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Abstract: Outdoor urban lighting design is a complex issue. It involves multiple aspects (energy
consumption, lighting pollution, aesthetics, and safety) that must be balanced to make sustainable
decisions. Although the energy and environmental issues assumed a driving role in the optimization
of the urban lighting design, its impact on the psychophysical well-being of individuals has received
less attention. Artificial lighting has been shown to add several meanings to an individual’s experience
of space: affective (affect, emotion, mood), cognitive (attention, imagination, perception), associative
(memory, judgment), and motivational (closeness, openness, communication). Traditionally, studies
on the effects of lighting on individuals’ emotions have mainly focused on indoor spaces, while the
present study aims to investigate the influence of lighting on individuals’ emotions in an outdoor
environment. Participants experienced a simulated urban park through virtual reality. Specifically,
the urban park was shown with different combinations of overall illuminance (high vs medium vs
low) and correlated colour temperature (CCT) (warm vs intermediate vs cool). For each combination,
participants were asked to judge how they felt. In general, results showed that high-intensity cool
light made participants more nervous, while warm light made individuals feel more tired and less
motivated to explore the park. In contrast, an intermediate CCT at low or medium illuminance
impacted individuals positively. Finally, it was found that participants’ mood predicted the impact
that park lighting would have on them. These results suggest that assessing the influence of lighting
on individuals’ emotions allows the decision-makers to implement the type of artificial lighting that
will simultaneously safeguard both the well-being of individuals and the environment.

Keywords: urban parks; lighting; virtual reality; emotional assessment; sustainability

1. Introduction

Outdoor urban lighting design is a complex issue. It involves multiple aspects, e.g.,
energy consumption, lighting pollution, aesthetics and safety, which must be considered
and balanced to make sustainable decisions. Recent research has demonstrated that public
lighting in urban environments is becoming more and more satisfactory and cost-effective
due to the use of LED technology [1] in new or retrofit interventions [2], reducing energy
consumption. Nevertheless, the reduction of illumination cost has also been responsible for
the increase of illuminated areas at a rate of 2.2% per year [3]. This growth leads to several
consequences, as Artificial Light at Night (ALAN) is responsible for detrimental effects on
plant [4] and animal life and behavior [5,6]. ALAN may induce a physiological response
in plants, affecting their phenology, growth form, and resource allocation [7]. In flying
insects, it may increase mortality due to collisions with hot lamps, exhaustion, or increased
predation, or can turn them disoriented or inactive, leading to a failure to reproduce [8,9].

Sustainability 2022, 14, 8556. https://doi.org/10.3390/su14148556 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su14148556
https://doi.org/10.3390/su14148556
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-0958-7536
https://orcid.org/0000-0003-4130-5065
https://orcid.org/0000-0002-3217-5695
https://orcid.org/0000-0001-8405-8768
https://orcid.org/0000-0002-3940-6740
https://orcid.org/0000-0002-1807-8282
https://doi.org/10.3390/su14148556
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su14148556?type=check_update&version=1


Sustainability 2022, 14, 8556 2 of 13

Lamps emitting light of 3223 K were found to attract more insects than at lower CCT, lamps
emitting yellowish (2759 K) or amber (2254 K) light [10]. In addition, luminaires for outdoor
application should be selected to ensure suitable light conditions [11–13], as well as to
limit lighting pollution and the effect of blue light on human well-being [14,15]. Although
the energy and environmental issues assumed a driving role in the optimization of the
urban lighting design, its impact on the psychophysical well-being of individuals deserves
more attention.

