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Abstract. Lighting technologies have been rapidly developing in recent years together with the 

advancement in digital and connected technologies. Nevertheless, while achieving quantitative 

goals with the help of technical developments, there is always a need to correlate them with their 

impacts on users’ experience. This paper focuses on the changes in human behaviour whilst 

walking under an artificially lit outdoor environment. A systematic literature search was 

conducted from which three groups of a pedestrians’ behaviour were identified, namely walking 

(including activity levels and walking patterns), microscopic mobility (including walking speed, 

gait characteristics and use of walkway space) and gaze behaviour. An additional round of a 

literature search was done for each of the group mentioned above. Final set of the articles 

consisted of 41, 13 and 12 papers for walking, microscopic mobility behaviour and gaze 

behaviour subgroups respectively. The existing knowledge on possible changes in pedestrian 

behaviour caused by various artificial lighting settings was summarized. In addition, the methods 

to gather data about these changes applied in the selected papers were reviewed, and the 

perspectives for video-based analysis and online public participation geographic information 

system methodologies were discussed.  

1.  Introduction 

The role which outdoor lighting plays in our current, 24/7-world cannot be underestimated. Due to 

different layers of artificial outdoor lighting, people can continue their activities after dark, feel safer 

and enjoy the urban environment. It goes without saying that leisure time for most people, including 

their necessary, optional, and social activities, is held after dark when they have finally completed a 

workday. In addition, people who need to work night shifts also use outdoor public spaces intensively 

even during night hours. The lighting aspect is particularly relevant in the autumn and winter periods in 

the northern countries when daylight hours are significantly reduced.  

Lighting technologies have been rapidly developing in recent years together with the advancement 

in digital and connected technologies. Nevertheless, while achieving quantitative goals with the help of 

technical developments, there is always a need to correlate them with their impacts on users’ 

experience.  The evaluation of pedestrian experience in the lit environment can be approached based on 

three types of human responses: perception, evaluation, and behaviour [1]. These responses to lighting 

were systematically reviewed by J. Rahm in his doctoral thesis [2]. While methods to study pedestrians’ 

perception and their evaluations are sufficiently developed to implement them in real-world studies, 

methods to study changes in pedestrians’ behaviour are less known and usually limited with direct 

observations. However, to fully evaluate pedestrians' experience in the lit environment lighting 
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professionals need to analyse and correlate the data of all three human responses mentioned above. This 

paper focuses on behavioural aspects of the pedestrian experience in the artificially lit urban outdoor 

environment, as well as on the review of different data collection methods used to study changes in a 

pedestrian behaviour.  

The first objective of this paper is to summarise and analyse existing knowledge on possible changes 

in pedestrian behaviour caused by various artificial lighting settings (e.g., characteristics and targeted 

lighting design). Secondly, it reviews and compares methods to gather data about changes in pedestrian 

behaviour applied in the selected papers, identifying and discussing perspectives for authors’ upcoming 

experiments.  

2.  Method 

A systematic literature search was conducted between December 2021 and February 2022 by the author 

of the paper. The flowchart of the process is shown in Fig.1. The initial keywords in this work were 

pedestrian* AND light* AND behav*.  The terms were searched in titles, abstracts, and keywords of the 

papers in two digital databases: Scopus and Web of Science. After the abstracts’ screening and filtering 

process, a set of articles (21) was identified using key inclusion and exclusion criteria listed below. Then 

selected papers were fully read and topically grouped into three main subgroups, namely walking 

(including activity levels and walking patterns), microscopic mobility behaviour (including walking 

speed, gait characteristics and use of walkway space) and gaze behaviour. Relevant articles used as 

references in the selected set were also included in the final set. Afterwards, building upon reading 

material, additional search terms mentioned in the flowchart were used for the second round of a 

literature search with the same key inclusion and exclusion criteria. The second round was conducted in 

three digital databases: Scopus, Web of Science and Google Scholar. Final set of the articles consisted 

of 41, 13 and 12 papers for walking, microscopic mobility behaviour and gaze behaviour subgroups 

respectively. It is important to declare that some articles simultaneously covered several topics (e.g., 

speed of walk and gaze behaviour). Selected papers were fully read and analysed to achieve previously 

stated aims.  

