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Abstract

Background: Light is essential to many facets of human endeavors and is not only required
for vision. The prevailing climate in the areas where workplaces are situated might mod-
erate good lighting conditions, which are described as those that balance human needs.
This study aimed to clarify how the Ergonomic Lighting Indicator should be used in work-
places while considering two distinct climates. Methods: Utilizing the Ergonomic Lighting
Indicator questionnaire, the current investigation was conducted. A total of 140 volunteers
who worked in indoor environments (70 in each climate condition) took part. Spider
charts and descriptive analysis were employed. Results: In Isfahan City, practically every
employee expressed complete satisfaction with the natural lighting’s quality. There was
more visual comfort, according to workers in the province of Isfahan (p = 0.03). Except for
the empowerment rating (p = 0.03; Mazandaran > Isfahan), Isfahan had greater scores on
the Ergonomic Lighting Indicator than Mazandaran (visual performance: p = 0.02; vista:
p = 0.01; vitality: p = 0.04). Conclusions: Based on this study, the use of Ergonomic Lighting
Indicators to evaluate light quality is acceptable. In addition, this instrument can be applied
in a variety of nations with diverse climates.

Keywords: daylight; visual comfort; outdoor environment; ergonomic lighting indicator;
visual ergonomics; visual performance; artificial lighting; environmental ergonomics

1. Introduction
Light is characterized as a part of the electromagnetic spectrum [1–3] and has numer-

ous design, economic, and environmental applications [4]. In many of these applications,
light plays a crucial role in various aspects of human activity [5]. Therefore, it can be
concluded that, while light is essential for vision, its significance goes beyond just enabling
sight [6]. Due to its important role, lighting has recently gained attention from both health
specialists and designers [5,7].

The use of artificial lighting will continue to grow globally in the absence of natural
light [8]. The visual and non-visual effects of artificial lighting have been supported by
various studies [9,10]. Light has measurable physiological and psychological consequences
for people, ranging from productivity to the wake–sleep cycle [11].

Recent investigations have indicated that, when people are exposed to light, this
has non-visual impacts [12,13]. These non-visual effects can arise from the quality of the
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light source and can be categorized into high- and low-quality types [14]. Good lighting
conditions are evaluated from both technical and emotional perspectives and are defined
as those that balance human needs with energy efficiency, financial and environmental
considerations, and architectural design requirements [4].

Along with individual differences, user groups may have different perceptions of
the same light source [14,15]. So, quality can be discussed as a “human-centered” and
“subjective” issue since it depends on self-report, where individuals express their own opin-
ions [14,16]. Additionally, the perceived attributes include visual comfort and safety [17,18].
The quality of workplace lighting is one of the key factors among the significant features
determining workers’ health and productivity [19–21]. The Ergonomic Lighting Indicator,
along with other subjective indices, can specify some important aspects of light quality
that could be perceived by employees [22]. This tool considers lighting requirements, as
mentioned in the EN 12464 standard, “Lighting of workplaces” [23]. This measure presents
five main criteria regarding the most important facets in lighting to illustrate the overall
quality of a lighting system: visual performance, vista (view of a scene), visual comfort,
vitality, and empowerment (to influence the lighting) [24].

Exposure to indoor workplaces’ lighting can be moderated by the prevailing climate,
which impacts non-visual effects. Thus, it is crucial to consider the climate situation in
which the indoor lighting is tested [11]. By selecting two cities with two different climate
conditions (mostly sunny vs. mostly cloudy), in short, this study aimed to shed light on the
application of the Ergonomic Lighting Indicator in workplaces by considering two different
climate conditions. The ELI is selected because it is an important tool which integrates
multiple ergonomically relevant dimensions of lighting into a validated framework that
is referenced in international lighting standards, enabling comprehensive and reliable
assessment of indoor environments.