Urban parks are essential in urban environments for allowing people to engage in
various social activities [16] and bringing many benefits to their users, thus playing a key
role in improving the quality of life and well-being [17]. Effectively designed urban parks
encourage relaxation and stress relief [18], and enhance the dwellers’ social relations. Moreover,
there is growing interest in the restorative effects and emotional impacts of urban parks on
users [19,20]. In this context, lighting also plays a key role in maintaining the benefits of urban
parks during nighttime [21]. In fact, lighting can influence individuals’ moods and, depending
on the amount and distribution of light, can also influence the sense of security and social
ties [22]. Furthermore, it has been found that different lighting conditions are associated with
different reactions, such as self-regulation behaviors [23–25] and visual performance [26–29].
Lighting can also affect emotions and feelings of safety. With regard to the first, the exposure
to light at night, which has become pervasive, may have adverse effects on mood. The rate
of major depression has increased in recent decades, increasing exposure to light at night.
Strong evidence links circadian disruption to major depression and other mood disorders [30].
Regarding the sense of safety, lighting is one of the most important aspects affecting public
spaces’ perceived quality and attractiveness [31,32]. The sense of security in urban parks is
mainly related to visibility [33]. Dark areas with low illuminance tend to be perceived as
unsafe and avoided as a consequence [34].

Research on this topic used mainly two different approaches. Bi-dimensional images
of outdoor lighting scenes (photos or simulations) have been considered for a long time
as sufficiently adequate to investigate subjective impressions of space and light [35,36].
However, their use implies some limitations. Participants’ point and field of view are set to
a specific portion of the scene and are not changeable during the assessment phase. This
strongly limits the participants’ experience, who are forced to give their judgments without
having a full view of the surrounding or without exploring them as they do in the real
world. In situ walks have also been widely used for data collection [37,38]. Nevertheless,
as in precedence, although participants are present in the environment they are asked to
assess, it is very complex evaluating different types of solutions in on-site sessions and
collecting data accordingly.

Cauwerts [39] showed the advantages of using Virtual Reality (VR) environments in
lighting research. Iachini et al. [40] and Murdoch et al. [41] highlighted the importance
of immersion and interactivity in the virtual scene. The only visual exploration of the
scene allows interaction with lighting surrounding the environment, providing a complete
evaluation of the scene, identifying the existence of uniformity or contrast of light in
portions of the scene, leading to glare or eliciting negative emotions, just as darkness can
do. Chen et al. tested the feasibility of using VR in representing lighting environments
in indoor environments [42]. Their results support the claim that VR environments can
provide perceptual feedback very close to the real lighted space, being significantly better
than video and photos. Thus, VR gives us a great opportunity to provide an immersive
experience. Despite some gaps to fill in knowledge on the accuracy that the game engines
reproducing light distribution [43], immersive virtual reality may be an essential tool to
assess lighting systems from different points of view, especially those linked with the city
users’ expectations [44]. Casciani [45] highlighted the use of virtual technology in lighting
studies as an interesting and reliable tool to explore the psychological effects of lighting
conditions on public streets. A novel study in this direction used VR to test whether
illuminance levels and Correlated Color Temperature affected park users’ preferences [46].
Considering the illuminance, the medium condition (6 lx) resulted significantly better in
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human lighting comfort than the low (2 lx) and high (10 lx) conditions. On the other hand,
the change in color temperature had a significant effect with the subjects’ comprehensive
evaluation score being better under warm light (3000 K) conditions than under cool light
(5600 K).

As shown, lighting can impact people’s mood differently, leading to different out-
comes. Although the emotional impact of lighting has been considered, a different and
perhaps more interesting point of view would be the consideration of how specific lighting
combinations make people feel. Furthermore, although it has been shown that people’s
mood influences how they perceive and interpret everyday experiences [47], studies dealing
with lighting have not considered the role that participants’ mood may play in evaluating
different lighting solutions.

The main purpose of the present study is to understand if and how some characteristics
of urban park night lighting may positively affect individuals. Moreover, the effect of
lighting on individuals’ motivation to explore the park and the feeling of safety was also
assessed. Finally, we explored if and how participants’ mood predicts the emotional
impact that park lighting may have on individuals. Regarding the emotional impact of
park lighting, we expect that the mild conditions (medium illuminance and intermediate
CCT) should make people feel more happy and less nervous, whereas the extreme (low vs
high illuminance and warm vs cool CCT) conditions should have the strongest adverse
outcomes, making them feel more nervous compared to the other conditions. For this
reason, we expect that although high lighting intensity may foster a greater sense of safety,
it may have a negative impact on the motivation to explore the park. Finally, we also
explored the impact of individual mood on judgments about lighting in city parks.

