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Abstract


The subjective perception of safety in public space is a crucial indicator of urban participation, shaping how people experience and navigate their surroundings. Urban fear spaces highlight how physical, social, and emotional factors unequally structure access to and use of public environments, linking spatial perception to social justice. This paper addresses the question: What opportunities and limitations does a mixed-methods approach—combining immersive Virtual Reality (VR), electrodermal activity (EDA) measurement, and semi-structured interviews—offer for examining subjective perceptions of urban fear? It offers a methodological reflection on an exploratory study of potential fear spaces on the campus of Ruhr University Bochum, hypothesizing that mixed-methods integration reveals non-conscious arousal patterns inaccessible via verbal data alone. We discuss methodological potentials and limitations in integrating physiological data within qualitative frameworks. The study design comprised VR simulation, physiological signal acquisition, and qualitative interpretation and triangulation. Findings show that combining immersive VR with EDA detects non-conscious physiological arousal patterns that would remain inaccessible through verbal data alone, while simultaneously revealing substantial interpretative challenges that necessitate qualitative contextualization. Integrating interviews proved vital for linking physiological patterns to subjective meaning. The reflection concludes with implications for applying such multimodal approaches in participatory urban planning and spatial research.
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1. Introduction


The feeling of insecurity in public spaces reflects and reinforces the unequal opportunities to participate in urban life and to spend time in public spaces. It shapes how people experience and use places—and thus who can participate in urban life [1,2]. So-called urban fear spaces illustrate vividly how spatial structures, social dynamics, and emotional experiences are intertwined, thereby distributing accessibility and participation in urban space unequally [3]. Certain groups often avoid these spaces, even though they are formally open to everyone. This raises questions not only about safety, but also about justice, visibility, and representation in public spaces [4,5].



Current discourse in urban research and geography increasingly emphasizes that the subjective perception of safety is a prerequisite for social participation [6,7,8]. Public spaces that cause insecurity or fear not only restrict individual mobility, but also limit social interaction, trust, and belonging [2,9]. Creating safe and inclusive spaces is therefore a central goal of sustainable and equitable urban development, as explicitly articulated by the UN General Assembly in SDG 11 (“Make cities and human settlements inclusive, safe, resilient and sustainable”) [10,11]. However, capturing, analyzing, and systematically integrating subjective perceptions of (in)security into planning remains methodologically challenging [12].



Traditional approaches to urban research—such as surveys, mapping, or observation—exhibit limitations in capturing emotional and physical reactions, as they rely primarily on cognitive, linguistically mediated representations [13,14]. Moreover, certain groups, including women, are often structurally marginalized and underrepresented in participatory planning processes [15,16] and urban life [17] more broadly. To address these challenges, innovative methodological frameworks are needed to better comprehend perception, emotion, and spatial action [18,19,20].



Building on these methodological innovations, digital and immersive technologies are opening new avenues for urban research. Virtual Reality (VR) makes it possible to realistically simulate urban spaces and visualize prospective spatial transformations [21,22,23,24,25]. In combination with physiological measurement methods such as electrodermal activity (EDA), physical reactions to spatial stimuli can also be recorded [26,27,28,29]. This provides access to emotional and embodied dimensions of spatial experience that were previously difficult to access capture [30,31]. When supplemented by qualitative interviews, this approach enables a multidimensional understanding of how individuals perceive and experience urban fear spaces can emerge that integrates physiological, emotional, and cognitive aspects of spatial perception [32].



The article advances a conceptual and methodological perspective on how subjective safety in public environments can be studied through the interplay of immersive experience, physiological response, and verbal reflection. In this sense, this paper does not seek to replace existing approaches aimed to investigate the relation between environmental design, spatial cognition and human behavior. Instead, it aims to enrich them by examining how immersive virtual settings and physiological data can make subjective spatial experience more directly and empirically observable.



Extending this line of inquiry, this article examines the opportunities and limitations of combining immersive VR simulations, EDA measurements, and interviews to investigate subjective perceptions of urban fear. The focus is less on the empirical outcomes of the case study and more on its broader implications for urban research. This includes the participation of diverse groups, accessibility for underrepresented users, and interdisciplinarity across psychology, urban planning, and technology. By doing so, it aims to broaden the discussion on subjective safety in public environments and integrate the emotional and physical dimensions of spatial perception into participatory processes.




2. Theoretical and Methodological Background


Areas of fear are public or semi-public places where people feel afraid of criminal acts, reducing their subjective sense of safety to such an extent that they avoid the place [3]. Safety is understood as the absence of risk; in densely used public spaces, this can easily turn into a feeling of insecurity [1]. The distinction between objective and subjective safety is central: objective safety refers to measurable data such as accident and crime statistics [33], while subjective safety is an individual feeling based on personal perceptions and assessments [8,30,34]. A place may therefore be seen as threatening by some and as neutral or safe by others [3]. Thus, the classification is highly subjective and cannot be attributed solely to actual dangers. The subjective feeling of safety is central to the perception of fear and depends on individual assessments of one’s own vulnerability, which are influenced by age, origin, gender, experiences of victimization, social capital, living environment, understanding of deviant behavior, and media fears [3,35,36].



Places are commonly perceived as fear spaces due to a combination of physical and social characteristics, including signs of physical disorder (e.g., litter, graffiti, vandalism, structural decay) and social disorder (e.g., perceived deviant behavior or lack of social control) [2,3,8,30,35,37,38,39]. These conditions often signal a loss of social control and promote insecurity. In addition, dynamic elements such as the time of day, the absence of other people, or darkness further intensify this effect [9]. Urban planning and architectural conditions significantly increase feelings of insecurity, for example, through limited visual contact, poor orientation options, hiding places for perpetrators (e.g., dense vegetation, winding buildings), or isolated structures such as underpasses, underground parking garages, (underground) train stations, bus stops, parks, and industrial areas at night [3,9,40]. A place is typically classified as a fear space by a combination of such characteristics, with situational aspects such as being alone or traveling on foot playing a role [8]. Overall, objective and subjective safety must be distinguished conceptually, but in practice, they are closely intertwined. The subjective sense of safety plays a decisive role in accessibility and participation in public spaces, as people use public spaces differently depending on individual and social factors [2,9,41]. A low subjective sense of safety generally acts as a barrier to the use of space [34,35,42]. A high subjective sense of safety is therefore a key prerequisite for actively using and appropriating public spaces. Without it, freedom of movement and quality of life may be restricted, especially for marginalized groups [4,5].