In addition, it is worth noting that there were 7 papers which also described behaviour although could 

not be linked with the three identified groups that were harvested during the second round. They will be 

mentioned in the 4th chapter.  

Key inclusion criteria:  

• Studies are dedicated to any type of pedestrian behaviour after dark. 

• Both laboratory and field studies which focus on outdoor or public spaces experiences. 

• All scientific publications available in English including reviews, conference papers, book’s 

chapters. 

• Availability of the study’s results and a method description. 

Key exclusion criteria: 

• Articles which study traffic lights and street crossing behaviour (e.g., signalised crosswalks), 

lighting-warning systems as well as focus on driver’s experience.  

• Studies where lighting was considered in combination with other aspects. For example, 

“challenging environments” (i.e., irregular surface and low lighting). 

• Studies which were focused on subjects with disabilities (e.g., visually impaired subjects and 

glaucoma).  
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Fig. 1 – The flowchart of the literature search process 

 

3.  Results  

3.1.  Impacts of artificial lighting on pedestrians’ behaviour  

3.1.1.  Walking. The perception of the built urban environment after dark dramatically differs from the 

perception under daylight. This fact, in its turn, leads to shifts in various urban experiences, activity 

levels and walking patterns of people. It was repeatedly found that outdoor lighting, being one of the 

components of the built environment, has a significant impact on different forms of physical activity 

after dark [3-20]. Firstly, it was statistically substantiated that ambient lighting conditions affect the 

number of people who walk or cycle [3-6]. It was found that conversely to daylight, darkness leads to 

notable reductions in pedestrians and cyclists, and that more people cycle and walk on cycle trails and 

footpaths after dark when they are artificially illuminated. In addition, the findings of study [6] 

demonstrated a significant reduction in footfalls after the clock change (i.e., when it dark outside) on 5 

out of 6 sites on weekdays and half the sites at weekends. Secondly, the presence of good quality street 

lighting can increase the use of pedestrian streets and public spaces after dark by different user groups 

promoting walking and active lifestyle [7-11, 13-16, 18-20]. It is important to note that inadequate 

street lighting can also be considered as a walking and cycling barrier [12, 17, 21, 22]. For instance, 

the finding extracted from an interview: “For example, at a certain time of the day, a poor street 

lighting makes me take the bus instead of walking alone in the dark” depicted the relevance of lighting 

conditions in the selection of travel mode [21]. 

An artificial lighting environment has been found to affect the pattern of movement in terms of route 

choices. The study [23] explored the impact of altered visual perception after dark (i.e., in relation to the 

spatial configuration) on most frequently used routes and found the correlation between selected or most 

frequently used routes and illuminance values. In addition, according to the results of the study [24], 

people tended to avoid dark spots at night-time residential streets. The authors assumed that dark spaces, 

turning themselves into visual boundaries, can be largely attributed to decreased perceived safety and 

reassurance. Indeed, the results of studies [25-32] indicated that the reassurance of people (i.e., the 

feeling of confidence a pedestrian might gain from road lighting [33]) can be put in relation with outdoor 

lighting, and, moreover, can be considered as a key contributor to enhancing or limiting (e.g., compelled 

detours) walking at night-time. It is worth noting that blind spots, such as dark spaces between 
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streetlights, under tree branches, and dark winding street corners, had a significant input to perceived 

safety, especially among female students [31]. In addition, the study [28] showed that urban greenery 

and street lighting must be explored and designed together, since their interaction influences perceived 

safety and impacts the walkability of the neighbourhood.  Nevertheless, outdoor lighting can have an 

influence on walking also without a direct impact on perceived safety and reassurance. For instance, the 

walkability of an area can be related to visibility [34], perceived restorativeness [35, 36] or personal 

evaluations and preferences [31, 37, 38]. It is notable that the time spent in the environment can be 

altered by environmental features, including lighting [19].  