2. Materials and Methods

The study was conducted with a dynamic, virtually simulated environment, and
individuals’ preferences were measured by employing an affective evaluation scale [19].

2.1. Materials
2.1.1. VR Environment

To simulate different lighting conditions of a realistic scenario, a virtual simulation
of an existing urban park was built in Unreal Engine 4. Since no photometric data for the
existing poles were available, the luminaries were realised by modelling the geometrical
shape and placing a “point light” on the top of a pole. To ensure a plausible light distri-
bution, the photometric data of a top-pole “fiamma” [48] was assigned to the point light.
Even if the current version of the game engine does not allow computing upward scattered
luminous flux, the position of point light in the modelled shape of existing luminaire was
chosen to avoid light emission in any direction above the horizon. Once immersed in the
virtual scenario, the participant sits on a virtual bench (corresponding to a real chair) and
observes the scene. They could not explore the surrounding environment except by rotating
their head and sight from their fixed position. Participants experienced 9 virtual lighting
scenarios resulting from the combination of three luminous flux of the lamps: 250, 500, and
1000 lumen; and three CCT: 2500 K, Warm; 4500 K, Intermediate and 6500 K, Cool (see
Figures 1 and 2). The three lighting conditions of the lamps’ setting (at the three different
luminous flux) produced three overall illuminance levels of the park that we call Low,
Medium, and High.
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Figure 2. Example of the participants’ view during the experiment. The head is oriented toward the
park entrance.

2.1.2. Affective Questionnaire

While participants were immersed in the virtual environment, they were asked to
judge the scenarios through a multi-item questionnaire (see Appendix A) [19]. Participants
were asked to judge by using a 9-point Likert scale (1 = Not at all; 9 = Extremely) how much
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the environment they were watching made them feel Calm, Nervous, Energetic, Weak,
Happy, and Sad. Furthermore, participants were asked two to indicate on 9-point Likert
scale (1 = Not at all; 9 = Extremely) “How much this type of lighting will motivate you in
exploring the park?” (Motivation question) and “How much this type of lighting makes you
feel safe?” (Feeling of Safety question).

2.1.3. Participants

A priori analysis of statistical power and effect size was carried out to obtain the
minimum number of participants needed to obtain statistically valid results. The power
analysis was computed using G-Power software [49]. Thirty-four participants were enough
to reach a significant level (α) of 0.05, considering an effect size f = 0.25 and test power 1 −
β = 0.80.

Thirty-six participants (20 M), aged 20–57 years (M = 28.75, SD = 8.40), were involved
in the experiment. All the participants were recruited by e-mail among the students
and the personnel of the Universitá degli Studi della Campania “Luigi Vanvitelli”. All
subjects gave their informed consent for inclusion before participating in the study. The
protocol was approved by the Ethics Committee of Università degli Studi della Campania
“Luigi Vanvitelli”.

2.2. Method

After receiving information about the study and providing informed consent, the
participants were first administered the PANAS Questionnaire [50] to collect data about
their mood, and then the experimental session started. Participants wore the HTC Vive Pro
Eye HMD and were first shown a different version of the park to make them comfortable
with the device. When the participant felt comfortable, the first lighting combination was
shown. At this stage, the experimenter read each adjective of the Questionnaire and asked
participants to respond on a 1 to 9 scale (from not at all to extremely). Once the evaluations
for each adjective were collected, the next scene was shown.

Two repeated-measures ANOVAs were conducted on the positive and negative adjec-
tives, respectively. The analysis design featured three within-subjects variables: Emotions
(Calm vs. Happy vs. Energetic, or Nervous vs. Sad vs Forceless), CCT (Warm vs Inter-
mediate vs. Cool), and Overall Illuminance (Low vs Medium vs. High). The dependent
variables were the ratings made by participants on the Likert scales (range: 1–9).

Moreover, to understand whether participants’ mood predicted judgments about light-
ing in city parks, two stepwise multiple regressions with forward method were conducted
on the mean of positive and negative emotional judgments (criterion variable) and with
positive and negative mood as predictors.

