a main street
or by minimising the extent of land consolidation.

From a morphological and configurational perspec-
tive, the main changes in the layout from pre- to post-war
plans are a general increase of open space and syntac-
tic intelligibility. A statistical relationship exists between
the two that shows that the proportion of space in these
cities is associated with a certain level of intelligibility:
The more space is dedicated to the public, the higher the
intelligibility. By unpacking where the increase of intelli-
gibility occurs, it has been shown that the organic fabrics
were the ones that had the largest increase. The intro-
duction of new long and straight streets, already present
in the grid-like layouts, creates clear thoroughfares and
long vistas, making the layout cognitively more intelligi-
ble and facilitating navigation.

These new vistas result either from the alignhment
and widening of a series of existing streets or the creation
of a new connection. While they syntactically increase
intelligibility and facilitate navigation, they have a very
different impact on the sense of continuity. In the first
instance, widening and alignment reinforce and consol-
idate the presence of formerly familiar streets, while
the creation of new connections has sometimes shifted
the centrality of a layout and created a disconnect
from the past. Although different strategies are chosen
and applied, overall, the tendency has been towards
the homogenisation of city fabrics. More diversity of
urban forms existed in pre-war layouts. Regardless of
the amount of destruction, either partial or complete,
the new layout of historical towns has brought more
Cartesian order, as shown by the reduced gaps between
the values of syntactic intelligibility. If the rationalisation
process that occurred during the reconstruction had a
greater impact on the historical fabrics and brought more

efficiency to their circulation, it is important to question
the potential loss of character of a city carried by its irreg-
ular streets.

The reaction to this new Cartesian order and the
loss of organicity in cities need to be acknowledged
and discussed, however briefly. A parallel and compar-
ison can be drawn with the transformations of French
towns in the 19th century, exemplified in the work of
Haussmann in Paris, driven by similar hygienic concerns.
They transformed the landscape by introducing wide
and long streets imposed on an organic existing fabric
that changed the structure of towns and their charac-
ter. While some, like Giedion (1967), have admired the
efficiency of Haussmann'’s cuts through the urban fabric,
others, like Benjamin, have deplored the disappearance
of the character of “picturesque” and “old Paris” doc-
umented by the photographs of Atget (ca. 1900-1910)
and the loss of identity linked to the introduction of new
rational boulevards and avenues:

The quartiers of Paris in this way lose their dis-
tinctive physiognomy....Meanwhile, he [Haussmann]
estranges the Parisians from their city. They no longer
feel at home there, and start to become conscious of
the inhumane character of the metropolis. (Benjamin
& Tiedemann, 1999, p. 12)

The experience of the city promoted by Benjamin is
that of the flaneur and the labyrinth, which contrasts
with the public space offered by the efficient boulevards.
Following Benjamin’s footsteps, the situationists reacted
to the rational order of the cities of the reconstruction
and criticised these new “sterile” cities. They criticised
the loss of playfulness that can be associated with the
pleasure of getting lost in the city and proposed the
dérive as a means of re-introducing meaning into this
rational urban environment. The emphasis of the recon-
struction plan has been indeed on facilitating wayfind-
ing to the detriment of exploration. However, the pres-
ence of multiple routes in some layouts could be an
indication of possible dérive and it would be beneficial to
study them further. Some of the answers could be found
in approaching the city as supporting both wayfinding
and exploration.

Finally, some limitations exist, mainly linked to the
use of two-dimensional abstract maps which cannot
recreate the actual experience of navigating these envi-
ronments and all the elements that contribute to the
character of a city, such as landmarks and land use, which
can influence the choice of one route over another. It is
acknowledged that tracing a route on a map is not equiv-
alent to walking the streets of a city. Furthermore, the
cropping of the area on the maps might not necessar-
ily represent the true structure of the city centre, and
the locations of destination points bring biased choices
for some routes. However, while limited in the amount
of urban space analysed and its two-dimensionality, this
research can provide some insights into the geometry of
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the street layout, which is often how new developments
are designed, through the means of plans. It offers poten-
tially new ways to bring together the design decisions as
represented in maps and their potential impact on how
the city is structurally experienced. It can help to clar-
ify the intelligibility of an urban environment by linking
the configurational properties of maps and the cognitive
skeleton of the routes.

Acknowledgments

The author would like to thank the reviewers and the edi-
tors of this thematic issue for their valuable comments
and support in preparing this article.

Conflict of Interests
The author declares no conflict of interests.
Supplementary Material

Supplementary material for this article is available online
in the format provided by the author (unedited).