2. Literature Review
2.1. Light and Human Body Response

In 2022, an article [1] reviewed the response of the human body to light and its
different characteristics. They see light as the primary cue for the phase-shifting of the
human circadian system, acting through intrinsically photosensitive retinal ganglion cells
(ipRGCs) that project onto the suprachiasmatic nuclei (SCN), the brain’s master clock. This
photic input regulates not only circadian timing but also acute physiological functions
such as melatonin suppression, alertness, and neuroendocrine activity. They mentioned
that the biological response to light is influenced by several physical characteristics of
light: intensity, spectral composition, timing, and duration. Short-wavelength light (around
480 nm), to which melanopsin is most sensitive, is particularly potent in eliciting circadian
and neuroendocrine responses. For example, lower levels of short-wavelength light can
produce comparable effects to higher levels of other wavelengths in suppressing melatonin
and shifting circadian rhythms. The magnitude and direction of these effects depend on
the timing of exposure, with early-night light delaying the circadian phase and late-night
light advancing it. The authors endorse the use of the melanopic Equivalent Daylight
Illuminance (ED65v,mel), a metric standardized by the CIE (S 026/E:2018), as the preferred
measure of the biological potency of light. This measure accounts for spectral sensitivity
specific to melanopsin and offers a more accurate means to evaluate and design lighting
for health outcomes than traditional photopic lux. The paper concludes that integrative
lighting strategies—employing high melanopic potency light during the day and low
potency light at night—represent a promising and immediately actionable approach to
support human health and well-being.
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In another review article [25], Peter Robert Boyce believes that light can impact human
health via the visual and non-visual systems. He declared that light can influence health
positively or negatively by impacting the visual system (e.g., eyestrain, headaches, falls)
and the circadian system (via, ipRGCs, responsive to ~480 nm light). Disruption of the
circadian rhythm by exposure to light at biologically inappropriate times can adversely
affect sleep, alertness, and hormonal balance, and even risk chronic disease. The magnitude
of these effects varies depending on light intensity, spectral composition, timing, and
individual factors such as age or medical status.

Kevin Houser et al. discussed the “Human-centric lighting” concept in a recent
article [26]. Human-centric lighting entails a dual focus on both visual and non-visual
responses to light, as emphasized by the concept of “phase integrative lighting” introduced
by the CIE. While some commercial claims may exaggerate its potential, and despite
gaps in scientific understanding, it is feasible to design lighting systems that harmonize
visual comfort with biological and psychological needs. They declared that a key principle
is the importance of timing in light exposure: high-biological-potency light primarily
determined by intensity, spectrum, and gaze direction is beneficial in the morning or
during the day to stabilize the circadian rhythm. Conversely, exposure to biologically
potent light in the evening or at night should be minimized to prevent circadian disruption,
especially in individuals with typical day–night schedules (e.g., shift workers). They
declared that, although no universal metric exists to quantify biological potency, models
based on photoreceptor responses and melanopsin suppression are emerging. The authors
advocated for simple, actionable design principles despite the complexity of the science,
summarized effectively as “bright days and dark nights”. It means that daylight-oriented
architectural design must be encouraged to support health outcomes.

2.2. Ergonomic Lighting and Subjective Tools for Assessing Light Quality

Typically, when discussing the ergonomic assessment of lighting, concepts such as
visual fatigue and visual ergonomics are inadvertently brought into the conversation. A
review of previous studies has introduced a variety of tools developed for these concepts,
among which only the ELI is studied in the present study. However, the other tools,
although more commonly used, still remain noteworthy.

The Office Lighting Survey (OLS) is a questionnaire-based tool developed by Eklund
and Boyce in 1996 to assess occupant satisfaction with office lighting [27]. It consists of
10 items presented in an agree–disagree format. The survey addresses various aspects of
lighting quality, including visual comfort, glare, brightness, reflections, light distribution,
flicker, color characteristics, and overall satisfaction. A modified version of the OLS has
also been employed in other studies [28].

