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Abstract: Problem statement: The objective of this study was to determine tbhenthance effects of
environmental factors such as llluminance (lux), latree  humidity (%) and
WBGT (°C) on the operators’ productivity at Malagsi automotive industryApproach: One
automotive parts assembly factory had been chosea subject for the study. The subjects were
workers at the assembly section of the factory. @imdronment examined was the llluminance (lux),
relative humidity (%) and WBGT (°C) of the surroimgl workstation area. Two sets of representative
data including the llluminance, relative humidi®g) and WBGT (°C) level and production rate were
collected during the study. All the data was meadunsing Babuc apparatus which is capable to
measure simultaneously those mentioned environméattors. The time series data of fluctuating
level of environmental were plotted to identify th@nificant changes of factors. Then Taguchi
Method was being utilized to find the sequence ofmohance factors that contributed to the
productivity of operator at the specified produstiaorkstation. From there, optimum level for the
three factors will be determine for optimum prodkitt. Further multiple linear regressions were
employed to obtain the equation model in ordereoresent the relationship of these environmental
factors towards productivityResults: the thermal comfort assessments of this statioichwivas the
scale PMV was 2 and PPD is 79% ware likely to besfead by the workerConclusion: The study
revealed that the dominant factor contribute topreductivity at the body assembly production lisie
WBGT and llluminance whereas the empirical findimgs closely related to the perception study by
survey questionnaire distribution.
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INTRODUCTION Taguchi’'s approach is totally based on statistical
design of experimeritd. By applying this technique
Robust design is an engineering methodology foone can significantly reduce the time required for
obtaining product and process conditions, which arexperimental investigation, as it is effective in
minimally sensitive to the various causes of vaosiato  investigating the effects of multiple factors on
produce high-quality products with low developmentperformance as well as to study the influence of
and manufacturing costs. Taguchi’s parameter design individual factors to determine which factor hasreno
is an important tool for robust design. It offersimple  influence, which les¥!.
and systematic approach to optimize design for Some of the previous researches that used the
performance, quality and cost. Two major tools used Taguchi method as tool for design of experiment in
robust design até?"3% various areas including metal cutting are listedHa

