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1 ABSTRACT 

Studying the impact of built urban environments on pedestrians' walking experience can improve our 
understanding of the environmental factors that influence perceived walkability. This can contribute to the 
design of pleasant urban environments that promote better health and well-being for city residents. However, 
evidence-based research on perceptions of walkability is still limited. Research has demonstrated that 
functional near-infrared spectroscopy (fNIRS), an optical brain imaging technique, can measure cortical 
neural activation. Some studies have employed fNIRS to investigate brain activation by contrasting built and 
natural environments; however, little research has used fNIRS to investigate the effect of built urban 
environments on brain activity. Therefore, the aim of this study was to apply fNIRS to measure the effect of 
different built urban environments on prefrontal cortex activation. The present article presents preliminary 
results from a pilot study involving five participants (one female, age 31.4 ± 5.1 years). While we measured 
their prefrontal cortex (PFC) oxyhemoglobin (HbO) and deoxyhemoglobin (HbR), participants watched nine 
20-second videos of urban environments from a pedestrian's perspective in a laboratory setting. Viewing 
pleasant walking environments led to a significant decrease in HbO concentrations in the right and central 
regions of the PFC, indicating physiological relaxation. This study demonstrates the feasibility of using 
fNIRS to study the built environment and opens up promising opportunities to explore the relationship 
between urban environments and pedestrians' experiences. 

Keywords: functional near-infrared spectroscopy , built environments, walkability, well-being, neuroscience 

2 INTRODUCTION  

Walking is considered a sustainable transport mode that benefits society in terms of supporting public health 
(Hanson & Jones, 2015), social well-being, and environmental sustainability (Silvennoinen et al., 2022).The 
beneficial effects of walking on physical and mental health have been extensively researched (Hanson & 
Jones, 2015), including in relation to public transport-related walking (Besser & Dannenberg, 2005; Saelens 
et al., 2014).As a moderate exercise, walking can help prevent chronic illnesses (McKinney et al., 2016)and 
promote mental health(Kelly et al., 2018). Walking in urban environments can be a stressful experience for 
pedestrians, with prolonged stress being linked to long-term mental health and well-being(Lederbogen et al., 
2011). Although walking has a well-established positive impact, many streets, neighbourhoods and cities are 
not designed for pedestrians and do not provide a walkable environment that allows or encourages people to 
walk. 

2.1 Walking and the built urban environment 

The walking friendliness of a built environment is referred to as walkability (Frank et al. 2006).Walkability 
has been increasingly important in research andas a strategic goal in urban design and transportation 
practice(Forsyth, 2015). Residential density, street connectivity, and land use mix (also known as the 3 or 5 
'Ds') are mesoscale environmental variables that have been found to support walking. Research into 
environmental characteristics on the micro-scale, such as sidewalk quality, street furniture, and the presence 
of trees and greenery, is relatively recent (De Vos et al., 2022; Otsuka et al., 2021; Silvennoinen et al., 2022; 
Talen et al., 2022).Of the four commonly identified walkability needs (convenience, safety, comfort, and 
attractiveness), most research has focused on convenience and safety, whereas comfort and attractiveness 
have received less attention (Nakamura, 2021; Silvennoinen et al., 2022).Thus, the factors of the built 
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environment that contribute to the walking experience are not yet well understood or quantified(De Vos et 
al., 2022; Silvennoinen et al., 2022). 

