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Abstract

This paper addresses the question: “What is happening when we change the lighting at an industrial workplace?” and
develops a new approach for Jooking at the effects of a change of lighting at the workplace on performance.

Installing new lighting in the workplace may influence the performance of people working there by way of scveral
mechanisms. In this paper the mechanisms are described: visual performance, visual comfort, visuat ambience,
interpersonal relationships, biotogical clock, stimulation, job satisfaction, problem solving, the halo effect, and the
change process. The importance of these mechanisms is discussed and the results of old field studies in industrial
envirenments have been put together to illustrate the effect of lighting change in industry.
Relevance 1o industry; To be able to estimate the influence of lighting and lighting change in indusirial environment it
is essential 1o collect and separate the mechanisms which are involved Lo the lighting change process. This helps both

practiioners and researchers for concentraling their efforts in the field of industrial lighting.

2005 Elsevier B.V. Al rights reserved.

Kevworde: Industral lighting: Human productivity: Change mechanisms: Working covironment

1. Introduction

Changing lighting conditions is a change process
that influences performance via many routes,
Wyon (1996) introduced a kind of step-by-step
method 1o describe the relationship between an
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environmenial change and performance in terms
of specific mechanisms that explain the effects of
the change. When these mechanisms are defined as
chains of hypotheses, each of which must be true
for the mechanism to he valid, then we can test
each link in the chain separately.

A model of the influence of light and lighting
change is presented in Fig, 1.

Light influences people via a visual and & non-
image-forming {NIF, also called psycho-biological)
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Fig. 1. Model of the clfects of lght and lighting change on
profitability in the mdustriad eovironment.

path in the brain. The mechanisms that affect
performance will be deseribed with the chain
approach. Human performance is divectly linked
to profitability in the industrial environment,
Individual differences will influence the effect of
the mechanisms. In this paper, the change process
itsctl will also be handled as a mechanism. The
costs of the dighting change and the effects via
custemers also affeet profitability, but these are not
discussed i detail in this paper.

The idea behind  this simplified  conceptual
maodel and this paper is the cffect on human
performance and profitability when a lighting
mstallation s replaced. The mechanisms that are
described later in this paper are distinguished by
their origin, This view is different from the view
behind other models. like the one by Boyee (2003}
in which three routes have been shown whereby
lighting conditions can influence human perfor-
mance. or the one by Velleh (2001) in which
relationships between lighting conditions, indivi-
dual processes and individual cutcomes have been
deseribed.

2. The impact of changing the lighting in industrial
workplaces

hproving the Hghting at the workplace has
several positive effects on the performance of the
workers. Lighting influences productivity factors

such ag output, errors and accidents (van Bommel
et al., 2002; Votker, 1999} A literature search
yielded scveral field studies in which lighting
change effects have been measured in an industrial
environment, Unfortunately, only few of the
studies are well documented. Seme are just used
as examples in general papers. Most of them are
old but still useful.

In Figs. 2 and 3 the results of all studics found in
literature have been put together. Fig. 2 gives the
increase in work output and Fig. 3 the decrease in
errors or rejects, as a function of task itheminance,
The dotted lines connect the “before™ und “after
the change™ situation for each individual study.
The solid curves are drawn by caleulating the
average slope from the reported results as a
function of the illuminance. All avaifable studics
or cxamples are included, although the reliability
of some of them was impeossible to estimate. There
were not enough data available of the individual
cases to perform a meta-analysis. The solid curves
give the trend of the performance improvement
(inerease oulputs—decrease rejects) as has been
found in the studies mentioned above, and show
that there is an effect of the diuminance on
performance. The curves may nol be used.
however, to predict the performance improvement
gquantitatively when the illuminance is changed,
because of the uncertainty of individual studics.
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Fig. 2. Lighting change ¢llect fov work outputl. The dotted lines
show the results of the individual tests and the solid curve
shows (he caleulated average slopes. (29 cases) (Ruffer, 19235,
1927, Schaeider, 1938 Goldstern and Putaoky, 1931: Bitterli
1955; Stenzel, 1962a, I Crouch, 1967; Lindacr, 1975 Carlion,
1980,
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Fia. 3. Lighting change effect for rejeets, The dotted tines show
the results of the individua! 1ests and the solid curve shows the
calewdated average slopes. (15 cases) (Goldstern and Putnoky,
19310 Schneider, Y38 Bitterli, 19535 Crouch. 1967 Eindner,
19752 Carlton, 19800 Buchanan et al., 1994).