Accordingly, subjective safety is not only relevant for participation in public space itself, but also for participatory planning processes that aim to make public spaces more inclusive and accessible for diverse groups. In this paper, public participation refers to planning-related involvement in decision-making processes, whereas participation in public space refers to the ability to use, appropriate, and feel safe in public environments. Both dimensions are closely linked, as this paper investigates how participatory methods can capture subjective experiences of urban space and translate them into design-relevant insights.



In order to enable all people to participate equally in public spaces, these spaces must be designed to support a high level of subjective safety. While acknowledging that not all influencing factors can be eliminated, they should still be minimized as much as possible [2,43,44]. The CPTED (Crime Prevention Through Environmental Design) concept shows how structural and spatial organizational measures can improve the subjective sense of safety [45]. Key design factors include sightlines, lighting, material choices, spatial configuration, accessibility, and maintenance. Visual connections through transparent structures and open lines of sight, especially at transitions and entrances, promote natural surveillance and strengthen the feeling of safety [45,46]. Clear signage and visible exits also facilitate orientation [45,46,47]. Bright, uniform lighting in underground areas and during night hours can reduce anxiety through better social control and prevent undesirable behavior such as vandalism [45,48]. High-quality, robust materials and light, warm colors, for example on facades or in wooden elements, create a pleasant atmosphere and signal care, thereby preventing neglect [42,45,49]. Barrier-free, openly accessible spaces in well-frequented structures prevent isolation and encourage social activity [45,46]. The identification potential of a place promotes belonging and prevents vandalism [45]. Organizational measures such as cleanliness, regular maintenance, and a positive image strengthen the sense of security, such as monitoring and targeted communication can complement structural measures [45,46]. Greening can also promote a sense of security if lighting and sightlines are maintained, therefore making tall trees more suitable than dense shrubs [50,51].



Terms such as citizen participation, participation, or public participation are often used synonymously; here, participation follows Kaase [52] as, “all activities that citizens undertake voluntarily with the aim of influencing decisions at various levels of the political system.” Citizen participation is intended to increase transparency, acceptance, and quality of urban measures, while identifying needs and obstacles early on [44,53]. It is divided into formal and informal processes: formal participation includes public consultations and statements in the early stages of planning, whereas informal procedures are voluntary, dialogue-oriented, and flexible in terms of methodology, time, and target groups, and can complement formal processes to improve decision quality [16,44,53,54]. In practice, however, participation often reaches its limits because its scope, depth, and impact remain restricted. Cooke & Kothari [55] criticize that participation procedures often only appear to be formally equal, but their actual influence is limited by predetermined objectives. For public interest-oriented planning, it is important to consider the roles of different groups and realities of life. Brow et al. [16] point out that so-called “silent groups” such as young people, migrants, or the socially disadvantaged are often overlooked because participation formats and information are not tailored to them. This leads to low participation rates and distorted samples, creating a representativeness problem [15]. In addition, Spieker et al. [14] and Ernst et al. [56] emphasize that classic 2D representations and technical drawings are difficult for laypeople to understand. Even 3D renderings are often idealized and used primarily for PR purposes, which can arouse mistrust, especially when the images do not correspond to the real experiences on site [56]. In the context of fear in public spaces, it is also relevant that citizen participation in urban design has so far taken little account of emotions, although these are important for well-being in urban areas. Wilhelm et al. [57] attribute this to the fact that well-being is difficult to measure and quantify.



New participatory approaches are needed to overcome the barriers to citizen participation [20,24,58]. VR as an extended reality (XR) technology offers innovative visualization and communication opportunities by allowing environments to be experienced from different perspectives (e.g., a child’s view) and revealing perspective-dependent problems such as shadows or barriers that are hidden in 2D plans [23,24,44]. Head-mounted displays (HMD) create a high level of immersion with 3D viewing and real-time modifications, especially when the scale is true to life [59,60,61,62]. Research shows the practical potential of these approaches: In the “Take Part” project, VR/AR (Augmented Reality) visualizations promoted inclusive participation, imagination, and shared understanding, reduced misunderstandings, and motivated participation [58]. Stauskis [63] demonstrates, in a green space study, the efficiency and playful approach to difficult groups as a supplement to face-to-face methods. Comparisons by van Leeuwen et al. [64] and Malakhatka et al. [65] show greater interest, longer participation, and better spatial understanding with VR compared to 2D/360° representations, despite obstacles such as device availability, support requirements, unintuitive navigation, and motion sickness. Szcepańska et al. [66] and Guler et al. [67] confirm this for online and home use, recommend user-friendly controls, and see VR as a complement to traditional formats. In summary, VR offers high innovation potential for citizen participation through realistic, immersive planning experiences, increased motivation, and reduced cognitive barriers, leading to more intensive interaction. However, its practical use is limited not only by technical requirements and a lack of standardization, but also by user-related challenges such as motion sickness, navigation difficulties, varying levels of digital familiarity, and the risk of excluding participants who are unable or unwilling to engage with HMD-based systems. Therefore, user-friendly and accessible integration remains essential to ensure broad and inclusive impact [23,25,66,68].



Barriers to access, such as language problems in participation processes, can be addressed by quantitative methods such as measuring EDA, which records unconscious emotional arousal via physiological skin reactions [27]. EDA captures changes in skin conductance (SC) in microsiemens (µS) resulting from sympathetic nervous system activation and provides a non-invasive measure of physiological arousal [27,69,70,71]. Field studies confirm the potential: Schlosser & Zeile [30] and Fathullah & Willis [31] showed deviations between objective stress values and subjective assessments during GPS-tracked walks, as well as correlations with spatial situations, which qualifies EDA as an objective supplement to participation formats. Harvey [68] and Wang et al. [13] found EDA correlations with environmental features such as green spaces or intersections, but emphasize that EDA measures general arousal, not valence (positive/negative), which is why subjective data is also necessary. New possibilities emerge in VR combinations: Keil et al. [26] and Lee et al. [40] demonstrated varying SC in response to traffic/noise pollution or overcrowding in virtual scenes. However, the display mode itself may influence electrodermal responses. Comparative studies further suggest that physiological reactions can differ between immersive VR and 2D or real-world settings, meaning that EDA values should be interpreted as mode-specific rather than directly interchangeable across presentation formats [25,68,72]. This makes EDA suitable for capturing spatial perception differences in participation processes. In summary, EDA measurements capture implicit stress patterns that surveys overlook, especially in combination with VR for reproducible analyses of urban spaces. Yet reproducibility should be understood within the chosen display context, since EDA responses may vary across immersive VR, 2D screen, and real environments. However, context-dependent interpretation requires methodological standards, practical evaluation, and integration into existing formats to enable user-oriented urban development.



