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ABSTRACT:  

The research aims to interpret the image of the city, according to the conventions defined by Kevin Lynch, obtained from the analysis 

of the impact of environmental stimuli on the person. The study relates the digital reconstruction of the spaces analysed with the 

detection of the trend of valence obtained on a statistical sample using an EEG helmet. The monitoring of the degree of attraction or 

aversion to the stimuli of the surrounding environment is processed through algorithmic procedures to identify along a path the 

perceptual poles. This path, reported in GIS environment, allows to reconstruct georeferenced maps that interpret the brain data, 

synchronized with GNSS. The spatial poles thus identified are further investigated using eye-tracker to understand the reasons for the 

impact of the environment on humans. 

 
* Corresponding author 

Figure 1. Methodology used:  route taken on foot during data acquisition, spatial data acquisition (GNSS), EEG data acquisition, 

eye-tracker data acquisition. 
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1. INTRODUCTION 

The environment where we live, architecture and landscape, 

urban or natural, always have an impact on man, positive or 

negative, never neutral. (Goldhagen, 2017). From ecological 

psychology it emerges how the flow of information from the 

space around us continually influences the human experience 

(Gibson, 1983). Thus, humans are like sensors, "registering" 

those received signals and reprocessing them, with the support of 

memory, to determine the experience and contextual processing 

of the concept of place  (Norberg-Schulz, 2000), a cultural 

process that is based on sensory reasons. 

The sensory and emotional experience, so related to images 

(Mitchell, 1980), is mitigated by the rationality of interpretation 

(von Balthasar, 1961) that leads us to filter information 

(Arnheim, 1965) to define patterns, in the need to understand the 

world to orient oneself, not only spatially but also humanly 

(Kepes, 1944, p. 18). Through this path originates the figuration 

(Filippucci, 2013), the interpretation of the sequence of images 

(Cullen, 1961) that allow the mind to draw through lines and 

points a path related to the urban map. 

Considering Kevin Lynch's theories on the image of the city 

(Lynch, 1962), given the importance of the related figurative 

theories linked to the artistic movements of the early twentieth 

century (Kandinsky, 1926; Klee, 1956), the line correlates to 

dynamism, to displacement, and the point to the being, to what is 

identified: it thus correlates identification to orientation, key 

actions for the interpretation of urban space.  

The thesis that we want to demonstrate here is that the 

identification of points is related to a transformation of the 

emotional state, of the sensations generated by the environment. 

The interpretive process of the mind that transforms images into 

patterns (Lynch, 1984) can indeed be analysed in new 

technologies the tools to understand the impact on emotions 

(Picanço and Tonneau, 2018), using in particular the analysis of 

stimuli on the cerebral cortex through EEG helmets (Berka et al., 

n.d.; Chen et al., 2019; Hunter et al., 2000; Roe et al., 2013; 

Sharma et al., 2017; Shin et al., 2015; Vecchiato et al., 2015; 

Wang et al., 2015). Starting with tools and methodologies 

specific to neuromarketing (Huddleston et al., 2018; Yadava et 

al., 2017; Zamani et al., 2016), it is possible to obtain results that 

describe underlying and implicit spatial information (Dupont et 

al., 2016) extrapolated with the support of a statistical sample of 

subjects involved in the experience who are asked to walk (Amati 

et al., 2018; Mavros et al., 2016). 

At points where substantial variation in stimuli and thus 

sensations occurs, an additional layer of analysis can be overlaid 

through the use of eye-trackers (Crosby and Hermens, 2018; 

Duchowski, 2017; Wolbers et al., 2008) o understand what 

attracts of the specific space (Simpson et al., 2019) extending 

research originally developed in neuromarketing (dos Santos et 

al., 2015; Lahmiri, 2018; Li et al., 2016).  

