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ABSTRACT
A dimmable task lighting system was installed at six working places in a luminaire factory in France. The
factory hall had skylights that provided a lot of daylight. The purpose was to study which illuminances us-
ers select, how often they use additional task lighting, whether they liked the lighting system and if their se-
jections were influenced by the amount of daylight or the type of work. The workers were free to use the
fask lighting in any way they wanted. The settings of the task lighting were recorded between the winter of
2004 and the spring of 2005, The opinhions of the users were sought by means of questionnaires after the
testing period. 1t was found that those workers who worked in the area on more than 20 days in the testing
period used the task lighting (viz. switched it on) on average only during 8.5% of the total working time.
The task lighting was used more frequently during the times when the amount of daylight was limited
{darkness or dark weather) and less frequently when there was more daylight in the area. And the task it-
self also had an influence an the preferred ililuminance, and hence on the freguency of use of the task
lighting. The preferred horizontal task iliuminances supplied by the task-lighting luminaires varied from
person o persen, with an average of around 6001ux. The users expressed the wish that they wanted to
keep the system afier the test period, and 41 per cent of the users felt that the task lighting helped them to
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parform better,
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1. Intvoduction

Many mdustrial envirenments do not have any win-
dows. A typical industrial hali is large! and even if there
are windows, the amount of daylight they provide is usu-
ally imited. Furthermore, the possible locations of the
windows are mostly not very good for offering a view out
(and mostly the view is not nice), Daylight in an indus
trial hail is typically provided by skylights. Many older
industrial halls in particular have sawtooth-shaped roofs,
with window openings lecated in the vertical surfaces.
Another, quite-often employed solution in newer fiat-
roofed halls is to provide daylight by some form of plastic
bubble skylights. However, skylights are more expensive
to uild than simple flat roofs, and they can give rise to
problems with heat and water leakage. Ifor these reasons
they are not used on a large scale in Furope.

The common way to light an industrial intertor is to
use uniform general lighting, Task lighting is some-
times used for special tasks, but such lighting is gener-
ally not dimmable. In those places where task lighting
is present, it is usually conirolled by an on/off switch.
Table luminaires are sometimes used in very fine as

sembly work, giving the user the opportunity to influ-
ence the direction of the light as well.

During the last ten years more research has been
dome for office Hghting than for industriz] lighting, al-
though many people are working in an industrial envi-
ronment. In officelighting studies, where lighting
control behaviour has been studied™?, daylight was
usually available. Hunt {1980) found that the probabil-
ity of employvees switching on the artificial lighting in a
davlighted space was most closely related to the mini-
mum working plane iluminance. It hag also been found
that office workers ave satisfied with contrellable light-
mg systems, even though they use lighting levels below
the minimum required by the standards®. The lighting
contrel behaviour of workers has also been studied for
industrial workers, but in an area without daylight®.
The workers always used the task lighting and pre
ferred lighting levels between 3001ux and 3000 lux.

The factory in which the study described in this paper
has been performed, and in which dunmable task light-
ing was installed, has a lot of daylight. The amount of
dayhght in the present study varied more and had
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higher maximum values than in the typical office-
environment studies, where daylight is provided by way
of windows. In this study, the daylight enters the work-
ing area through skylights. So both the direction of the
light and the view out are different from the those
found in offices. Furthermore, the type of work found in
offices 1s different from that carried out at industrial
assembly tables.

The purpose of the study was to find out the prefer-
ences of industrial assembly workers for task lighting in
a condition where a lot of daylight was available. The
questions to be asked were! 1. What kind of task light-
ing levels users select? 2. How often is the task lighting
used? 3. Does the amount of daylight or the type of task
have an influence on the selected dluminance or on the
use of additional task lighting? 4. Is the additional task
lighting liked by the users?

2. Experimental set-up
2.1 Lighting and data logging

A task-lighting system was imstalled at six worksta-
tions In a huminaire factory in France. Two luminaires
(2754 W T5, 4G00K, low-luminance optics) were installed
crosswise above each test workstation. The users had the
opportunity to control the task lighting by infrared re-
mote controllers when and how they wanted. The volt-
ages employed fo control the lighting were recorded and
transformed to iHuwminances by using formutas based on
measwements. At the begmning of every breal, the task
lighting was automatically switched off. In the factory
hall there were three identical production hnes, one of
which was used and equipped for the test. The other
lines were used as reference. There was no task hghting
hefore this test. The general lighting (4000K) was con-

trolled by a daylight sengor (three contral levels: 0%, 50%,

and 100% Hght cutput). The general lighting could pro-
vide approximately 320%kax (100%) on the tables. 300hax
wag also guaranteed as a minimum level, since the 50%
dimming only cecarred when the dayhght provided more
than 300)ux in the area. In addition to that, the task
lighting provided hetween 800 and 15601ux on the diffex-
ent work tables.