One should keep in mind that in experimenis on
human performance an inercase of productivity
could be causcd by the so-called “Hawthorne
cffect”™. The Hawthorne effect {(Mava, 1933;
Bloggs and Draper, 1996) is the cffect that the
study or evaluation itself has on people: the feeling
of being observed and cared for can lead to
improved performance, The Hawthorne effect was
lirst estubhshed in the studies in the relay-assembly
lest room in the Hawthorne plants starting on
2541927 and ending on 18.6.1932 (Parsons.
1974). The duration of the work and rest pauses
were numipufated. A group ol five women was
separited and observed intensively. Two of the
wonmen were replaced in the middle of the 1est
beciinse they had talked too much during the test.
The awthorne ceffect might be stronger in
laboratory  tesls where people are monitored
mtensively cutside their nermal environment. Case
studies in the normal industrial environment might
huve a lower risk of the Hawthorne effect than, for
cxample. ficld studics in an office environment.
Industriab  workers are more used to bheing
controlled. and in many cases no extra control is
needed for the test.

Many studies started with very low  illumi-
nincees. This increases the uncertainty of 1he solid
curves, which arc averages. [Uis remarkable that
even if the size and the reason for improving the
performance s nol clear. almost all individual

studics indicale improvement of performance afler
the lighting change. In most cases the illuminance
has been increased, but this does not mean that
Hluminance is the only. or even the most im-
portant. factor behind the success.

The solid curves differ in the sense that the
deerease in rejects shows a steeper siope than does
the increasc in output for illuminances above 300
lux. Although the results depend on {(unknown)
boundary conditions. such as initial quality level
and process vobustness. it could indicate that
outputs are morc strongly influenced by visuai
performance (just how well, we are able to sec).
When the illuminance is sufficient for the visual
performance, the increase in oulput decreases. It is
also possible thal other factors block the increasc
in output. Many factories are producing more or
less quantificd amounts of products per (e
frame, depending on orders and contracts, or
speed is delermined by the machines employed:
and even il the working covironment  offers
possibilities to increase the number of products.
it is not always donc or desired. The ongoing
decrease of rejects can be caused by another
mechanism. such as brain stimulation. According
to the study of Cajochen et al. {1999}, 3001600
lux s needed on the eve to increase aleriness
during carly biological night, which means that the
horizontal iluminance shouid be in the range of
1600 2000 ux.

Another reason for the ongoing decrease of
rejects could be that higher quality is never
blocked by factory policies such as higher outputs,
but rather is strongly supported.

To be able to estimate the effeets of a change of
highting, moere und better gquantitatively deseribed
licld studies are necessary. In principie. the more
information we have from a field study the better.

3. Mechanisms for the effects of a change of
lighting
3.1 General introduction

A lighting change can be brought about by

changing the artificial lighting or the daylight
contribution. It has been indicated in the previous
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section that there is an effect lighting change on
the performance of workers. Different mechanisms
are responsible for this effect. A mechanism
includes all the chains that can be created under
one origin, The different origins are independent,
and it &s possible 1o find at least one chain that is
specific only to this mechanism. When changing
the fighting, it is possible to achieve increased
performance via the foliowing mechanisms,

1. Visual performance
When people can see the task betler, they can
perform better,

2. Visual comfort
Decreasing discomfort glare influences perfor-
mance because of increased concentration.

3. Visual ambicence
Lighting influences wisual ambicnce, which
being part of the working environment.
influences performance.

4. Interpersonal relationships
How people sce cach other influences how they
feel ubout cach other, which influences co-
operslion and productivity.

5. Biologicai ¢lock
Light adjusts the biological ciock, which
controls the circadian rhythms and  thus
influences performance at ¢ertain times.

6. Stimulation
Light stimulates psychological and physiolo-
gical processes, which enhances performance.

7. Job satisfaction
Improving lighting conditions might increasc
job satisfaction  via task significance and
autonomy, which influences performance.

8. Solving problems
Solving cxisting lighting problems, which are
compiained about. nereases well-being and
motivation. which enhances performance.