reference[g,ll,14,17,25,34,36]
» Signal to noise ratio, which measures quality with The most important stage in the design of an
emphasis on variation experiment lies in the selection of control factohs
» Orthogonal arrays, which accommodate manymany factors as possible should be included, sbitha
design factors simultaneously would be possible to identify non-significant vélies
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at the earliest opportunity. Taguchi creates adstah absenteeism and poor work quality. Irritated, seyes
orthogonal array to accommodate this requirementand throat, hoarseness, stuffy congested nosessixee
Depending on the number of factors, interactiond anmental fatigue, headache and unusual tirednessailere
levels needed, the choice is left to the user tecse signs of the negative workplace environmental
either the standard or column-merging method a-idl condition§?.
column method, or so on. Two of the applications in Previous research done!®yshowed that the work
which the concept of S/N ratio is useful are theenvironments were associated with perceived effefcts
improvement of quality through variability reduatio work on health. This research used a national sawipl
and the improvement of measurement. The S/N rati@,048 workers who were asked to rate the impact of
characteristics can be divided into three categorietheir respective jobs job on their physical and taken
when the characteristic is continubtls health. Regression analyses proved that the wdrkers
Nominal is the best characteristic: responses were significantly correlated with health
outcomes. In addition to this, Shikdetral.”® pointed
out that there was high correlation between
performance indicators and health, facilities and
environmental attributes. In other words, companies
with higher health, facilities and environmental
problems could face more performance related
1 problems such as low productivity and high
SIN =—10|ogu(z yz) 2) absenteeism. Employees with complaints of discomfor
n and dissatisfaction at work could have their
productivity affected, result of their inability fmerform
their work properl§?.
According to the Fisk et. al productivityas one of
S/N :_10|09&(212] 3) the most important faqtorg affecting the overall
n\ =y performance to any organization, from small enisgsr
to entire natiorld. Increased attention had focused on
Where: the relationship between the work environment and
productivity since the 1990s. Laboratory and field
studies showed that the physical and chemical faéto
the work environment could have a notable impact on
= Number of observations the health and performance of the occupants and
= The observed data consequently on the productivity. Workplace
environmental conditions, such as humidity, indair
For each type of the characteristics, with thevabo quality and acoustics have significant relationshigth
SIN ratio transformation, the higher the S/N ratie  workers’ satisfaction and performafcé?. Indoors air
better is the result. quality could have a direct impact on health protde
Improving workers’ productivity, occupational and leads to uncomfortable workplace
health and safety are major concerns of industryenvironment$282
especially in developing countries. However, these  The ventilation of building is used to maintain
industries are featured with improper workplaceigies indoor air quality and thermal comfort. In order to
ill-structured jobs, mismatch between workers’ il  attain these objectives, airflow rate should be
and job demands, adverse environment, poor humarontrolled. The minimal airflow rate is determinby
machine system design and inappropriate managemeinidoor air quality requirements so that the maximal
program&®. Light, noise, air quality and the thermal concentration for every pollutant is lower than the
environment were considered factors that wouldmaximum admitted. Thermal comfort is influenced by
influence the acceptability and performance on theair parameters (temperature, humidity, velocity and
occupantof premised®?¥ stated that lower emotional turbulence) and surface temperatures (walls, wirgjow
health is manifested as psychological distressbut also by the type of human activity and clothing
depression and anxiety, whereas lower physicaltineal Thermal comfort has a great influence on the
is manifested as heart disease, insomnia, headaoldes productivity and satisfaction of indoor building
infectiond”!. These health problems could lead tooccupants®. Thermal comfort is very difficult to
organizational symptoms such as job dissatisfactiondefine. This is because we need to take into accaun
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range of environmental and personal factors when Thermal sensation indicator
deciding on the temperatures and ventilation thiit w [ ]
make feel comfortable. The best that we can 'ﬁﬂm
realistically hope to achieve is a thermal envirenin 2o Warm
which satisfies the majority of people in the wddqe,
or put more simply, ‘reasonable comféff: Relative humidity
Thermal comfort can be defined as that condition ,;vin evel
of mind which expresses satisfaction with the tharm '
environmert”. The reference to ‘mind’ indicates that
it is essentially a subjective term; however, thbas
been extensive research in this area and a nuniber o
indices exist which can be used to assess envinstsme Fig. 1: PMV and thermal sensation
for thermal comfoff®. Atmac&® suggested three
conditions for comfort; these are that the bodiy iseat _[238(T, - T,y*for2.38(T + T 9= 124 Y,
balance and that the mean skin temperature andt swea 12.4/V, for2.38(T, - T1%< 124,
rate are within limits required for comfort. Condits
required for heat balance can be derived from & hea
balance equation. Mean skin temperatures and sweat
rates that are acceptable for comfort have beemeatker PMV
from empirical investigatidft'. M
Predicted Mean Vote (PMV) is a parameter forW
assessing thermal comfort in an occupied zone barsed
the conditions of metabolic rate, clothing, air epe |
besides temperature and humidity. PMV values refef‘:'
the ASHRAE thermal sensation sddfethat ranges '
from -3 to 3 as follows: 3 = hot, 2 = warm, 1 =g#lily
warm, 0 = neutral, -1 = slightly cool, -2 = cod,= cold. Mean radiant temperature (°C)
Figure 1 summarizes the overall process of usimg th . . P _
six variables associated with thermal comfort seosa air = Relayve air velocity (m séY
to evaluate the PMWY. The general comfort equation Pa = Partial water vapor pressure (P‘.”l).
developed by Fandé¥ to describe the conditions under P = Conv?zctlonal heat transfer coefficient
which a large group of people will feel in thermal (W m™K) o
neutrality is too complex and cannot be used in reale = Surface temperature of clothing (°C)
time applications:

Air temperature iy,
Radiant temperature

Air velocity N 13 Slightly warm
PMV PMV i

calculation

= 0 Neutral
-1 Slightly cool
-2 : Cool

-1 Cold

/)

Clothing insulation

(6)

The parameters are defined as follows:

Predicted mean vote

Metabolism (W i)

External work, equal to zero for most activity
(W m?)

