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Abstract

:

This article makes the case for addressing pedestrian visual diversity when planning artificial light for public spaces at night, by drawing upon original findings from an exploratory study where twenty-one open-ended interviews were conducted with experts in the fields of artificial lighting, urban planning and health studies. Specifically, this article provides (1) the introduction of the concept of pedestrian visual diversity, defined as the condition, capabilities and needs of visually impaired pedestrians, (2) a systematization of overlooked issues in the planning of artificial light for visual diverse pedestrians in public spaces and (3) the proposition of a participatory framework for the application of lightwalks as an experiential method for involving visual diverse pedestrians in the data collection on and analysis of artificial lighting in public spaces at night. In conclusion, it identifies five strands for further research at the nexus of pedestrian visual diversity, public space and night studies for inclusive light planning.
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1. Introduction


For decades, the planning of artificial light at night has mainly been approached as a technical issue that focuses on providing sufficient light levels for vehicular traffic and pedestrians in cities. Recently, the matter of lighting for public spaces has become more and more complex due to the increasing use of new lighting technology (LED) that makes lighting more efficient, less costly and more widespread [1]. Parallel to this, the number of diverse actors and stakeholders providing light is growing [2,3]—which is one explanation as to why public light (providing street lighting by one public “switch”) is shrinking in its proportional importance for a city’s overall lighting output [4]. During the past few decades, many municipalities have developed integrative lighting strategies and plans which consider artificial light to be:




	
an economic issue—considering the cost of providing artificial light and the possibilities of much higher efficiency at a lower cost due to new technologies.



	
a prerequisite for extending activity and activities into the night—supporting visibility and therefore a sense of safety, security and well-being at night-time.



	
an environmental stressor—acknowledging the negative effects of artificial light on human health and the environment due to ever-increasing lighting levels enhanced by the spread of LED-based technology.



	
a placemaking resource—shaping a place identity, creating atmosphere and providing information and orientation in a public space.








However, making the night open and accessible for everyone is an issue that has been insufficiently explored, with one valuable exception represented by Colaboratória [5], which took account of the general accessibility of the night, but overlooked the integration of visually impaired people.



The increasing complexity and interdisciplinarity in the planning of artificial light in public spaces (the spatial framework of this study) have led to conflicts and tensions across the sustainability dimensions: environmental, social and economic. It is imperative to reduce light pollution and conserve dark areas to protect biodiversity and human health against the detrimental effects of excessive light. However, it is also necessary to provide light in public spaces at night to ensure visibility, readability, orientation and a sense of security—for pedestrians from all walks of life, and/or those with certain restricted abilities. Furthermore, bearing in mind the current energy crisis, it is urgent that energy-reduction measures are implemented. In this regard, the use of the new LED technology is promising in terms of allowing for a relevant reduction in energy consumption, but it will probably cause rebound effects, because the higher efficiency makes lighting less costly. This in turn increases demand, which results in an even higher energy consumption [1].



Against this backdrop of different lighting issues, the failure to sufficiently take into account visual impairments in the integrative light-planning discourse is remarkable (see Section 1.1.), and it reflects the limited knowledge about the lighting conditions required by pedestrians in public spaces at night [6,7]. There are also insufficient data about the numbers of visually impaired persons, and in many countries, there are no updated statistics available at all (e.g., Germany, [8]). However, a study conducted by the World Health Organization between 1990 and 2002 showed that the number of visually impaired people has increased by 80% in Denmark, Finland, Great Britain, Iceland, Ireland, Italy and Netherlands—mainly due to the aging of the population and the increase in life expectancy [9]. These figures suggest the urgency of applying a more inclusive approach to artificial light planning that takes into account the needs of visually impaired people, too.