The theoretical foundations emphasize safety as a prerequisite for socially equitable participation in public spaces and identify fear-inducing urban areas as key obstacles. Given barriers to participation such as a lack of representativeness, symbolic participation, and inaccessible visualizations, innovative methods open new perspectives for incorporating perceptions early on in planning processes and creating more equitable urban spaces. The combination of VR and EDA provides a tangible form of participation by enabling participants to experience and express their perceptions within simulated urban environments. The aim is to overcome barriers to access and to discuss the combination of different participation methods for inclusive urban planning. The overarching research question is: What opportunities and limitations does combining immersive VR, EDA measurements, and qualitative interviews offer for accessing subjective perceptions of urban fear?




3. Research Design and Implementation


3.1. Case Study


The study focuses on three spatially connected locations on the Ruhr University Bochum campus that meet typical characteristics of fear spaces such as poorly visible areas, defective or inadequate lighting, signs of vandalism, structural defects and littering, as well as low social control due to the absence of other people in the evening hours [2,9]. With an area of 4.5 km2, Ruhr University Bochum is one of Germany’s largest campuses. The campus features a centralized layout and brutalist architecture south of Bochum city center [73,74]. The selected fear spaces represent transitional zones within this expansive, 24/7 accessible public campus environment. For the first focal point (FP) (see Figure 1, top), an open space on the central square of the university directly in front of the stairs leading down to a parking garage was selected. This FP was particularly characterized by structural decay and signs of vandalism. The second FP (see Figure 1, center) was on the staircase down to the parking garage. The low and narrow dimensions, signs of vandalism and insufficient lighting in some areas, mainly characterized it. The third FP (see Figure 1, bottom) was on the parking deck in the parking garage under the central square. Important characteristics of fear spaces were structural defects, construction sites, vandalism and uneven lighting.



Inspired by the three selected FPs, three virtual spatial models were created (see Figure 2) using the CAD software Vectorworks (version 2025 for Windows 10 pro) [75] and the Unity game engine (version 2022.3.58f1), which allows for seamless integration of VR hardware [76].



As a second experimental condition, the FPs were redesigned following suggestions for removing fear-inducing characteristics of fear spaces (see Figure 3). This included removing visual signs of vandalism, maximizing visual connections between indoor and outdoor spaces with transparent elements, using bright colors for surfaces and improving lighting conditions with brighter and more evenly distributed lighting [2,45,49]. The virtual spaces (control and experimental conditions) use the same camera position, even though the redesign may give the visual impression that different positions are used.



To increase the immersion of the virtual spaces, continuous ambient sounds were added. These included quiet background noise in all three spaces as well as quiet chirping at the first FP and sounds of dripping water and the hum of technical equipment at the second and third FPs. Furthermore, trigger sounds were played at fixed moments to investigate how specific sounds are interpreted in different spatial scenarios. At the first FP (open space), footsteps and the shouting of a frisky group of men were presented. At the second FP (staircase), a whistling wind noise was played. At the third FP (parking deck), the sounds of a car door being slammed and the departure of a car were played. The same sounds were used in both the control (fear space) and experimental (reduced fear characteristics) scenes.




3.2. Procedure


Before the start of the experiment, the study was approved by the Ethics Community of the Faculty of Geosciences (RUB Ethics Approval #2024-01). After giving written informed consent, participants were equipped with an HTC Vive Pro HMD as well as finger clips connected to the Mindfield eSense app via a tablet for recording EDA data. The HMD was used to present the previously described visual and auditory stimuli. To prevent order effects, a cross design was used. Half of the participants first saw the control scenes with typical characteristics of fear spaces and the experimental scenes with removed fear characteristics afterwards. The other half of the participants first saw the experimental scenes and the control scenes afterwards. The durations of each scene and the moments when the trigger sounds were played are listed in Table 1. At the beginning of the experiment and before the switch between the control and experimental scenes, a neutral pause scene (see Figure 4) was displayed for one minute to allow EDA measurements to reach a relaxed state baseline level.



To minimize motion sickness and standardize visual perception across participants, movement was restricted to three rotational degrees of freedom (3DoF), allowing participants to rotate their head and body to explore the environment while remaining at a fixed position. These movements were mirrored in the virtual environments, allowing participants to obtain a 360-degree view of the virtual environments. The presentation of the virtual environments was followed by a guided interview. This interview is described in detail in the following section.




3.3. Qualitative Interviews


An interview was carried out to assess the explicit subjective evaluation of the presented virtual FPs and to contextualize identified events in the EDA data. A semi-structured interview guide was used to ensure thematic consistency while allowing flexibility in question order and emphasis (cf., [77]). All interviews were recorded as audio recordings. The interview guide consists of a preliminary survey with sociodemographic and closed questions, as well as a semi-structured interview part with seven topic blocks. After a brief introductory conversation serving as an acclimatization phase, the purpose and procedure of the interview were explained, and participants were encouraged to express themselves openly.



Topic block 1 addressed well-being during and after the VR experience. Emotional and physical reactions, potential irritations, or positive sensations were assessed (“How did you feel during the VR experience?”, “Did you notice any physical or emotional reactions during the experience, such as tension, restlessness, or a changed sense of your body?”, “How are you feeling immediately after the VR experience?”).



In topic block 2, the perception of differences between the two VR scenes were explored. Participants were asked to identify concise design differences for all focus points. The responses formed the basis for the subsequent evaluation-oriented questions (“What differences in design between scene 1 (design 1) and scene 2 (design 2) did you notice?”—asked separately for each focus point).



Topic block 3 focused on differences in the subjective feeling of safety between the control and experimental scenes. The aim was to find out if and how the subjective feeling of safety changed as a result of the environmental design adjustments (“Were there any places or situations where you felt insecure or uncomfortable? If so, which ones? What triggered this feeling?”, “Were there any places or situations where you felt secure or comfortable? If so, which ones? What triggered this feeling?”—asked separately for the control and experimental scenes).



Topic block 4 investigated the effect of auditory stimuli. After mentioning the five sounds played (footsteps, shouting, wind, car door, car departure), the respondents were asked how they perceived and evaluated these sounds in both scenes. In addition to the effect of individual sounds, the interplay between the soundscape and the spatial design was a key focus (“Did you perceive the acoustic stimuli differently in the different scenes? If so, how would you describe this difference in perception?”).