Thermal resistance of clothing (Clo)

Ratio of body's surface area when fully
clothed to body’s surface area when nude

Air temperature (°C)

Furthermore, the equation for PPD is given by
Eq. 4:
PMV = (0.028+ 0.30338%) ({ M-V} -3.05

[5.733-0.000696 M-\ —Pa PPD=100-95 exff— 0.03353 PM¥  0.2179 PR\ (7)

-0.42[ M-W) —58.15]-0.0173 _ o :
(4) Predicted Percentage Dissatisfied (PPD) is used to

M (5.867-P3 —0.0014M 34-J estimate the thermal comfort satisfaction of the
_3 8 + 3 + occupant. It is considered that satisfying 80 afupant
596x10 fCI[( Lr2 AT 27}4} is good: That is, PPD less than 20% is gﬁbd
—felhe( T, - T)} Without ventilation, a building’s occupants will
first be troubled by adoresand other possible
Where: contaminants and héat When we discuss about heat,
actually automatically discuss about thermal comfor
building’s occupant. In most cases, buildings are

Ty = 357-0.028 M-V erected to protect their occupants from the externa

—0.155L|[3.96x103 f@( T+ 27;§ (5) environment (e.g., extreme temperatures, wind, aath
4 radiation) and to provide them with a good indoor
~(Ton + 273" 1-felhd T, - T) environment. Proton Plant is using natural ventat
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This ventilation is different with mechanical direct impact on building occupant morale and
ventilation. Three objectives of natural ventilatiare  productivity: Therefore immediate attention shoblel
indoor air quality, thermal comfort and energygiven to thermal comfort related complaints.

saving§. Furthermore, minimum time and effort should be
The good building design characteristic, includingutilized for rectifying problemt&™.

both the engineering and non engineering discipline Improving workers’ productivity, occupational

might be summarized as follow: health and safety are major concerns of industry,

especially in developing countries. However, these

* Meets the purpose and needs of the building’sndustries are featured with improper workplaceigies
owners/managers and occupants ill-structured jobs, mismatch between workers’ idiei

* Meets the requirements of health, safety andand job demands, adverse environment, poor human-
environmental impact as prescribed by codes andhachine system design and inappropriate management
recommend by consensus standards program&®. Light, noise, air quality and the thermal

» Achieves good indoor environment quality which environment were considered factors that would
in turn encompasses high quality in the followinginfluence the acceptability and performance on the
dimensions: Thermal comfort, indoor air quality, occupantf premise$?. Istated that lower emotional

acoustical comfort, visual comfort health is manifested as  psychological distress
« Creates the intended emotional impact on thedepression and anxiety, whereas lower physicaltheal
building’s occupants and beholders is manifested as heart disease, insomnia, headaoldes

infections. These health problems could lead to

The building envelopes are the main factors oforganizational symptoms such as job dissatisfaction
building energy efficiency and human thermal comfor absenteeism and poor work quality. Irritated, soyes
as they represent a skin of the buildings BdtyThe  and throat, hoarseness, stuffy congested nosessixee
building whose envelops include suitable insulatias  mental fatigue, headache and unusual tirednessallere
little internal heat gains and outside gains frootals signs of the negative workplace environmental
radiation and in such a situation, the interiorfate  conditions”.
temperature of the building walls helps in defegdin Previous research donefiyshowed that the work
from outside environmental conditions. In buildings environments were associated with perceived effeicts
where envelopes are un-insulated, the interioraserf work on health. This research used a national sawipl
temperature of the building walls is affected froime 2048 workers who were asked to rate the impadiaf t
outside environmental conditions, especially thiarso respective jobs job on their physical and mentallthe
radiation. Regression analyses proved that the workers’ regson

The relationship between thermal comfort andwere significantly correlated with health outcomés.
acceptability was investigated '), He compared the addition to this, Shikdaet al.* pointed out that there
effect of temperatures that deviate from those ofwvas high correlation between performance indicadods
optimum comfort assessed by percent comfortdble health, facilities and environmental attrib{@sin other
with the one by thermal acceptability and foundtthawords, companies with higher health, facilities and
they were quite similar, which indicates that thermal  environmental problems could face more performance
comfort votes falling in comfortable or slightly related problems such as low productivity and high
uncomfortable range were perceived by the subgxts absenteeism. Employees with complaints of discamfor
acceptable. The comparison was conducted undemnd dissatisfaction at work could have their praigiig
uniform environment and the for non-uniform affected, result of their inability to perform thework
environment remains vacéfit properly??.