4. The halo cffect
The elfect of the beliel in the superiority of a
new technology or product itself might result
in enhanced performance,

f0. Change process
Good change management inereases the posi-
tive effects of the lighting change and di-
minishes negative effects,

These mechanisms are described in more detail in
the following paragraphs. It is assumed that
individual performance influcnces productivity.
In those cases where individual performance does
not influence workforce productivity, lighting
change has no effect on profitability.

Links of the example chains have been marked
by using letters A, B. C, D and E. The last two
links of each chain, shown below, are always the
same, and are assumed to be true. In the
descriptions of the mechanisms, these last two
links arc not always repeated. In some chains, only
4 links are distinguished, and here the last links are
C and D instead of D and E.

The last two links of the chains:

> {C) Individual performance and the success
of the tcamwork influences workforce produc-
tivity,

E (D) Workforce productivity influences busi-
ness profitability.

3.2. Mechanism 1, visual performance
Chain 1

A. Lighting influences visual performance.

B. Visual performance influences 1ask perfor-
nnce.

C. Task performance influences total individual
performance.

The first statement is obvious—we need light to be
able 1o sec. Visual performance is a guile-well
studied topic in lighting. The relative visual
performance model (RVP) (Rea and Quelietic,
1991) is a model that has been developed during
the past 20 years and that can predict visual
performance in some tasks (Bailey et al., 1993;
Eklund ct al., 2001). Also, the lighting standards,
such as the new European norm (EN 12404-1--
Lighting for indoor workpiaces), are mainly based
on visual performance.

The ceffect of visual performance on task
performance is not always clear. Visual perfor-
mance has a different importance in different
tasks. Some tasks do not need much light in
order 1o be performed well visually, And task
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illuminance is not the only factor that influences
visual performance—glare, spatial distribution,
spectral composition, individual differences, and
the task iself also play an important role in the
inpact of this mechuanism.

Since the task is supposed to be a significant
part of the work te be performed, the total
performance of the individual worker will be
influenced by the task performance.

3.3 Mechanism 2, visual comfort
Chain 2

AL Discomfort glare creates the sensation of pain
or anneyance.

B. Pain and annoyance affect our possibilitics to
concentrate on the task.

€. Concentration level influences individual per-
formance.

Visual comflorl might be compromised even if
visual performance is still good. A typical example
is discomfort glare that creates a sensation of
annovance without affecting visual performance.
A lighting change that improves visual comfort,
such as a decrease of discomfort glare, viclds a
higher performance by reducing a disturbing
lactor present in the environment,

34 Mechanism 3. visual anihicnee
Chain 3

AL Lighting nfluences the working environment
vig visual wbienee,

. The working environment influences weli-being
and feclings.

. Positive effect increases  individual  perfor-
manee.

Bevden (1971) distinguishes Usurvival needs™ and
“well-being needs™ in humans, The survival needs
are mostly fulfilled in a working environment, but
fatlure to satisfy well-being needs produces psy-
chosocial maladjustinent and  stress-related  iil-
nesses. One of the needs mentioned is: A visual
environment that is interesting, that has aesthetie

integrity, and in which a certain amount of change
meaningful to the observer is taking place™.
Lighting is directly linked 1o this need.

Many significant effects of positive, pleasant
feelings have been reported in literature. Impor-
tant work-related resufts of positive mood are, for
example: the inclination 1o help others, positive
effects on memory, more efficient decision making,
increased innovation and creative problem solving
tendencies. All these are direct links to better
individual performance (Isen and Baron, 1991).

According to this chain, the illuminated envir-
onment influences performance via positive mood
and not only via better visual performance
(mechanism 1). H is difficult 1o estimate the size
of the effect of this mechanism in increased overall
performance in real industrial environments, Any-
way it has been shown that the physical environ-
ment  affects performance by influencing 1he
effectiveness of teamwork in industry (Sundstrém
and Altman, 1989).

3.5 Mechanism 4, interpersonal relationsfiips
Chain 4

A. Light influences a person’s appearance.

B. A person’s appearance influences interpersonai
relationships.,

C. Interpersonal  relationships  influence  team-
work.

The characteristics of light influencing commu-
nication and interpersonal relationships are tumi-
nance.  spatinl - distribution and  spectral
composition. The {vertical) iluminance (or lumi-
nance) determines how well the other person’s face
and expressions can be scen. The direction of the
fight has an influence on the shadows, which can
change the expression observed, and the spectral
compaosition is important for the colour rendering
{e.g. of the skin colour). The colour of the skin is 4
signal of health and mood. Skin and clothes look
different under different lighting: consequently,
people with different skin 1ones prefer different
lamps (Quellman and Bovee, 2002).