In topic block 5, participants were asked to reflect on whether memories or associations arose during the VR sequences and what triggered them. This aims to investigate the extent to which individual experiences influence the virtual experience (“Were there any moments in the VR scenes that reminded you of your own experiences? If so, can you describe in more detail what reminded you of it? How did you feel and what thoughts went through your mind?”).



In topic block 6, participants evaluated the technical implementation and realism of the VR sequences using a ten-point Likert scale (“How realistic did you find the VR environment overall?”, 1 = not at all realistic, 10 = very realistic) [78]. Additionally, particularly realistic or less convincing elements, as well as suggestions for improvement, are requested to contextualize the scale values and identify potential for optimization (“Were there any elements that you found particularly realistic or well implemented?,” “Were there any elements that seemed rather artificial or less convincing to you?”, “Were there any elements that you think could be improved? Which ones?”).



Topic block 7 focused on the suitability of VR-based visualizations as a participatory tool. Participants were asked to imagine a scenario in which a redesign of the parking garage of Ruhr University Bochum was planned and visualized using VR. Furthermore, they were asked to rate the suitability of the VR approach as an evaluation tool for a planned redesign using a ten-point Likert scale (“Based on today’s experience, how would you assess the suitability of VR for citizen participation in the redesign of spaces perceived as unsafe?”, 1 = not suitable at all, 10 = very suitable). Additionally, the potential and limitations of the method were explored to obtain a multi-perspective assessment (“What opportunities do you see in this method?”, “Where would you see potential limits of VR?”). In the final part of the interview, the participants had the opportunity to express their own thoughts or observations in relation to topics which were not included in the interview guide.




3.4. Measures


3.4.1. Electrodermal Activity


Using the aforementioned Mindfield eSense skin response finger clips, the participants’ EDA data was measured in µS during the perception of the VR environments with a temporal resolution of 0.2 s (5 Hz; see Supplementary Materials Dataset S1). Mean EDA values were calculated for each participant and time frame (see time frames in Table 1). This allowed us to compare mean EDA values between time frames of different FPs, audio stimuli and experimental conditions (control: fear space, experimental: reduced fear space). Furthermore, the continuous EDA data was visualized in graphs to identify sudden peaks or drops in the data. Graphs were created both for each individual participant and as aggregated means per cross-design group (control condition first or experimental condition first). Timestamps were included to easily identify the different time frames and the associated audio stimuli. For Section 4, a few single-participant graphs were selected from the full set of available graphs as illustrative case examples and are not averages of all cases.




3.4.2. Interview Data


As a first step, all interview recordings were transcribed using the locally runnable AI-based software noScribe (version 0.5). The software enables automated and data-protection-compliant speech recognition and text conversion [79]. The transcripts were subsequently corrected, checked for completeness, and anonymized. The procedure followed journalistic transcription principles with a focus on comprehensibility and readability. Filler words, pauses, and grammatical inaccuracies were reduced or corrected as needed. Thus, the focus was on the content of the interviewees’ statements, not on their individual speech patterns, intonation or manner of expression, unless these characteristics were relevant to the research [80].



The revised transcripts were then encoded using the ATLAS.ti software (version 25.0.1). The analysis was conducted using qualitative content analysis according to Kuckartz [81]. This method enables a systematic, rule-based interpretation of qualitative data. At the same time, it offers theory-based data processing and allows for the combination of deductive and inductive steps. This method was chosen because it is transparent, comprehensible, and well-suited for extensive text material, as was the case with the large number of interview transcripts in this study. First, the initial text work took place, in which the transcripts were read completely and sequentially. Then, a category system was developed deductively from theory and guidelines. Later, inductive subcategories were added (see [81]). This allowed for the consideration of both theory-driven and previously undefined findings.



During the coding process, all interviews were systematically reviewed, and text passages were assigned to the main and subcodes. Memos created in parallel supported the reflection and further development of the category system. The final coding system is displayed in Table 2. The interview excerpts were then grouped and summarized according to their core content using (sub)codes.





3.5. Study Sample


We aimed to include participants from diverse demographic backgrounds to better represent the stakeholder population. Therefore, we used a convenience sampling approach and recruited participants through multiple channels, including on-campus postings, social media, private contacts, and word of mouth. The resulting study sample consisted of 43 participants (25 female, 18 male) with an age range between 18 and 49 years (mean (M) = 26.98, standard deviation (SD) = 4.98; see Supplementary Materials Dataset S2). Four participants were excluded from the EDA analyses due to incomplete or corrupted data caused by connection issues with the measurement device, resulting in a final EDA study sample of 39 participants (22 female, 17 male) with an age range between 18 and 49 years (M = 26.92, SD = 5.12). However, their data were retained for the remaining analyses, including the qualitative interview evaluation.




3.6. Statistics


Mean SC values were computed for each module across its duration at several levels of aggregation. Calculations were performed separately for the control and experimental scenes, as well as for the three FPs—forum square, stairwell, and parking deck—and the five auditory triggers: footsteps, shouting, wind, car door, and car departure, each distinguished by scene. Additionally, descriptive statistics were obtained for each module, including the M, median, SD, minimum (min), maximum (max), and the 25th and 75th percentiles. To enable visual inspection of distributional differences between the control and experimental conditions, histograms were generated for each module displaying both distributions with their respective means indicated.



Data normality was assessed using the Shapiro–Wilk test for each control–experimental module pair, both for the entire sample and within gender strata, with a significance threshold of α = 0.05. The null hypothesis (H0) assumed that the sample originated from a normally distributed population, while the alternative hypothesis (H1) reflected deviation from normality. Across all modules, the normality assumption was violated. In view of these results, nonparametric analyses were conducted using the Wilcoxon signed-rank test to examine differences between control and experimental scenes. The null hypothesis (H0) posited no difference between the paired conditions, and the alternative hypothesis (H1) posited a statistically significant difference. All tests were two-tailed with α = 0.05. Effect sizes (r) were computed for all module pairs to evaluate the magnitude of observed differences and were interpreted according to Cohen’s [82] thresholds (r ≈ 0.1 small, r ≈ 0.3 medium, r ≥ 0.5 large). All data processing, statistical analyses, and visualizations were performed using Python (version 3.13.x), R (version 4.5.2), RStudio (version 2026.01.0) and Microsoft Excel.