Achieving thermal comfort is usually paramount in Increased attention had focused on the relatipnshi
buildings involving people occupancy. In most between the work environment and productivity since
buildings this requires the addition or extractioh the 1990s. Laboratory and field studies showed ttieat
heat from the space by the HVAC system dependinghysical and chemical factors in the work environmme
mainly on the season and type of activities perfmm could have a notable impact on the health and
indoors™®. The use of HVAC systems for achieving performance of the occupants and consequently n th
the desired comfort conditions through complicatedproductivity. Workplace environmental conditions,
heat and moisture removal process has raised thsuch as humidity, indoor air quality and acouskiase
possibility of thermal comfort problems in building significant relationships with workers’ satisfactiand
Thermal comfort problems have an immediate andberformancE®'®. Indoors air quality could have a
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direct impact on health problems and leads to
uncomfortable workplace environmeitg®=®}

MATERIALSAND METHODS

Description of Drum Tester workstation: The
workplace to be measured was the one down in the pi
This area is more or less divided from the areavabo S
and was supposed to have some characteristic Lo
conditions. In the pit, the worker is standing osnaall
platform to have the possibility to reach each pathe
suspension easily. To adjust the suspension hechas
headlights

Fig. 2: Position of the measurement device

turn two screws on each side and fasten them with a
torque wrench. The measurement devices were places

close to the platform in one corner of the piystrated Ca;tmia}j;wépgf>§ﬁ;®¢1}};>;a;i>*g”g D;tf
in Fig. 2 and 3. They could not been place on the

platform. Otherwise the worker would have been

disturbed in his job. The illumination in the pitag

uniform and no tool, emitting loud sounds was used. < — ]

The temperature and humidity can be regarded as
constant in the pit. The small distance to the work
will not manipulate the measured data. Four largesF
are used to cool down the temperature in the pit an
several strip lights illuminate the place to giveet
worker a good view to the front suspension. No spec
task light was used. The measured data were regorde
during the whole day.

Also the cars being checked and adjusted were
counted. It was not useful to measure the cycle tn
this station. On the one hand the time was predlibie
the computer system. On the other hand, the workers
had to wait allot of times for the next station tie
cleared. The times to measure the alignment were
default by the system. Once they were displayee, th
worker in the pit could start his job. The timeatdjust
the suspension was basing on the amount, it h&e to |
changed and differed from car to car. The workers
were rotating their position. While one was drivithe  Fig. 4: Complete integrated Babuc A apparatus
car at a measurement, he adjusted the headligats th
next time and the following time he had to worki®  Thijs instrument was used to obtain value air teatpee,
pit. Each worker had his own speed. Representativgir humidity, mean radiant temperature, relative ai
measurements of a time to indicate a change iRelocity, activity level (heat production in the dy),
productivity were not possible. The questionnaireshermal resistance of the clothing (clo-value).
were spread out as usually after 5:20 pm. Thisostat
with the characteristic pit underneath the tesling  pegcriptions of subjects: At this station only four
had no equal station close to it. Only the workersyorkers took part. The average age at this stasi@®,
belonging to this station and been ask to partteipa ranging between 21 and 41. The 21 year old wokker i
the survey. single, working in the job for 2 years or less. Tileers

are married with children being in their job for y@ars
Equipments: These buildings usually have a centraland above. Two have an educational level SPM; one
fan or local fans that provide the ventilation @ihe  went to a vocational school and one finished with
basic device for the measurements was the Babuc Fdustrial Training (LI). The three older workersea
multi-data inquisition unit as a shown #ig. 4. employed permanent, the younger one just on cdntrac
1735
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RESULTS - WBGT