References

Bafna, S. (2003). Space syntax: A brief introduction to
its logic and analytical techniques. Environment &
Behavior, 35(1), 17-29.

Barton, K. R., Valtchanov, D., & Ellard, C. (2014). See-
ing beyond your visual field: The influence of spatial
topology and visual field on navigation performance.
Environment & Behavior, 46(4), 507-529.

Benjamin, W., & Tiedemann, R. (1999). The Arcades
Project. Harvard University Press.

Bruté de Rémur, N. (1960). La reconstruction de Lori-
ent [The reconstruction of Lorient]. Norois, 26(1),
147-160.

Bullock, N., & Verpoest, L. (2011). Living with history,
1914-1964: Rebuilding Europe after the First and Sec-
ond World Wars and the role of heritage preservation.
Leuven University Press.

Chabrol, V. (2010). Le remembrement comme vecteur
d’une idée urbaine [Land consolidation as vector
of an urban idea]. Histoire & Mesure, 25(XXV-1),
165-196. https://doi.org/10.4000/histoiremesure.
3975

Chevallier, P. (1945, January 16). Typed letter by
P. Chevallier [Letter]. Modern Archives (1790-1988)
(Series O — Public works, roads, transportation,
waterways — Provisory reference 2696). Municipal
Archives, Orléans, France.

Christova, P., Scoppa, M., Peponis, J., & Georgopoulos,
A. P. (2012). Exploring small city maps. Experimental
Brain Research, 223(2), 207-217.

Clout, H. (1999). Destruction and revival: The example of
Calvados and Caen, 1940-1965. Landscape Research,
24(2), 117-139.

Dieudonné, P. (2001). Lespace urbain littoral des
villes reconstruites: Brest, Lorient, Saint-Nazaire [The
coastal urban space of rebuilt cities: Brest, Lori-
ent, Saint-Nazaire)]. Actes des congrées nationaux des
sociétés historiques et scientifiques, 124(3), 233-240.

Direction de I'aménagement foncier et de I'urbanisme.
(1990). Ministeres chargés de la reconstruction
et de l'urbanisme, puis de la construction; Plans
d’aménagement et de reconstruction 1944-1958
[Ministries in charge of reconstruction and urban
planning, then of construction; Development and
reconstruction plans 1944-1958].

George, P. (1960). Problémes géographiques de la recon-
struction et de I'aménagement des villes en Europe
occidentale depuis 1945 [Geographical problems of
the reconstruction and planning of cities in Western
Europe since 1945]. Annales de géographie, 69(371),
2-14.

Giedion, S. (1967). Space, time and architecture. Harvard
University Press.

Hillier, B., Burdett, R., Peponis, J., & Penn, A. (1987). Cre-
ating life: Or, does architecture determine anything?
Architecture and Behaviour, 3(3), 233—-250.

Hirtle, S. C. (2003). Neighborhoods and landmarks. In
M. Duckham, M. F. Goodchild, & M. Worboys (Eds.),
Foundations of geographic information science (pp.
191-203). CRC Press.

Jacono, G., & Arnould, P. (2000). Le Havre, paysage
urbain et patrimoine entre béton, discours et images
[Le Havre, urban landscape and heritage between
concrete, discourse and images]. Cahiers de la
Meéditerranée, 60(1), 109-131.

Kitchin, R. M. (1994). Cognitive maps: What are they and
why study them? Journal of Environmental Psychol-
ogy, 14(1), 1-19.

Kropf, K. (1996). Urban tissue and the character of towns.
Urban Design International, 1(3), 247-263.

Kuipers, B., Tecuci, D. G., & Stankiewicz, B. J. (2003).
The skeleton in the cognitive map: A computational
and empirical exploration. Environment & Behavior,
35(1), 81-106.

Lafon, M., Vidal, M., & Berthoz, A. (2009). Selective
influence of prior allocentric knowledge on the
kinesthetic learning of a path. Experimental Brain
Research, 194(4), 541-552.

Lynch, K. (1960). The image of the city. MIT Press.

Noizet, H., & Clémencon, A. S. (2020). Faire ville. Entre
planifié et impensé, la fabrique ordinaire des formes
urbaines [City making. Between planned and ad hoc,
the ordinary fabrication of urban forms]. Presses Uni-
versitaires de Vincennes.

O’Keefe, J., & Nadel, L. (1978). The hippocampus as a cog-
nitive map. Oxford University Press.

Peponis, J. (2016). The space syntax of intelligible com-
munities. In R. Hunter, L. Anderson, & B. Belza (Eds.),
Community wayfinding: Pathways to understanding
(pp. 35-60). Springer.