Similarly, at the Responsible Outdoor Lighting at Night conference, Salva Bará suggested that light should be used in a sensible way that takes into account light pollution and gives more consideration to inclusivity in society [10]. This recommendation can be used as an overarching request for inclusive light planning that addresses the increasing number of different visual (dis)abilities of people in advanced societies due to a growing proportion of elderly people with age-dependent visual degradation and of persons with different kinds of visual impairments. It should be noted that elderly people suffer a high proportion of eye maladies, such as macular degeneration, cataracts and glaucoma, in addition to a greater sensitivity to glare, reduced visual acuity, reduced contrast sensitivity and reduced colour discrimination, due to the adverse effects of aging. Thus, inclusive light planning “is set to become pivotal in urban outdoor spaces design” [11] (p. 951), and, considering that “[s]treet lighting is one environmental factor that can either encourage or discourage the use of outdoor spaces after dark”, public outdoor lighting “could encourage more active lifestyles later in our lives” if properly planned and supported by evidence-based design [12] (p. 45).



The implementation of an inclusive light-planning approach requires a methodological and design shift to counterbalance the limitations embedded in the approaches taken by “most of the technicians who now control our luminous environments [and] have reduced the criteria for illumination to simple numbers, which are basically unrelated to vision, perception, comfort, or pleasure” [13]. Furthermore, these numbers, when turned into standards, can be critical and “need to be reviewed” as “they do not appear to be founded in robust empirical evidence” [14]. Moreover, it should be noted that these numbers may originate from studies biased by design, having been conducted with healthy young male participants and thus not accounting for gender- and age-dependency in light perception [15,16]. Therefore, an increased consideration of pedestrian visual diversity in planning artificial light at night in public spaces is an urgent research desideratum, especially for planners and designers who aim to foster health and social inclusion in urban planning.



1.1. Planning Artificial Light at Night for Visually Impaired Pedestrians in Public Spaces—Notes from the Literature


An exploratory research approach was applied to search for studies and projects about planning artificial light at night in public spaces with a focus on visually impaired pedestrians. The literature screening was conducted across several databases (e.g., PubMed, Google Scholar, Researchgate) and scientific fields such as urban and mobility planning, light planning and design, sociology, health, disability studies and universal design. The results are summarised below.



In the field of health and disabilities studies, the majority of studies analyse



	
the implications of visual impairment in relation to indoor artificial light and reading lighting [17,18] and



	
indoor emergency lighting and wayfinding systems for visually impaired people studying the walking speed of the visually impaired [19].



	
In the field of urban planning and mobility studies, the majority of the research studies address:



	
the design of artificial light for traffic signs and signposts, the illumination of potential barriers (e.g., steps) or potential points of danger, the legibility of lettering [11,20,21];



	
street lighting at night for driving performance and from the drivers’ perspective [22,23,24];



	
artificial lighting for elderly people [12,25];



	
visual tasks and artificial light for sighted pedestrians. Davoudian and Raynham [26], for example, performed a study to investigate what pedestrians look at when it is dark, finding that only between 40% and 50% of their time is spent looking at the footpath, thus raising questions about how appropriate it is to specify the lighting on residential roads using illuminance on the road and pavement. Furthermore, Johansson, Rosén and Küller [27] studied the mobility of young women, the elderly and the disabled at night to investigate how individual factors, i.e., visual accessibility and danger, influence the assessment of the outdoor lighting of an urban footpath, concluding that the influence of individual characteristics should be considered in the design of exterior lighting for urban footpaths.






Among the guidelines used in the field of universal design, a few recommendations for exterior lighting for the visually impaired in pedestrian spaces were found in [20], with a focus on measures for light provision without glare, for wayfinding and for providing a gradual reduction in illuminance from inside to outside at night.



Overall, the results showed that there is a scarcity of studies and projects that address the needs for artificial lighting among visually impaired pedestrians at night in public spaces, thus revealing “a burning gap in knowledge which requires urgent addressing” [28].




