INTERNATIONAL JOURNAL OF INTERDISCIPLINARITY IN THE

ORY AND PRACTICE

ITPB - NR.: 10, YEAR: 2016 — (ISSN 2344 - 2409)

LIGHTING QUALITY AND ITS EFFECTS ON PRODUCTIVITY AN D
HUMAN HEALTS

RuZena Kralikova® - Miriama Pihosové - Beata Hricov&

Abstract:

Measuring the increase in productivity due to th8uence of lighting is not a simple task. In a gwotion plant,

information about productivity is an important icdior of performance. This paper describes an #isgiplinary

approach of experts from the fields of psycholeggponomics, medicine and lighting technology jgimsthplying a set of
measuring instruments to describe and analyze ffieete on well-being and stress, motivation andpstegquality, the
capacity to regenerate after work, as well as thaliggiof the lighting situation could be useful.
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1 INTRODUCTION

Lighting can do so much more than illuminate.
It can enhance form and function, improve safetg an
security and create flexible spaces that adagtedask
at hand. Energy-efficient lighting solutions fodirstry
can reduce environmental impact and save on cafsts,
the same as increasing quality and productivity. At
present of soaring energy prices and legislatiogeta
it can also help companies to achieve the sustiilyab
goals.

Good lighting in the workplace with well-lit
task areas is essential for optimizing visual
performance, visual comfort and ambience, espgciall
with an ageing workforce. And the beneficial effeof
good lighting extend much further than it was
originally thought. In fact, over the last two ddea
medical science has consistently shown that ligist do
positive influence on health and wellbeing. Wittitee
lighting using of ecological lighting sources (e.g
LED), performance can be improved by speeding up
tasks and reducing failure rates and when addedideto
energy saving aspects. Sustainable lighting cara be
powerful tool to improve business also [9].

Taking into account both - natural and artificial
light, its intensity and distribution so that visua
comfort is secured as visual comfort is undoubtedly
one of the key productivity drivers and, at the sam
time, eyesight problems are widely associated with
poor working conditions - special consideration t@as
be given to the subjectn a production plant,
information about productivity is an important
indicator of performance.

Measuring the increase in productivity due to
the influence of lighting is not a simple task. \éhan
increase is observed, this may often be due taiatya
of influences. In the sphere of lighting, there arany
possibilities to create good visual conditions, reve
though static lighting meeting standard requiremeist
a minimum. For dynamic brightness sequences, it is
possible to modify the brightness or color temperat
of the lighting. The effect on the workers may be

assessed through various interviews, questionnaire
surveys and measurements.

2 LIGHT QUALITY FACTORS

A number of different approaches have been
suggested to define lighting quality. The defimitithat
seems most generally applicable is that lightinglity
is given by the extent to which the installationetse
the objectives and constraints set by the cliedt the
designer. In this way lighting quality is related t
objectives like enhancing performance of relevant
tasks, creating specific impressions, generatirgiyei
pattern of behaviour and ensuring visual comforB[2

Lighting quality is depends on several factors. It
depends largely on people’'s expectations and past
experiences of electric lighting. Those who experée
elementary electric lighting for the first time, rfo
example, in remote villages in developing countries
have different expectations and attitudes towards
lighting from the workers in industrialized couefsi
There are also large individual differences in wisat
considered comfortable lighting, as well as cultura
differences between different regions. Lighting lgya
is much more than just providing an appropriate
quantity of light. Other factors that are potential
contributors to lighting quality include e.g. illumance
uniformity, luminance distributions, light color
characteristics and glare. There are many physicdl
physiological factors that can influence the peticep
of lighting quality. Lighting quality cannot be
expressed simply in terms of photometric measuoes n
can there be a single universally applicable reéipe
good quality lighting [2]. Light quality can be jgdd
according to the level of visual comfort and
performance required for our activities. This i th
visual aspect. It can also be assessed on thedfabis
pleasantness of the visual environment and its
adaptation to the type of room and activity. Tlsighe
psychological aspect. There are also long ternceffe
of light on our health, which are related eitherthe



strain on our eyes caused by poor lighting (agtis,

is a visual aspect), or to non-visual aspects edlab

the effects of light on the human circadian sysf&®j.