3. Results

Positive Emotions. Results showed a statistically significant main effect of Overall
Illuminance: F(2, 68) = 22.68, p < 0.00001, η2

p = 0.40. The results of the post-hoc test
showed that a Low (M = 5.77, SE = 0.17) and Medium (M = 5.48, SE = 0.21) illuminance
level were rated more positively than a High illuminance level (M = 4.65, SD = 0.22) (at
least p < 0.0005). In addition, a significant interaction effect emerged between Positive
Emotions and Overall Illuminance: F(4, 136) = 21.82, p < 0.00001, η2

p = 0.39. Results from
the post hoc test showed (see Figure 3) that participants reported feeling calmer in the
Low illuminance condition than in the Medium condition and calmer in the latter than
in the High illuminance condition (at least p < 0.005). Similarly, regarding Happiness,
participants reported feeling less happy in the High illuminance condition than in the other
two conditions (at least p < 0.0001). In contrast, feeling energetic was not affected by the
different Overall Illuminance.
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Finally, the Low illuminance condition made people feel calmer than happy and
happier than energetic (at least p < 0.005). The same was true for the Medium illuminance
condition, whereas no difference between the three emotions was observed in the High
illuminance condition. No significant effects were observed for the variable CCT.

Negative Emotions. Results showed a statistically significant main effect of Overall
Illuminance: F(2, 70) = 9.75, p < 0.0002, η2

p = 0.22. The post-hoc test revealed that a Low
(M= 2.26, SE = 0.17) and Medium (M = 2.19, SE = 0.16) illuminance level are evaluated
less negatively than a High (M = 2.68, SE = 0.18) illuminance level (at least p < 0.005).
Furthermore, results showed that Negative Emotions interacted significantly with both CCT
(F(4, 140) = 4.28, p < 0.005, η2

p = 0.11) and Overall Illuminance (F(4, 140) = 15.18, p < 0.00001,
η2

p = 0.30) respectively. Regarding CCT, the results of the post-hoc test showed that the
Intermediate CCT made people less nervous than the Warm and Cool CCT (at least p < 0.05).
In addition, Warm CCT made participants more tired than sad (p = 0.005) (see Figure 4).
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Regarding the Overall Illuminance, the results showed that the High Illuminance
condition made participants more nervous than all other conditions (at least p < 0.0001). In
contrast, the Low Illuminance condition made participants feel more tired than nervous
(p = 0.04) (see Figure 5).
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Finally, an interaction effect between CCT and Illuminance emerged: F(4, 140) = 6.14,
p < 0.0002, η2

p = 0.15. The effect is because the High illuminance and Cool light condition
is the one to be evaluated most negatively of all (at least p < 0.05) except compared to the
High illuminance and Warm light (p = 0.14). The latter makes one feel worse than the Cool
Low illuminance (p = 0.03) (See Figure 6). No other significant differences emerged.
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Motivation. Results showed a main effect of the Overall Illuminance: F(2, 68) = 4.93,
p < 0.05, η2

p = 0.13. Specifically, participants were more motivated to explore the park when
lighting was at low (M = 6.60, SE = 0.19) and medium (M = 6.56, SE= 0.18) illuminance
compared to high illuminance (M = 5.84, SE = 0.26) (at least p < 0.05). In addition, a
significant interaction effect between CCT and the Overall Illuminance emerged: F(4, 136)
= 3.51, p < 0.01, η2

p = 0.09. The post-hoc test revealed that the lighting condition with High
illuminance and Warm light was the one that motivated participants the least to explore
the park compared to all other conditions (at least p < 0.05) except compared to the one
with High illuminance and Cool light (p = 0.86). In addition, the latter motivated less than
Medium illuminance Cool light (p = 0.01) (see Figure 7).
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Feeling of Safety. Results showed a main effect of Overall Illuminance: F(2, 68) = 4.55,
p < 0.05, η2

p = 0.11. Specifically, participants felt less safe in the low illuminance condition
(M = 6.18, SE = 0.19) compared to the medium (M = 6.65, SE = 0.13; p = 0.08) and high
(M = 6.80, SE = 0.16; p = 0.01) illuminance conditions, respectively.

