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Abstract: Problem statement: The objective of this study was to determine the dominance effects of 
environmental factors such as Illuminance (lux), relative humidity (%) and 
WBGT (°C) on the operators’ productivity at Malaysian automotive industry. Approach: One 
automotive parts assembly factory had been chosen as a subject for the study. The subjects were 
workers at the assembly section of the factory. The environment examined was the Illuminance (lux), 
relative humidity (%) and WBGT (°C) of the surrounding workstation area. Two sets of representative 
data including the Illuminance, relative humidity (%) and WBGT (°C) level and production rate were 
collected during the study. All the data was measured using Babuc apparatus which is capable to 
measure simultaneously those mentioned environmental factors. The time series data of fluctuating 
level of environmental were plotted to identify the significant changes of factors. Then Taguchi 
Method was being utilized to find the sequence of dominance factors that contributed to the 
productivity of operator at the specified production workstation. From there, optimum level for the 
three factors will be determine for optimum productivity. Further multiple linear regressions were 
employed to obtain the equation model in order to represent the relationship of these environmental 
factors towards productivity. Results: the thermal comfort assessments of this station which was the 
scale PMV was 2 and PPD is 79% ware likely to be satisfied by the worker. Conclusion: The study 
revealed that the dominant factor contribute to the productivity at the body assembly production line is 
WBGT and Illuminance whereas the empirical finding was closely related to the perception study by 
survey questionnaire distribution. 
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INTRODUCTION 

 
 Robust design is an engineering methodology for 
obtaining product and process conditions, which are 
minimally sensitive to the various causes of variation to 
produce high-quality products with low development 
and manufacturing costs[31]. Taguchi’s parameter design 
is an important tool for robust design. It offers a simple 
and systematic approach to optimize design for 
performance, quality and cost. Two major tools used in 
robust design are[22,27,31]: 
 
• Signal to noise ratio, which measures quality with 

emphasis on variation 
• Orthogonal arrays, which accommodate many 

design factors simultaneously 

 Taguchi’s approach is totally based on statistical 
design of experiments[31]. By applying this technique 
one can significantly reduce the time required for 
experimental investigation, as it is effective in 
investigating the effects of multiple factors on 
performance as well as to study the influence of 
individual factors to determine which factor has more 
influence, which less[31].  
 Some of the previous researches that used the 
Taguchi method as tool for design of experiment in 
various areas including metal cutting are listed in the 
references[3,4,14,17,25,34,36]. 
 The most important stage in the design of an 
experiment lies in the selection of control factors. As 
many factors as possible should be included, so that it 
would be possible to identify non-significant variables 
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at the earliest opportunity. Taguchi creates a standard 
orthogonal array to accommodate this requirement. 
Depending on the number of factors, interactions and 
levels needed, the choice is left to the user to select 
either the standard or column-merging method or idle-
column method, or so on. Two of the applications in 
which the concept of S/N ratio is useful are the 
improvement of quality through variability reduction 
and the improvement of measurement. The S/N ratio 
characteristics can be divided into three categories 
when the characteristic is continuous[31]: 
 Nominal is the best characteristic: 
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Where: 
y  = The average of observed data 

2
ys  = Variance of y 

n = Number of observations 
y = The observed data 
 
 For each type of the characteristics, with the above 
S/N ratio transformation, the higher the S/N ratio the 
better is the result. 
 Improving workers’ productivity, occupational 
health and safety are major concerns of industry, 
especially in developing countries. However, these 
industries are featured with improper workplace design, 
ill-structured jobs, mismatch between workers’ abilities 
and job demands, adverse environment, poor human-
machine system design and inappropriate management 
programs[29]. Light, noise, air quality and the thermal 
environment were considered factors that would 
influence the acceptability and performance on the 
occupants of premises [5,24] stated that lower emotional 
health is manifested as psychological distress, 
depression and anxiety, whereas lower physical health 
is manifested as heart disease, insomnia, headaches and 
infections[5]. These health problems could lead to 
organizational symptoms such as job dissatisfaction, 