Visual performance plays a role here, but in this
mechanism the emphasis lies on how the other
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persen appears, not on how well he or she can be
seen. Appearance influences interpersonal rela-
tionships. which in turn have several cffects on
performance. Body language and appearance
provide an inportant part of the information for
the interpersonal relationship. It has been shown
that interpersonal relationships influence the effec-
tiveness of teamwork (Sundstrém et al., 1990).

The light level also has an cffect on conversa-
tionad sound level (Veitch and Kaye, 1988), which
then influences the interpersonal relationships. The
change in conversational sound levels depending
on light level 1s not connected directly to visual
performance.

1.0, Mechanisin 5, bivlogical clock
Chain 3

AL Light exposure influences the biological clock.

B. The biological clock influences the circadian
rbvihms.

C. The cireadian rhythms influence individual
performance of shift workers.

Circadhun rhythms are changing patterns that have
a perod of approximately 24 hours. Examples of
circadian rhythms are body temperature, alertness,
and hormonal rhythms such as melatonin and
cortisol. Circannual {annual) rhythms also influ-
cnce our body processes. Qur biological clock is
focated in the suprachiasmatic nucleos. and ocular
light synchromses it {Bramard and Bernecker.
19951, Without daily light exposure, the free-
running period of our circadian system would be
more than 24 hours. Recent studies. by Brainard of
al. (2001). in which melatonin suppression was
measured. show that the spectral sensitivity curve
of the photo-bielogical system peaks ut around
460 am. To achieve maximum effects one has (o
use cither high photopic lighting levels or Tamps
that produce more light of wavelengths around
460 nm. According the Dawson et al. (1995),
hright lght has been shown to be “superior”™ to
metatonin administration in contredling the biolo-
gicaj clock.

The bictogical clock needs e be set if we want to

perform well outside the normal daylime (e.g. afler

traveiling across several time zones and during
aight shifts). Travellers are lamiliar with desyn-
chronisation of their biological clock and the local
time-—so-called jetlag. Shift workers face the same
problem when they are frying to work while their
body clock says it is time 10 sleep. The cffect of
light on the circadian rhythm depends on the time
of the day (Czeisler ¢t al., 1988). Bright (or photo-
biologically effective) light late in the evening,
before the body temperature minimum. wiil delay
our circadian rhythms, whercas light in the early
morning, after the body temperature minimum,
will advance the rhythms. Timing, intensity,
spectral  distribution, spatial  distribution and
duration of the light exposurc together with
individual factors define how large the phase shift
is. Light influencing the circadian rhythms is
supposed te be one clement to improve the
quality of life and the performance of shifl
workers. In casc studies (Baker, 1995; Boyee ot
al., 1997). where bright light during the night shilt
has been used, increased performance bas been
observed.

H s assumed that daytime workers can also
benefit by increased lighting levels, cspecially
in the moming and during the so-called “post-
lunch dip™ (van den Beld, 2002). For example.
light exposure in the morning affects cortisol
levels in humans (Scheer and Baijs, 1999). The
ight/dark cyele sets the amplitude of the hormonal
rhythms (Jewett ¢t al,1994), and when 1he
hormonal rhythms are stronger, we sleep better
and are more alert when we are awake. Being not
so sleepy when we are awake then naturally alse
improves our performance {I2inges and Kribbs.

1991).

3.7, Mechanism 6, stimulation ¢ffects

IFor the direct stimulation elfects, two chains are
deseribed.
Chain 6a

AL Lighting level and colour temperature influence
mood.

B. Better mood increases individuat performance
(see mechanism 2).
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Chain 0b

A, Increased liphting level decreases sleepiness
measured as EEG delta waves.
B. Sleepiness influences individual performance.

Light has several direct and indirect stimulation
effects on our psychological {example chain 6a)
and physictogical (example chain 6b) processes,
The increase of daylight in  springtime, for
exumple. creates well-known positive mood ef-
fects. Studies (Knez, 1995, 1997 McCloughan ¢l
al.. 1999) have shown that the lighting level and
colour temperature also influence our mood in-
doors. The problem with mood and colour
temperature is that personal differences are so
big that finding general rules is difficult. Higher
lighting levels also influence the electroencephalo-
gram {ETG). keeping us more atlert and less sleepy
(Daurat ct al., 1993; Kdiler and Wetterberg, 1993).

