
1. Brackground

Walking, the most common form of transportation, is a risky activity. Although in recent years the trend is the reduction in 
the number of traffic victims, a considerable percentage of the deceased are still pedestrians. Studying the factors involved is 
fundamental.

Many studies have focused on identifying objective risky situations related to urban design. However, along with the objective 
risk there is a perceived sense of risk that has been less studied despite its impact: pedestrians modify their behaviour seeking 
an accepted level of risk, increasing the accident rate in places where the objective and perceived safety do not match. Therefore, 
quantifying the safety perception is of vital importance.

2. Aim

The objective of the present study was to analyse the effect that certain configurations of urban design variables have on the 
pedestrians’ safety perception.

3. Materials and methods

Methodology consists of a field study, in which the safety perception of participants before urban stimuli was quantified.

3.1. Stimuli

Stimuli were virtual reality environmental simulations. This allowed to apply different configurations of design configurations on 
the same basis, a visual-auditory replica of a real street that was considered representative and apt for the study.

Specifically, variables were: (1) “natural lighting”, (2) “artificial lighting”, (3) “vegetation”, and (4) “number of roadway lanes”. For 
each of these, different configurations were considered. Thus, for natural lighting, “day” and “night” configurations were applied; for 
artificial lighting, “2800K”, “4500K”, and “10500K”; for vegetation, “trees” or “non-trees”; and for number of roadway lanes, “1” or “2”. 
These were studied in combination, giving 18 environmental simulations (Table 1). The scenarios were generated by Unity3D (v5.6; 
www.unity3d.com). The head-mounted display HTC vive (www.vive.com) was used to reproduce the stimuli.

3.2. Participants

Sample consisted of 70 participants. The sample was balanced in sex, and contained a broad sample of ages in order to discern 
specific needs. All of them, were placed on a pedestrian crossing of the stimulus, in order to quantify the safety perception.

On the one hand, psychological record consisted on self-assessment. The six concepts that describe the perception of Dominance 
according to Mehrabian & Russell (1974) were assessed using a Likert scale from -4 to 4.

On the other hand, neurophysiological record consisted on Heart-rate variability. The ratio between the low (0.05-0.15 Hz) and 
the high (0.15-0.4 Hz) frequencies of this signal (LFHF), which is related to the activation of the sympathetic system (associated to 
arousal), was calculated using the Welch method.

5. Conclusions

Different urban design configurations can affect the pedestrians’ safety perception. In addition, at the methodological level, the 
present study suggests that the combined use of virtual reality and psycho-neurophysiological record are a useful urban design tool. 
Results are of interest to the agents involved in urban design, as urban planners and policy makers, in their work towards a safer 
city for pedestrians.
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4. Results 

Preliminary results show that it is possible to affect the pedestrians’ diurnal safety perception through the design of the urban 
environment. Tables 2 and 3, show de average Dominance (psychological) and LFHF (neurophysiological):
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Table 2: average Dominance level per participant in 
each “day” environmental simulation.

Table 3: average LFHF level per participant in each 
“day” environmental simulation.
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17,589Chi-Square Table 6: Significant differences in “night” environments for 
variable “artificial lighting”.

- Artificial lighting colour temperatures of 4500K and 10500K, 
generate the higher levels of Dominance (the former, slightly 
higher). However, 2800K generates substantially lower values.

Regarding nocturnal environments, significant differences (via Mann-Whitney test) were also found. Colour temperature of the 
“artificial lighting” affect the Dominance level (psychological)

In these diurnal environmental simulations, significant differences (via Mann-Whitney test) were found. Changes in “vegetation” 
and “roadway lanes” have effect over the diurnal environments both for the Dominance (psychological) and the LFHF 
(neurophysiological) levels.

Table 4: Significant differences in “day” 
environments for variable “vegetation”.

- The presence of vegetation generates lower 
levels of Dominance.

- The presence of vegetation generates a greater 
levels of Arousal.

Table 5: Significant differences in “day” 
environments for variable “roadway lanes”.

- The presence of more roadway lanes (2 vs 1) 
generates lower levels of Dominance.

- The presence of more roadway lanes (2 vs 1) 
generates higher levels of Arousal.
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DAY NO YES 1

A

DAY NO NO 1

C

NIGHT 2800K YES 1

01

DAY NO YES 2

B

DAY NO NO 2

D

02

NIGHT 2800K YES 2

03

NIGHT 2800K NO 1

04

NIGHT 2800K NO 2

05

NIGHT 4500K YES 1

09

NIGHT 10500K YES 1

06

NIGHT 4500K YES 2

10

NIGHT 10500K YES 2

07

NIGHT 4500K NO 1

11

NIGHT 10500K NO 1

08

NIGHT 4500K NO 2

12

NIGHT 10500K NO 2

Table 1: environmental simulation configurations.