absenteeism and poor work quality. Irritated, sore eyes 
and throat, hoarseness, stuffy congested nose, excessive 
mental fatigue, headache and unusual tiredness were all 
signs of the negative workplace environmental 
conditions[32].  
 Previous research done by[6] showed that the work 
environments were associated with perceived effects of 
work on health. This research used a national sample of 
2,048 workers who were asked to rate the impact of 
their respective jobs job on their physical and mental 
health. Regression analyses proved that the workers’ 
responses were significantly correlated with health 
outcomes. In addition to this, Shikdar et al.[29] 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 
problems such as low productivity and high 
absenteeism. Employees with complaints of discomfort 
and dissatisfaction at work could have their 
productivity affected, result of their inability to perform 
their work properly[19]. 
 According to the Fisk et. al productivity was one of 
the most important factors affecting the overall 
performance to any organization, from small enterprises 
to entire nations[9]. Increased attention had focused on 
the relationship between the work environment and 
productivity since the 1990s. Laboratory and field 
studies showed that the physical and chemical factors in 
the work environment could have a notable impact on 
the health and performance of the occupants and 
consequently on the productivity. Workplace 
environmental conditions, such as humidity, indoor air 
quality and acoustics have significant relationships with 
workers’ satisfaction and performance[23,32]. Indoors air 
quality could have a direct impact on health problems 
and leads to uncomfortable workplace 
environments[2,28,35]. 
 The ventilation of building is used to maintain 
indoor air quality and thermal comfort. In order to 
attain these objectives, airflow rate should be 
controlled. The minimal airflow rate is determined by 
indoor air quality requirements so that the maximal 
concentration for every pollutant is lower than the 
maximum admitted. Thermal comfort is influenced by 
air parameters (temperature, humidity, velocity and 
turbulence) and surface temperatures (walls, windows) 
but also by the type of human activity and clothing.  
 Thermal comfort has a great influence on the 
productivity and satisfaction of indoor building 
occupants[33]. Thermal comfort is very difficult to 
define. This is because we need to take into account a 
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range of environmental and personal factors when 
deciding on the temperatures and ventilation that will 
make feel comfortable. The best that we can 
realistically hope to achieve is a thermal environment 
which satisfies the majority of people in the workplace, 
or put more simply, ‘reasonable comfort’[18].  
 Thermal comfort can be defined as that condition 
of mind which expresses satisfaction with the thermal 
environment[30]. The reference to ‘mind’ indicates that 
it is essentially a subjective term; however, there has 
been extensive research in this area and a number of 
indices exist which can be used to assess environments 
for thermal comfort[7,15]. Atmaca[11] suggested three 
conditions for comfort; these are that the body is in heat 
balance and that the mean skin temperature and sweat 
rate are within limits required for comfort. Conditions 
required for heat balance can be derived from a heat 
balance equation. Mean skin temperatures and sweat 
rates that are acceptable for comfort have been derived 
from empirical investigation[21].  
 Predicted Mean Vote (PMV) is a parameter for 
assessing thermal comfort in an occupied zone based on 
the conditions of metabolic rate, clothing, air speed 
besides temperature and humidity. PMV values refer 
the ASHRAE thermal sensation scale[21] that ranges 
from -3 to 3 as follows: 3 = hot, 2 = warm, 1 = slightly 
warm, 0 = neutral, -1 = slightly cool, -2 = cool, -3 = cold. 
Figure 1 summarizes the overall process of using the 
six variables associated with thermal comfort sensation 
to evaluate the PMV[1]. The general comfort equation 
developed by Fanger[21] to describe the conditions under 
which a large group of people will feel in thermal 
neutrality is too complex and cannot be used in real 
time applications: 
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Fig. 1: PMV and thermal sensation 
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 The parameters are defined as follows: 
 
PMV = Predicted mean vote 
M = Metabolism (W m−2) 
W = External work, equal to zero for most activity 