1.2. From Visually Impaired to Visual Diverse Pedestrians as Subjects of Planning Artificial Light at Night in Public Spaces


We introduce the notion of pedestrian visual diversity here to request that the diversity of pedestrians’ vision abilities and impairments be acknowledged in planning artificial light at night for public spaces. The creation of this term is inspired by and refers to scholarship across the fields of diversity, soundscape and sound studies, particularly the term “aural diversity” [29,30]. This proposition is based on a change of perspective following “a sea change in how a standard in acoustics may regard hearing: not as a fixed, universal and generalizable metric predicated on the ontologically normal […], but as a shifting, unsteady human trait that we individually, tacitly know from day to day experience” [29] (p. 1). Transferred to the question of vision, the proposition/introduction of the term visual diversity brings with it several theoretical and methodological implications that could contribute to a paradigm shift from considering vision as a fixed metric towards seeing it as a variable human trait. Accordingly, visual impairments and visual aids should be included as factors that influence vision within the criteria of international standards and planning frameworks for artificial lighting in public spaces. In addition, as with hearing in acoustics [29], questions about whose vision is taken into account in design standards and in the planning of artificial light in public spaces should be raised and addressed. To further seek solutions to these questions, the needs, the experiences and the perspectives of different visual diverse subgroups should be acknowledged, including, e.g.,



	
ageing people,



	
young and adult people with visual diverse abilities,



	
people with different kinds of visual impairments,



	
people suffering from visual impairments as a side effect of non-visual or neurological conditions or temporary factors.






Accounting for these heterogeneous subgroups and the many types of visual impairment with different degrees of sensitivity to light is certainly an ambitious and challenging task, one that nevertheless should be confronted by the scientific community, practitioners and policymakers. By embracing a visual diversity paradigm and adopting a more visually inclusive approach to light design and planning in public spaces, more well-being could be provided to a heterogeneous and ageing population of visual diverse pedestrians.



Against this backdrop, this article makes the case for inclusive light planning for visual diverse pedestrians drawing upon an exploratory study based on twenty-one open-ended interviews conducted with experts in the fields of health studies, urban planning and light planning. Based on the original data stemming from these interviews, the article presents a systematisation of the issues in inclusive planning of artificial light for pedestrians in public spaces. Then, it proposes a participatory framework for the application of lightwalks as an inclusive experiential method for involving visual diverse pedestrians when assessing and planning artificial lighting in public spaces at night [31,32,33]. Lastly, the article examines the limitations of this study and indicates directions for further investigation, for instance, addressing different types of visual impairments and tailoring specific solutions.





2. Materials and Methods


Given the results of the literature search, open-ended interviews were identified as a suitable research method [34] to run an exploratory survey on the topic of artificial light planning in public spaces for visual diverse pedestrians.



Twenty-five experts were contacted, leveraging the authors’ networks, the Berlin “Allgemeiner Blinden- und Sehbehindertenverband” (General Association for the Blind and Visually Impaired) and the “Unione italiana ciechi e ipovedenti” (Italian Union of the Blind and Visually Impaired) and using the snowball effect of recommendations given by the interviewees. Out of the twenty-five experts contacted, twenty-one agreed to be interviewed either on the phone or in a Zoom call or per email correspondence depending on their availability and considering the COVID-19 restrictions in place during the time of this study. The fact that different means were used to conduct the interviews was assessed as not affecting the robustness of the results given the exploratory nature of the study and the subject under investigation.



The interviewees work in the fields of health, urban and mobility planning, in light planning and in organisations for blind and visually impaired people. Specifically, three interviewees are medical doctors/oculists, six are academic researchers and professors specialising in lighting, four are representatives of Associations/Unions for the Blind and Visually Impaired People, four are lighting designers and artists, two are activists in community groups/associations, one is a planner and one a biologist.



Depending on the specialisation and the role of the interviewees, from two to four op-ed questions were posed and used as a basis for developing a conversation (see Table 1). The questions aimed to gather knowledge about issues, studies and hands-on projects for designing and planning artificial light at night for visually impaired pedestrians in public spaces. Furthermore, one specific question addressed the potential reasons for the scarcity of research into outdoor light for visually impaired pedestrians in public spaces versus indoor places, as the literature screening highlighted. Technical questions have intentionally not been included in the survey at this stage of the study.