Figures 1{a) and (b) show the test avea. Figure 2 de-
seribes area with measures. To limit the influence of the
task light on the adjacent workstations, grey plates
were installed between the assembiy stationsg to block
the light. A lot of daylight came from large horizontal
and vertical skylights in the area. The vertical skylights
are north facing. During the summer months, users
complained about the heat and the amount of sunlight,
s0 a white curtain was installed below the horizontal
skylights. Two luxmeters were instailed in the test ares,
one on top of the task-lighting trunking and one below
the vertical skylight. Both were measuring values up to
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around 100001ux during the measuring period. As Fig-
ures 1 and 2 show, the task-lighting installations were
blocking the general lighting and the daylight, but the
daylight still provided thousands of lux on the tables on
a sunny day. Daylight and the amount of task lighting
employed were recorded between the winter of 2004
and the spring of 2005. During this period, a record was
kept of who was in which workstation and when.

2.2 Work

The production area shown in Figure 2 is a manual
assembly line. The tasks were mainly in the hovizontal
plane. The work was the normal industrial work and
had not been adapted because of the test.

There were six workstations in the lne. The fivst four
were assembly stations, the fifth was a testing station,
and the last (sixth) was a packaging station. In the as
sembly stations, different components, such as wires
and lamp caps, were mounted in the luminaire frames.
The frame was then moved to the next assembly station,
where more components were installed. The speed of
the line was defined by machinery before the line. At
the fifth station, the luminaire was testad. Here the
worker had to connect the supply voltage to the lumi-
naire and check if & test lamp on a vertical plane above
histher head lit up. At the packaging station, a worker
put the luminaire into a cardboard box.

The fivst assembly workstation was always occupied
by two persons, one at each side of the table. Heve the
Hluminances employed was chosen by the worker who
was on the side of the table where the infrared controller
was located. The other stations were individual stations,
with one person working at each. In the BEuropean stan-
dard EN 124641 (2.6 Electrical Industry, 2.6.2 Assem-
biy Worl, Medium}, the minimum illuminance required
for this kind of work is 500 ux (naintained).

Depending on the work load, there were one or two
shifts per day. There was a break approximately every
one-and-a-half hours, and after the break the workers
changed to ancther workstation. In total, 72 persons
worked in the fest area during the measwuring period.
However, many of them were present only on particular
days.

2.8 Questionnaire

After the test period (April 2008), questionnaires were
distxibuted amongst the workers invelved. The first two
parts of the questionnaire were devoted to the working
environment in general, while the last part contained
specific hghting-related questions,

3. Results
3.1 Questionnaire
Thirty-four workers completed the gquestionnaire. The
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means and standard deviations of the first part are
given in Figure 3, where we can see that the décor was
not considered to be important in a factory environment.
Low sound level, good ventilation, windows, much light,
much space, and comfortable temperature were seen as
important aspects in a work environment.

Figure 4 shows how workers have evaluated their
own environment. Most of the aspecis are stated to be
slightly positive —“Bright” being the most positive
characteristic of the environment. Compared to Figure
3, where “low sound level” was considered to be the
most important issue in the working environment, it is
interesting that “quiet” is now stated to be clearly nega-
tive. Also “warm”, “cosy” and “spacious” arve stated fo be
on the negative side.
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Figura 3 Answers to the question: "Please indicate how imporiant
ihe following characteristics are for you in a factory envi-
ronment”. The order of the characieristics is same as in
the guestionnaire (1 not imporiant, 5 very imporant)
(The "box” shows the 85% confidence interval)
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Figure 4 Answers to the question: "What is your general impres-
sion of your working environment?” The order of the
characteristics is same as in the guestionnaire (1 very
negative, 2 negative, 3 neutral, 4 positive, 5 very posi-
tive} {The "box" shows 95% confidence interval)
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Iigure 5 shows the answers to the different questions
concerning the lighting. It is clear that most of the sub-
jects know how to use the task lighting and that they
would prefexr 1o keep the system. The answers algo indi-
cate that they would like to have more daylight. Distin-
guishing colours is not considered a problem for the
workers.

PFigure 6 shows the answers to the questions about
the (use of} controllable task lighting. Looking at the
“black” bars, it can be seen that 14 users felt that task
Lighting helped them perform better and six disagreed
(and 14 had no opinion). The “white” and “dotted” bars
indicate how many workers have used the task lighting
never or often, respectively.