(W m−2) 
Icl = Thermal resistance of clothing (Clo)  
fcl = Ratio of body’s surface area when fully 

clothed to body’s surface area when nude 
Ta = Air temperature (°C) 
Tmrt = Mean radiant temperature (°C)  
Vair = Relative air velocity (m sec−1) 
Pa = Partial water vapor pressure (Pa) 
hc = Convectional heat transfer coefficient  
  (W m−2 K) 
Tcl = Surface temperature of clothing (°C) 
 
 Furthermore, the  equation  for  PPD is given by 
Eq. 4: 
 

( )4 2PPD 100 – 95 exp 0.03353 PMV 0.2179 PMV= − +  (7) 

 
 Predicted Percentage Dissatisfied (PPD) is used to 
estimate the thermal comfort satisfaction of the 
occupant. It is considered that satisfying 80 of occupant 
is good: That is, PPD less than 20% is good[37].  
 Without ventilation, a building’s occupants will 
first be troubled by adores and other possible 
contaminants and heat[11]. When we discuss about heat, 
actually automatically discuss about thermal comfort 
building’s occupant. In most cases, buildings are 
erected to protect their occupants from the external 
environment (e.g., extreme temperatures, wind, rain and 
radiation) and to provide them with a good indoor 
environment. Proton Plant is using natural ventilation. 
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This ventilation is different with mechanical 
ventilation. Three objectives of natural ventilation are 
indoor air quality, thermal comfort and energy 
savings[11].  
 The good building design characteristic, including 
both the engineering and non engineering disciplines, 
might be summarized as follow: 
 
• Meets the purpose and needs of the building’s 

owners/managers and occupants 
• Meets the requirements of health, safety and 

environmental impact as prescribed by codes and 
recommend by consensus standards 

• Achieves good indoor environment quality which 
in turn encompasses high quality in the following 
dimensions: Thermal comfort, indoor air quality, 
acoustical comfort, visual comfort 

• Creates the intended emotional impact on the 
building’s occupants and beholders 

 
 The building envelopes are the main factors of 
building energy efficiency and human thermal comfort, 
as they represent a skin of the buildings body[11]. The 
building whose envelops include suitable insulation has 
little internal heat gains and outside gains from solar 
radiation and in such a situation, the interior surface 
temperature of the building walls helps in defending 
from outside environmental conditions. In buildings 
where envelopes are un-insulated, the interior surface 
temperature of the building walls is affected from the 
outside environmental conditions, especially the solar 
radiation. 
 The relationship between thermal comfort and 
acceptability was investigated by[10]. He compared the 
effect of temperatures that deviate from those of 
optimum comfort assessed by percent comfortable[10] 
with the one by thermal acceptability and found that 
they were quite similar, which indicates that the thermal 
comfort votes falling in comfortable or slightly 
uncomfortable range were perceived by the subjects as 
acceptable. The comparison was conducted under 
uniform environment and the for non-uniform 
environment remains vacant[38]. 
 Achieving thermal comfort is usually paramount in 
buildings involving people occupancy. In most 
buildings this requires the addition or extraction of 
heat from the space by the HVAC system depending 
mainly on the season and type of activities performed 
indoors[13]. The use of HVAC systems for achieving 
the desired comfort conditions through complicated 
heat and moisture removal process has raised the 
possibility of thermal comfort problems in building. 
Thermal comfort problems have an immediate and 