Data from the interviews were examined applying an inductive approach by means of qualitative content analysis and theme coding [35]. Accordingly, eight themes emerged:




	
The scarcity of studies and projects focusing on planning outdoor lighting for visually impaired pedestrians;



	
The relevance of the topic in connection to the ageing population;



	
Kinds of visual impairments in relation to planning artificial lighting;



	
Public versus private lighting in the public realm at night;



	
Impacts of artificial lighting on health and well-being;



	
Standards, norms and recommendations;



	
New technology for designing and planning artificial lighting in public spaces at night;



	
Best practices that take into account visually impaired pedestrians when planning public lighting;



	
Lighting features such as contrast, dynamic lighting, lighting on demand, flickering, glare, legibility of signs, lighting levels, light colour and light colour rendering, lighting fixtures and poles, light uniformity and wavelength range.








These themes are discussed in the following section. They aim to provide a systematisation of the still unresolved issues in the planning of artificial light for visual diverse pedestrians in public spaces at night.




3. Results and Discussion


Given that little research has been conducted on artificial light for pedestrians [25], the interviewees were not surprised that even less empirical evidence was found in the literature of studies taking into account visual diverse pedestrians’ special needs for public lighting and their reactions to the existing lighting conditions in public spaces. Furthermore, it was noted that artificial lighting in public spaces is so complex that scholars like [25] tend to focus only on street lighting for pedestrians, as “there is a limited treatment of lighting for off-street facilities, such as plazas and pedestrian paths in parks, waterfronts, or similar settings, [that] are very important, but less often walked for utility trips, and their pedestrian environments vary so greatly that guidance is more difficult” [25]. It is no wonder, therefore, that interviewees expressed partially differing opinions on the specific needs of visual diverse pedestrians in public spaces, although there was agreement on some general issues. For instance, one overarching result of the interviews was that planning of public lighting has become a much more complex task that requires an interdisciplinary approach to address the different requirements for good, sustainable and efficient public lighting [3,36]. Hence, inclusive design and planning of public lighting should become a much more important topic; this would help visual diverse pedestrians, but also sighted ones, to deal with, e.g., the increasing overload of sensual impressions [36]. A rather commonplace formula for planning lighting in a sustainable way recommends providing light only where, when and to the extent it is needed, or, in other words, taking into account the local, temporal and quantitative aspects of lighting and its specificities. However, such a formula would overlook the needs of visual diverse pedestrians, who are much more sensitive and less adaptable to bad implementation of illumination in public spaces [37]. Therefore, for visual diversity to be properly addressed, several topics need closer discussion:




	
The reasons why there are few studies and projects focusing on planning outdoor lighting for visually impaired pedestrians;



	
Standards, norms and recommendations;



	
Lighting features;



	
New digital technologies for designing and planning artificial lighting in public spaces at night;



	
Best practices that take into account visually impaired pedestrians when planning public lighting.








In the following sections, these topics are introduced, and the main discourses about them that emerged from the interviews are systematized to provide a basis for further studies.



3.1. Why Is There so Little Evidence for Lighting for Visually Impaired Pedestrians in Public Spaces at Night?


Paradoxically enough, in our culture so heavily dominated by vision, the level of attention to lighting that addresses visual diversity and visual impairments has been extremely low so far [38]. According to the interviewees, there are several reasons why our knowledge of lighting for sighted and visual diverse pedestrians, in particular, is so limited. The most important reasons derive from the complexity and variety of the lighting sources in pedestrian settings—sources that are underregulated and managed by different actors—and the more erratic, or less directional, movement of people in public spaces, which is more difficult to monitor than motorised traffic. Another reason for the lack of consideration of visual diversity, e.g., in standards, norms and regulations that usually take average thresholds as references, can be linked to the many different visual impairments that would entail different and specific requirements for supporting a relatively small segment of the population, thus making this a minority problem that cannot be easily regulated [15,39]. Furthermore, the interviewees reported that it is usually much easier to obtain funding for and conduct research into indoor settings (such as the workplace or the home) where the variables are more controllable and, hence, solutions are more easily available than in public spaces [15]. Nevertheless, although addressing visual diversity would involve allowing for a higher degree of subjectivity in perception and of individuality in requirements, the increasing aging of the population and the increasing numbers of visual diverse pedestrians make the call for inclusive light planning and design in public spaces vital.