The illumination have be designed by the available
financial budgets and resources, time terms for
completing the project and according to suitable
practices and design approaches that need to be
followed. Lighting quality means achieving an opgim
balance among human needs, architectural
considerations, and energy efficiency, Figure 1.[13

Human Needs

=,

-7 . ~
s N
4/‘ \ \
7/ f - chitecture\
B > Lighting \ and other
; [Energy Efficiency Lo wilding or
:  and the Environment Quality sding or
| Installation P ated Issues
* Maintenance I Form
\ Operation : Compositon I
" Energy 1 Style
\ Environment N Codes and standards
- / Safety and secumy/
\ K Daylighting
A\ ‘/
N s /
o e Ve

[ Lo g

i

Fig. 1 Lighting quality

3 VISUALASPECTS OF THE LIGHTING

The influence of artificial lighting on the
psychophysiological well-being and the productivify
workers in a production plant depends on kind of
lighting source that with respect to:

e Brightness — illuminance.
e  Light colour — spectrum.

e Light distribution — luminance distribution in
the room.

The effects of artificial lighting on people are
more pronounced, that natural influence of daylight
inside working hours is very low especially during
winter season. One of the major aspects of theitigh
practice and recommendations is to provide adequate
lighting for people to carry out their visual tasks
Ensuring adequate and appropriate light levels -
guantity of light is only an elementary step inatieg
comfortable and good-quality luminous and visual
environments. Lighting that is adequate for vigaaks
and does not cause visual discomfort is not neggssa
good-quality lighting. Depending on the specific
application and case, either insufficient lightiogtoo
much light can lead to bad-quality lighting. There a
number of lighting-related factors that may cause
visual discomfort. The current indoor lighting
recommendations give ranges of illuminance valoes f
different types of rooms and activities [3].

In addition, guidelines on light distribution in a
space, the limitation of glare, and the light color
characteristics are given. The color charactesstit
light in space are determined by the spectral power
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distribution (SPD) of the light source and the
reflectance properties of the surfaces in the robhe
color of light sources is usually described by two
properties:

e Namely the correlated color temperature
(CCT).
» General color rendering index (CRI).

The color appearance of a light source is
evaluated by its correlated color temperature (CCT)
For example, incandescent lamps with CCT of 2700 K
have a yellowish color appearance and their light i
described as warm. Certain type of fluorescent mp
or white LEDs have CCT of around 6000 K with bluish
appearance and light described as cool.

The CRI of the CIE measures how well a given
light source renders a set of test colors relativea
reference source of the same correlated color
temperature as the light source in question of
International Commission on lllumination (CIE). The
general CRI is calculated as the average of special
CRIs for eight test colors. The reference lightrseus
Planckian radiator (incandescent type source)ift |
sources with CCT below 5000 K and a form of a
daylight source for light sources with CCT abov@®0
K. The higher the general CRI, the better is thi®rco
rendering if a light source, the maximum value bein
100. The Light source spectrum, i.e. radiant power
distribution over the visible wavelengths, deteresin
the light color characteristics. Examples of spedf
the lamps are shown on Fig. 2 - 5 [12].
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Fig. 2 Light source spectrum — example of spectra o
an incandescent lamp (CCT = 2690 K, CRI = 9]
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Fig. 3 Light source spectrum — example of spectia o
compact fluorescent lamp (CCT = 2780 K, CRI = 83)
[14]
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Fig. 4 Light source spectrum - example of spectra o
white LED lamp (CCT = 6010 K, CRI = 78)4]
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Fig.5 Emission spectra from daylight and typical
incandescent, fluorescemtndLED builds [14]

4 LIGHTING STANDARDS

A completely uniform space is usually
undesirable whereas too nonuniform lighting may
cause distraction and discomfort. Lighting standard
and codes usually provide recommended illuminance
ratios between the task area and its surroundings
according ETN EN 12 464-1. Most indoor lighting
design is based on providing levels of illuminances
while the visual system deals with light reflecfeom
surfaces i.e. luminances. For lighting there are
recommended luminance ratios between the task and
its immediate surroundings [7].

Room surface reflectances are an important part
of a lighting system and affect both the unifornatyd
energy usage of lighting. Compared to a conventiona
uniform lighting installation with fluorescent lasp
LEDs provide opportunities to concentrate light enor
on actual working areas and to have light wheris it
actually needed. This provides opportunities toeénse
the energy efficiency of lighting in the practise.