Few studies have investigated the determinants and effects of the built urban environment on walkability, i.e. 
how pedestrians perceive and experience an environment (De Vos et al., 2022; Silvennoinen et al., 2022). 
For example, the character of the facades along the pavement is relevant to walking (Ameli et al., 2015; 
Ewing et al., 2016; Oreskovic et al., 2014; Park et al., 2016; Silvennoinen et al., 2022), the presence of 
windows on ground level(Ameli et al., 2015; Oreskovic et al., 2014),  together with the design of the 
streetscape and street furniture (Ewing et al., 2016; Shi et al., 2020) and the available shops, services, and 
amenities (Ewing et al., 2016). Further, the dimensions of street blocks (Singh, 2016), the uniformity of the 
building pane, the presence of street focal points (Oreskovic et al., 2014), traffic volumes, speed limits, and 
the density of street and driveway intersections (Petritsch et al., 2006; Schneider, 2015)affect walking. Root 
et al., (2017)find the overall aesthetics of the environment (i.e. perceived presence of trees, interesting things 
to look at, attractive sights and buildings) to be associated with walkability.Urban greenery shows a largely 
positive effect on walking (Ameli et al., 2015; Sarkar et al., 2015; Tsai et al., 2019); however, the impact of 
greenery on the amount of walking in a particular street remains uncertain(Shuvo et al., 2021). 

Nevertheless, there is still a lack of clarity about how walking environments are perceived and which 
features influence the walking experience. Walkability frameworks often fail to incorporate perceptions of 
comfort and attractiveness, resulting in a deprioritisation of the micro-level of walkability (Nakamura, 2021; 
Silvennoinen et al., 2022). Personal reactions, experiences, and interpretations play a crucial role in 
perceiving environments, making it challenging to assess them objectively (Dörrzapf et al., 2019). A 
growing number of researchers have proposed frameworks to combine quantitative objective data on the 
built environment with subjective preferences and perceptions (Dörrzapf et al., 2019; Talen et al., 2022). One 
approach involves using wearable sensors and other technologies to capture human perceptions and 
emotions, often through bio-physiological parameters such as skin temperature, heart rate variability 
(Dörrzapf et al., 2019)or brain activity (Chen et al., 2018; Neale et al., 2019). To this end, the aim of this 
study is to test a novel methodology for measuring brain activation to investigate the relationship between 
the built environment and walking experiences. In doing so, we demonstrate the feasibility and potential 
applications of functional near-infrared spectroscopy (fNIRS) for researching built environments. 

2.2 Functional near-infrared spectroscopy (fNIRS)inurban research 

Alongside other brain monitoring technologies, such as electroencephalography (EEG) and functional 
magnetic resonance imaging (fMRI), functional near-infrared spectroscopy (fNIRS) is used to measure brain 
activation. So far, EEG is the most commonly used method in urban research (Ancora et al., 2022). 
Functional near-infrared spectroscopy (fNIRS) is a non-invasive technique that uses near-infrared light to 
measure variations in the oxygen levels in the brain. Light absorption properties enable the assessment of 
changes in the concentration of oxyhaemoglobin (HbO) and deoxyhaemoglobin (HbR) in the superficial 
layers of the brain, revealing changes in neural activation through neurovascular coupling (Ferrari & 
Quaresima, 2012). The oxygen concentration provides information about the active areas of the brain during 
various cognitive tasks or experiences.fNIRSis a promising methodology for research in urban planning, 
especially for studying the effects of built environments. It is advantageous because it is safe, non-invasive, 
portable, and allows for research to be carried out in natural settings. Research in neuroscience and human 
brain imaging has confirmed fNIRS as a valid method for studying sensory processes, emotional responses, 
cognitive load and perception (Ferrari & Quaresima, 2012; Hoshi et al., 2011; Yanagisawa & Tsunashima, 
2015; Yu et al., 2017).  