direct impact on building occupant morale and 
productivity: Therefore immediate attention should be 
given to thermal comfort related complaints. 
Furthermore, minimum time and effort should be 
utilized for rectifying problems[13]. 
 Improving workers’ productivity, occupational 
health and safety are major concerns of industry, 
especially in developing countries. However, these 
industries are featured with improper workplace design, 
ill-structured jobs, mismatch between workers’ abilities 
and job demands, adverse environment, poor human-
machine system design and inappropriate management 
programs[26]. Light, noise, air quality and the thermal 
environment were considered factors that would 
influence the acceptability and performance on the 
occupants of premises[12]. [7]stated that lower emotional 
health is manifested  as   psychological   distress, 
depression and anxiety, whereas lower physical health 
is manifested as heart disease, insomnia, headaches and 
infections. These health problems could lead to 
organizational symptoms such as job dissatisfaction, 
absenteeism and poor work quality. Irritated, sore eyes 
and throat, hoarseness, stuffy congested nose, excessive 
mental fatigue, headache and unusual tiredness were all 
signs of the negative workplace environmental 
conditions[7]. 
 Previous research done by[16] showed that the work 
environments were associated with perceived effects of 
work on health. This research used a national sample of 
2048 workers who were asked to rate the impact of their 
respective jobs job on their physical and mental health. 
Regression analyses proved that the workers’ responses 
were significantly correlated with health outcomes. In 
addition to this, Shikdar et al.[29] pointed out that there 
was high correlation between performance indicators and 
health, facilities and environmental attributes[26]. In other 
words, companies with higher health, facilities and 
environmental problems could face more performance 
related problems such as low productivity and high 
absenteeism. Employees with complaints of discomfort 
and dissatisfaction at work could have their productivity 
affected, result of their inability to perform their work 
properly[20]. 
 Increased attention had focused on the relationship 
between the work environment and productivity since 
the 1990s. Laboratory and field studies showed that the 
physical and chemical factors in the work environment 
could have a notable impact on the health and 
performance of the occupants and consequently on the 
productivity. Workplace environmental conditions, 
such as humidity, indoor air quality and acoustics have 
significant relationships with workers’ satisfaction and 
performance[2,8,16]. Indoors air quality could have a 
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direct impact on health problems and leads to 
uncomfortable workplace environments[15,28,35]. 
 

MATERIALS AND METHODS 
 
Description of Drum Tester workstation: The 
workplace to be measured was the one down in the pit. 
This area is more or less divided from the area above 
and was supposed to have some characteristic 
conditions. In the pit, the worker is standing on a small 
platform to have the possibility to reach each part of the 
suspension easily. To adjust the suspension he has to 
turn two screws on each side and fasten them with a 
torque wrench. The measurement devices were placed 
close to the platform in one corner of the pit, illustrated 
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 pit was 
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 worker 
will not manipulate the measured data. Four large Fans 
are used to cool down the temperature in the pit and 
several strip lights illuminate the place to give the 
worker a good view to the front suspension. No special 
task light was used. The measured data were recorded 
during the whole day.  
 Also the cars being checked and adjusted were 
counted. It was not useful to measure the cycle time at 
this station. On the one hand the time was predicted by 
the computer system. On the other hand, the workers 
had to wait allot of times for the next station to be 
cleared. The times to measure the alignment were 
default by the system. Once they were displayed, the 
worker in the pit could start his job. The time to adjust 
the suspension was basing on the amount, it had to be 
changed and differed from car to car. The workers 
were rotating their position. While one was driving the 
car at a measurement, he adjusted the headlights the 
next time and the following time he had to work in the 
pit. Each worker had his own speed. Representative 
measurements of a time to indicate a change in 
productivity were not possible. The questionnaires 
were spread out as usually after 5:20 pm. This station 
with the characteristic pit underneath the testing line 
had no equal station close to it. Only the workers 
belonging to this station and been ask to participate 
the survey. 
 
Equipments: These buildings usually have a central 
fan or local fans that provide the ventilation air. The 
basic device for the measurements was the Babuc A 
multi-data  inquisition  unit  as   a    shown   in   Fig.  4. 

 
 
Fig. 2: Position of the measurement device 
 

 
 
Fig. 3: Workflow at the drum tester station 
 

 
 
Fig. 4: Complete integrated Babuc A apparatus 
 
This instrument was used to obtain value air temperature, 
air humidity, mean radiant temperature, relative air 
velocity, activity level (heat production in the body), 
thermal resistance of the clothing (clo-value). 
 