The Lighting Conditions Survey (LCS), developed in 1999, is a 37-item questionnaire
designed to assess long-term satisfaction with lighting conditions and lighting quality
in real-world workplace settings [29]. In addition to lighting-specific factors, the survey
also captures user perceptions of broader environmental features such as office layout and
spatial orientation. The LCS includes items related to both artificial and natural lighting,
window access, brightness, reflections, light distribution, task lighting, color characteristics,
external view, and overall satisfaction. However, a small number of specific lighting
features—such as flicker—are not explicitly addressed, which may limit the survey’s
comprehensiveness in certain ergonomic evaluations.

The NRC Canada Lighting Quality Scale [30], developed by Veitch and Newsham
in 2000, is a 10-item questionnaire that evaluates office lighting through two distinct
subscales—lighting quality and glare—each comprising multiple items. Participants rate
statements on Likert-type agree–disagree scales, reflecting their perceptions of various
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aspects of ambient and task illumination. In addition to these subcomponents, the instru-
ment includes items assessing overall satisfaction with the lighting environment and its
perceived impact on work performance.

The Perceived Outdoor Lighting Quality (POLQ) scale, developed by M. Johansson
and colleagues in 2014, is an observer-based assessment tool designed to evaluate pedes-
trians’ perceptions of outdoor lighting environments [14]. The scale identifies two key
dimensions: perceived strength quality (PSQ) and perceived comfort quality (PCQ), both
of which effectively differentiate between light sources based on characteristics such as
illuminance level, color temperature, and color rendering. By capturing the subjective
evaluations of lighting, the POLQ provides valuable insights into how outdoor lighting
is experienced by pedestrians. It is proposed as a complementary tool for informing the
design of sustainable and user-centered urban lighting systems.

2.3. How ELI Can Support the Occupants

Integrative lighting (IL) research emphasizes its influence on both visual and non-
visual processes, yet methods for assessing IL in real-world settings remain limited. A
Delphi study with 32 experts identified key descriptors from the ELI, including visual
performance, vista, visual comfort, vitality, and control, and reached a consensus when at
least 75% rated them as important. Indicators were defined as simple, valid, reliable, and
non-intrusive, grouped into visual/photometric and temporal/human factor categories.
Using a multi-criteria decision-making approach, the study also proposed context-specific
weightings, offering a structured basis for the comprehensive evaluation and certification
of indoor environments [31].

Balocco et al. [32] investigated daylight optimization in an existing primary school
through human-centered design and simulation-based retrofitting strategies. Two alterna-
tive lighting proposals, integrating natural daylight with LED systems, were developed
and assessed under precautionary climatic conditions. To evaluate their effectiveness, the
study applied both technical and ergonomic indicators, including the Lighting Energy
Numeric Indicator (LENI) and the Ergonomic Lighting Indicator [1]. The results showed
that, while both solutions improved luminous comfort compared to the existing state, the
LED1 system achieved a higher ELI score (18 vs. 12), particularly enhancing the vitality and
visual performance dimensions. This application demonstrates the operational use of ELI
as a comparative tool for assessing the ergonomic quality of alternative lighting designs.

3. Materials and Methods
3.1. Study Areas

The present study was conducted to assess the lighting quality of indoor workplaces
in one city of Mazandaran Province and one city in Isfahan Province, both located in
the of Islamic Republic of Iran. Mazandaran is a northern province of Iran, located at
approximately 36.2262◦ N latitude and 52.5319◦ E longitude. The city of Isfahan is in
the heart of Iran, between the northern latitude of 32.6546◦ and the eastern longitude of
51.6680◦. Figure 1 demonstrates the location of these provinces in Iran. The first province
has a predominantly cloudy climate throughout the year, whereas the second province is
characterized by mostly sunny conditions.

One place in each province was selected (two workplaces in total). Therefore, we
can conclude that the effect of spatial change within each province has been eliminated.
Both workplaces were comparatively comparable in terms of window location and light
receiving direction.

Both workplaces had similar conditions in terms of window design. Sunlight entered
the workspaces from the corners and near the ceiling, reaching the workstations from
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above. However, as previously mentioned, Isfahan Province receives significantly more
natural light than the second province due to differences in their climates. In Mazandaran,
because of the cloudy weather, artificial lights were on above the workstations during most
of the day, while in Isfahan Province, artificial light was not used much because of the
abundance of sunlight. In Mazandaran, all artificial lights used had similar characteristics
in terms of light intensity, color temperature, and installation relative to the workstations.