In a recent study,Ancora et al., (2022) comprehensively reviewed all available research investigating the 
effect of urban and/or natural environments on brain activity using brain imaging technologies (fMRI, 
fNIRS, EEG, MEG, PET). A structured literature search identified ten fNIRS studies (see Ancora et al., 
(2022) for details), of which eight were conducted indoors and two outdoors. The research overview shows 
that all fNIRS studies so far have focused on the measurement of differences in the relaxation effects of 
nature (cf. Biophilia, Attention-Restoration Theory) (Horiuchi et al., 2014; Zhang et al., 2020) or the effects 
of nature in comparison to the more stressful urban environment(Joung et al., 2015; J. Lee, 2017; Ochiai et 
al., 2020; Song et al., 2018, 2020; Yamashita et al., 2021; Yu et al., 2017). The study design, therefore, often 
focuses on using stressful and unpleasant urban environments as experiment stimuli. For example, 
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Yamashita et al., (2021) investigated mood enhancement while participants viewed images of built and urban 
environments. The images showed a scene with monotonous and unattractive buildings compared to the 
natural stimuli.Similarly, Song et al., (2018) investigated the differences in physiological effects of forest 
and urban environments, with the urban scene represented by rather stimulating and stressful urban pictures. 
Yu et al., (2017) measured the PFC activation while watching urban and natural video scenes, with the urban 
stimuli recorded in typical Singapore environments. Joung et al., (2015) and Song et al., (2020)conducted in-
situ studies, in which the participants were standing and observingurban and forest environments. Two 
studies focused on the sound-induced effects of forest and urban sounds on the PFC and autonomic nervous 
system activity. The natural sounds were a recording of a stream, and the urban sounds were traffic noise (Jo 
et al., 2019; Ochiai et al., 2020).However, the review paper outlines opportunities for future research, for 
example, in studying environmental complexity, aesthetics, and perception (Ancora et al., 2022). 

To ensure awareness of more recent research on fNIRS since the review conducted by Ancora et al. (2022), 
we have carried out a structured literature search based on the search procedure and terms developed by 
Ancora et al. (2022). In this context, we repeated their literature search focusing only on fNIRS studies (see 
the paper for procedure and keywords). The search was performed in May 2023, dating back to May 2022, in 
PubMed, Scopus, WoS, and ProQuest. As a result, only one relevant article was identified, which examined 
the effects of walking in urban environments on women’s health (Shaoming et al., 2023). The study found 
the transition between different urban environments to result in alterations of activity in the PFC. Further, 
spatial openness and mixed traffic flow factors were relevant to participants’ perceptions of urban 
spaces(Shaoming et al., 2023). 

3 METHOD 

We designed a pilot experiment to investigate the effect of different walking environments on participants' 
brain activation in the prefrontal cortex using fNIRS. This pilot study aimed at testing the stimuli and 
selecting fewer stimuli for the full experiment. Data on the participants' subjective perceptions of urban 
environments and their perceived time was collected. This paper focuses only on the pilot fNIRS data. 

3.1 Experiment procedure  

Upon arrival at the experimental room, participants were informed of the experimentalprocedure and asked 
to sign the consent form and complete a brief survey. Participants were then seated at a desk facing a screen 
and mouse, and the fNIRS cap was placed on their heads as per manufacturers' best practice. After the signal 
check, participants were instructed to sit still during the experiment and follow the instructions on the screen. 
PsychopPy software (Peirce et al., 2019) was used to present the stimuli and synchronize with the fNIRS and 
subjectively reported data. The experimental procedure of the entire pilot experiment is displayed in Figure 
1.Notably, this study focuses only on the first part of the experiment (video watching). Following the initial 
instructions, participants watched nine 20-second videos in a randomized order. In between each video, there 
was a 12-second break. During the 12-second resting state, the participant views a grey screen with a 
centredwhite cross. The following procedures, which include time perception tasks and subjective evaluation 
of videos using Likert scales, were tested for the full experiment. The experiment was concluded with a 
subjective rating, after which the participants were disconnected from the sensors and debriefed. The 
experiment had a duration of around 30 minutes. 