It is important to highlight that when people are choosing a route, they also consider the quality of 

the lighting environment. The study [7] showed that the improved lighting schemes have a markable 

impact on the number of people using the streets. Moreover, there were several studies attempted to 

investigate how certain lighting variables influence walking patterns. It was found that among other 

factors average illuminance on the pavement affects pedestrian route taking decisions (i.e., pedestrians 

avoid routes with average illuminance of less than 5 lux and prefer routes with the average illuminance 

of 8 lux and above) [39]. Besides, the study [31] concluded that students' preference of the brightest lit 

route resulted in more foot traffic relative to other routes. Additionally, it was found that a decrease in 

the colour temperature of ambient lighting from 6500K to 3200K reduces the comfort level of 

pedestrians, as well as that colour temperature had the strongest influence on the choice of a route by 

pedestrians, compared with dimming [40]. Lastly, the use of targeted lighting design and visual cues 

such as projected light or chasing light-emitting diode (LED) lighting, had a potential to influence 

people’s movement and behaviour [41, 42].  

3.1.2.  Microscopic mobility behaviour. Besides walking in a broad sense, lighting conditions can also 

impact on more precise parameters of human mobility, namely walking speed [42-48], gait 

characteristics [46, 47, 49, 50-53, 55] and use of the walkway space [42, 45, 54].  

Suggesting that accelerated walking speed might indicate pedestrian discomfort, the authors of the 

study [43] showed that in the selected urban street a decrease in lighting does quicken pedestrian steps 

in comparison with the same street when well-lit or at daytime. In contrast, several laboratory 

experiments concluded that during walking a decrease in illumination leads to fall in a walking speed 

[44, 47] or a step rate [48]. The study [44] examined possible effects of dynamic lighting on walking. It 

was found that the participants walked significantly slower under dimmed than static lighting conditions, 

even after the illuminance had increased, and the larger were differences between the dimmed lighting 

levels and the full lighting, the longer was walking time. When comparing two different lighting 

conditions (high pressure sodium (HPS) and ceramic metal halide (CMH)), the authors of the study [45] 

reported that the mean speed was significantly slower under HPS lamps along the straight part of the 

path. Finally, the impact of targeted lighting design and visual cues on walking speed was also discussed 

[42, 44, 55]. It is worth noting that two studies [1, 54] did not find any walking speed changes with the 

change in lighting conditions. 
There were several laboratory studies which found that the reduced illumination has an influence on 

various gait characteristics during walking which, for instance, can be indicators for slips, trips and fall 

accidents [46, 47, 49, 50-53]. For example, the lighting environment can affect such gait characteristics 

as stride length, stride time, double support time gait variability of stride length and stance time [49], 

stance phase ratio and toe clearance [47]. Moreover, changes in gait patterns under low illumination can 

be enhanced during obstacle avoidance tasks [51, 52] or when walking on stairs [41], as well as can be 

differently impacted among various user groups [46, 47, 53].  It was also found that reduced lighting 

conditions are significant on perceived risk of tripping [51, 52]. 

Outdoor lighting has also been found to affect the way people use a walkway space [42, 45, 54]. The 

authors of the study [54] observed pedestrian placement on pedestrian paths. Participants tended to vary 

their placement and change their path more with a fluorescent tube luminaire (FTL) light source than 

with a LED light source, which was explained by improved visual accessibility with the LED light 

sources. Moreover, the observations of pedestrian walking behaviour revealed a more centric walking 
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path along the sidewalk under LED illumination, particularly with the optimised LED luminaire. 

Changes in passengers’ behaviour such as an increase of the use of the left-hand side for descending, 

and a shift from the centre to the opposite side of the staircase after introduction of the targeted lights 

(i.e., handrail lighting on the stairway) were reported in the study [42]. In addition, it was noticed that 

the average path for lighting application with CMH was systematically closer to the centre line compared 

to application with HPS, although the difference, in absolute terms, was quite small [45]. 

3.1.3.  Gaze behaviour. Lighting conditions can also affect a pedestrian’s gaze behaviour while 

walking in terms of critical distances, viewing directions, the fixation number and fixation durations. It 

consequently impacts the way people execute their visual tasks such as object detection, visual 

identification, visual orientation and on the perception of the urban environments.  