3.2. Standards, Norms and Recommendations


The interviewees indicated that there are a few recommendations for planning artificial light for visual diverse pedestrians in indoor environments for the provision of signs and for the marking of obstacles to make them more visible, but they also said that there is an overall lack of guidance for outdoor lighting in public spaces [38]. In fact, in indoor settings—e.g., in workplaces and even more so in private homes—it is much easier to care for the specific needs of visual diverse people, because the lighting can be personalized more easily. This is reflected in the existing research, norms and recommendations for visual diverse people in indoor settings, as suggested by the interviewees. Contrary to this, for outdoor environments, the existing norms mainly focus on street lighting for drivers, while some do consider lighting for pedestrians on streets, but less so for other public spaces [38,40]. However, the validity of and the extent to which these norms and standards are empirically supported is generally questioned, before even considering the aspect of visual diversity. This argument made by the interviewees is confirmed by the literature, where a study on road lighting reports that standards “do not appear to be founded in robust empirical evidence. Such evidence is needed, first to show that the assumed benefits of lighting do exist (i.e., improved visibility, improved safety, improved feeling of safety), and second to show how these benefits might be affected by changes in context and changes in lighting” [14]. Furthermore, as an interviewee pointed out, lighting standards and norms are based on research and tests usually carried out with young sighted persons (e.g., young white male students) [14], thus reducing “the remarkable diversity of the human population” to a “single ‘standard’ observer” [41] (p. 701).



Moreover, in recent years, developments in the technology of road lighting and advances in our understanding of vision and of the side-effects of road lighting have occurred that might give rise to a need for new types of recommendations that include maximum levels in addition to the minimum levels indicated in the current standards and norms [37]. The need for new types of regulations is also the result of “an arms race in illumination” [36]: as most types of lighting are independently becoming brighter and brighter (i.e., the headlights of cars, motorcycles, bicycles, light in windows, screens, signs, shops, restaurants, entertainment venues etc.), the street illumination has had to become brighter and brighter to avoid excessive contrasts.



Even where there is extensive experience with and use of different types of outdoor lighting, as per the standards, norms and regulations, there is little material available with a special emphasis on pedestrian visual diversity. This issue is becoming more pronounced, not only because of the increasing numbers of ageing people, but also due to the massive rollout of a new technology, LED, which is on track to replace the lighting technologies for which ample evidence existed. This is not yet the case with LED, despite the increasing number of studies on the different impacts of LED lighting [38].




3.3. Lighting Features


Even if diverse visual impairments can be addressed more easily in controlled indoor settings than in public spaces, where the variable factors to consider are numerous and complex, the interviews with the experts showed that there are several lighting features that can be especially problematic for visual diverse pedestrians and that deserve further study to achieve inclusive planning of artificial lighting in public spaces at night. These lighting features are related to glare, contrast, uniformity, illuminance, light colour and flicker.



3.3.1. Glare


Glare depends on excessive luminance or extreme differences in luminance in the field of vision resulting from looking directly at a badly shielded light source within the field of vision. Glare can have physiological and psychological effects: it can objectively hamper and limit visibility (disability glare) and can reduce comfort (discomfort glare). The risk of glare can depend on multiple factors, such as the type of lighting installations (e.g., lighting poles and fixtures, see below). To avoid glare exposure, interviewees recommend strict shielding and the avoidance of light shining upwards [37,42]. Another special aspect of glare that is gaining relevance for visual diverse pedestrians and sighted one is the heavy increase in the brightness of light coming from bicycles, scooters and the headlamps of joggers in public spaces. The impact of these quickly and rather randomly moving lights seems to be a mixture of disability and discomfort glare and flicker. They produce discomfort for many (depending on individual sensitivity), but especially for visual diverse pedestrians [36]. Beyond a return to less light or lights less bright, which is highly improbable, the problem is not amenable to simple solutions. Nevertheless, as the sensitivity to glare increases with age and is generally higher for visual diverse individuals, controlling glare is therefore of high importance for inclusive lighting planning [36,40].