 

Figure 1: Experimental procedure of the pilot experiment. 
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Figure 2: Screenshots of 20s videos recorded in different urban environments in Copenhagen (video 1 upper lect to video 9 bottom 
left)   

3.2 Stimuli 

Nine videos of 20 seconds each were used as experimental stimuli. The recordings were captured in 4k 
resolution using a gimbaled 3-axis stabilised camera (DJI Pocket 2) in the city of Copenhagen in November 
2022. All videos underwent editing and stabilisation using Adobe Premiere Pro 2023. The video recordings 
were taken from a pedestrian's viewpoint and at a typical walking speed (4-5 km/h). For consistency between 
the videos, they were recorded under similar weather conditions (cloudy to sunny) and without direct 
encounters with pedestrians. Screenshots of the videos are presented in Figure 2. Considering this is an 
exploratory pilot study, a systematic overview of the video characteristics will not be provided.However, 
there are some differences to be noted. The character of the urban environments shown in the videos differs 
(to varying degrees) in terms of:  

• Location (inner city, residential neighbourhood, industrial area) 

• Functions (Mixed-use, single-use functions, ground-level use) 

• Infrastructure (type of street, speed limit, traffic restrictions, parking, sidewalk, bicycle 
infrastructure) 

• Moving and parked traffic (car and bicycle traffic, pedestrians) 

• Urban design and spatial elements (seating, art, spatial elements, light elements, signs) 

• Buildings (modern/historical, number, levels, view/lines of vision) 

• Facades (openness/transparency, colours, materials, structures, windows, doors) 

• Greening (planters, trees, façade greening, plant beds) 
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3.3 Participants 

Five healthy participants (mean age 31.4 years; SD=5.1; 1 female) were recruited for the pilot study from the 
Faculty of Architecture and Design. Exclusion criteria included high caffeine consumption at the time of the 
experiment, awareness of atypical neurological conditions (such as autism or ADHD), or usage of 
medication affecting the nervous system. One participant was left-handed, and the others were right-handed. 
All participants gave their consent to take part in the study. The study was ethically approved according to 
local regulations. 

3.4 fNIRS data collection and analysis 

3.4.1 Data collection 

Brain activity was measured with acontinuous-wave system, theNIRSport 2 (NIRx Medical Technologies, 
Berlin, Germany),that had an 8x8 configuration and short channels. Data from two wavelengths (760 and 
850 nm) was sampled at 10.17 Hz. Optodes were arranged in a montage placed on the PFC following the 
international10-20 system for EEG electrode placement (Oostenveld & Praamstra, 2001); seeFigure 3. The 
PFC, located in the frontal lobe of the human brain, is associated with higher cognitive processes such as 
problem-solving and decision-making (Song et al., 2020). Further,the orbitofrontal cortex, located in the 
PFC,has been identified to play an important role in emotional processes (Rolls & Grabenhorst, 2008).At this 
early stage of research, it remains unclear which constructs are suitable for studying urban environments. 
Further research is required to explore and identify the relevant brain regions and constructs for this purpose. 

 

Figure 3: fNIRS montage with 8x8 configuration and short channels (NIRx Medical Technologies) 

3.4.2 Data analysis 

The fNIRS data wereanalysedwith the NIRS Brain AnalyzIR Toolbox(Santosa et al., 2018)in MATLAB 
Version: 9.11.0.1873467 (R2021b) Update 3 (The MathWorks Inc., Natick, Massachusetts). Raw light 
intensities were converted to optical densities. Thereafter, we applied the TDDR algorithm to correct for 
motion artifacts(Fishburn et al., 2019), before signal quality check. The signal quality was evaluated by 
computing the Scalp Coupling Index (SCI)(Pollonini et al., 2016)with QT-NIRS (Montero-Hernandez & 
Pollonini, 2020/2023). QT-NIRS uses a sliding time window of 5 seconds to calculate SCI over the entire 
time series, and automaticallymarks and rejects low-quality channels based on an overall threshold. We used 
the default threshold (0.75) for the overall quality threshold, which means that at a given SCI threshold, a 
channel is marked as good if it attains the SCI threshold at least 75% of the time. We evaluated signal quality 
at two SCI thresholds. For SCI = 0.8, 69.3% of the data were considered high quality. For SCI = 0.6, 75.7% 
of the data were considered high quality. Since these are pilot data, we selected the lower SCI threshold of 
0.6. When considering that this is pilot data, theoverall channel quality is quite high.  