3.2 Use of the task lighting

Figure 7 shows the use of the task lighting system for
the different workstations. The task bghting system
has been used most in the “testing” workstation. One-
way ANOVA (Analysis of Variance; dependent variable!
use of lighting, factor! workstation) and Tukey's HSD
(Honestly Significant Differences) yielded that the dif
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Figure 5 Answers to the lighting related stalements. The order of
the characterisiics is same as in the questionnaire (1 1o-
tally disagree, 2 disagree, 3 no opinion, 4 agree, 5 {olally
agree) {The "box” 85% confidence interval)
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ference is significant (p<0.05). The task lighting was
never on at all the workstations at the same time for
the whole working period between two breaks. During
54.5% of the time that task lighting was used, only one
person at a time was using it (28% two persons, 15%
three persons, 6% four persons and 1.5% five persons).
This indicates that using the task lighting was a clear
individual cheice, not an action influenced by other us-
ers switching the lighting on.

The location of the huminaires with respect to the
working area was different for every workstation, which
resulted in different maximum task-lighting illumi-
nances for each workstation. In Figure 8 these maxi-
mum tasl-lighting illuminances (maximum Light out-
put) are plotted as bars. In the same figure, the average
illuminances employed have been plotted by dots. One:
way Anova (dependent variable: illeminance, factor:
workstations) and Tuley’'s HSD were performed to test
the differences between the selected iHluminance values
at the different workstations.

The selected Hluminances at “Assembly 17 are signifi-
cantly different {(p<0.05) from the selected illuminances
at assembly 2, 3 and 4. The selected illuminances at
“Asserably 2° are significantly higher (p<0.05) than at
the other workstations. The selected values at “Assem-
bly 3 and 4” are significantly lower than for the other
stations (p<0.08). The selected values at “Testing” and
“Packaging” are different from the other stations ex-
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Figure 7 Percentages of total working time the fighls were on per
workstation {(Vertical bars denote 0.85 confidence inter-
vals)
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cluding “Assembly 17,

At “Assembly 2" the users selected illuminance values
that were quite close to the maximum for that work-
station. At “Assembly 1”7 and the testing station the
maximum iHuminance was high but the workers used
only half of the possible light.

As can be seen from the dotted curve in Figure 9, the
chosen iHluminances were slightly higher during mid-
day than during the evening and morning. The differ-
ences are, however, relatively small. The upper curve
(marked +) shows the general lighting plus the day-
lighting for all working times. The middle cuwrve
(marked by rectangles) shows the general lighting plus
the davlighting for those periods when someone was
using the task hghting.

Factorial ANOVA with dependent wvariable iliwmi-
nance daylight + general light and factors task lighting
{om or off) and working pericds showed:

a significant main effect for the factor task highting:

(1, 22942)=256, p<0.0001
s significant main effect for the factor working periods:
(7, 22942)=287, p<0.0001

a significant interaction between task Hghting and
working peviod:

F(7, 22942)=17, »=<0.0001
Tukey HSD pairwise comparison was used to com-

pare the differences in daylight + general lighting be-
tween the times when the task lighting was switched
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Figue 9 Average ifluminances per working perod for all work
stations. Upper curve (plus marks) shows the average
daylignt + general fighting lluminance on the fop of the
task-ighting luminaires for all times that people were
working in the area. The middle curve (rectangles)
shows the average daylight + general lighting llumi-
nance measured on the top of the task-lighting fumi-
naires for the time that the task lighting was switched on.
The lower curve (circles) shows the average ilflumi-
nances on the fable

on and the {imes that the task Iighting was not
switched on. Except for the periods between 5:00 and
7100, 7:00 and 9:00 and 19:30 and 20:00 the daylight +
general lighting levels were significantly lower in the
cases when the task lighting was switched on than
when 1t was not switched on. Looking at the simple
main effects, there was a significant effect for task hight-
ing. The average value of daylight + general lighting
was 12701ux (task lighting excluded, measured on the
top of the luminaive) for the times that the task lighting
was switched on and 18001ux when it was not switched
on. So task lghting was used less freguently when the
daylight level was high.

In Tigure 10 the results are shown of Cne-way
ANOVA (dependent variable! use of Lghting, factor:
time of the day). Tukey's HSD showed (p<0.05) that the
task Hghting was used significantly more frequently in
the early morning and evening (5:00 to 7:00 and 18.30
to 2000} than duving the midday hours (G055 to 143500
In Iigure 9 we were able to see that the amount of day-
light was significantly less during the early morning
and evening than at midday. Figure 10 confirms that
the amount of daylight influenced the frequency of use
of the task lighting. The task lighting was used more
frequently when there was less daylight in the area.