4. Results


Statistical analysis revealed significant differences in emotional responses between control and experimental scenes for the parking deck (test statistic Wilcoxon (W) = 215, p = 0.014, r = 0.391), car door (W = 219, p = 0.016, r = 0.382), and car driving away (W = 209, p = 0.011, r = 0.404); effect sizes were medium. Qualitative questionnaire responses corroborated these effects: pre-intervention VR scenes, which represented fear-inducing spaces, evoked predominantly negative emotions such as fear, discomfort, stress, and tension—particularly in the stairwell and parking deck—while post-intervention scenes were rated safer, brighter, more open, clearer, and friendlier. Descriptive EDA values also decreased from control to experimental scenes, consistent with subordinate FPs (see Table 3 and Figure 5).



An exception appeared in the shouting stimulus, where EDA values were slightly higher in the experimental scene (control: M = 4.41 µS, SD = 2.85; experimental: M = 4.32 µS, SD = 3.01; see Table 3). Although rated a strong stressor in the qualitative questionnaire, some participants—particularly men—found the sound humorous or evocative of campus memories. For instance, participant A22 (male) stated, “I found it funny when you heard people, like a party crowd”, while A18 (female) felt uncertain and alert, noting, “you expect the [shouting group] to come up the stairs any minute now”. As Figure 6 shows, this anticipation coincided with increased SC values. However, for A22 the ~1.5 µS SC rise at “Shouting (c)” likely reflected positive arousal rather than stress.



Regarding other auditory stimuli, respondents’ statements indicated that, compared to the control scene’s concentrated fear-inducing features, these appeared less threatening in the experimental scene. Footsteps and shouting still drew attention but were less often perceived as threatening, more frequently rated as neutral or as expected background noise. Car-related sounds (e.g., doors slamming, vehicles driving away) occasionally caused brief uncertainty due to unclear source localization, though others classified them as normal parking garage noises.



Given the extensive literature on gendered fear of crime, women’s safety work as well as spatial justice in public space, gender was examined as a theoretically relevant variable in the analysis. Gender-stratified analyses revealed distinct patterns (see Table 4). For women, significant differences emerged across five modules—overall scene (W = 58, p = 0.025, r = 0.474), stairwell (W = 58, p = 0.025, r = 0.474), parking deck (W = 46, p = 0.007, r = 0.557), car door (W = 45, p = 0.007, r = 0.564), car exit (W = 51, p = 0.013, r = 0.523) —with moderate-to-high effect sizes (strongest: parking deck, car door). No significant differences appeared for men in any module: forum square (W = 44, p = 0.132, r = 0.373) and shouting (W = 40, p = 0.089, r = 0.419) showed moderate effects, while the others were low (see Table 4). Qualitative data corroborated these patterns: a larger proportion of women than men reported negative perceptions in control scenes (women 92%, men 55.56%) and positive perceptions in experimental scenes (women 92%, men 77.78%). Women provided more remarks on fear triggers and auditory stimuli, notably the car door stimulus in the context of fear (60% women vs. 38.89% men).



Across most participants, SC values aligned with qualitative emotional reports. For example, Subject B15 described the control scene ‘frightening’ due to noises creating a ‘stressful environment’ but felt his ‘nerves pretty much in control’, safe, and ‘good and comfortable’ in the experimental scene. Subject A08 reported similar shifts: ‘a little scared’ and frightened in control, versus ‘friendlier’ and ‘less frightening’ experimentally; the control stairwell felt ‘the worst’, but after the redesign it ‘felt good’.



Exceptions also occurred. Subject A16 described the experimental scene as more ‘relaxed’ and a ‘much more welcoming environment’ than control—yet SC values showed a consistently elevated trend with steady increases across modules. Similarly, Subject B10 reported insecurity from footsteps/shouting and fright at a parking garage ‘giant spider’ structure in control, but no clear SC peaks supported this (Figure 7).



Overall, 30 out of 43 participants provided a positive evaluation of their condition after the VR experience in the qualitative questionnaire. In cases where participants experienced motion sickness and had to take a break, differing patterns emerged in the SC levels. After the interruption, the subsequent scenes were in some cases associated with a consistently lower SC level than before, suggesting a possible calming or fatigue effect following the break (Figure 8).



Finally, the results show that participants rated the suitability of VR as a tool for participation processes in the context of redesigning fear spaces highly positively, with an average score of 9.19 out of 10 possible points (range: 7–10). They justified this assessment by highlighting both the opportunities and limitations of VR use (e.g., reduced cognitive barriers and enhanced engagement, versus technical infrastructure requirements and potential participant exclusion; see Section 5.5 and Section 5.6).




5. Discussion


This study set out to examine the methodological potential of combining immersive VR, EDA measurements, and qualitative interviews to analyze urban fear spaces, using a spatial case study in the city of Bochum, which is part of the largest urban agglomeration in Germany. Rather than providing a conclusive empirical assessment of specific campus locations, the research aimed to explore how this mixed-methods design can render subjective perceptions of safety tangible, measurable, and—at least in initial applications—interpretable. The findings suggest that integrating immersive, physiological, and qualitative approaches yields substantial value for urban research and participatory planning, while simultaneously exposing key methodological and interpretative challenges.



5.1. Triangulating Experience, Physiology and Meaning


A central finding of this study is that none of the applied methods alone would have been sufficient to capture the complexity of perceived safety in urban fear spaces. Immersive VR enabled participants to experience spatial situations in a controlled yet realistic manner [21,25,76]. It allowed design attributes such as lighting, openness, and visibility to be perceived holistically rather than abstractly. EDA measurements complemented this experiential dimension by capturing implicit physiological arousal that participants were not always able to articulate. However, it was only through the qualitative interviews that these quantitatively measurable physiological responses could be meaningfully interpreted. This triangulated approach is particularly relevant because objective and subjective safety are not identical. A place may be perceived as unsafe even when no corresponding objective danger is present [1,3,34].



The results further show that physiological arousal does not directly correspond to consciously reported fear or perceived insecurity [68,71]. In several cases, participants reported feelings of unsafety without marked EDA peaks, whereas in others, elevated SC reflected excitement, curiosity, or amusement rather than fear (Figure 6). This reinforces existing findings that EDA captures emotional intensity rather than valence [27,71]. In this sense, the physiological data do not replace subjective accounts but complement them by revealing non-conscious emotional response, as emphasized in psychophysiological work on EDA by Dawson et al. [27] and Bouscein [71] and in broader measurement recommendations [69,70]. These findings underscore the need for methodological triangulation: physiological data requires qualitative contextualization, while subjective reports benefit from the inclusion of implicit measures that capture non-conscious emotional processes. More broadly, the findings support the view developed in the theoretical background that subjective safety is a key condition for the use and appropriation of public space, and the perceptions of insecurity shape accessibility and participation in urban life [34].