The Yerkes Dodson law (Yerkes and Dodson.
1908). which is also called the arousal thcory,
sugpests that the refationship between  arcusal
(sensory stimufation} and human performance
varies systematically following the so-called “in-
verted U™ function. Higher arousul means higher
performance, unlil a certain level is reached above
which increased arousal starts to influence perfor-
mance negatively. Lighting is supposed to be a
rather mikl arousal agent. Lighting is supposed to
increase human performance, especiadly when arou-
sal moves {ron: low to medium levels and the task is
not very difficult (Giford. 1988). Many industrial
jobs have repetitive tasks where this mechamsm
might cause effects. To be able to maximise benehits
oul of this mechanism we should nstall an
adjustable lighting installaton. because after adap-
tation to the changed circumstances the effect is
probably not so strong (Gifford et ¢l 1997).

A study by Tops et al. (1998) shows a relation-
ship between the iluminance at the working plane
and the length of continuous presence in an office.
This was explained by an arousing capacity of
light. which increases with increasing lighting
levels. A number of researchers have supported
the hypothesis that lighting directly and positively
inlluences the arousal state (Biner, 1991). An
improvement in atlention and concentration be-

tween 15:00h and 17:00h in a 2500 lux condition
as compared with a 500 lux coondition has been
reported by Griinberger et al. (1993). An alter-
native explanation is that high light levels slow the
rate of tiring among subjects, as has heen found
with visual tasks (sce Boyce cf al., 1989 for a
review). Assuming that with higher lighting levels
people tire more slowly, it follows that they are
able to stay longer in the office before having 1o
leave for a break.

3.8 Mechanism 7. job satisfaction

Two chains are described.
Chain 7a

A. Improved lighting gives the employee a signal
that his work is significant,

B. Perceived task significance influences job satis-
faction.

C. Job satisfaction influences individual job per-
formance.

Chain 7b

A. Opporturnty 1o control lighting conditions
mereases the feeling of autonomy.

B. Autonomy influences job satisfaction.

C. Job satisfuction influences individual job per-
formance.

This mechanism (both chains) has an influence
only for cases where task significance or autonomy
influence job satisfaction. In those industrial jobs
where this is not the case, improved lighting will
have no effect via this mechanism.

In an often-used job satisfuction model pre-
sented by Hackman and Oldham (1976), the focus
lies on five core job characteristics, which are: task
identity, feedback, skill variety, task significance
and auionomy, Lighting change has an cffect on
task significance and autonomy. The fact of having
a new lighting installation itself gives the employcee
the message that he and his job are important. The
lighting installation might also have features that
increase the feeling of autonomy, such as indivi-
dual control options for level andfor colour
temperature. Studies that have been done in the
office environment have shown that the possibility
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to controf the lighting is preferred by people
{Moore ¢t al.. 2002; Escuyer and Fontoynont,
2001, Maniccia et al, 1999). In industry, people
have fewer possibilities to control their environ-
ment. which might mean that lighting controls are
cven more mmportant for them than for office
workers.

According to a4 meta-analysis made by Tait et al.
(1989), job satisfaction correlates moderately well
with life satisfaction (r = 0.44). There is also a
moderate correlation between job satisfaction and
job performance {r = 0.30) (Judge et al.. 2001b). In
any case. the strength and even direction of the
correlation  between job satislaction and job
performance in the individual cases 1s not totally
clear. For example. an older meta-analysis gave a
much weaker corrclation (r=017) (laffaldano
and Muchinsky. 1985). Job satisfuction also
influcnces ahsenteeism and turnover, The average
correlation is weak but significant, generally in the
= —0.25 range {fudge ct al.. 2001a).

3.9 Mechanism 8, problem solving

Two chains are described.
Chain 8a

A, Solving problems that employees complain
about increases well-being and motivation.