The analyses of urban and landscape character obtainable with 

this combination of different biosensors (F Bianconi et al., 2021; 

Fabio Bianconi et al., 2021; Seccaroni et al., 2021) thus bring out 

"unconscious" emotions that arise from what we are attracted to. 

Their impact on the person can be interpreted as a measure of 

well-being (Badland and Pearce, 2019; Bechtel and Churchman, 

2002) and of the health that an environment generates (Byrne et 

al., 2014; Lee and Maheswaran, 2011; Pedersen Zari, 2015; 

Schram-Bijkerk et al., 2018), thus opening to the theme of the 

quality of places and the value of the landscape (Bianconi and 

Filippucci, 2019), quantified and qualified for an underlying 

design heuristics projected to the redevelopment of the 

environment in which we live. 

 

2. MATERIAL AND METHOD 

2.1 Data Acquisition 

The experimental course carried out to demonstrate the proposed 

thesis, is based on empirical analysis implemented with a 

significant sample of subjects. The investigation carried out 

proposed to each person, met at the starting point, to reach a final 

goal.  

The experience is carried out through the simultaneous 

monitoring of three classes of data (figure 1):  

- Visual 

- Cerebral  

- GNSS 

 
Figure 2. Tools used for data acquisition. 

The first type of data was acquired using the eye-tracker Pupil, 

composed of two cameras, the first infrared that records the 

movement of the pupil at 30hz the second that records the 

surrounding environment with 60° field of view.  

For EEG data, Emotiv Epoc+ was used, which allows to record 

14 channels (AF3, F7, F3, FC5, T7, P7, O1, O2, P8, T8, FC6, F4, 

F8, AF4). 

The spatial position was acquired with the help of the Samsung 

Gear S3 smartwatch (figure 2). 

 

2.2 Data analysis 

Empirical analysis finds its center in the analysis of neuronal 

stimuli. These stimuli are interpreted through the calculation 

(Ramirez and Vamvakousis, 2012) of  Valence (1), understood 

as the degree of attraction or aversion to current stimuli, 

environment, or activity (Niemic, 2002).  

 

Valence =  
αF4

βF4
− 

αF3

βF3
                                     (1) 

 

where  αF4 = α power in channel F4 

 βF4 = β power in channel F4 

 αF3 = α power in channel F3 

 βF3 = β power in channel F3 

 

A methodology was developed to compare the data acquired in 

the different experiments as a function of spatial location. Using 

timestamps, the script synchronizes the EEG and GNSS data in 

order to have the Valence value geolocalized; 
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The experiences of the sample of volunteers involved was 

compared and homogenized using the geographical position. A 

specific script elaborated in Python identifies all the 

experimentations close to each other and gives an average value 

of Valence, to compare the n EEG data of the n experimentations. 

Subsequently we went to individuate in which parts of the path 

on average we obtained a value of Valence greater than the 

standard deviation for at least five seconds. This condition was 

imposed as an interpretative criterion because during the crossing 

of the urban space the observer is continuously stimulated and 

there are rapid variations of Valence not due to fixed elements of 

the urban space. 

 

 
Figure 3. Algorithm logic diagram. 

Once the areas with the greatest activation were identified, we 

went to evaluate punctually with eye-tracker which elements of 

the urban space characterized this variation. Through the 

software Pupil Player, the gaze and the possible fixations were 

analysed with a maximum value of dispersion of 1.5° and a 

duration interval between 80 and 220 milliseconds.  

Reprojected the data inside Grasshopper with consolidated 

procedures (Bianconi et al., 2020, 2019; F Bianconi et al., 2021; 

Seccaroni et al., 2021), planimetric heatmaps describing the 

correlation between environmental stimuli and space were 

created. 

 

 
Figure 4. Data acquisition process in the case study. 

 

2.3 Case Study - Narni 

The described methodology has been verified taking as case 

study the entrance to the historical center of Narni. As point of 

departure has been individualized the principal parking of the city 

and the arrival is the center of the University of the Studies of 

Perugia to Narni (figure 5). 