Descriptions of subjects: At this station only four 
workers took part. The average age at this station is 32, 
ranging between 21 and 41. The 21 year old worker is a 
single, working in the job for 2 years or less. The others 
are married with children being in their job for 10 years 
and above. Two have an educational level SPM; one 
went to a vocational school and one finished with 
Industrial Training (LI). The three older workers are 
employed permanent, the younger one just on contract. 
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RESULTS 
 
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, were rising 
from 25.5°C to almost 27°C, at 11:50 am. A small drop 
can be noticed during the time of the first break. It can 
be seen clearly in Fig. 5. Between 12:30 and 1:30 pm 
again a drop occurred. A reason might have been the 
missing of cars, passing this station, but the 
temperatures rise again from 1:30 pm on. During this 
time no cars were on this station yet. Additionally the 
cars were started the first time before they enter this 
station. The engine would only heat up a little during 
the short period running. The exhaust gases were also 
not sufficient to heat up the pit. The light had not been 
shut down neither. Until 4:20 pm the temperature rose 
up to values above 27.5°C to decrease from this time on 
just slightly. This station also was operated by workers, 
wearing shirts with short sleeves but the work was only 
rated as light work. The according values are 1.72 met 
and 1.1 clo. Hence the metabolic rate is 100 W/m². The 
resulting reference temperature is again 30°C. The 
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 around 70% 
relative humidity, the tendency is decreasing. During 
the time of the lunch break a little bump is visible in the 
graph. This can be seen in Fig. 6 too. Before this, the 
humidity decreased to values around 55%. The short 
rise of humidity goes up to 60%. The difference is not 
much, but noticeable. Until 3:30 pm the humidity 
decreased again to 55% and climbed up afterwards to 
values of 60%. The overall changes were just of minor 
significance, but the reciprocal behavior to the 
temperature curve is eye catching. The values ranged 
most of the time around 60% which is almost in the 
recommended range. 
 The illuminance shows some special behaviors too. 
The overall behavior is decreasing. This is a surprise, 
because the illumination in the pit was more or less 
only depending on the strip lights in the pit. They 
should have provided a constant illumination. 
Whenever a car was placed above the pit, the 
illuminance decreased significant. Caused by this fact 
the break times are clearly to identify. 
 During the breaks, the overall illuminance 
increased. This effect is well noticeable in Fig. 7. 
Between the start of the measurements and the first 
break,  the  illuminance  was  ranging,  almost constant, 

 
 
Fig. 5: WBGT measured at the drum tester station 
 

 
 
Fig. 6: Relative humidity measured at the drum tester 

station 
 

 
 
Fig. 7: Illuminance measured at the drum tester 
 
around values of 210 lux. After the lunch break the 
illuminance is almost constant too, but the values 
dropped to 200 lux in average. The ups and downs are 
caused by cars on the station, or not. The decrease 
between the first break and the lunch break is 
confusing. No change in the illumination was 
noticeable. The position of the measurement devices 
was not changed neither. The task can be rated as high 
contrast, because in the pit, task lights were used. The 
measured values represent more or less the conditions 
with task light and are in the range of 200- 500 lux. 
 

DISCUSSION 
 
 The productivity was hard to analyze. Because no 
time could be measured, just the amount of cars 
leaving the tester was counted. The number ranged 
between two and four cars, most of the time three. The 
reason   is   simply   the  speed  of  the  assembly   belt. 
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Fig. 8: Productivity measured at the drum tester station 
 
Just every three min one car leaves the belt. In 10 min 
3.3 cars could be possible tested, which ends in the 
result of three, sometimes four. The behavior can be 
shown in Fig. 8. 
 Whenever the next station was not cleared, the 
workers at the drum tester had to wait. Sometimes just 
two cars could leave the tester in ten min. This was 
made up by testing four cars in 10 min. The station after 
the drum tester was the engine test. Allot of cars had to 
repeat the engine test again. They were driven to the 
tester through a gate at the side of the plant and blocked 
the testing of the just finished cars from the assembly 
belt. The cars, driven to the drum tester were powered 
the first time. Through the day seven cars did not 
started and had to be reworked. But sooner or later they 
came back to the drum tester. The amount of three cars 
in average could be kept through the day. The study at 
this station was overall only light work. The driver just 
had to sit in the car and operate some tools. The worker 
to adjust the head light had to move a device, guided on 
a rail and to adjust two screws and the worker in the pit, 
doing the decisive job for this measurement. He just 
had to adjust and fasten 4 screws. This can be also 
considered as light work. The pit was equipped with 
large fans to keep the temperature low, but just in case 
of a heat accumulation in the pit. The study itself was 
not exhausting at all. Even if, was the time for the next 
car to be adjusted long enough to rest. The correlation 
between the environmental factors and the productivity 
is like expected very low. Beside the difficulties to rate 
the productivity at this station, the environmental 
factors had many other influences.  
 