 

Figure 1. Geographical location of Mazandaran and Isfahan provinces in Iran.

3.2. Participants

One hundred and forty volunteer workers participated—including 70 workers in each
province—who spent all their working hours at indoor workplaces. All of them were
literate but did not have a university degree. All attendees were male as well due to the
nature of the occupation. Their average age was 29 years. Differences in the amounts of
daily natural light received were considered an indicator of the climate effect in this study.

3.3. Ergonomic Lighting INDICATOR Questionnaire

Before using the ELI questionnaire, its English version was translated into Persian,
the participants’ native language (Cronbach’s alpha: 0.81). The questionnaire contains
five subscales, named A to E, each of which includes some questions. Part A includes
seven questions about visual performance while part B asks six questions about the quality
of vista. Parts C and D, each with six questions, evaluate visual comfort and vitality at
the indoor workplace, respectively. Part E, with six questions, focuses on the workers’
empowerment. Each question has a 5-point Likert, ranging from “absolutely right” to “not
at all”. SPSS software (Version 19) was utilized to report descriptive statistical analysis.
Summing up the mean value of the five parts, the total values were transferred to the
corresponding points in the spider chart to obtain the ELI value for each participant. To
gather subjective opinions from employees regarding the usage of artificial light or daylight
or visual comfort, we employed Likert scales that were specifically designed for this study
(ranging from 1 to 10).

4. Results
Natural sunlight levels varied between the two areas because of the humid environ-

ment of Mazandaran Province and the close proximity of Isfahan Province to Iran’s central
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desert. Field observations performed by health experts during the study period indicated
that Isfahan City experienced mostly sunny weather, while Mazandaran City had predom-
inantly cloudy to partly cloudy conditions. Table 1 compares employees’ preferences in
the two provinces regarding the use of natural versus artificial lighting in their workplaces.
Nearly all workers in Isfahan City expressed full satisfaction with the quality of the natural
light available at their workstations.

Table 1. Preference of the employees in two provinces for the use of natural or artificial sources
of light.

Province Preferred
Daylight (%)

Preferred Electric
Lighting (%)

No Difference
(%)

Not Answered
(%)

Mazandaran 16 79 2 3
Isfahan 88 6 3 3

Figure 2 illustrates the satisfaction of the participants from Mazandaran and Isfahan
Provinces with the visual comfort of their workplaces.

 

Figure 2. Satisfaction of the participants from Mazandaran and Isfahan Provinces with visual comfort
of their workplaces.

Table 2 indicated the mean, minimum, and maximum score given by the workers in
Isfahan and Mazandaran Cities to the components of the ELI questionnaire.

Table 2. Mean, minimum, and maximum values given by the workers to the components of the
ELI questionnaire.

Criteria Mean and SD
(Isfahan/Mazandaran)

Minimum
(Isfahan/Mazandaran)

Maximum
(Isfahan/Mazandaran) p-Value

A: Visual performance 4.05 ± 0.87/2.86 ± 0.71 2.1/2.53 4.65/3.49 0.02
B: Vista 4.38 ± 0.32/2.77 ± 0.47 3.92/2.21 4.72/3.04 0.01

C: Visual comfort 3.99 ± 0.75/2.76 ± 0.11 1.9/2.48 4.65/3.36 0.03
D: Vitality 3.96 ± 0.44/2.89 ± 0.39 1.22/2.42 4.75/3.17 0.04

E: Empowerment 2.33 ± 0.73/3.81 ± 0.66 1.37/2.69 4.175/4.50 0.03

By summing up the mean values of each sub-criterion—including visual performance,
vista, empowerment, visual comfort, and vitality—the ELI value was obtained. Based on
this, the spider chart of each province was plotted, as shown in Figure 3. As the results
show, the ELI score is higher in Isfahan, which means that employees in this city reported a
better ergonomic status of their workplace lighting.
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Figure 3. ELI values for the lighting of workplaces in Mazandaran and Isfahan Provinces.

