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Abstract

Lighting is essential for sight, human health and well-being, emerging the need for assessing exterior lighting to
better understand how far public is satisfied about exterior lighting. Participatory approach to assess public
perceptions on road lighting in Tirana, Albania, is missing. Exterior lighting was assessed in five major roads of
the capital city of Tirana, in November 2017 for education purposes using participatory approach and
questionnaires. A road lighting assessment questionnaire was composed of sixteen questions to assess the
perceived safety, pavement obstacle detection, visibility after-dark and road lighting related perceived satisfaction
by public. Security, obstacle detection and visibility were evaluated using questionnaires for road lighting. The
approximately 87 and 60 percent of respondents, respectively, were not able to detect a pavement obstacle after-
dark and to distinguish a familiar face at a distance of 5 m and 10 m along roads. Road lighting after-dark was
unsatisfactory to 60 percent of respondents. These findings identified road lighting could be inadequate for users,
requiring further investigation and new data collection of road lighting in neighborhoods of Tirana.
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1 Introduction

Lighting is widely used in roads after the dark. Road lighting is applied for an expected benefit that is to
provide pedestrians visibility, visual detection and recognition ‘at a psychologically safe distance’ [1].

Road lighting is strongly related to security in residential areas. It enables public to enhance their safety and
perceived their safety and to recognize a facial expression [2]. Yang and Fotios [2] found that luminance and
distance had significant effects on facial expression recognition for road lighting in residential areas; they
estimated appropriate light levels for outdoor lighting by suggesting a minimum luminance of the face of a person
from 0.1 to 1.0 cd/m?, if a facial expression was to be identified accurately at 4 m. Lighting of roads in residential
areas is also important to detect a pavement obstacle and potential hazards contributing to reduced accident rates
for pedestrians [3] and other road users. Data of Fotios and Uttley [3] suggested horizontal photopic illuminances
of up to 0.9 lux for peripheral detection of a 10 mm obstacle at a distance of approximately 3.4 m ahead, in
accordance with the scotopic/photopic ratio of the lighting and the observer age.

Road lighting should meet the recommended lighting standards that are applied by national or local
governments (see e.g., [1]). However, there is also a need for asking public about public experience both in terms
of road lighting data collection, road lighting data analysis and in terms of perceived satisfaction by public in
relation to lighting in neighborhoods. Public satisfaction is important to be advised, because it potentially relates
to public health and well-being considering that lighting is also a public health matter (see [4]). Evidences have
shown that light enables vision and maintains health and well-being, respectively, through image-forming and the
non-image forming effects [5], and this is also true for lighting having non-visual effects e.g., supporting circadian
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rhythms of a human body, which if it gets disrupted may lead to sleep disturbances, poor performance [1], obesity
[6], breast cancer [7], [8], diabetes [9], cardiovascular disease [10] and metabolism disorders [11].

Survey data were collected for education purpose in Tirana, Albania. Survey was comprised of lighting
assessments and questionnaire for assessing road lighting. Every student filled in the questionnaire to collect
information about pedestrians’ experience on road lighting regarding to pedestrians’ perceived safety, pavement
obstacle detection, visibility and pedestrians’ perceived satisfaction. I aimed to investigate lighting assessment
data using a descriptive statistics method and to show statistical significant results in this study.

There were fifteen road (exterior) lighting assessment questionnaires in total. A road lighting assessment
questionnaire was composed of sixteen questions that was prepared (by the author) to assess the perceived safety
[11], pavement obstacle detection [3], visibility and road lighting related perceived satisfaction by public.
Questionnaire is not design to investigate any lighting and non-lighting factors and or road lighting performance
in relation to perceived safety, pavement obstacle detection, visibility and perceived satisfaction. Road lighting
assessment questionnaires were filled in immediately after the sunset following the day-dark approach [12], [13].
For simplicity, road lighting measurements were measured in lux and were compared to International Commission
on lllumination (Comission International de 1’Eclairage, (CIE)) (www.cie.co.at) standard of between 2 and 15
lux [14] for road lighting in urban areas. Minimum values, maximum values and average values of road lighting
measurements were respectively shown for every road. The statistical significance (p-value < 0.05) results of F-
test and t-test for pair of questions on pedestrians’ safety, pavement obstacle detection, and visibility on road
lighting were displayed.

2 Materials and Methods

2.1 Survey

The lighting assessment questionnaire was prepared by the author in compliance with the program of the
Polytechnic University of Tirana and with the consent of students and conducted with the acceptance of
participants (respondents and students). Questionnaires and road lighting measurements were conducted by
fifteen master students of energy management profile at the Polytechnic University of Tirana, Albania, in
November 2017. Before surveying, students were grouped into five groups (each group had three members) and
were consulted on lighting measurements and on the questionnaire by the lecturer (the author). Every group of
students was randomly assigned to assess lighting conditions in one of the selected roads.