After pruning channels, we converted motion-corrected optical density to hemoglobin concentration changes 
using the modified Beer-Lambert Law(Delpy et al., 1988)with a 0.1 partial path length factor of 0.1 and 
extinction coefficient from Jacques(Jaques et al., 2015). For subject-level statistics,the data was first 
resampled to 4 Hz. Thereafter, we ran ageneralised linear model with autoregressive-based prewhitening 
followed by iteratively reweighted least-squares(Barker et al., 2013, 2016) and short-channel regressors 
(Santosa et al., 2020), as this performs best in sensitivity-specificity analyses(Santosa et al., 2020).For group-
level statistics,we ran a mixed-effects model includingthe main effect of the condition (i.e., video) 
andcontrolling for participants. The results presented are the main effects, i.e., the effects of watching videos 
on hemodynamic activation compared to baseline (i.e., baseline activation when not watching videos). The 
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Benjamini- Hochberg procedure(Benjamini & Hochberg, 1995)was used to control the false-discovery rate. 
The corrected p-value is denoted as q.  

4 RESULTS  

The results section presents the main findings from the fNIRS data collection while participants watched the 
nine videos. To test the videos in this pilot study, we selected the most interesting findings based on visual 
inspection of the main findings and contrasting the different videos. As this was a pilot study, we compared 
all the contrasts. Figure 2 shows the results of the main effects of watching the videos compared to the 
baseline (resting state). We have chosen to highlight some of the results for illustration. 

Some significant HbO and HbR level changes were observed as participants watched the videos. When 
watching video 2, participants showed a significant decrease in blood oxygen (HbO) in one channel, with the 
other channels also showing a decrease in HbO. The decrease in HbO levels suggests a reduction in 
cognitive demand among participants while watching video 2. This finding could be interpreted cautiously as 
a pleasant response and physiological relaxation.We did not find significant results for videos 3 and 4. 
However, both videos resulted in a decrease in HbO levels in several channels. In particular, video 4 
demonstrated a general decrease in HbO levels in almost all channels. In video 6, a slight increase in HbO is 
observed in ten channels and a larger increase in one channel. Video 8 shows negligible increases in HbO. In 
comparing the effects of watching different videos, a significant difference in HbO was found in one 
channel. Figure 3 presents two examples of contrasts. When comparing video 2 to video 8 and video 2 to 
video 6, a significant decrease in HbO in one channel is observed in the anterior medial superior frontal 
gyrus (SFG). 
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Figure 4: Main effects of watching videos 2, 3, 4, 6, 8HbO (left column) and HbR (right column) levels. The results are illustrated as 
t-statistic maps plotted onto the colin27 brain atlas, the colour bar represents the t-statistic scaled to [-5, 5], and solid lines indicate 

statistical significance (q<0.05). 
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Figure 5: Examples of contrasts, comparing video 2 to videos 6 and 8. Video 2 shows a mixed-use old town street with colourful, 
diverse, open, and engaging facades and architectural details, small sidewalks but low levels of car traffic due to regulations. Video 6 

shows a residential neighbourhood with monotonous architecture in industrialbrick style with no variation or integration of other 
uses, greening or spatial elements. Video 8 shows an inner city street with high levels of traffic and bicycle infrastructure besides the 

sidewalk, with monotonous and closed facades, no ground-level use on the street side, high noise levels, and little connection to 
surroundings due to the underpass situation. The contrastshowed a significant decrease in HbO when participants watched video 2, in 

comparison to video 6 and video 8.The results are illustrated as t-statistic maps plotted onto the colin27 brain atlas, the colour bar 
represents the t-statistic scaled to [-5, 5], and solid lines indicate statistical significance (q<0.05). 