Time series: The temperature in the pit was increasing
during the day. But different to other stations the
temperature range was a little lower. The first
temperatures measured, starting 8:50 am, weregrisin
from 25.5°C to almost 27°C, at 11:50 am. A smatipdr
can be noticed during the time of the first brdalcan

be seen clearly in Fig. 5. Between 12:30 and 1130 p
again a drop occurred. A reason might have been thejg 5: WBGT measured at the drum tester station
missing of cars, passing this station, but the

temperatures rise again from 1:30 pm on. During thi Humidity

time no cars were on this station yet. Additionatg b
cars were started the first time before they etiter
station. The engine would only heat up a littleingr
the short period running. The exhaust gases wee al
not sufficient to heat up the pit. The light had been
shut down neither. Until 4:20 pm the temperaturgero
up to values above 27.5°C to decrease from this tim
just slightly. This station also was operated bykeos,
wearing shirts with short sleeves but the work ey Fig. 6: Relative humidity measured at the drumetest
rated as light work. The according values are g station

and 1.1 clo. Hence the metabolic rate is 100 Wirh&

resulting reference temperature is again 30°C. The - Hluminance

measured maximum temperature is close to 28°C,
almost in the acceptable range.

The humidity curve is the inverse of the
temperature curve. Starting with values of arou@éo7
relative humidity, the tendency is decreasing. Dyiri
the time of the lunch break a little bump is visiloh the
graph. This can be seen in Fig. 6 too. Before this,
humidity decreased to values around 55%. The short )
rise of humidity goes up to 60%. The differencends Fig. 7: llluminance measured at the drum tester
much, but noticeable. Until 3:30 pm the humidity
decreased again to 55% and climbed up afterwards
values of 60%. The overall changes were just ofomin

Relative humidity (%)
e
=

HuminanceTux
i

round values of 210 lux. After the lunch break the
ifluminance is almost constant too, but the values
dropped to 200 lux in average. The ups and dowas ar

significance, but f[he reciprogal behavior 1o thecaused by cars on the station, or not. The decrease
temperature curve is eye catching. The values mngeoetween the first break and the lunch break is

most of the time around 60% which is almost in theconfusmg. No change in the illumination was
recommended range.

: X . ) noticeable. The position of the measurement devices
The illuminance shows some special behaviors t0Qy a5 not changed neither. The task can be ratedghs h

The overall behavior is decreasing. This is a $88pr  contrast, because in the pit, task lights were uSbé

because the illumination in the pit was more osles measured values represent more or less the camsitio

only depending on the strip lights in the pit. Theyjith task light and are in the range of 200- 500 Iu
should have provided a constant illumination.

Whenever a car was placed above the pit, the DISCUSSION
illuminance decreased significant. Caused by thct f
the break times are clearly to identify. The productivity was hard to analyze. Because no

During the breaks, the overall illuminance time could be measured, just the amount of cars
increased. This effect is well noticeable in Fig. 7 leaving the tester was counted. The number ranged
Between the start of the measurements and the firftetween two and four cars, most of the time thiée
break, the illuminance was ranging, almoststamt, reason is simply the speed of the assentiglt.
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Cars finished on the drum tester Drum tester
100
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Fig. 8: Productivity measured at the drum testaticat

Just every three min one car leaves the belt. ImitD
3.3 cars could be possible tested, which ends én thFig. 9: Predicted Percentage of Dissatisfied (P&Da
result of three, sometimes four. The behavior can b function of Predicted Mean Vote (PMV) in the
shown in Fig. 8. drum tester station

Whenever the next station was not cleared, the
workers at the drum tester had to wait. Sometires | Table 1: Correlation coefficients for the drum ¢esttation
two cars could leave the tester in ten min. This waWBGT Humidity llluminance
made up by testing four cars in 10 min. The stasifter 0,05697595 0,00651093 0,0544953
the drum tester was the engine test. Allot of ¢ed to
repeat the engine test again. They were drivern¢o t