Thermal comfort assessment: The day at the drum 
tester was calm with only scattered clouds. But the 
station at some different conditions, compared to the 
previous ones. The measurement devices were diploid 
in a pit, below the floor level. The according values 
are 1.72 met and 1.1 clo. Hence the metabolic rate is 
100 W m−2. The PMV index is 2. But the PPD is around 
74.2-78.5%. So, 21.5% from worker satisfied with this 
environment (Fig. 9). 

 
 
Fig. 9: Predicted Percentage of Dissatisfied (PPD) as a 

function of Predicted Mean Vote (PMV) in the 
drum tester station 

 
Table 1: Correlation coefficients for the drum tester station 
WBGT Humidity Illuminance 
0,05697599 -0,00651093 -0,0544993 

 
Table 2: L9 Array for the Taguchi method for the drum tester station 
 WBGT Humidity Illuminance Productivity S/N 
Observation (°C) (%)  (lux) parts ratio 
1 26 63 206 4 12,04 
2 26 65 209 3 9,54 
3 26 70 213 4 12,04 
4 27 55 206 3 9,54 
5 27 56 208 3 9,54 
6 27 63 203 3 9,54 
7 28 56 203 4 12,04 
8 28 58 199 3 9,54 
9 28 60 201 3 9,54 

 
Statistical data analysis: The strongest correlation is 
between the WBGT and the productivity. This is caused 
by the fact, that both are more or less constant at one 
level. The other values are definitely not significant at 
all. The numbers can be seen in Table 1. 
 The data measured at this day were again very hard 
to be inserted into the array for the Taguchi calculation. 
The temperature is increasing while the illuminance is 
decreasing. The humidity is almost constant. Only the 
three other factors are included. The productivity could 
also only be stated in numbers of cars finished in 10 min. 
The results differ only between 3 and 4 cars finished. 
This is not the best method to present the productivity, 
but the only useful. All results are presented in Table 2. 
 The resulting mean values for the S/N ration are 
surprisingly matching the expectations. The temperature 
and humidity are at level one at the optimal level. The 
illuminance is optimal for level three, which is making 
sense. Level three is the highest illuminance level. But 
the illuminance was decreasing at this station, while the 
number of finished cars increased to the end of the day. 
This result is a contradiction with the measured data. The 
values are shown in Table 3. 
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Table 3: Optimum levels for the drum tester station 
 Level 1 Level 2 Level 3 Optimal 
WBGT 11,21 9,54 10,38 Level 1 
Humidity 11,21 9,54 10,38 Level 1 
Illumiance 10,38 9,54 11,21 Level 3 

 
Table 4: Analysis of variance for the drum tester station 
 Degree Sum of Mean   
 of Squares Square  Contribution 
Factor freedom (SS) (MS) F-value (%) 
WBGT 2 4 2 0 33,3 
Humidity 2 4 2 0 33,3 
Illumiance 2 4 2 0 33,3 
Error 2 0 0  0 
Total 8 12 6  100 

 
 The results of the analysis of variance are again not 
very representative. All F-values are far below zero. 
The contribution is equal between all factors. The 
correlation between the environmental factors and the 
performance at this station was not high enough, to 
result in meaningful results. All results are listed in 
Table 4. 
 The predicted S/N ration is 10.38 with a possible 
error of 2.63. The predicted number of cars is 3.3 in a 
range between 2.44 and 4.47. The prediction matches 
the actual possible amount perfect.  
 For the single regression the following equations 
could be set up: 
 

Productivity = -0,06XWBGT + 1,53 
 
 The standard error for the slope is 0.16, which is 
very large and for the intercept 4.23, also very large. 
The random error is 0.57, the F-value 0.146 and the 
variability, represented by R² is 0.003: 
 