Pedestrians spent between 40% and 50% of their time looking at the footpath, but not all that time 

was spent on critical visual tasks [56]. Identification of other pedestrians and their emotions also 

appeared to be significant during walking [56-58]. It is notable that after dark the path was more likely 

to be fixated and other people less likely to be fixated compared with daylight [57]. The apparent 

importance of fixation on other pedestrians was also highlighted in the study [58]. Their results showed 

that the proportion of time that fixations were on pedestrians was 14%, the proportion of fixations at 

critical moments that were on pedestrians was 23%, and the probability of an approaching pedestrian 

being fixated at least once was 86%. In addition, the study [48] concluded that in the conditions of 

mesopic vision (i.e., 10 lux), older adults more often looked at the floor or the edge, especially without 

edge emphasis, which meant that higher levels of illuminance were associated with a decreased need for 

directing one’s gaze towards the ground.  
There were few studies analysing the distance and duration of fixations on other pedestrians and 

found a tendency to fixate at 15 m and for a duration of 500 ms [59, 60]. The judgement of other people's 

emotions from facial expressions can also be influenced by lighting conditions. For instance, to be 

assured in accurate identification of the facial expressions, the study [61] suggested requirements of a 

minimum luminance of the face of 0.1–1.0 cd/m2 
 at 4 m distance, and a luminance above 1.0 cd/m2 for 

identification at 10 m. Additionally, it was found that human’s sense of where another person is looking 

can be biased by the lighting direction and eye glint, which also affects people’s sense of gaze direction, 

varies with the lighting conditions [62].  

Eye tracking records collected and discussed in the studies [57, 58, 63] suggested a tendency to 

peripherally detect 10 mm obstacles at approximately 3.4 m ahead under horizontal photopic 

illuminances of up to 0.9 lux. It is important to note that lighting requirements and a critical distance 

can vary, according to the scotopic/photopic ratio of the lighting and the age of the observer. In addition, 

it was reported that both the trial time and detection distance of older participants during a detection of 

an upcoming step were affected by light level, hence, their vulnerability may be reduced if a better 

lighting environment is provided [64].  

Ultimately, relative luminance and saliency of a various scene areas may attract the visual attention 

of pedestrians. The study [65] found that fixations within 2° and 10° viewing angle were predominantly 

distributed in bright and significantly salient regions of the outdoor visual environment.  

It is worth noting that background lighting conditions may impact spontaneous eyeblink activity, as 

well as that spontaneous eyeblink activity rate changes can occur when lighting levels suddenly increase 

[66]. 

3.2.  Methods used to gather data about changes in pedestrian behaviour 

3.2.1.  Walking. There were both quantitative and qualitative approaches to study pedestrian behaviour 

which can relate to walking. Firstly, the total number of pedestrians who use the site can be recorded 

automatically by traffic counters [3, 4, 5] or by direct observation (e.g., a gait-counting method) [6, 7, 

23, 40, 42, 67] for specific periods of time. Afterwards, count data collected for after dark conditions 

can be compared with daylight values by using the biannual daylight-saving clock changes approach 
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[3, 4, 6] or the whole-year approach [5].  To compare the usage of various artificially lit spaces or to 

evaluate changes after the lighting installation improvements, it is possible to implement real-time 

field observations [7, 23, 40, 67] or to analyse footage from fixed cameras [42]. These counts can be 

further used for the creation of the generative natural movement patterns [23]. Moreover, structured 

and semi-structured observations can be utilised to investigate stationary and transitory activities and 

measure their duration time [18], as well as people's movement and occupancy patterns [23, 42]. It is 

important to note that observed data should be carefully filled in protocols. A behavioural observation 

method might be combined with a lighting survey to allow researchers access to the context and 

meaning surrounding people's behaviour [39]. In addition, physical activity levels of the experiment 

participants can be assessed by accelerometery [11]. 

Another approach was to collect and analyse self-reported data through on-site and online pedestrian 

surveys [19, 32], interviews [8, 15, 22, 41] and environmental walks [28, 68]. Surveys were used for 

measuring physical activity [9, 10, 13] (e.g., the Youth Physical Activity Questionnaire [13]), walking 

and its characteristics (i.e., walking times, frequency, and duration) [16, 19, 26, 27] (e.g., the 

International Physical Activity Questionnaire [16]), and evaluations of behavioural intents and space 

perceptions in order to understand likely behaviour in particular sites [24, 29, 34, 38]. It is notable that 

a couple of studies used a real-time approach, according to which, participants filled in the surveys while 

walking along the sites with the help of a paper questionnaire [32] and a mobile phone application [30]. 