Lighting measurements and questionnaires were newly conducted. Lighting was measured using Megaman
LuxMeter (www.megaman.cc/resources/mobile-apps) installed in five mobile phones (each group used one
mobile phone e.g., iPhone). Prior to lighting measurements, five mobile phones with installed Megaman
LuxMeter were tested and were calibrated with the Hagner Universal Photometer S3 device in a laboratory.
Hagner Universal Photometer S3 device is suitable for measurements in the field (www.hagner.se). Measurement
errors produced by sensors of mobile phones were neglected in this study. Lighting assessment measurements
were vertically and horizontally repeated every (a priory) 20 m at an approximately height of 1.5 m above the
ground, along two side roads having a length of 12000 m in total (one side road length was approximately 1200
m). The questionnaires were filled in immediately after-dark. Every student filled in a questionnaire (fifteen
questionnaires in total) for the assigned road environment. All questionnaires were anonymous.

39



K. Laze/International Journal of Sustainable Lighting IJSL (2019) 38-46

Njésia
Bashkiake 9

o

yovort

&
esia g

kiake 7

Njesia
“00‘5 Bashkiake 10

proad 1

TIRANE
TIRANA

. '.Sources: Terra Mapping the Globe Ltd, Esri, HERE, Garmin, INCREMENT P. USGS, METI/NASA

Fig 1. Road locations and segments in Tirana

2.2 Questionnaire

Five roads were two sided roads with two car lines, two pedestrian sides and one pedestrian side in the middle
(roads 4 and 5). All roads are major urban streets (hereafter “roads”) and located in Tirana. Road locations and
segments (for lighting measurements) are shown in Fig. 1.

The questionnaire was composed of a set of questions that were prepared (by the author) concerning security
(feeling safe, being accompanied by friends or not, meeting spot), obstacle detection (accident occurrence,
tripping), visibility (distance) and general questions (respondent’s house location, frequency of road use, age,
lighting related perceived satisfaction and personal eyesight problems). In total, approximately 44, 19, 6 and 31
percent of questions were respectively related to security, obstacle detection, visibility and general questions.
There were used more than one question on security to obtain consistent information and to better reduce any
random error resulting from respondents’ interpretation of the questions (e.g., three and twelve) and their rating
[12] The questionnaires were manually filled in (including lighting measurements) approximately 120 minutes
starting from the earliest time at 16:00 and ending at latest time at 19:30 in both road sides for five roads.
Questionnaire is shown in S1.

Data analysis of all questionnaires was conducted in R programming (R Development Core Team, 2011). F-
test was used to analyze variance of lighting assessments for five roads. F-test is used, for example, to analyze
variance of interior lighting assessments (see [15]). Statistical significance of the differences was calculated using
paired t-tests. Questionnaire data were statistically analyzed to infer key-findings on road light use.

3 Results

Roads three, four and five had minimum lighting values close to CIE standard between 2 and 15 lux. Minimum
and maximum lighting values were above CIE standard of above 2 lux in five roads, Table 1.

For each road, the largest difference between minimum and maximum (either horizontally or vertically)
lighting values were found in roads number three and five. The horizontally lighting values were higher compared
to vertically lighting values in 60 percent and 80 percent of roads. Car lights, bus lights and shop lighting
contributed to large horizontally and vertically lighting values. Lamps failure or broken street lights contributed
to low minimum lighting values e.g., road 3, (Table 1). I note here that lighting values are measured in different
spots of roads (see 2.1 Survey).

40
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Roads Minimum Maximum Minimum Maximum
Horizontal Horizontal Vertical Vertical
[Number] [Lux] [Lux] [Lux] [Lux]
1 155.5 390 52.8 210.3
2 102.4 319.3 233 196.1
3 6.2 366.1 125 378.6
4 114 278 16 227
5 22.6 390 20.7 333.2

Minimum horizontally and vertically lighting measurements and minimum and maximum vertically lighting
measurements were highly correlated (p > 0.80; Spearman rank correlation coefficient for a non-normal
distribution of lighting data) F-test detected statistically significance (p = 0.01) between minimum horizontally
and vertically lighting measurements across road neighborhoods. The variances were not equal in 100 percent of
responses for road lighting assessment. T-test showed that the percentage of responses did not statistically differ

among lighting assessments for roads from one to five, (Table S2).
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Fig.2. The percentage of responses of affirmative (“yes”) responses in total (all roads; All) and for every road numbered from one to five.