5 DISCUSSION 

The purpose of this pilot study was to test the feasibility of implementing fNIRS for the study of the built 
environment and to propose fNIRS as a possible interdisciplinary research method for urban planning. Given 
the small sample size and exploratory nature of this study, we cannot make strong interpretations or 
conclusions. Despite this limitation, we were able to demonstrate that viewing pleasant walking 
environments (i.e. video 2, video 3, video 4) was correlated with a decrease in the hemodynamic response in 
the right and central areas of the PFC. In the context of walkability research, pleasant environments were 
generally characterised by varied facades, ground-level use, greenery (in video 4), low traffic volumes and 
the availability of spatial elements (e.g. benches). In contrast, observing less pleasant walking environments 
(i.e. videos 6 and 8) led to a slight increase in the hemodynamic response. This effect is also noticeable when 
comparing video 2 with videos 6 and 8. In a direct comparison, video 2 resulted in a significant decrease in 
HbO levels, i.e. a lower hemodynamic response. Videos 6 and 8 were characterised by monotonous and 
closed facades, no windows at ground level, no spatial elements or greenery and high traffic volume (video 
8). As a result, we can observe differences between more pleasant and relaxing urban environments for 
walking and more stressful and unpleasant urban environments. 

These primary findings are not supported by many other similar studies, but there may be some consistency 
with previous studies comparing natural and built environments (Song et al., 2020; Yu et al., 2017) or using 
positive and negative stimuli (Hoshi et al., 2011). Exposure to natural environments (such as forests, parks, 
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etc.) compared to urban environments has been found to decrease the hemodynamic response in the 
PFC(Song et al., 2020; Yu et al., 2017). Similarly, exposure to unpleasant emotions was associated with an 
increased hemodynamic response, whereas exposure to pleasant emotions led to a decreased hemodynamic 
response in the PFC (Hoshi et al., 2011). Studies of nature exposure often use the Attention-Restoration 
Theory to explain the relaxing effect of natural environments on hemodynamic response. According to this 
theory, natural environments lead to reduced attentional effort, mental fatigue and cognitive load (Weber & 
Trojan, 2018; Yu et al., 2017). Although evidence is still limited, the built environment has also been 
associated with restorative values, e.g. in terms of architectural features such as lower building height, 
variation in facades, architectural variation, aesthetic values or historic buildings (Weber & Trojan, 2018). 

In the context of our study, research on restorative effects may support our findings on the effects of 
exposure to different types of built environments; that is, participants showed lower hemodynamic responses 
when they watched videos of a walk past historic buildings with interesting things to look at (video 2) than 
when they walked past a monotonous facade (video 6) and a busy street (video 8). More specifically, video 2 
resulted in a significantly lower hemodynamic response. The video shows a pleasant walk through a historic 
part of the city centre, with colourful and open facades, shops, restaurants and cafes with outdoor seating, but 
no greenery. If the participant perceived the video as pleasant, it could have resulted in physiological 
relaxation and a consequent decrease in the hemodynamic response. Likewise, video 4 caused a reduction in 
HbO levels. The video shows a mixed residential area with historic buildings and ground-level use and is the 
video with the most greenery. The video passes several flower beds, trees and benches. There may be a 
correlation between the decrease in HbO and the relaxing environment, which is likely due to the presence of 
greenery. Unlike video 2, viewing both video 6 and video 8 resulted in an increased haemodynamic 
response. Video 6 shows a walk in a monotonous residential area without spatial elements, open facades or 
greenery. Video 8 shows a walk along a grey, closed facade, under a building and along a busy road with 
bicycle and car traffic. An increased hemodynamic response may be a consequence of the stressful and 
dynamic environment shown in the video. These initial interpretations require further examination in the full 
study. 