Interviews were used to gather qualitative data about perceived supports and barriers of physical activity 

[8], utilitarian walking [15] or walking routes [22], as well as unique knowledge from various groups of 

stakeholders or staff [41, 42]. Finally, there were several approaches of guided structured [28] and 

random [68] environmental walks. These approaches allowed researchers to gather subjective 

environmental evaluations, behavioural preferences, and ideas how to improve the neighbourhood in 

relation to walking.   

3.2.2.  Microscopic Mobility Behaviour. Walking speed was examined in both full-scale laboratory [1, 

44] and field [43, 45, 54, 58] studies. It was measured as walking time a pedestrian took to cross an 

established distance [43] or the whole experimental site [1, 44]. The study [45] described a novel 

method based on Video Analysis of Pedestrian Movement (VAPM). The method includes adaptation 

of existing video technologies to measure actual microscopic movement (i.e., placement and speed). It 

was claimed that VAPM can be successfully combined with observer-based assessments. Pedestrian 

observations, in their turn, can also be performed to study walking speed (e.g., unexpected slowdown) 

[54]. Gait characteristics were studied in laboratory conditions with the help of infrared and reflective 

markers placed on anatomical landmarks of each participant and a tracking system such as an eight-

camera motion analysis system [46, 47, 49, 50, 53]. Perceived risk of tripping was evaluated through 

self-reported protocols [51, 52]. Finally, the use of a walkway space can be assessed with such tools as 

direct observation in field studies [42, 54], analysis of recorded footage [42] or using VAMP [45]. 

3.2.3.  Gaze behaviour. Studies related to gaze behaviour were predominantly implemented with the 

help of wearable eye-tracking systems. Among them, there were experiments carried out in controlled 

laboratory settings [48, 64], as well as studies which analysed the data obtained in real-world 

situations [56-60, 63, 65].  In these studies, participants were asked to wear eye-tracking devices 

(different manufacturer, but typical gaze position accuracy was between 0.5° and 1.0° and sampling 

frequency was around 25-30 Hz) and to walk along the defined routes, both freely and under a 

researcher's control. After that, measured eye movements were superimposed on a simultaneously 

recorded videotape to analyse gathered data and correlate it with aspects of the built environment or 

other people's presence. The critical distances within scenes can be estimated by relative size of 

reference objects in the field of view [60]. It is important to note that in most naturalistic studies, 

experiments were conducted during day and night [56-58, 65]. In addition, research questions 

connected with recognition of another person’ intentions, emotional states or gaze directions can be 

done in laboratory settings using target images of actors [61] or faces produced with 3D graphical 
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rendering software [62] showed on the screen under various lighting conditions or in digitally 

simulated lighting scenes. 

4.  Discussion and conclusion 

This paper focuses on the changes in human behaviour whilst walking under an artificially lit outdoor 

environment. A systematic literature search was conducted using key words. During the search process 

three groups of pedestrians’ behaviour (i.e., walking (including activity levels and walking patterns), 

microscopic mobility (including walking speed, gait characteristics and use of walkway space) and gaze 

behaviour) were identified. This division is a product of the authors' subjective view, and it was 

undertaken to ease the report process in describing existing knowledge on possible changes in pedestrian 

behaviour caused by various artificial lighting settings.  

Several studies, which also can be associated with people’ behaviour, were not included in the main 

body of the paper because they cannot be clearly assigned to the three identified groups. These studies 

were predominantly focused on various forms of interaction with other people and the environment. 

They covered such topics as impacts of light on personal space requirements [69], critical distances 

between pedestrians [70], approach and avoidance behaviour [71], de-escalation of aggression [72] and 

the issues connected with interaction between a human and urban environment through lighting means 

[73-75].  