Figure 11 shows that the chosen lighting levels were
quite uniformly spread. Of the 23 persons {average age
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Figure 11 Average task lfighiing level per hour for the users who

were in the area for more than 20 days, for all work
stations (different letiers denote different persons)

35 3 men, 20 women) who were working in the area
longer than 20 days, only one did not use the task Light-
ing at all. The average task hghting level for those 22
persons who did use the task lighting and were present
in the area for more than 20 working days was 6101ux,
and the percentage of use was between 1% and 27%
(average 6.5%) of the time.

The low frequency of use of the task lighting together
with the huge differences between persons limit the
possibilities to analyse the illuminance differences per
seasons, weeks or days. For those 22 subjects just men-
tioned, there was no significant correlation hetween age
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and average iHuminance used (+=0.05, p=0.79) or be-
tween age and percentage of use (=0.34, p=0.11).

4, Discussion

The study clearly showed that offering task lighting
to ndustrial workers does not automatically mean that
they will use it. Most of the time, the majority of the
workers did not use the additional task lighting at all.
They were happy with the combination of the general
lighting and daylight. The amount of daylight was ex-
traordinarily high. It is not common to work in condi
tions where thousands of lux ave provided by daylight.
It is clear that good skylights can offer a great possibil-
ity for making savings on lighting energy. The results of
the questionnaire indicated that the workers would pre-
fer even more daylight. Providing indoor workers with
more daylight is hardly possible without full glass ceil-
ings, with their enormous problems with glare. The
workers also considered windows to be important for
the working environment. There were no windows (only
skylights) in the factory hall. However, it is possible
that they were missing the view out more than the day-
light.

Fwven though the workers did not make much use of
the task lighting, they clearly wanted to keep it. The
taslk lighting was used move frequently when the
amount of alternative lighting was lmited. This does
not teli us whether the reason for using the task light-
ing was one of visual perception or biclogical. The dif-
ferences between the workstations in average illumi-
nances and the percentage of use gives us reason to be-
lieve that selection was based on wvisual perception.
Since the tasks were different, the visual demands var-
ied alse. Possible psychological and hiclogical needs
should not differ on different workstations. It s also
interesting that almost half of the workers felt that task
lighting helped them te perform better. All this indi-
cates that additional lask Hghting might provide bene-
fits even in those situations where a lot of other lighting
is available.

The differences between workers were remavkahle.
How often they used task hghting and the illuminance
selected varied greatly (this confirms the resulis of the
study by Juglén et al. (2008), where a controllable task
lighting system was installed at assembly workstations
in an area where no daylight was availabie). The hight-
ng level without the task lighting varied with time
from averages per working period of 500 lux to more
than 3000lux. These workers really had very dynamic
lighting conditions. And these big changes did not seem
to bother them after the direct sunlight from horizontal
skylights was blocked by using white curtains.

Since the workers were able to see other workstations,
it is possible that this has influenced their decisions to
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uge the tagk Hghting. However, during mare than half
of the time when the lights were used, only one pair of
luminaires was on. And more than 90% of the time they
were in use, a maximum of three pairs were on. This
indicates that workers made quite individual choices.

The working environment part of the questionnaire
showed the questionmnairve’s limitations. A low sound
level was considered to be the most important aspect of
the working environment. This was confirmed in the
next part of the questionnaire, where workers were
asked to evaluate their own work environment, by the
negative ratings given to the impression of “quiet”. This
could indicate that the most important things might be
the ones people consider a problem in their environ-
ment.

5. Conclusions

The most outstanding result of this study is that the
additional task lighting provided was not used very fre-
quently in the conditions prevailing, namely where an
abundance of daylight was available during the main
part of the working period. The workers who were in
the area during more than 20 days used the task Hght-
ing on average only 6.5% of their working time.

Furthermore, it can be concluded that!

- Workers preferved to keep the controllable task-lighting
system.

- Almoest all workers used the task highting sometimes.

- Many workers, but not all, felt that the controllable
task lighting helped them to perform better.

- The task Bighting was used most frequently when the
amount of daylight was limited.

= Different tasks influenced the time and choice of i-
luminance.

- The iuminances chosen varied enormously.

The results of this study encowrage the use of sky-
lights, where possible, as a source of daylight. They can
provide a lot of light without disterbing workers, and
save {lighting) energy. An additional task-lighting svs-
tem can provide a worker with extra benefiis, such ag a
feeling of better performance and well-being, without a
large increase in eviergy used.
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