Productivity = -0,0021XHumidity + 3,22 
 
 For the equation belonging to the humidity data the 
standard error for the slope is 0.024 and for the intercept 
1.48. The value for the slope error is quite high. The 
significance is according to the F-value 0.0023, which is 
very low and the variability is according to the R² value 
0.00005. The random error is 0.57: 
 

Productivity = -0,0095XIlluminance + 5,086 
 
 The equation for the multi regression resulted of 
the also very low regression coefficients, indicating 
small slopes, evaluated by the multi regression analysis: 
 
Productivity = 1,98+0,089XWBGT+0,017XHumidity 

 -0,011XIlluminance 

Table 5: Comparison of the prediction for the drum tester station 
 WBGT Humidity Illuminance Productivity S/N 
Observation (°C) (%)  (lux) parts ratio 
1 26 63 206 4 3 
2 26 65 209 3 3 
3 26 70 213 4 3 
4 27 55 206 3 3 
5 27 56 208 3 3 
6 27 63 203 3 3 
7 28 56 203 4 3 
8 28 58 199 3 3 
9 28 60 201 3 3 

 
 The standard errors of the slopes are for WBGT 
0.35, for the humidity value 0.042 and for the 
illuminance 0.063. All values are larger than the slopes. 
The error of the interception is 20.37, a very large value. 
The random error is 0.6, the significance is rated with 0.1 
and the variability according to the R² value is 0.007. 
 The comparison between the predicted values, using 
the equation and the actual values, used for the Taguchi 
method again shows values, sometimes matching, but 
also many times not. The results just represented in the 
number of cars leaving the Drum Tester Station is for 
sure not the optimal way, but no other possibility could 
be found, to match the 10 min range. 
 At least the predicted values are matching the right 
range of possible results. All values are presented in 
Table 5. 
 
Servey result: At the drum tester station only four 
people participated at the survey. Unfortunately the 
workers went of the station during every break and after 
the end of the shift, the workers left the station very 
fast. Six workers were operating this station and at least 
four could be asked to fill out the questionnaires.  
 The temperature seems to be very disturbing at the 
drum tester station. The answers to the questions about 
the temperature are all much, or very much. The 
measured temperature at this station was, compared to 
other stations not the highest, but it seemed to affect the 
workers allot. The maximum temperature was around 
27.5°C. At other stations, temperatures around 29°C 
could be measured. The average was around 27°C. The 
range was quite close all over the day. The study was not 
really exhausting, so the results in somehow surprising. 
Compared to all other six stations, this station was the 
most comfortable, due to the personal impression. All 
results of the survey are presented in Fig. 10. 
 The humidity was not as affecting, than the 
temperature. The answers about the humidity show, that 
the humidity was not a burden for the workers. 
Meanwhile two answered, they feel affected and 
disturbed  allot,  two  others did not feel disturbed at all. 
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Fig. 10: Affection of the WBGT at the drum tester 

station 
 

 
 
Fig. 11: Affection of the relative humidity at the drum 

tester station 
 

 
 
Fig. 12: Affection of the illuminance at the drum tester 

station 
 
The tasks to be fulfilled were not that exhausting, that 
the operators could have had problems with sweating. 
At all, the answers are spread through the whole range 
of possible answers, which is shown in Fig. 11. 
 The illuminance is no real problem at this station. 
Most of the operators comment, that the illumination is 
sufficient. Improvement is suggested by two, but two 
others did not care about. The conditions did not seem to 
disturb the workers allot. The measured data are 
increasing to some reason, but at all the values were very 
high, between 200 and 210 lux. Again the measured data 
match with the impression of the workers. The results 
are presented in the Chart in Fig. 12. 

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 on 
survey methods, statistical analysis, satisfaction and the 
preferences measurement. This study is done to prove 
empirically the previous perception studies based on 
the role of environmental factors to productivity. It is 
expected that this study 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 vary for 
tests carried out for different sample sizes, types of 
industries and countries. 
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