For positive emotions, the results showed that the model was significant (F(1,34) = 7.25,
p = 0.01, R2 = 0.17) and that the positive mood dimension predicted participants’ positive
judgments (b = 0.42, t(34) = 2.69, p = 0.01). Specifically, the better the mood the more
positively the lighting was rated. With regard to negative emotions, the results showed
that the model tended toward significance (F(1,34) = 2.58, p = 0.08, R2 = 0.13) and that the
negative dimension of mood predicted participants’ negative ratings (b = 0.37, t(34) = 2.22,
p = 0.03). Specifically, the worse the mood, the more negatively the scenarios were rated.

Effect of mood on lighting preference, motivation, and feeling of safety. Since participants’
mood was a statistically significant predictor of lighting judgment, we conducted an
additional analysis of variance to test whether participants with a different mood preferred
a different type of lighting. To this end, we split participants into two groups (18 participants
per group) based on the median value of the positive mood scores (i.e., 34.5). Afterwards,
we analyzed the data for each emotion separately using the level of positive mood, i.e., high
(scores ≥ 35; M = 39.39, SD = 2.97) vs. low (scores ≤ 34; M = 29.33, SD = 4.13), as a between-
subjects factor, and the CCT and the Overall Illuminance levels as within-subjects factors.
Results showed no statistically significant interaction among CCT, Overall Illuminance,
and mood level for both positive and negative emotions.

The same analyses were carried out on the level of motivation to visit the park and
the feeling of safety. With regard to motivation, results showed a statistically significant
interaction between positive mood level (high vs. low) and Overall Illuminance (low vs.
intermediate vs. high): F(2, 66) = 4.18 p = 0.02, η2

p = 0.11. The post-hoc test showed that
under illumination at high intensity, participants with lower positive mood reported lower
motivation (M = 5.2, SD = 2.14) to visit the park than the group with higher positive mood
(M = 6.5, SD = 1.72) (p = 0.03). In short, high intensity lighting demotivated those with
more negative mood. Regarding the sense of security, no interaction between lighting and
mood level emerged.

4. Discussion

The present study aimed to understand better which combination of lighting intensity
and CCT had the most positive emotional impact on potential urban park users. To this end,
nine different virtual scenarios were obtained, combining three overall illuminance levels
(Low, Medium, and High) and three CCT (Warm, 2500 K; Intermediate, 4500 K; and Cool,
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6500 K). Participants were asked to judge how much the lighting of each scenario made
them feel Calm, Nervous, Energetic, Tired, Happy, and Sad. Furthermore, participants
were asked to rate how much each lighting combination would influence their Motivation
to explore the park and their Feeling of safety. As summarized in Table 1, the results showed
that high illuminance generally made people more nervous, whereas Low illuminance
made people feel calmer. On the other hand, Low illuminance showed adverse effects,
making participants feel more tired than in other conditions. Overall, the combination with
the Cool CCT and High illuminance condition produced the worst impact for participants.
We also found that High illuminance and Warm CCT resulted in the worst combination at
motivating participants to explore the park. High illuminance resulted positively only in
making participants perceive the park as safer than other conditions, and this is reasonable
because Higher illuminance provides better vision at night. Nevertheless, this did not
motivate people to explore the park. This seemingly contradictory finding can be explained
by the fact that, as our results suggest, although High illuminance promotes better vision, it
can still be annoying and, when combined with Warm lighting, even tiring. In other words,
it is the specific combination of illuminance and CCT that determines whether a park will
be explored or not. In line with this, Oi showed that different combinations of illuminance
and colours were preferred based on the context of judgment [51]. Therefore, preferences
can change based on the type of activity people are to perform.

Table 1. Findings’ summary.

General Findings Specific Findings

Positive Emotions
- High overall illuminance induces

less positive emotions.

- Greatest calm in the low overall illuminance.
- Greatest happiness in low and medium

overall illuminance.
- Overall illuminance does not affect

feeling energetic.

Negative Emotions

- High overall illuminance induces
more negative emotions.