B. Weil-being and motivation influence individual
performance (see mechanism 2).

Chain 8b

A. Employing high-frequency ballasts instead of
magnetic ones limits flicker.

B. Flicker causes fatigue and eyestrain and results
in lower sustained performance.

C. Decreasing fatipue and  cyestrain  increases
individual performance.

The original lighting instaliation might have
Cquality”™ problems such as glare. bad colour
rendering. stroboscopic effects, noise from bal-
Tasts, wrongly located luminaires. difficult control
of tuminaires. cle.. which are causing complaints
and difficult working conditions. *“Repairing”
these kinds of problems has direct positive results

via two routes. Firstly, repairing conditions gives a
signal to employees that they are being listened to
by the employers and that they have influence,
which increases their motivation (chain 8a).
Secondly, that getting rid of the problems im-
proves the physical working environment and
gives the employees the opportunity 1o work
effectively (chain 8b).

Chain 8a influences performance in the same
way as the chaing described under mechanism 7
{viz. changing environmental conditions shows the
employee that his job is significant and that it is
worthwhile to improve conditions). In this me-
chanism, the reason lor the change comes from the
employee, and a reaction to his demands will give
him feelings of autonomy and importance,

Lighting might also cause other problems. A
typical. but not visual-performance-reluted exam-
ple is flicker from magnetic ballasts causing
problems such as headaches (Wilkins ¢t al,,
1998). When the magnetic ballasts are replaced
by electronic ballasts, the problems disappear.
And as in chain &b, getting rid of those problems
influences performance; for example, in the form
of reduced absenteeisim. Health-related things are
not the only beneficial outcomes of using ¢lectro-
nic (high-frequency) ballasts. A study by Veitch
and Newsham {1998) shows that task performance
is also better when electronic ballasts are em-
ployed.

370, Mechanism 9, the halo effeci
Chain 9

A. People have positive presumptions aboutl good
lighting.

B. Their presumptions influence individual pee-
formance.

The term “the halo effect”™ was first used by
Thorndike (F920). 1t describes how a person's first
impression influences the total judgement of that
person. The halo effect can be applied to people as
well as to things. Somctimes the subjects of
technological intervention believe that a new
technotogy is wonderful, and that belief is the real
cause of improved performance (Bloggs and
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Draper, 1996). The beliefs can be like those tested
by Veilch et al. (1993): “Brighter light leads to
greater productivity” or “Peopie feel happier when
working under light that is similar to natural
dayhght.” It s not important whether or not these
beliefs are well founded. The origin of these beliefs
mighl be anything. In many cases the halo effect
increases the positive effect of the lighting change
on individual and organisational performance.

31 Mechanism 10, change process
Chasn 10

A. Lighting change is a change process.

B. Change management influences the results of
the change process.

C. Results of the change process influence indivi-
dual performance.

A change of lighting is a managemenl interven-
tion. which can be done i different ways, The way
the change process is managed influences the
resulis {Pascale et al., 1997). Changing the working
environment can lead to a change in work output.
The most common basic advice to managers singe
the carly studics of participative change manage-
ment (Coch and French, 1948) has been to involve
andior inform people about the change, Even
though & better environment is most probably well
accepted. there is always the possibility of the
negative mechanism called “resistance to change”
if the change process is not well handled. involving
peaple in the lighting change could bhe accom-
phisked by giving them the possibility 1o influence
the lighting stallation. Those mvolved could be
kept informed simply by telling them the reason
for the change in advance (lower energy consump-
tion, flicker-free installation, better lighting for
performing tasks, etc.),

4, Discussion

The tasks insndustry are many and varied. The
impact of the mechanisms described varies from
task to task. When visually demanding tasks are
performed under very low lighting levels, the most

851

powerful mechanism, when lighting is improved,
will be visual performance. When improving the
performance of shift workers by means of the
lighting, the main mechanism will be the effects of
changing the biological clock and direct brain
stimulation. And when changing the lighting
conditions of electrical assembly workers, who
already have good lighting, job satisfaction and
change management might produce the strongest
effects.
Fig. 4 gives an overview of the estimated
importance of change mechanisms for different
kinds of tasks. The tasks have been divided info
shift work, visuvally demanding individual work
performed during the daytime, and visually non-
demanding teamwork during the daytime. For all
groups, managing the change is important as well
as the stimulating effect of light. The difference in
importance of the halo effect for different tasks is
hard 10 estimate. This difference is merely between
different persons. The importance of visual per-
formance and the biological clock is different for
the different types of task for obvious reasons. The
importance of the visual ambience is assumed to
be different between the daytime groups hecause a
person with an individual task 1s supposed to be
focused on his visually demanding task while a
team worker is assumed to pay morc atention 1o
his environment. Interpersonal relationships are
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Fig. 4. Estimated importance of lighting change mechanisms
on increased human performance (or dilferent kinds of