Renaud, B. (2016). Placer la premiere loi de planification

Urban Planning, 2023, Volume 8, Issue 1, Pages 226-238

237


https://www.cogitatiopress.com
https://doi.org/10.4000/histoiremesure.3975
https://doi.org/10.4000/histoiremesure.3975

S Cooitatio

urbaine (1919-1924) dans la réflexion actuelle:
Le cas de I'Auvergne [Contemporary approaches
to France’s earliest town-planning legislation
(1919-1924): The case of the Auvergne department].
In Situ, 2016(30). https://doi.org/10.4000/insitu.
13754

Sakellaridi, S., Christova, P.,, Christopoulos, V. N.,
Vialard, A., Peponis, J., & Georgopoulos, A. P.
(2015). Cognitive mechanisms underlying instructed
choice exploration of small city maps. Frontiers in
Neuroscience, 9(60), 1-12.

Sansot, P. (1973). Poétique de la ville [Urban poetics].
Klincksieck.

Sicard, D. (1994). Saint-Nazaire, 1939-1945 : La guerre,
l'occupation, la liberation [Saint-Nazaire, 1939-1945:
War, occupation, liberation]. Ouest-France.

Tolman, E. C. (1948). Cognitive maps in rats and men. Psy-
chological Review, 55(4), 189-208.

Tolonen, A., Cluitmans, L., Smits, E., Van Gils, M., Mau-
rits, N., & Zietsma, R. (2015). Distinguishing Parkin-
son’s disease from other syndromes causing tremor
using automatic analysis of writing and drawing tasks.
In IEEE 15th International Conference on Bioinformat-
ics and Bioengineering (pp. 1-4). IEEE.

Turner, A. (2001). Depthmap: A program to perform vis-
ibility graph analysis. In Proceedings, 3rd Interna-
tional Space Syntax Symposium Atlanta 2001 (pp.

About the Author

two-dimensional representations.

31.1-31.9). Georgia Institute of Technology.

Vayssiére, B. (2009). Relever la France dans les aprés-
guerres: Reconstruction ou réaménagement?
[Rebuilding France in post-war periods: Reconstruc-
tion or redevelopment?]. Guerres mondiales et
conflits contemporains, 236(4), 45—60.

Vialard, A. (2022). Intelligibility of French historical
towns: Assessing the impact of 19th century urban
interventions. In Annual Conference Proceedings of
the XXVIII International Seminar on Urban Form (pp.
598-609). University of Strathclyde Publishing.

Voldman, D. (1989). La reconstruction des villes: Solu-
tions frangaises et modeles allemands [The recon-
struction of cities: French solutions and German
models]. Bulletins de I’Institut d’Histoire du Temps
Présent, 13(1), 233-241.

Voldman, D. (2011). La France d’un modele de recon-
struction a l'autre. 1918-1945 [France, from one
reconstruction model to another. 1918-1945]. In
N. Bullock & L. Verpoest (Eds.), Living with history,
1914-1964: Rebuilding Europe after the First and Sec-
ond World Wars and the role of heritage preservation
(pp. 60-71). Leuven University Press.

Yaski, O., Portugali, J., & Eilam, D. (2011). City rats: Insight
from rat spatial behavior into human cognition in
urban environments. Animal Cognition, 14, 655—663.

Alice Vialard is a senior lecturer in urban design at the School of Architecture, Design and Planning at
The University of Sydney. Her research sits at the intersection of the fields of space syntax, urban mor-
phology, and spatial cognition. One of her concerns has been the cognitive mechanisms that under-
lie the process of exploration and decision-making when navigating urban environments, mostly in

Urban Planning, 2023, Volume 8, Issue 1, Pages 226-238

238


https://www.cogitatiopress.com
https://doi.org/10.4000/insitu.13754
https://doi.org/10.4000/insitu.13754

	1 Introduction
	2 Context
	2.1 Map, A Tool for Change
	2.2 Bombed Cities: Before and After

	3 Methodology
	3.1 Setup
	3.2 Data
	3.2.1 Morphological Measures: Map Properties
	3.2.2 Cognitive and Motor Metrics: Route Properties


	4 Results
	4.1 Properties of Maps
	4.1.1 Morphologic Change
	4.1.2 Syntactic Intelligibility of Street Configurations

	4.2 Routes
	4.2.1 Intelligibility and Ease of Navigation
	4.2.2 ``Cognitive'' Structures: Skeletons


	5 Conclusions