3.3.2. Contrast


Contrast perception depends on luminance-dependent contrasts and is generally more important than illuminance, especially for visual diverse pedestrians [42]. Thus, there was agreement among the interviewees that contrast and illuminance uniformity should be implemented equally in outdoor lighting. High differences in illuminance levels—due to, e.g., different light sources such as street lighting, cars, billboards, shop windows, etc.—often cause environmental darkness or even environmental blindness (Umgebungsdunkelheit or Umgebungsblindheit) that can be dangerous for all pedestrians. The effects are, however, even worse for persons with reduced visual adaptability or other kinds of visual impairment [36]. Accordingly, the interviewees suggested that uniform illumination should be provided in public spaces, and islands of dark as well as dark sections in a lit space should be avoided so as not to exacerbate problems with light-dark adaptation, especially for visually impaired pedestrians. Providing reasonable and balanced contrasts remains an imperative yet challenging requirement [36,43].




3.3.3. Uniformity


As mentioned above, there is a close relationship between contrast and uniformity. Uniformity seems to be a standard aim in public lighting. With respect to uniformity, the positions of the experts interviewed were rather contradictory. The majority of the interviewees agreed that lighting uniformity would be very helpful and the avoidance of dark islands necessary e.g., [44]. Hence, they suggested that uniformity could be achieved by installing more lighting poles emitting lower illuminance levels, because uniformity is easier to achieve with lower lighting levels [38]. Other interviewees expressed different positions that take subjective perceptions into greater account e.g., [35,39]. For instance, one interviewee clearly stated that, although “[i]n the US, public lighting guidelines call for flat, uniform illumination, […] pools of light or intentional patterns of shadow or colour facilitate movement and directionality. The pedestrian can subliminally “count” the number of lines or pools to understand better the distance yet to go, which in turn elevates a sense of assurance. This has not been rigorously tested, however” [43]. These recommendations aligned with the positions of other interviewees who noted that complete uniformity might produce monotony, contribute to a reduction in aesthetics and have disadvantages for safety, as shown in the literature [25], concluding that uniformity is a fairly complicated subject for inclusive light planning [35,39]. Only in-depth research—looking at objective and subjective data—could contribute to more evidence-based solutions that acknowledge the needs of visual diverse pedestrians.




3.3.4. Illuminance


The interviewees highlighted that whether higher illuminance levels might be more supportive for visually impaired people, rather than the minimum illuminance levels recommended in the norms, depends on the type of vision impairment. Overall, the interviewees stressed that providing general recommendations for optimal lighting levels is difficult due to the various types of visual impairment with different degrees of sensitivity to light. However, they recommended as a general guideline to selectively increase illumination levels, while improving contrast and paying attention to avoiding glare [44].




3.3.5. Light Colour


To protect vulnerable groups of people, including visual diverse pedestrians, the interviewees recommended avoiding emissions of short-wave, high-energy blue light and UV light (e.g., HEVL) and opting instead to use warmer lights [16]. Furthermore, for optimal contrast, the use of warm light with a spectral composition that enables a contrast perception similar to that of daylight was recommended [37].




3.3.6. Flicker


To some extent, flicker is widely diffused and normally not noticed; however, especially nowadays with the retrofitting or replacement of public lighting with LED light systems, it is necessary to opt for flicker-free installations—even for dimmable fixtures, because sometimes the risk of flicker increases with dimming, unless the costly installation of the appropriate drivers is carried out. Flicker can in fact become a health hazard, and, depending on the intensity, it is generally disliked [37]. In addition to entertainment venues, where even extreme flicker—stroboscope—is usually installed on purpose, the diffusion of flicker is becoming more common, even in public spaces, due to cheap access to LED lighting and the use of screens that flicker to attract attention to shops, restaurants, leisure venues, etc. Even in private residential buildings, flickering installations are becoming more and more common—especially towards the end of the year. An “arms race” [36] of flickering installations can often be seen in specific zones of cities with a lot of entertainment venues. Depending on the dimensions, the light intensity and the frequency, the irritating and damaging effect is worse for visual diverse and visually impaired people in particular, for whom these kind of lighting environments might even become inaccessible [16].