Table 2: L9 Array for the Taguchi method for themirtester station
WBGT Humidity llluminance Productivity S/N

tester through a gate at the side of the plantdocked  observation (°C) (%) (lux) parts ratio
the testing of the just finished cars from the addg 1 26 63 206 4 12,04
belt. The cars, driven to the drum tester were pedie 2 26 65 209 3 9,54
the first time. Through the day seven cars did no gg ;g gég g 32524
started and had to be reworked. But sooner or tagsr 5 27 56 208 3 9:54
came back to the drum tester. The amount of thaeg c 6 27 63 203 3 9,54
in average could be kept through the day. The saidy 7 gg gg igg ‘3‘ 325'24
this station was overall only light work. The dmyast ¢ 28 60 201 3 954

had to sit in the car and operate some tools. Tdrixer
to adjust the head light had to move a device,@Uth g 4tigical data analysis The strongest correlation is

a rail and to adjust two screws and the workeh&iit,  hepyeen the WBGT and the productivity. This is eabis
doing the decisive job for this measurement. He JUShy the fact, that both are more or less constamnat

had to adjust qnd fasten 4 SCIews. This can be ".’llsi vel. The other values are definitely not sigrafit at
considered as light work. The pit was equipped with

| : K h | but i all. The numbers can be seen in Table 1.
arge fans to keep t € tgmperatl_Jre ow, but que The data measured at this day were again very hard
of a heat accumulation in the pit. The study itsedfs

X _ ; to be inserted into the array for the Taguchi datan.
not exhausting at all. Even if, was the time fog tlext e temperature is increasing while the illuminaige

car to be adjusted long enough to rest. The cdivela yecreasing. The humidity is almost constant. Ohly t
between the environmental factors and the prodéftiv three other factors are included. The producticibyld
is like expected very low. Beside the difficultisrate  aiso only be stated in numbers of cars finishetDimin.

the productivity at this station, the environmentalThe results differ only between 3 and 4 cars fiaish

factors had many other influences. This is not the best method to present the prodtycti
but the only useful. All results are presentedail@ 2.
Thermal comfort assessment: The day at the drum The resulting mean values for the S/N ration are

tester was calm with only scattered clouds. But theyrprisingly matching the expectations. The tentpeza
station at some different conditions, comparedh® t and humidity are at level one at the optimal ledéle

previous ones. The measurement devices were diploigluminance is optimal for level three, which is kivag

in a pit, below the floor level. The according ve@du sense. Level three is the highest illuminance leBet

are 1.72 met and 1.1 clo. Hence the metabolicigate the illuminance was decreasing at this station)enthie

100 W mi®. The PMV index is 2. But the PPD is around number of finished cars increased to the end ofithe

74.2-78.5%. So, 21.5% from worker satisfied witfsth This result is a contradiction with the measureiz.dahe
environment (Fig. 9). values are shown in Table 3.
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Table 3: Optimum levels for the drum tester station Table 5: Comparison of the prediction for the diaster station
Level 1 Level 2 Level 3 Optimal WBGT Humidity llluminance Productivity S/N
WBGT 11,21 9,54 10,38 Level 1  Observation (°C) (%) (lux) parts ratio
Humidity 11,21 9,54 10,38 Levell 1 26 63 206 4 3
lllumiance 10,38 9,54 11,21 Level3 2 26 65 209 3 3
3 26 70 213 4 3
Table 4: Analysis of variance for the drum testatisn 4 27 55 206 3 3
5 27 56 208 3 3
Degree Sum of Mean 6 27 63 203 3 3
of Squares Square Contribution 7 28 56 203 4 3
Factor freedom (SS) (MS) F-value (%) 8 28 58 199 3 3
WBGT 2 4 2 0 33,3 9 28 60 201 3 3
Humidity 2 4 2 0 33,3
lllumiance 2 4 2 0 33,3
Error 2 0 0 0 The standard errors of the slopes are for WBGT
Total 8 12 6 100 0.35, for the humidity value 0.042 and for the

illuminance 0.063. All values are larger than tlepss.