5.2. Impact of Spatial Redesign on Perceived Safety


Across most modules, the redesigned virtual environments were associated with lower average EDA values and were consistently characterized in qualitative reports as brighter, clearer, more open, and more welcoming (Figure 5, Table 3). This convergence between physiological responses and qualitative evaluations suggests that in VR-based design interventions—such as modern lighting structures, enhanced visibility and field of view, reduced signs of urban decay, and upgraded architectural elements—can effectively alleviate stress-related arousal in fear-inducing settings. These findings resonate with earlier work on fear spaces and the importance of spatial design for subjective safety, especially in public settings where insecurity can restrict the use of such spaces and participation in (re-)designing [3,8,34].



The strongest effects were observed in the parking deck scenario and in response to car-related sounds, corroborating previous findings that enclosed, poorly illuminated, and acoustically ambiguous spaces are particularly prone to eliciting fear responses [8,42,45]. In this respect, the results are consistent with the CPTED-oriented planning literature, which emphasizes sightlines, lighting, orientation, and the reduction in concealment as key factors for safety perceptions [45,46], while demonstrating that their impacts can be systematically examined within immersive virtual environments prior to real-world implementation [26,67]. They also align with broader discussions of spatially differentiated safety perception, according to which the physical and social structure of a place can shape subjective security even when objective risk is difficult to isolate [2,8,33,45,46].



At the same time, the findings caution against overly deterministic interpretations. Individual EDA trajectories and interview narratives revealed marked intersubject variability, indicating that spatial design interacts with personal histories, experiences, and expectations. Fear spaces, therefore, do not constitute fixed environmental properties but emerge as relational phenomena shaped by the intertwining of spatial, social, and biographical factors. This is in line with earlier arguments that fear in public space is not merely a physical property of a site but a socially and subjectively mediated experience [1,3,34].




5.3. Gender-Specific Sensitivity and Questions of Spatial Justice


The gender-stratified analysis was guided by prior research showing that perceived safety in public space is gendered and that women’s everyday spatial practices are often shaped by heightened vigilance, precaution, and unequal conditions of access. One of the most striking findings is the pronounced gender-specific differences in physiological responses. A significant reduction in EDA between the anxiety-inducing and redesigned scenes was observed primarily among female participants, whereas no significant effects were found among male participants (Table 4). These patterns correspond with previous research suggesting that women often report heightened sensitivity to spatial insecurity, particularly in enclosed or poorly monitored environments [9,41,42]. Methodologically, this finding highlights the value of physiological measurements for revealing differences in sensitivity that are not fully expressed in verbal reports (such as the interviews used here). The results lend further support to feminist and social justice-oriented urban planning theories, which emphasize that planning interventions are not value-neutral and may benefit certain groups more than others [2,10,41,49]. At the same time, the data suggest that design strategies aimed at enhancing visibility, orientation, and perceived control can be particularly beneficial for groups that experience heightened vulnerability in public space. These findings indicate that the redesigns may have been more effective for this group, which is described in the literature as particularly vulnerable in public space [2,83]. This interpretation is consistent with feminist geographies of fear, according to which women’s restricted use of public space is not only a response to individual threat perceptions but also a spatial expression of patriarchal relations [9,17]. In this sense, the present results do not merely point to different sensitivities between groups, but also to unequal conditions of participation in public space, which have been discussed in the literature on gendered space and women’s safety work [41,49,83]. Rather than treating gender as a homogeneous explanatory factor, the findings suggest that redesign measures may alleviate insecurity in ways that are particularly relevant for those groups whose everyday spatial practices are already shaped by heightened vigilance and precaution [2,9,41,83].




5.4. Multisensory Dimensions of Urban Fear


The findings further emphasize the crucial role of auditory, particularly three-dimensional, stimuli in shaping perceptions of safety. Identical sounds were frequently perceived as less threatening in redesigned environments, indicating that spatial context substantially mediates the interpretation of acoustic cues [8,45] (Table 3). This supports the broader argument that urban fear is not purely visual but multisensory, and that sound is an integral part of how public space is experienced and evaluated [30,84,85]. Uncertainty about the origin of sounds, especially in enclosed or visually constrained settings, emerged as a consistent trigger of stress, even when the sounds themselves were familiar or commonplace. The shouting stimulus representing chanting sports fans illustrates this particularly well: although generally perceived as stressful, it elicited divergent responses ranging from fear and alertness to amusement and familiarity (Figure 6). These heterogeneous reactions were mirrored in the individual EDA trajectories, underscoring both the need for interpretative caution and the value of integrating qualitative methods such as interviews into VR-based experimental designs. In line with prior work on audiovisual cartography and immersive virtual environments, such results indicate that sound gains meaning through its spatial embedding rather than through its acoustic properties alone [84,85]. Overall, the results highlight that urban fear spaces are intrinsically multisensory phenomena, suggesting that participatory planning processes should account for acoustic as well as visual design elements [30,84]. This also aligns with earlier discussions of public space as an environment shaped by embodied perception and affect, where soundscape, orientation, visibility and social context jointly influence subjective safety [30].




5.5. VR and EDA as Participatory Tools


Participants rated the suitability of VR-based visualizations for participatory processes as very high. This finding supports the assumption that immersive environments may reduce cognitive barriers, facilitate understanding of spatial proposals and scenarios and encourage engagement [25,85]. In the context of the broader participation literature, this is particularly important because conventional planning visualizations and procedures often remain inaccessible to lay audiences or produce only limited forms of influence [14,15,16,44,55,56]. This advantage may be particularly relevant for groups who find it challenging to interpret abstract plans, 2D maps or technical drawings [66,67]. As studies on XR-based participation have shown, low-threshold formats thereby complement formal and informal participation processes rather than replacing them [20,64,66,67]. The combination with physiological measurements further expands this potential by offering a way to include non-verbal and non-conscious dimensions of experience. In this respect, the present approach extends earlier participatory VR applications by adding a physiological layer that makes affective reactions to spatial scenarios observable and discussable within planning processes. At the same time, the findings support the broader claim that digital participation tools are most valuable when they are designed as complements to established participatory formats and are embedded in accessible, user-oriented procedures [16,20,44,64,66,67].