3.3.7. Lighting Fixtures and Poles


According to the interviewees, the risk of glare especially is dependent on the type of lighting fixtures and poles. For light poles, besides shielding, the ratio of the pole height to the distance between poles should be carefully considered when seeking a lighting design and planning that is optimal for visual diverse pedestrians [42]. The greater the distance between the poles, the higher the poles must be, as the risk of increasing the glare if the light is emitted at a flat angle. Furthermore, to cater to the needs of light-sensitive and visual diverse pedestrians, the following should be avoided: low bollard luminaires that radiate upwards, luminaires that are not shielded in the direction of the viewer and, in particular, ground luminaires/recessed floor lights situated in walking areas [37]. Conversely, low bollards which do not emit light above the horizontal might be preferred by visually impaired pedestrians if they provide light on the ground without glare.





3.4. New Digital Technologies for Designing and Planning Artificial Lighting at Night in Public Spaces


New developments in digital technology for artificial light in public spaces at night include the use of motion detectors or targeted lighting to provide light on demand or only when needed. One interviewee noted that the concept of adaptive lighting includes a minimum lighting level everywhere, with individual light luminaires that increase their light level when a pedestrian is detected [40]. Overall, the reduction of lighting levels was seen as the biggest problem by one interviewee [37], and, further, it was stressed that the implementation of these new technologies can make orientation along the further distance on the path more difficult for visually impaired and visual diverse people with delayed adaptation, because they might find themselves in a light bubble in the midst of darkness [37]. However, it was also pointed out that adaptive lighting is discussed mostly in connection with planning lighting in peripheral areas and not in public spaces in cities and therefore, currently, it is of little relevance for visual diverse pedestrians in cities [37]. Caution was also recommended concerning the application of motion detectors for security reasons, depending on the context, because motion-dependent lighting also exposes the moving person. Similarly, the use of other devices for lighting on demand, e.g., apps or SMS to activate luminaires, should also be considered in a critical light. In addition, the interviewees highlighted that “being seen” is an important factor that should be taken into consideration for inclusive lighting planning at night in public spaces, for instance, by illuminating crossing aids such as pavement extensions or central islands in a similar way to pedestrian crossings [44].




3.5. Best Practices Considering Visually Impaired Pedestrians When Planning Public Lighting


An important best-case study reported by the interviewees is the lighting plan of Lyon, where people with disabilities were consulted for the revision of the plan [39]. Similarly, in Munich, a lighting study for the main train station conducted by the Deutsche Bahn involved visual diverse pedestrians in the planning process for identifying appropriate specifications for the luminaires [42]. These examples confirm that a more intense involvement of the general public in lighting planning is a widespread demand that should include visual diverse pedestrians. However, according to the interviewees, what kind of inclusive methods and planning tools could be used to gain in-depth knowledge still remains an unresolved issue across research and practice. To contribute to this line of research, in the context of this article, a participatory framework for conducting lightwalks with visual diverse pedestrians is proposed, as described below.





4. Contribution of This Study


Along with the concept of visual diversity and the systematisation of issues for planning artificial light for visual diverse pedestrians, this study provides a participatory framework based on lightwalks as an experiential method for involving visual diverse pedestrians in assessing and planning artificial lighting in public spaces at night. This framework is composed of six phases (Figure 1).



	
Phase (1) Select: Participants with visual diverse abilities and sighted participants (control group) are recruited to form two groups with the same number of participants. Criteria for selecting participants with visual diverse abilities can include kind of visual impairment, age and gender.



	
Phase (2) Co-design: The lightwalk route and the evaluation points along it are co-designed with the visual diverse participants, using criteria such as the presence of a high variance of different lightscapes, lighting technologies and fixtures. Furthermore, these co-designed lightwalks can be conducted with the same groups along the same route in different seasons and under different weather conditions.



	
Phase (3) Walk and Collect data: The lightwalk is conducted, at the same time and along the same route, with the group of visual diverse pedestrians and the control group. One researcher leads the lightwalk with the groups and stops the groups at the evaluation points. At each evaluation point, both the sighted and the visual diverse participants orally fill in an audio-questionnaire providing feedback on the lighting conditions using their smartphones. While the questionnaire is filled in by the participants, two other researchers take measurements and collect pictures. At the end of the lightwalk, a group discussion with both groups is facilitated and recorded by the researchers.