The results of the analysis of variance are agafn The error of the interception is 20.37, a very ¢avglue.
very representative. All F-values are far belowozer The random error is 0.6, the significance is ratét 0.1
The contribution is equal between all factors. Theand the variability according to the R? value B00.
correlation between the environmental factors dre t The comparison between the predicted values, using
performance at this station was not high enough, téhe equation and the actual values, used for tigeicha
result in meaningful results. All results are listen ~ Method again shows values, sometimes matching, but
Table 4. also many times not. The results just represemetid

The predicted S/N ration is 10.38 with a possiblghUmber of cars leaving the Drum Tester Statiorors f
error of 2.63. The predicted number of cars isiB.a sure not the optimal way, but no other possibitityild

range between 2.44 and 4.47. The prediction matchepse found, to match thg 10 min range. . .
the actual possible amount perfect. At least the predicted values are matching thietrig

For the single regression the following equationsrange of possible results. All values are preseited

could be set up: Table 5.

Productivity = -0,06XgcT + 1,53 Servey result: At the drum tester station only four

people participated at the survey. Unfortunatelg th
The standard error for the slope is 0.16, which igvorkers went of the station during every break aftelr
very large and for the intercept 4.23, also vergda the end of the shift, the workers left the statiary
The random error is 0.57, the F-value 0.146 and théast. Six workers were operating this station anieast

variability, represented by R2 is 0.003: four could be asked to fill out the questionnaires.
The temperature seems to be very disturbing at the
Productivity = -0,0021%,midgity + 3,22 drum tester station. The answers to the questiboata

the temperature are all much, or very much. The
For the equation belonging to the humidity dat& th measured temperature at this station was, compared
standard error for the slope is 0.024 and for teréept  other stations not the highest, but it seemedfexathe
1.48. The value for the slope error is quite hihe  \yorkers allot. The maximum temperature was around
significance is according to the F-value 0.0023ictwlis 57 5ec. At other stations, temperatures around 29°C
very low and the variability _is according to the\Riue  5.,1d be measured. The average was around 27°C. The
0.00005. The random error is 0.57: range was quite close all over the day. The stualy mot
really exhausting, so the results in somehow ssiryi
Productivity = -0,0095%uminance + 5,086 Compared to all other six stations, this statiors wze
most comfortable, due to the personal impressidh. A
The equation for the multi regression resulted ofresults of the survey are presented in Fig. 10.
the also very low regression coefficients, indiogti The humidity was not as affecting, than the
small slopes, evaluated by the multi regressiofyai®a  temperature. The answers about the humidity sHuat, t
the humidity was not a burden for the workers.
Productivity = 1,98+0,089%ec+0,017 X1umidity Meanwhile two answered, they feel affected and
-0,011Xuminance disturbed allot, two others did not feel disenltat all.
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Question about WBGT
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iy = = = =2 conditions should be
i = 5 = o miproved”?
=] 3] E) = e
=z = z = 8 B Do you think the productivity
™ 15 affected by temperature?
1 2 3 4 3 ¥ |
Fig. 10:

station

= Question about the humidity
i = Droes the unudity at your
workstation affect you?

Ln ks

)
21
g_ Do vou feel incomfortable
2 l dueto huonudity duringy ow
o 5 work?
® Do von think the conditions
0 pan an — ) - should be inproved
= = = = E
= E =3 z" b = Do vou think the humidity
= = = = affects the productivity?
= = o
==
1 2 3 4 5
Fig. 11: Affection of the relative humidity at tldeum

tester station

Question about the illuminance

Fig. 12: Affection of the illuminance at the drusster
station

[}

= Do you thmk, you can see
enough at yourworkstation?

ta

i i e R

Do vou think illumimation
couldbe mproved?

[Response

= Do you think the HHununation
affects the productivity ?

=]

o Mol |||uu||
Nullll;ll
Muich

e Very much

— Notatall
La
=

The tasks to be fulfilled were not that exhaustitigt

CONCLUSION
Research on the relationship of workplace
environmental factors to the productivity or

performance is very limited and characterized by a
short time perspective or perception with emphasis
survey methods, statistical analysis, satisfaciod the
preferences measurement. This study is done toeprov
empirically the previous perception studies based o
the role of environmental factors to productiviliyis

Affection of the WBGT at the drum tester €XPected that thistudy would be beneficial to the

automotive industries in Malaysia.The research
findings are restricted to the Malaysian workplace
environment, where the awareness among workers on
productivity is still low. The results might varyprf
tests carried out for different sample sizes, typés
industries and countries.
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