The current literature demonstrates a decent potential of lighting in influencing on various types of 

behaviour, as well as a great variety of research approaches and methods. Numerous findings described 

in the Chapter 3 show that the lighting environment has an impact on pedestrians’ behaviour, depending 

on the ambient lighting condition (e.g., daytime or night-time), the presence of lighting posts, as well as 

the quantitative and qualitative aspects of particular lighting solutions. The absence of outdoor lighting 

or its poor quality seems to be a significant barrier to active lifestyle in a general city scale and can alter 

the pattern of pedestrian movement because of route and travel mode choices. To the date, articles which 

investigate how certain lighting variables influence the walking patterns are limited, although there were 

several findings suggesting that average illuminance on the pavement and the colour temperature of a 

light source tend to influence route choices [39, 40]. The reasons behind the changes in walking 

behaviour can be largely attributed to decreased perceived safety and reassurance, but also to perceived 

restorativeness, better visibility and subjective preferences. Moreover, the potential of targeted lighting 

design in issues of supporting pedestrians’ behaviour was noticed [41, 42] and need to be further studied. 

An important aspect in relation to outdoor lighting along pedestrian paths could also be the possibility 

to walk smoothly and maintain a comfortable speed. It seems that reduced lighting conditions can 

influence the walking speed and the placement of a pedestrian on a walk path, decrease his or her gait’s 

quality and increase the perceived risk of tripping. Besides the quantity of light, spectrum, dynamic 

routines, and targeted lighting design also have a potential to impact microscopic mobility 

behaviour.  Lastly, it is important to note that lighting conditions may affect the way people execute 

their visual tasks such as object detection, visual identification, visual orientation and on the perception 

of the urban environments.       

There were many different approaches in relation to gathering data about changes in pedestrian 

behaviour, including both quantitative and qualitative methods. Nevertheless, one of the current 

disadvantages for these methods is their limitation to a certain urban environment and difficulties in the 

collection of data in a city scale. In addition, it goes without saying that the development of a multi-tool, 

allowing gathering and correlating data on various types of changes in pedestrians’ behaviour will reveal 

new opportunities in studying the impacts of lighting conditions. 

It is worth discussing that the video-based analysis has a potential as a promising multi-tool for 

studying pedestrian behaviour in urban environments. First, this is due to the wide range of features 

currently offered by image-processing algorithms, computer vision and machine learning fields. There 

is a possibility to improve and further develop the approach suggested by M. Johansson et. al., where 

the authors adapted existing video technologies to measure microscopic movement, i.e., placement and 

speed [45]. For instance, in terms of analysing data, the VAPM method can be enriched with the analysis 
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related to gaze behaviour and microscopic mobility behaviour, namely by capturing gaze directions with 

head posture estimation [76] and by measuring gait features with extracting body parts from the image 

[77]. Other possible improvements can relate to capturing facial features and/or expressions [78], action 

recognition [79] and crowd behaviour [55] analysis. Secondly, the method has a decent prospect because 

of steady integration of video cameras in our daily lives through video security surveillance and smart 

city applications. This fact gives the opportunity for researchers to work with a great amount of video 

data, supporting clear and stable conclusions about impacts of lighting environments. Finally, when the 

impacts and correlations between outdoor lighting and human behaviour will be better studied, it would 

be possible to control lighting installations based on real-world images captured from video cameras.  

Nevertheless, to date, the ethical issues corresponded with an operation of surveillance data represent a 

major barrier in a detailed assessment of pedestrian behaviour. 

Another promising approach to study walking patterns of pedestrians is applying an online public 

participation geographic information system (PPGIS) methodology [80].  GIS-based measures were 

already used in previous research studies related to built environment and lighting [10, 15, 23], digitising 

the positions of street lighting posts. Hypothetically it is also possible to correlate the physical locations 

of lighting posts with related lighting sources’ characteristics or even show the lighting spatial 

distribution of the area.  Public participation (PP) helps to map the user's knowledge and experience to 

different urban places, making city-scale participation possible. The correlation between HardGIS and 

SoftGIS knowledge layers reveals the possibility to study human behaviour and experiences in relation 

to the physical environment. The approach has a means to potentially reach a larger number of 

participants than traditional methods and to include various groups of people and languages. The data 

collected through PPGIS may be subjected to scientific standards of data quality [81], but generally can 

be served for both research and planning/design objectives. For instance, N. Davoudian and A. Mansouri 

conducted an interview where respondents were asked to indicate a walking route they usually take 

during the day on a map of the area [22, 39]. Afterwards they were asked whether they would take the 

same route at night for the same purpose as daytime or describe the reasons why an alternative route 

will be chosen. It goes without saying that this methodology can be successfully digitised and applied 

on a bigger scale. 
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