In total, 60 and 40 percent of respondents were respectively between twenty and thirty and between thirty and

sixty-five years old (question fifteen). The 40 percent of respondents were citizens working or studying nearby
road neighborhoods. The 93, 93, 66 and 53 percent of respondents evaluated five roads as “safe” (questions
number two, three, eleven and twelve at “All”) indicating relatively a high security after-dark in five road
neighborhoods. In total, 53.3 and 40.0 percent of respondents had a pavement obstacle accident or a tripping and
or had heard about other pedestrians’ accidents or trippings (questions 7 and 8) due to pavement obstacles. The
86.6 percent of respondents experienced a pavement obstacle accident or a tripping after-dark (question 9). One
or none of respondents could see at a distance 5 m and 10 m (question number ten) indicating a low visibility in
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60 percent of roads (humbered two, four and five). In total, 40 percent of respondents were satisfied by road
lighting (question thirteen). None of respondents were satisfied by road lighting numbered two and five in Fig. 2.
The unsatisfied respondents of 60 percent required an increased amount of road light (more lamps and or the
replacement of low emitting light lamps).

4 Discussion

This work was to assess security, obstacle detection and visibility in roads neighborhoods in the urban area of
Tirana, Albania. There were key findings on lighting visibility as perceived by respondents living in five road
neighborhoods. Overall, roads were evaluated as “safe” by respondents (76 percent, in average, for five roads;
Figure 2). A considerable number of respondents (above 40 percent) had experienced a pavement obstacle
accident or a tripping after-dark or had heard about other pedestrians’ accidents or tripping causing potential
injuries to them indicating that road pavement can affect public health and health service. Pedestrians’ accidents
or tripping affected postal service workers in UK [16] and older people (above 60 years old) in the EU [17] causing
injuries to them Respondents were able to comfortably see at small distance of 2 m, but not at large distances of
5 mand 10 m, indicating a low visibility to respondents in 60 percent of five roads. The distances (2 m, 5m, 10
m) also related to the luminance and distance effects for a familiar face detection and a face expression detection
and a pavement obstacle detection. For example, eye tracking records proposed ‘a tendency for obstacles to be
detected approximately 3.4 m ahead’” with a horizontal (photopic) illuminances of 0.90 lux [3]. Yang and Fotios
[2] suggested the luminance from above 1.0 cd/m? for a facial identification at a distance of 10 m, and the
luminance of 1.0 cd/m? for a facial expression with a probability of 50 percent of a correct identification at a
distance of 15 m.

4.1 Lighting is a public health and well-being matter

This study showed that 60 percent of respondents asked for increased amount of light after-dark and 100
percent of respondents were unsatisfied in two roads (two and five; Figure 2), although all lighting measurement
values were above the CIE standards of 2 lux. The need for increased amount of light by 60 percent of respondents
showed that there could be needed road lighting improvements to meet public expectation on road lighting. The
need for an increased amount of light after-dark coincides with a discussion for new road lighting standards [18]
above existing road standard of between 2 lux and 15 lux of CIE. The need for increased amount of light could
also be linked to the increased of the amount of light for pedestrians’ immediate surroundings (see [19]).

Lighting is a public health and well-being issue [4]. Increased road lighting could help increase perceived
satisfaction by public in relation to lighting and could also help increase the number of pedestrians and cyclists
after-dark. For example, more people cycle and walk after- dark when roads were lit compared to when roads
were unlit [20]. Uttley and Fotios [21] have found that the numbers of pedestrians and cyclists, respectively,
increased by 62 percent and 38 percent during daylight conditions compared to after-dark conditions emphasizing
the potential of road lighting (as a policy measure) to encourage walk and cycle after-dark. I note that walking of
pedestrians and cycling are outdoor activities that are positively associated with positive public health outcomes
and increased public well-being (see [22]).

4.2 Limitations

This study was limited to a small number of roads using a participatory approach. The questionnaire was also
limited to a number of questions (16) and to a few questions with a point scale response (e.g., 1, 2), which could
be used for an advance statistical analysis. The questionnaire was designed for education purposes to collect basic
information on public perceptions in relation to security, pavement obstacle detection, and visibility for five major
roads, excluding residential (minor) roads, which could have different lighting patterns and measurement values.
There were also found differences between horizontally and vertically lighting value measurements. The
horizontally and vertically lighting measurements could also be measured in residential roads to identify any
lighting patterns.
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There were no data on lighting and perceived satisfaction by public in neighborhoods, potential public health
outcomes and public well-being. There were no basic researches about relationships between road lighting and
perceived security by public, public expectations for increased amount of light and pavement obstacle detection
in Tirana.

4.3 Future work

Respondents and students participated in lighting assessment survey showing interests and willingness. This
study showed that participatory approach could be applied for collecting lighting data in the future.