5.6. Methodological Limitations and Future Directions


Despite its promising results, this study entails several methodological limitations. VR-based setups require substantial technical infrastructure, facilitation, and careful design to prevent discomfort or participant exclusion [23,60]. In the present study, motion sickness occurred only once, yet such cases underline the need for ergonomic design and continuous monitoring during immersive sessions. Moreover, one participant’s movement (despite the instruction to restrict movement to rotation) led to distorted EDA readings, illustrating the sensitivity of physiological recordings to motion artifacts. Here, four participants had to be excluded due to incomplete or corrupted signals caused by unstable sensor connections. These issues were partly related to the finger-clip sensors, which proved too large for some participants and were generally prone to loosening during sessions. For future experiments, adhesive electrodes may provide a more stable and inclusive solution. Regarding EDA, this limitation should be interpreted in light of the fact that electrodermal activity is highly sensitive to methodological and contextual factors and requires careful standardization of recording and analysis procedures [27,69,71]. At the same time, the present within-subject design reduced interindividual variability, and the use of a baseline scene before each experimental scene as well as sufficient time intervals between stimuli helped stabilize the physiological signal and mitigate carry-over effects. These steps strengthen the comparability of the measurements, even though they do not eliminate all interpretative challenges [27,69,70,71,86] (Figure 7). These findings do not suggest that EDA is inherently unreliable, but rather that its interpretability depends on a carefully controlled setup, appropriate sensor choice, and context-sensitive calibration. Accordingly, this approach should not be regarded as a substitute for established participatory methods but rather as a complementary tool that enhances participatory processes by incorporating experiential and emotional dimensions.



With regard to the qualitative component, the applied approach proved to be time-consuming because of the number of questions and extensive post-processing required. For future studies, a more streamlined procedure is recommended, with a limited set of key questions (e.g., “What associations do you have with the different sounds used?” or “Which sound stood out to you, and why?”). Additionally, the qualitative instruments can be adapted after a preliminary review of the EDA data to address specific peaks or troughs in physiological arousal, thereby facilitating more targeted, stimulus-specific inquiry.



The exploratory nature of this study and the use of a convenience sample limit the generalizability of the findings. Although the virtual environments were immersive, they cannot fully reproduce real-world complexity, including social interactions and situational contingencies [87,88]. Novelty effects and individual differences in VR familiarity may also have influenced both subjective and physiological responses [59,72,86].



The small sample size further calls for cautious interpretation. Demographic variables such as gender should not be treated as homogeneous explanatory factors; future research should instead explore intersections of age, mobility, prior victimization, and environmental familiarity. Future studies should therefore employ larger and more diverse samples, longitudinal designs, and comparative analyses between virtual and real-world contexts. Moreover, further methodological efforts are required to develop best practices for synchronizing VR stimuli, physiological measures, and qualitative data. While visual and auditory stimuli were precisely synchronized within the virtual environment, the initiation of the VR sequence and the onset of EDA recording were manually triggered, which may introduce small temporal offsets. Establishing rigorous calibration steps and automated start synchronization or timestamp alignment is therefore crucial for future studies. Finally, multimodal approaches should increasingly be integrated into real-world planning processes to bridge experimental setups and applied urban contexts.





6. Conclusions and Outlook


This study demonstrates that combining immersive VR, EDA measurement, and qualitative inquiry provides a powerful methodological framework for investigating urban fear spaces. The triangulation of these approaches enables a more comprehensive understanding of both conscious appraisals and non-conscious physiological responses to fear-inducing and redesigned urban environments. The observed reduction in EDA within redesigned virtual settings—qualitatively characterized as brighter and more welcoming—indicates that targeted design interventions can effectively mitigate stress-related arousal. From a methodological perspective, the findings underscore the necessity of qualitatively contextualizing physiological data and conceptualizing urban fear spaces as inherently multisensory phenomena.



In relation to the main research question, the combined approach offers clear opportunities for accessing subjective perceptions of urban fear by linking experiential, bodily, and verbal data in a participatory setting. The observed reduction in EDA within redesigned virtual settings—qualitatively characterized as brighter and more welcoming—indicates that targeted design interventions can effectively mitigate stress-related arousal. At the same time, it also reveals important limitations, including technical demands, the risk of excluding participants, and the need to account for the multisensory and context-dependent nature of fear spaces. In sum, the combination of immersive VR simulations, EDA analysis, and qualitative inquiry constitutes a robust framework for participatory evaluation and communication of urban design outcomes. Further research should examine sound as an associative social and perceptual dimension of urban fear, as well as olfactory elements, particularly in relation to multisensory spatial experience.
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Figure 1. FPs used as inspiration for the case study. All three FPs located on the campus of the Ruhr University Bochum were selected based on typical characteristics of fear spaces. 
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Figure 2. Virtual fear spaces. Three virtual environments with typical characteristics of fear spaces such as insufficient lighting, signs of vandalism and poorly visible areas were created. 
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Figure 3. Redesigned virtual spaces. For the experimental condition, typical characteristics of fear spaces were addressed by improving lighting conditions, maximizing visual connections between spatially separated areas, introducing bright surface colors and removing visual signs of vandalism. 
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Figure 4. Neutral pause scene. This scene was displayed to allow EDA measurements to reach a baseline level. 






Figure 4. Neutral pause scene. This scene was displayed to allow EDA measurements to reach a baseline level.



[image: Ijgi 15 00191 g004]







[image: Ijgi 15 00191 g005] 





Figure 5. SC frequency histograms: control vs. experimental scenes (total, forum square, stairwell, parking deck). 
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Figure 6. Comparison of SC values for participants A22 (top) and A18 (bottom) across the full test duration, highlighting the “Shouting” stimulus. A22 reported positive sound association; A18 reported uncertainty and high alert. Both show clear EDA peaks during the stimulus, marked with red circles. Dotted vertical lines indicate the onset and offset of each sound stimulus, whereas solid vertical lines indicate the onset and offset of the FPs. 
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Figure 7. SC response of participant B10 across entire test. Self-reported comfort (experimental scene) and fear (control scene) show no EDA correlates. Dotted vertical lines indicate the onset and offset of each sound stimulus, whereas solid vertical lines indicate the onset and offset of the FPs. 
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Figure 8. SC values for participant A12 across full test duration. Example of SC changes following a break due to motion sickness (after control scene). Dotted vertical lines indicate the onset and offset of each sound stimulus, whereas solid vertical lines indicate the onset and offset of the FPs. 
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Table 1. Scene order, scene durations and trigger sound times. For half of the participants, the condition order (control = blue/experimental = pink) was switched to prevent order effects. The colors are used purely to distinguish the control and experimental conditions throughout the manuscript and do not carry any further conceptual meaning.
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Time Frames (mm:ss)

	
Scene

	
Audio Stimulus






	
00:00–01:00

	
Neutral pause scene

	




	
01:00–01:30

	
Focal point 1 (control)