5 PSYCHOLOGICALASPECTS

The luminous environment can be perceived in
many ways e.cas more or less agreeable, more or less
attractive, and more or less appropriate to thechion
of the space, more or less highlighting the company
image. Variations of luminances and colors can
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strengthen attractiveness, trigger emotions, afectaf
workers mood, the impact of lighting depends much o
the individuals and their state of mind. Unaccelatab
lighting conditions may impact on task performance
and thus productivity through motivation. A lighgin
installation that does not meet the user’s expectst
can be considered unacceptable even if it provides
conditions for adequate visual performance. People
perceive their luminous environment through their
eyes. [10]

6 BIOLOGICAL FACTORS

Light has also effects that are fully or partly
separated from the visual system. Biological effaxft
light are called also the non-visual effects ofhtig
related to the human circadian photoreception. The
biological effects of light and their effects onnman
performance are not yet very well known. Research
work is needed to generate an improved understgndin
of the interaction of the effects of different asizeof
lighting on behavioral visual tasks and cortical
responses and on how the biological effects otiligh
could be related to these responses. The biological
effects of light and their effects on human perfance
are not yet very well known. Lighting should be
designed to provide people with the right visual
conditions that help them to perform visual tasks
efficiently, safely and comfortably. The luminous
environment acts through a chain of mechanisms on
human physiological and psychological factors, Wwhic
further influence human performance and produgtivit
Figure 6 [4].

7 THE PROCUCTIVITY AND LIGHTING

Lighting should be designed to provide people
with the right visual conditions that help them to
perform visual tasks efficiently, safely and
comfortably. The luminous environment acts throagh
chain of mechanisms on human physiological and
psychological factors, which further influence huma
performance and productivity [4].

The effect of lighting on productivity is
ambiguous. The difficulty in finding the relations
between lighting and productivity is that there are
several other factors that simultaneously affechni
performance. These factors include motivation,
relationships between workers and the management
and the degree of having personal control to the
working conditions [2]. With appropriate lightindgpet
ability to perform visual tasks can be improved and
visual discomfort can be avoided. This can provide
conditions for better visual and task performaniod, a
ultimately, productivity.

The difficulty of field studies in working
environments is the degree of experimental control
required. Several studies have investigated trexefff
increase in illuminance on task performance. Howeve
illuminance is only one of the many aspects in the
lighting conditions. In making changes to lighting,



which lighting aspects are changéalg. illuminance,
spectrum, and luminance distributio@nd whether
there are other factors that are simultaneousiyngba

in the working conditionge.g. working arrangements,
people, supervision of workleed to be controlled and
analyzed. Recently, several studies are investigati
the effects of light spectrum on human performance

and the possibilities to use blue-enriched light to
improve human performance through the non-visual
effects of light. Poor lighting conditions can égasi
result in losses in productivity of employees ahd t
resulting production costs of the employer can lem
higher than the annual ownership cost of lighting.
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Fig.6 Luminous environment and human performange [4

8 DISCUSSION

The effects of lighting conditions on
productivity have been published in the severalisti
The earliest studies indicated that lighting cdods
can improve performance by providing adequate
illuminance for the visual tasks. Their results are
sometimes contradictory. For example, a study in
working environment indicated that an increase in
illuminance from 500 Ix to 1500 Ix could increade t
performance of workers by 9%, while another study
showed that lower illuminance levels (150 Ix) tethdie
improve performance of a complex work
categorization task as compared to a higher e
IX). A field study in industrial environment measdr
direct productivity increases in the range frono ®t%
due to changes in lighting.
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The literature shows some examples of null
results than clear-cut effects of illuminance oskta
performance, over a wide range of illuminance lgvel
and for a variety of complex and simple tasks in
working environment [5].

9 CONCLUSIONS

Observing the effect of light on human beings
and health is a topic that is addressed by various
sciences such as psychology, medicine, ergonomics
and lighting technology. The interdisciplinary
application of methods shows that measuring theceff
of lighting on human beings is complex. If no résul
are obtained, that does not mean that there idfacte
but that the instruments of observation and
measurement have not been optimally used. Further



efforts are required to improve the measuring nasho
instruments and evaluations.
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