industrial work,
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supposed to be more important for the perfor-
mance of 1eam workers than for individual work-
ers, which explains the difference in estimated
importance of this change mechanism between
daytime workers. Teamwork is often arranged in
such a way that the workers have more influence
on their work than does an individual assembly
worker. This explains why the importance of
increasing job satisfaction is assumed to be higher
for persons who work individually. The same
holds true for the difference involving the pro-
blem-solving mechanism. Team workers are al-
ready more used to being heard. The importance
of the individual mechanism naturally depends on
the starting level. So, for example, if visual
comfort is a problem for night-shift workers in a
given workplace, it could be rated in that place on
a scale of ten. Although the tasks in Fig. 4 are
simplified, the approach helps to evaluate the areas
on which to focus when changing the lighting.

It is important to note that human beings will
react differently to changes due to their individual
differences in gender, cultural background, kife
style. family situation, genetics, personality, ctc.
This alse means that the individually-preferred
ambience is different, And lighting is part ol that
ambience. Different genders experience different
“feclings”™ under the same lighting conditions
(Knez. 1995 McCloughan ¢t al.. 1999). Differ-
cnees are not only between people—the same
person might be in a different mood at different
times. These differences form a big challenge for
the fighting designer. Personal lighting controls are
one way o maxinuse performance by fulfilling
these individual lighting needs. Individual differ-
ences ajso cause problems to the chain approuch.
which is described in Lhis paper. Though it is clear
that changing the lighting has effects via several
chains under one mechanism, the change might
mfluence different persons in different ways. For
example. the dilferences in sleepiness among shift
workers are high (Hirmé, 1995). Some people gan
more henefit from a circadian phase shift made by
the dark/light cycle than do others. And it has also
been shown that there are differences in preferred
room illuminance and colour temperature (Bege-
mann et al.. 1997). Not everyone prefers a change
of the ifluminance in the same direction. And the

same lighting change might cause a positive effect
via one mechanism and a negative effect via
another.

When  studying  these  mechanisms  the
Hawthorne effect shouid be taken into account.
Among the studies related to the ten mechanisms
described 1n this paper, visual performance related
studies will probably suffer the least from the
Hawthorne effect. The Halo effect is difficult to
separate from the Hawthorne effect. The knowl-
edge of being under the study might effect the
results of all the studies. Lighting is a difficult area
to study since lighting conditions are hard, even
not impossible, to change without the subject
realising 1. The chain approach used in this paper
can help to limit the effects of the study protocol.

Amoeng the ten mechanisms described in this
paper, “stimulation™ seems to be the least clear,
The stimulation effects of light were discussed
under onc mechanism, but future rescarch might
give us tools to divide this mechanism over several
mechanisms. With our present knowledge, the
connections between physical and psychological
effects of light stimulation appear so complicated
that they had to be simplified here under one
mechanism. We have not considered any stimula-
tion o1 health effects of fight via the skin in any of
these mechanisms, because there is no evidence
that this effect plays a role for the lighting levels
that are used in indoor working places.

5. Conclusions

We arc able to say that there arc at least ten
mechanisms that contribute to the increase of
human performance after improving the lighting.
The mechamsms that have been described 10 the
previous sections are: visual performance, visual
comfort, visual ambicence, interpersonal refation-
ships, biological clock, stimulation, job satisfac-
ton, problem solving, the halo effect, and the
change process.

Seeing lighting change a5 a change process can
give us a more reatistic picture than just comparing
different highting conditions. We recommend that
this viewpoint he used meore often when lighting in
general is discussed. It also provides non-lighting
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professionals with some possibilities {or estimating
the meaning of hghting and lighting change (e.g.
investors). Seeing lighting change as a process with
several mechanisms, which are partly “light related
mechanisms™ and partly general change mechan-
isms, will help them to estimate whether a lighting
change is worth the invesiment. Where the costs of
lighting are normally around 0.1 per cent of the
total costs of work in offices (Fontoynont, 2002),
and even Jess in industry, where capital-intensive
machines are alse present, it is obvious that even a
small positive cffect may justify a change of
lighting. In the old ficld studies, the changes have
been quite big, and more field studies are needed to
estimate the importance of lighting change and its
individual mechunisms, For that reason. several
ficid studics have been planned and started already
in different Turopean countrics.
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