This pilot study had some limitations. The participants were limited to a few researchers from the Faculty of 
Architecture with expertise in architecture and urban planning. The full experiment will include a larger 
sample size of non-architects, representing different age groups and an equal gender distribution. Moreover, 
the experimental design exclusively focused on the visual representation of the videos. Future experiments 
could take into account other senses, particularly the auditory sense. Finally, it is worth noting that although 
the videos showed the urban environment from a pedestrian's perspective, the participants themselves were 
seated to avoid motion artefacts on the one hand, and physical activity to influence cognitive outcomes on 
the other (Miyazawa et al., 2013).  Future research may consider employing simulated walking setups in the 
laboratory (e.g. treadmills) or conducting in-situ experiments. Walking is generally associated with increased 
activation in the PFC (Herold et al., 2017). Additionally, perceptions of the built environment may be linked 
to physical and rhythmic experiences from an architectural perspective (Papale et al., 2016). 

5.1 Future research 

This pilot study opens up promising opportunities to explore the impact of urban environmental features on 
the pedestrian experience. A full-scale experiment is being conducted with 50-60 participants and an 
improved experimental design, including additional data on subjective perceptions of the urban environment, 
mobility behaviour and socio-demographics. The results will provide insights into the effects of four urban 
environments (Videos 2, 4, 6 and 8) on brain activation and further implications for walkable urban 
environments. Implementing fNIRS as a research method in walkability research could be a way to learn 
more about the factors of the built environment that contribute to the experience of walking environments, 
such as the effects of certain urban design features, façade design, greening, etc. The level of detail of our 
findings and discussions is unclear at this stage of the research, as we lack references and constructs to work 
with. Exploratory research is needed into the relevant brain regions and the constructs to be used. 

With the prospect of increasing urbanisation, densification and other future challenges, we need a better 
understanding of how the urban environment affects health and well-being, and how people experience the 
environment, particularly in terms of emotions and stress responses. Combining fNIRS with health data and 
physiological sensors has the potential to advance research on urban health and well-being. Considering 
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social justice, accessibility and feminist planning perspectives, fNIRS appears to be a promising tool for 
investigating how the environment affects different user groups, including children, older people, people of 
different genders and identities, people with disabilities, and people from different socio-economic 
backgrounds. For example, research on diverse groups could explore gender-based differences in perceptions 
of urban safety, investigate the characteristics of pleasant environments, or gain insight into the perceptions 
and needs of children and elderly people in the city. To improve the research, scientists should explore the 
benefits of combining different methods and linking fNIRS data with socio-demographic, health, and 
qualitative data. The integration of EEG, eye-tracking devices and physiological sensors has great potential 
for in-situ implementation and the study of urban environments. More pilot studies are required to implement 
the combination of various methods and technologies, such as virtual and augmented reality. 

6 CONCLUSIONS 

Understanding the determinants and effects of the built environment on the experience of walking in cities is 
an important step in creating healthy and liveable urban environments for people. However, more research is 
needed on the microscaleand perceptions of comfort and attractiveness to understand the contributing factors 
to walkability. Advances and access to new technologies and methods from the human and cognitive 
sciences can help to understand pedestrians´ perceptions and effects on the environment.The main objective 
of this pilot study was to evaluate the implementation and feasibility of fNIRS for studying the built 
environment and to suggest employing fNIRS as an interdisciplinary research method in urban planning 
research.Although the study's primary nature and limitations should be considered, observing pleasant 
walking environments resulted in a significant decrease in HbO in the right and central areas of the PFC, 
compared to observing boring and stressful walking environments. The environments varied in the facades' 
character, level of greenery, traffic, and spatial components. These preliminary results could suggest that 
exposure to positively perceived walking environments results in lower HbO concentrations, which may be 
interpreted as physiological relaxation and an overall pleasant and less stressful experience for the 
pedestrian. While further research is needed, this study demonstrates the feasibility of using fNIRS to study 
the built urban environment and opens up promising opportunities to explore the relationship between people 
and the urban environment. 
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