- Most negative emotions with high
overall illuminance and cool light.

- Greatest nervousness in the high
overall illuminance.

- Low overall illuminance makes people feel more
tired than nervous

- Least nervousness in the intermediate CCT.
- Warm CCT makes people feel more tired than sad.

Motivation

- Less motivation to explore the park
with high overall illuminance,
especially if combined with
hot light;

- High overall illuminance with cool
CCT motivated less than at low
overall illuminance and cool CCT.

Sense of Safety - Less sense of safety in low
light conditions

Mood

- The positive is the mood of the
participants, the higher their
evaluation of the scenarios is.

- The negative is the mood of the
participants, the negative their
evaluation of the scenarios is.

- The participants’ mood level (high versus low) did
not influence their preference for a specific type
of lighting.

- Participants with a low positive mood were more
demotivated than those with a high positive mood
exploring the park.

Our results suggest the Medium Overall Illuminance as the most positive. Regarding
the correlated colour temperature, results showed that intermediate CCT (4500 K) was the
most positive as it made participants feel less nervous compared to Cool and Warm CCT
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(6500 K and 2500 K, respectively). Furthermore, an interesting result of this study was that
participants’ moods predicted their judgements. The better the mood at the beginning of
the experiment, the better the judgments. Moreover, results showed that a park with high
lighting intensity would demotivate those with a less positive mood to explore it. This is
probably related to the fact that high lighting intensity has, in general, a negative impact
on emotions. Therefore, with the importance of the evaluation context [51], participants’
mood should be an important factor to consider when assessing emotional impact, as it
is predictive of individual evaluations, an aspect not emphasized enough. In conclusion,
results showed that the best combination was the Medium Overall Illuminance combined
with intermediate CCT (4500 K).

Although the article’s findings are in line with the previous research findings [46], there
are still some limitations related to the calibration and control of the virtual environment
metrics of lighting simulation, especially when they are reproduced to the participants by
head-mounted displays.

In fact, on the one hand, taking advantages of the high sense of presence experienced in
immersive virtual reality environments means that Virtual Reality will increasingly become
the tool that designers and administrators will use to select alternatives, not exclusively
based on the target values of the lighting metrics indicated in international standards, but
by a human-centric and participative approach, as well as on expectations, preferences,
satisfaction and feeling of citizens. This will help them consider peculiarities and sensibili-
ties of local communities toward several lighting related aspects having direct or indirect
consequences on citizens’ behavior (accessibility, safety) [31,52,53] and health (biological
functions and rhythms) [9,54], tourists (landmarks, lighting gates) [55,56], animals and
vegetation (attraction, reproduction) [6,8,9], as well as light pollution [57,58].

On the other hand, actual challenges in the use of VR for lighting research still limit
the studies on the human feedback (i.e., psychological and physiological responses) about
lighting to qualitative simulations rather than quantitative. In fact, although recent re-
search considering indoor VR environment provided satisfactory procedures to combine
IES curves with the lighting objects available in game engines [43], or to control the colour
appearance of objects in colour constancy experiments when a head-mounted displays is
used [59], no investigations are to date available to evaluate the effects of these methodolo-
gies in outdoor applications or when complex environments are considered. The advances
in this field will allow the next years to update our findings, making possible the compari-
son of the characteristics of the scenario presented via HMS with the value suggested by
the international standard about outdoor lighting.

5. Conclusions

Results suggest that improving the emotional feelings of people who use urban parks
by adapting lighting characteristics of lighting systems may have positive consequences on
other aspects. Low illuminance levels produced by lighting systems help make people feel
calmer, significantly reducing the feeling of being nervous due to high illuminance levels.
Cool lighting induces negative emotions in individuals, making them nervous, and is not
suggested. This solution is also in line with the negative effects of high CCT on nocturnal
insects [60,61]. Observing the outcomes about the overall illuminance, we can say that
by using a human-centric approach in urban parks lighting design it is possible, beyond
improving the well-being of users, to get convergent feedback with other issues such as the
energy saving and reduction of the impact on insects and plants. Nevertheless, quantitative
studies are needed in the future to extend the research in this field.
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