	
Phases (4) Analyse and (5) Co-assess: The researchers analyse the mixed data collected during the lightwalks and share the results with the sighted and the visual diverse participants for discussion and further assessments by the participants.



	
Phase (6) Co-design: On the basis of the outcomes from Phases (4) and (5), the researchers along with the visual diverse participants define recommendations for inclusive light planning in the areas assessed during the lightwalk.






This participatory framework has been developed based on the recognition of the relevance of providing inclusive light planning in public spaces, the limited knowledge on planning artificial light at night for visual diversity, and the experience gained by the authors through conducting lightwalks and combined sound- and lightwalks in Berlin, Rome and Florence [31,32,33]. This participatory framework has the potential of being applied within the context of academic studies, practice-based projects, urban planning and policymaking. A pilot study is being prepared by the authors to test the feasibility of this participatory framework.




5. Conclusions and Future Work


Limited research has been done and few applications have been developed that address pedestrian visual diversity in planning artificial lighting at night. In addition, they have mostly focused on indoor environments, such as workplaces and residential contexts. However, given the growing number of elderly and visually impaired people, the need for research and planning lighting in complex and diverse outdoor environments and for more heterogeneous requirements is becoming a pivotal issue for societies that claim inclusiveness and sustainability. Against this backdrop, this article i) introduced the concept of pedestrian visual diversity defined as the condition, the capabilities and the needs of visually impaired pedestrians; ii) systematized the issues that still remain unaddressed in the planning of artificial light for visual diverse pedestrians in public spaces (i.e., standards and norms, lighting features, new technologies, best practices) and iii) introduced a participatory framework for the application of lightwalks as an experiential method for involving visual diverse pedestrians in data collection and in the analysis of artificial lighting in public spaces at night to inform light planning.



As per the outlooks, five roads for further research are identified, which would lead to:




	
Systematically incorporating visual diverse pedestrians in tests and experiments in outdoor settings.



	
Conducting lightwalks with visual diverse pedestrians to collect fine-grained data about artificial light, as per the participatory framework introduced in this article.



	
Leveraging qualitative data stemming from people’s subjective perceptions and feelings in addition to quantitative metrics, with the aim of providing evidence for existing standards, norms and recommendations.



	
Revising current lighting levels and sources resulting from private and public lighting, brightness, dynamics, etc. for more inclusive lighting in public spaces; this would require coordination of the different actors and a stricter regulation of lighting.



	
Developing tools for multi-stakeholder management as well as new kinds of recommendations, standards and regulations for inclusive lighting planning.








Addressing inclusive lighting planning for pedestrians with higher sensitivity and visual diversity is certainly an ambitious demand due to complex factors such as personal and cultural differences, the need for high-context specificities and the lack of objective and subjective data and evidence, as well as the economic and political interests at stake. However, even progress made by what might seem like minor achievements—such as the transition from bad to indifferent lighting (if the good remains out of reach because of its often-unclear definition)—would be great progress [7].



To fulfil all of these requirements, highly complex, interdisciplinary and context-specific approaches are needed. This demand does not make the task of light planning for visual diversity in public spaces easier; however, it should be worth the effort considering the global goals of sustainability, inclusivity and health.
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Figure 1. Illustration of the participatory framework for visually diverse light planning and co-design. (Image source. Authors’ contribution). 
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Table 1. List of the questions used as a basis for the op-ed interviews.
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	No.
	Questions Used as a Basis for the Open-Ended Interviews





	1
	Do you have any specific knowledge and expertise on designing and planning artificial light at night for visually impaired pedestrians in public spaces?



	2
	Are you aware of any studies and case studies that address artificial light at night for visually impaired pedestrians in public spaces?



	3
	From the literature review, it emerged that more work has been undertaken regarding indoor light for visually impaired pedestrians, while little research has been conducted into outdoor light in public spaces for visually impaired pedestrians. Can you comment on this discrepancy and discuss the reasons?



	4
	What are the most important topics regarding visual impairment and artificial light based on your experience?
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