5. Discussion
The aim of this study was to apply the Ergonomic Lighting Indicator [1] in two

different workplaces with varying climate conditions. According to the findings, workers
in Isfahan City (as a representative of a sunny climate) preferred to use natural daylight
over artificial lighting in their workplace. However, workers in Mazandaran Province (as a
representative of a cloudy climate) expressed a different preference. One likely explanation
for this difference could be the longer daylight hours in Isfahan.

According to the findings, employees in Isfahan thought that the adequate indoor
illumination was provided by the extended daytime hours and enough sunshine that
penetrated deeply into the interior spaces through numerous windows. Therefore, they
felt no need for additional artificial lighting, while the opposite condition was observed in
Mazandaran Province. The predominantly cloudy or partly cloudy weather throughout the
year often fails to deliver enough daylight to illuminate interior spaces, leading workers
to prefer electric lighting. A study by Despenic et al. [33] also demonstrated that the
amount of available daylight can significantly influence the choice of artificial lighting.
This suggests that, because Mazandaran City lacks adequate daylight on most days of the
year, its employees choose artificial light. Some other studies have also reported workers’
preference for daylight-based workplaces [34,35].

Other results indicated that, in Isfahan, with almost sunny days in a year, workers
declared more visual comfort than Mazandaran workers. This means the climate can play
a mediating role in this way [36]. The importance of daylight in terms of visual comfort
is of particular concern [37]. Another study found that the visual comfort of artificial and
natural light differed significantly [35]. In line with the results, Shen et al. showed that the
daylight system outperforms all other strategies in terms of visual comfort [38]. Although,
despite our results, AbdulFasi et al. concluded that, in hot climates, increasing daylight
provision cannot increase office users’ visual comfort [39]. So, providing an artificial light
with similar quality to natural daylight is a good choice for light designers and employers.

The visual performance of workers is another parameter which was assessed in the
Ergonomic Lighting Indicator. As the results stated, workers in Isfahan had a greater visual
performance than those in Mazandaran. It can be concluded that daylight is much more
likely to maximize visual performance than most types of electric lighting; thus, it is due
to the characteristics of natural light that tend to be delivered by a broad spectrum and
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ensures good color rendering. Shishegar et al. stated that natural light can enhance the
visual performance of workers and students [40]. Aries et al. and Knoop et al. affirmed
the results of the current study and claimed that sunshine generally improves human
vision more than electric lighting, allowing for higher visual performance [41,42]. So, in the
case that workers need to perform a task/job which needs visual acuity, providing a good
amount of natural light and then completing it with the required amount of artificial light
is suggested.

Vista, or view of scene, is the next parameter that was assessed in the Ergonomic
Lighting Indicator. This scale consists of architectural conception, user’s expectation,
orientation, perception hierarchy, exterior perception, material, and environment. Our
results showed that this parameter is also better in Isfahan Province because of there
being more sunny days. A study by Hourani et al. has proved that daylight quality
is an effective design element for enhancing the aesthetical and psychological aspects
of architectural spaces, enriching the experience of pleasure [43]. In workplaces where
employees spend extended periods, considerations beyond job performance, such as the
overall pleasantness of the work environment, become important. In such settings, access
to natural light should be ensured to enhance the vista parameter, or work shifts should
be organized so that individuals have adequate exposure to daylight. Concepts such as
biophilic design, commonly applied in buildings, can also be included in this context [44].
Today, biophilic interventions are gaining attention not only in architectural design but also
in human–technology interactions [45].

Another subjective parameter which was assessed by the Ergonomic Lighting Indicator
is vitality. It means one’s conscious experience as possessing energy and aliveness. In other
definition, vitality was introduced as having positive energy available to or within the
regulatory control of oneself. In this study, Isfahan, with more sunny days, conveyed that
feeling to workers. The impact of daylight exposure on the overall health and vitality of
office workers was the subject of a recent study. The results were in line with this study
and proved the impact of daylight on the vitality of workers [46]. This statement has also
been endorsed in systematic reviews [47]. Similarly, to the previously mentioned subscales,
this parameter also affects employees’ overall work-life quality.