	




	
01:30–02:00

	
Footsteps




	
02:00–02:30

	




	
02:30–03:00

	
Shouting




	
03:00–03:30

	




	
03:30–04:00

	
Focal point 2 (control)

	




	
04:00–04:10

	
Wind




	
04:10–04:40

	




	
04:40–05:10

	
Focal point 3 (control)

	




	
05:10–05:14

	
Car door




	
05:14–05:40

	




	
05:40–05:47

	
Car departure




	
05:47–06:10

	




	
06:10–07:10

	
Neutral pause scene

	




	
07:10–07:40

	
Focal point 1 (experimental)

	




	
07:40–08:10

	
Footsteps




	
08:10–08:40

	




	
08:40–09:10

	
Shouting




	
09:10–09:40

	




	
09:40–10:10

	
Focal point 2 (experimental)

	




	
10:10–10:20

	
Wind




	
10:20–10:50

	




	
10:50–11:20

	
Focal point 3 (experimental)

	




	
11:20–11:24

	
Car door




	
11:24–11:50

	




	
11:50–11:57

	
Car departure




	
11:57–12:20

	











 





Table 2. Coding system used to categorize statements from the interviews.
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Code & Subcodes

	
Label

	
Code & Subcodes

	
Label






	
01

01a

01b

01c

	
Well-being after VR

Positive

Negative

Neutral

	
06

06a

06b

06c

06d

06e

06f

06g

06h

06i

6j

	
Triggers for perceived safety

Lighting

Familiarity with the environment

Orientation

Position in the VR scenes

Awareness of being in VR

Cleanliness

Equipment and design

Open design

Self-visibility

Bustle




	
02

02a

02b

02c

	
Well-being during VR

Positive

Negative

Neutral




	
03

03a

03b

	
Perception of control scene

positive

negative

	
07

07a

07b

07c

07d

07e

07f

07g

07h

	
Auditory stimuli

General statements

Footsteps

Shouting

Wind

Car door

Car departure

Background noise

Habituation effects




	
04

04a

04b

	
Perception of experimental scene

positive

negative




	
05

05a

05b

05c

05d

05e

05f

05g

05h

05i

05j

	
Triggers for fear

Darkness

Confined space

Structural decay/vandalism

Disorientation

Lack of visual connections

Lack of escape routes

Sounds

Absence of people

Potential presence of other people

Self-visibility

	
08

08a

08b

08c

	
Influence of personal experiences and associations

Positive

Negative

Neutral




	
09

09a

09b

09c

	
Rating of realism

Realistic elements

Unrealistic elements

Suggestions for improvement and requests




	
10

10a

10b

	
Potential of VR as a participation tool

Opportunities

Limitations




	
11

	
Mobility in VR




	
12

	
Assessing one’s own vulnerability




	
13

	
Further feedback











 





Table 3. Descriptive statistics (µS) of SC Values across modules. Experimental scene consistently lower than control, except “Shouting” (light red).
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	Modules
	n
	M
	SD
	min
	25%
	Median
	75%
	max





	Control (C)
	39
	4.45
	2.80
	1.51
	2.59
	3.54
	5.20
	14.21



	Experimental (E)
	39
	4.32
	2.70
	1.35
	2.26
	3.79
	5.58
	14.36



	(C) Forum square
	39
	4.39
	2.84
	1.50
	2.44
	3.45
	5.33
	13.72



	(E) Forum square
	39
	4.35
	2.75
	1.32
	2.37
	3.64
	5.32
	14.52



	(C) Stairwell
	39
	4.49
	2.82
	1.37
	2.57
	3.78
	5.23
	14.81



	(E) Stairwell
	39
	4.30
	2.65
	1.37
	2.25
	3.95
	5.51
	13.89



	(C) Parking deck
	39
	4.53
	2.79
	1.63
	2.62
	3.50
	5.43
	14.55



	(E) Parking deck
	39
	4.29
	2.71
	1.39
	2.25
	3.91
	5.54
	14.44



	(C) Footsteps
	39
	4.43
	2.97
	1.31
	2.40
	3.51
	5.29
	14.35



	(E) Footsteps
	39
	4.34
	2.68
	1.32
	2.42
	3.64
	5.17
	13.72



	(C) Shouting
	39
	4.32
	2.85
	1.44
	2.40
	3.21
	5.06
	13.94



	(E) Shouting
	39
	4.41
	3.01
	1.31
	2.31
	3.62
	5.37
	16.35



	(C) Wind
	39
	4.51
	2.76
	1.40
	2.47
	3.93
	5.18
	13.99



	(E) Wind
	39
	4.34
	2.56
	1.38
	2.28
	3.98
	5.59
	13.17



	(C) Car door
	39
	4.61
	2.83
	1.82
	2.51
	3.57
	5.53
	14.83



	(E) Car door
	39
	4.34
	2.66
	1.34
	2.35
	3.79
	5.55
	13.66



	(C) Car departure
	39
	4.63
	2.79
	1.65
	2.62
	3.68
	5.72
	14.47



	(E) Car departure
	39
	4.23
	2.69
	1.38
	2.19
	3.88
	5.38
	14.67










 





Table 4. Wilcoxon signed-rank test results for module differences in SC values by gender (w/m). Table shows modules, group sizes (n), test statistic (W), p-values, and effect sizes (r). Light red highlighting marks statistically significant results (p < 0.05).
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	Modules
	Group
	n
	W
	p-Value
	r





	Overall
	w
	22
	58
	0.025
	0.474



	Overall
	m
	17
	65
	0.611
	0.132



	Forum square
	w
	22
	79
	0.129
	0.329



	Forum square
	m
	17
	44
	0.132
	0.373



	Stairwell
	w
	22
	58
	0.025
	0.474



	Stairwell
	m
	17
	64
	0.579
	0.144



	Parking deck
	w
	22
	46
	0.007
	0.557



	Parking deck
	m
	17
	59
	0.431
	0.201



	Footsteps
	w
	22
	90
	0.248
	0.253



	Footsteps
	m
	17
	58
	0.404
	0.212



	Shouting
	w
	22
	91
	0.262
	0.246



	Shouting
	m
	17
	40
	0.089
	0.419



	Wind
	w
	22
	77
	0.113
	0.343



	Wind
	m
	17
	64
	0.579
	0.144



	Car door
	w
	22
	45
	0.007
	0.564



	Car door
	m
	17
	65
	0.611
	0.132



	Car departure
	w
	22
	51
	0.013
	0.523



	Car departure
	m
	17
	54
	0.306
	0.258
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