Respondents required an increased amount of light in their road neighborhoods and expressed their views about
their perceived safety and perceived satisfaction in relation to road lighting. 1t was shown that a pavement obstacle
accident or a tripping after-dark was an issue and should be further investigated because of health outcomes
(injuries). Expectations of respondents about increased amount of light should also be explained because it could
affect public health and well-being. For example, Uttley and Fotios [23] have found an increased risk to
pedestrians using a designated crossing after-dark compared to pedestrians using a designated crossing during
daylight, although, this increased risk was not due to the lack of road lighting. A careful data driven work could
be used for explaining perceived satisfaction by public in neighborhoods, potential public health outcomes and
public well-being in relation to exterior lighting. A database of lighting at global level is now released
(lighttrends.lightpollutionmap.info), though, public perceptions on lighting change are of great importance as
lighting change potentially affect public well-being.

4.4 Lighting is a public good

Lighting is a public good. There are evidences showing that interventions resulting to the changes in road
lighting can affect public. For example, reduced street lighting incentives applied by local governments for the
sake of energy saving and carbon emission reduction in England and Wales potentially negatively and positively
affected well-being, because of public concern ‘focused on road safety, fear of crime, mobility and seeing the
night sky’([24]). Road lighting in neighborhoods is linked to public well-being and potential public health
outcomes and to the right of public to have an adequate public good.

5 Conclusions

The understanding of public views about road lighting should be investigated, if this is not done yet, and or
prior to any lighting installments and interventions. This would need lighting data to be collected in
neighborhoods for explaining perceived satisfaction by public and public well-being in relation to exterior lighting.
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Supplementary material

S1: Questionnaire

No. Questions Response[Yes, No]
1G Do you live around here or do you pass by?

2S Do you often use this road, please?

3S If yes, what is the reason you often use this road? This is because:

1. You have your house near here/You work or study nearby
2. The road lighting is adequate

3. This road is safe

4. This road is well-paved
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No. Questions Response[Yes, No]
4s Do you walk with your children, in the evening?
58 If not, why don’t you walk with your children in the evening, please?
6S Do you walk alone or with your friends?
70D Generally speaking, have you ever had any accident, tripping on this
road (falling) due to pavement obstacles?
80D If not, have you ever heard about other pedestrians to have any
accident, tripping while walking on this road, please?
90D Have you ever had a pavement obstacle accident or tripping on this
road, after the sunset?
1ov Are you able to distinguish your friends or your family members’ faces
at distance of:
O 2m
O 5m
O 10 m far from you, please?
11S Have you ever had a meeting place on this road with your friends or
your family members?
12S Do you feel safe while you walk on this road please?
1. | feel unsafe
2. | feel somehow safe
3. | feel adequately safe
4. | feel safe
5. | feel fully safe
13G Are you satisfied by this road lighting?
14G If not, what do you suggest to improve the road lighting, please?
15G Are you:
O below 30 years old
O between 30 and 45 years old
O between 45 and 65 years old
O above 65 years old
16G Do you have any eyesight problems, please?

Note: S=Security, OD=0bstacle Detection, V=Visibility, G=General question

Table S2. The statistically significant F-test and t-test results for lighting assessments and pairs of affirmative responses (“yes”)(in
percentage) given by respondents for every road numbered from one to five. The percentage of affirmative responses (“yes”) given by
respondents for every road numbered from one to five are shown in Figure 2. Variable is the percentage of affirmative responses (“yes™)
given by respondents for every road numbered from one to five. Road1 is road 1, road2 is road 2, road3 is road 3, road4 is road 4, road5 is
road 5. Roads are shown in Figure 1.

Roads Variables F-test df p-value t-test df p-value
roadl_road2 0.65 15 0.42 0.92 28.7 0.36
roadl_road3 0.98 15 0.97 1.03 293.9 0.31
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roadl_road4 1.26 15 0.65 0.18 29.5 0.85
roadl_road5 0.73 15 0.55 0.47 29.3 0.63
road2_road3 1.49 15 0.44 0 28.8 1
road2_road4 1.92 15 0.21 -0.8 27.2 0.42
road2_road5 1.11 15 0.83 -0.43 29.9 0.67
road3_road4 1.28 15 0.63 -0.9 29.5 0.37
road3_road5 0.74 15 0.57 -0.47 29.3 0.63
road4_road5 0.58 15 0.3 0.33 28 0.74
me:;i':::i . min_horiz_min_vertical 17 4 001 113 4.4 031

max_horiz max-

. 0.35 4 0.34 1.87 6.5 0.1
vertical

Note: p-value below or equal with 0.05 is in bold.
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