The next variable was empowerment, which was asked of workers. It means that
workers have an individual influence on lighting systems. It consists of individual control
of the lighting scene, presence detection, daylight-responsive dynamic control, general
dynamic control, flexibility, and privacy. Only this parameter was higher in Mazandaran
than Isfahan. It can be claimed that workers in Mazandaran have a greater control over
their received light than their peers in Isfahan. Therefore, it may be declared that, due
to the lower availability of natural light on the one hand, and the greater use of artificial
light on the other, workers have greater control over the amount of light they receive.
Newsham et al. studied the effect of dimming control on office worker satisfaction. Their
results showed that, after lighting control was made available to the workers, there were
significant improvements in their lighting satisfaction. This difference may be attributed to
the workers’ inability to adjust natural light in Isfahan [48].

According to the total score of the ELI, a closer look at the results indicated that
the participants of Isfahan with a sunny climate are more satisfied with their lighting
conditions than those in Mazandaran with a cloudy climate. This may be attributed to
the adequate sunlight in their province and the use of natural light in their workplace.
In line with the results of this study, a recent study has confirmed that access to natural
light affects one’s perceived satisfaction [49]. Administering the Ergonomic Lighting
Indicator before and after the initiation of lighting enhancement for workers could provide
measurable information to evaluate the improvement of individual vision for work in the
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environment [50]. The absence of accurate artificial light management in these regions
is one of the study’s limitations. However, the researchers attempted to match the types
of bulbs and light intensity across the two sites. Participants in the study were asked to
respond to questions based on how much light they typically received. However, it is
possible that they did not notice this accurately.

The ELI provides a multi-criteria evaluation of lighting quality that extends beyond
the basic safety-driven requirements reflected in the ILO ergonomic checkpoints (num-
bers 64–72) [51,52]. While the ILO checklist primarily focuses on minimum illumination,
uniformity, glare prevention, task lighting, and maintenance, the visual performance di-
mension of the ELI corresponds most directly to these checkpoints by assessing illuminance
levels, color rendering, uniformity and avoidance of glare, and disturbing shadows. The
visual comfort dimension of the ELI partially aligns with the ILO recommendations on
even lighting and the visibility of work areas, but goes further by incorporating criteria
such as flicker-free operation, color temperature, and integration with daylight—elements
not addressed in the ILO guidelines. In contrast, the vista, vitality, and empowerment
dimensions of the ELI—concerned, respectively, with environmental identity, emotional
stimulation through dynamic and adaptive lighting, and user control via dimming, scene
selection, and sensor-based automation—have no equivalent in the ILO lighting check-
points, which do not consider the experiential, aesthetic, brand, psychological, or adaptive
control aspects of lighting. Thus, while both frameworks aim to support safe and effective
visual conditions, the ILO provides a foundational compliance-oriented baseline, whereas
the ELI incorporates a broader human-centered and experience-oriented perspective that
reflects contemporary ergonomic thinking in workplace lighting design.

6. Conclusions
In conclusion, the ELI, by considering multiple influential parameters, provides a

practical and efficient screening tool for evaluating lighting quality across diverse indoor
environments. It is user-friendly and can be applied by non-experts, such as employees,
supporting ergonomics-based decision-making. Also, it is in line with the recommendations
of the ILO about improving the lighting condition of the workplaces (ILO checkpoint).

Additionally, the findings highlight that natural daylight generally improves per-
ceived lighting quality, but the impact varies across geographic and climatic conditions.
Workplaces in sunny regions may receive higher levels of natural light, whereas those
in cloudier climates may require adjusted lighting parameters to achieve comparable
visual comfort and satisfaction, emphasizing the need to tailor lighting design to local
environmental conditions.
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