The route runs through the historic center and is 655 meters long. 

The sample consisted of 40 people, including 19 women and 21 

men between the ages of 21 and 39. Participation criteria for this 

study required participants to adhere to the following: (1) no 

brain or psychiatric disorders; (2) no drug use (3) no smoking or 

heavy drinking (4) have normal vision or corrected by contact 

lenses (5) be able to walk for at least 25 minutes (6) have no 

anxiety in enclosed areas (7) have no knowledge of the 

experimental site  (Cheon et al., 2019; Olszewska-Guizzo et al., 

2018; Wang et al., 2015). On average, recordings lasted 20' and 

position, EEG, and eye-tracker data were acquired.  

 
Figure 5. Followed path. 

3. RESULTS 

From the analysis of the data acquired during the route, 9 areas 

were identified where the valence value was for more than 5 

seconds consecutively greater than the standard deviation (0.89) 

(figure 7). 

The first area is the entrance area and has obtained a maximum 

mean value of -1.8, therefore negative, where there is a transition 

from an open space to a covered and dimly lit corridor. The 

fixations (figure 6) highlight the observers look at the end of the 

entrance, that is the most illuminated part of the environment 

which is dark. 

The second area identified is near the entrance, also here by virtue 

of poor lighting, cramped spaces and the presence of buckets 

mean that we have a maximum score of -4. 

These most perceived elements can be identified from the 

heatmaps processed (figure 6). 

The third area has a value of -2.5, this is always due to dark 

environments and narrow spaces, as can be seen from the 

fixations observers are attracted by crumbling walls and 

advertising arranged in a chaotic manner (figure 6). 

The maximum negative value is present in the fourth area, here 

valence is -5, this value is due to two components, one 

architectural, that is, the space leading to the elevator is poorly lit 

and narrow. The other one is due to a little comfort of the 

elevator, in fact through a survey it has been found that it has a 

very abrupt departure and arrival coinciding with the detected 

valence data. 

Leaving this area, we get the first positive value of +2.5. This 

area is an open space where fixations are centered on the green 

landscape in the background (figure 6). 

Going through the historical center we find average values 

between +- 0.92 until we get to the central area near the town 

square where the value is +1.8. From the heatmaps it emerges 

that the ample space and the street furniture are the elements most 

perceived. 

The continuum of the route remains for the most part positive 

until the arrival, which has a value of -1.2. due to the chaotic 

presence of cars, as shown by the results of the eyetracker (figure 

6) In its complexity the city of Narni can therefore be broken 

down into nine points, and three macro areas two negative and 

one positive. The common component of the negative areas is the 

persistent presence of chaotic elements that overshadow the 

urban architecture. The positive area has a semantic coherence of 

wide spaces and the presence of green views or valuable 

architecture that are not overpowered by the chaos as is the case 

in the arrival area. 
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4. CONCLUSIONS 

The relationship between man, space and emotions has been 

studied through the creation of a replicable digital procedure 

which, starting from the data, proposes interpretations of the 

values of the place. The methodology proposed through the 

combined use of various biosensors has the objective of 

identifying the areas in urban space that elicit a greater positive 

or negative activation. These areas are therefore those that for an 

observer represent the image of the city and therefore identify it. 

Here, using the eye-tracker, it was possible to identify which are 

the disturbing or positive elements that arouse the detected 

emotion. 

The objective of this approach is to provide an objective data of 

the urban space that is to support the design going then to 

intervene and modify the negative elements and enhance the 

positive ones. This approach can in a targeted manner change the 

key to reading the urban hermeneutics going to make explicit the 

relationships first point and then areal in order to make explicit 

those immaterial relationships that exist between urban space and 

man. 

 

 

Figure 6 - Some elaboration made with the eye-tracker. 
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Figure 7. Valence time-dependent variation and map representation with linear interpolation. 
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