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Abstract: Laboratories that meet ergonomic standards will support the learning process, both academically and technically, to 

facilitate the growth and development of skills. This study aims to uncover and provide an overview and information about laboratory 

ergonomics standards which include thermal comfort (temperature), workspace laboratory lighting. This study uses a quantitative 

approach with a survey method carried out in the Machine Tool Unit Laboratory of the Department of Mechanical Engineering 

Education with a population of 60 students who are carrying out practicum. Techniques using direct observation and measurement. 

Lux Meter to measure lighting and then Digital Thermometer which functions to measure temperature at the observation point in the 

laboratory. Data collection starting at 07.00 until 12.00 and in the afternoon starting from 13.00 to 16.00, which is the time to do work 

activities. Measurements made at ten observation points the results showed that; (1) thermal comfort (temperature) with a value of 

30.44 degrees Celsius, while the ideal practical standard ranges from 24 – 27 degrees Celsius; (2) Lighting with a value of 422.14 

Lux while the ideal practice standard ranges from 500 – 1000 Lux. These results indicate that there is a tendency for temperature and 

lighting in laboratory rooms under conditions that are less than the standard set. To increase work productivity, these factors can 

cause less concentration and stress at work. 

 

Keywords: Human Thermal, Productivity, Physical Condition, Workplace Design, Work Environment. 

 
 

1. Introduction 
 

Every day humans are involved in a different work 

environment condition where the different conditions 

significantly affect human ability [1]. Humans will be able 

to carry out their activities well and achieve optimal results 

if the work environment is supportive. Humans will be able 

to carry out their work well if supported by a pleasant work 

environment. A working environment condition said to be 

the right work environment if humans can carry out their 

activities optimally with a healthy, safe, and safe [2]. 

Irregularities in the work environment be a result for 

a long time. Furthermore, adverse environmental 

conditions can require more energy and time, which 

certainly does not support obtaining an efficient and 

productive work system design [3]. Workers need a 

comfortable  work  environment  to  be  able  to  work 

optimally and productively; therefore the work 

environment must handle and designed so that it is 

conducive for workers to carry out activities in a safe and 

comfortable atmosphere [4]. 

The environmental evaluation carried out by 

measuring workplace conditions and knowing workers' 

responses to exposure to the work environment [5]. The 

planning and design of work systems need to consider 

factors that can affect working environment conditions 

such as noise, lighting, temperature, and others. A working 

environment said to be good if, under certain conditions, 

humans can carry out their activities optimally [6]. 

Incompatibility of the work environment with humans who 

work  in  the  environment can  see  its  impact  within  a 

specified period. Work environment factors, tools, and 

methods  significantly  affect  productivity.  To  get  high
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productivity, these factors must be compatible with the 

abilities, abilities, and limits of human workers [7]. 

Adams and Berlin [8], stated that the decrease in work 

productivity in workers is mainly due to the existence of 

work fatigue. International Labor Organization [9], states 

that the factors that influence the occurrence of work 

fatigue are the existence of work monotony; the 

disproportionate intensity and duration of  mental and 

physical work; work environment, weather and noise 

factors; mental factors such as responsibility, tension and 

the presence of conflicts; and the presence of diseases, 

illness and inadequate nutrition [10]. 

The facts in the field show that laboratory conditions 

that are not comfortable can cause difficulties and often 

there are inconsistencies in carrying out the work or in data 

analysis so that it can cause negligence that results in work 

accidents. The occurrence of errors in work processes that 

can trigger the occurrence of accidents shows that the 

occurrence of work errors mostly caused by an error in the 

design  because several work  equipment designed  not 

following the physical condition of the operator. In this 

regard, one thing that needs to consider in supporting the 

learning of machine tool practicum is the aspect of 

structuring the work environment by paying attention to 

ergonomic aspects, so students feel comfortable and easy 

to adjust to the level of the work process, and can be skilled 

and independent in completing practical work. Once the 

workspace or practicum must design in such a way as to 

create a work climate that is conducive and comfortable 

[11]. 

Feeling  comfortable is  very  important  biologically 

because it will affect the performance of human organs 

while working. Deviations from the comfort threshold will 

cause functional changes that will ultimately affect the 

physical and mental health of workers [12]. Humans will be 

able to carry out their activities well and achieve optimal 

results if the work environment is supportive. Right 

environmental quality conditions will provide a sense of 

comfort and health that supports human performance and 

productivity. The quality of a pleasant work environment 

and by human conditions as workers will support the work 

performance and productivity produced. Control and 

handling of work environment factors such as noise, 

temperature, vibration, and  lighting are problems that 

must  deal  with  seriously and  continuously. Noise,  hot 

temperatures, vibrations, and poor lighting in the 

workplace are among the sources that cause work pressure 

and decrease work productivity [13]. 

The  ergonomics approach has caused the human 

mindset about designing technology (products) to change 

[11]. In other words, now humans no longer must adjust to 

the technology they operate, but rather the technology 

designed by first considering the strengths and limitations 

of humans who operate it [14]. Ergonomics is an 

interdisciplinary scientific approach from the application of 

the principles of human behavior to the design of human 

systems with machines directed at adjusting to machines 

and auxiliary equipment, to improve performance with 

conditions that are safe, comfortable, efficient, healthy and 

safe at work [15]. The purpose of applying ergonomics is 

to (1) Improve work performance (increase work speed, 

accuracy, work safety and reduce excessive work energy 

and reduce fatigue); (2) Reducing time wasted and 

minimizing equipment damage caused by "human error," 

and (3) Improving human comfort at work. The results of 

this study will contribute in the form of recommendations 

on ergonomic standards for the physical environment in 

the development of the Laboratory. 

 

2. Research Methods 
 

2.1.  Study Approach 
 

Referring to the description of the formulation of the 

problems that have raised, the design of this study uses a 

quantitative approach with a survey method, in which the 

researcher describes quantitatively, trends, behaviors or 

opinions of a population by examining the population 

sample [16]. This design aims to analyze the ergonomics 

of the existing work environment in the machine tool unit 

laboratory in terms of thermal comfort (temperature) and 

room lighting. 

 
2.2.  Location and Respondents 
 

The study conducted at the Laboratory of machine 

tool units at Universitas Negeri Makassar. The reason for 

choosing the location is  because of the availability of 

supporting facilities and infrastructure such as laboratories, 

workshops, and complete workshops. 

The participants who were directly involved in data 

collection activities were students who were carrying out 

the practicum. The number of students who are carrying 

out a practicum machine tool practicum consists of two 

classes with 30 students each. The time of the activity 

adjusted to the practicum schedule of the students of the 

machining engineering expertise program which held on 

Monday and Tuesday in August – October 2018. 

 
2.3.  Data Collection 
 

In research, data collection on environmental aspects 

uses the help of some equipment, namely Lux Meter to 

measure lighting and then Digital Thermometer, which 

functions to measure the temperature at the observation 

point in the laboratory. Data in the form of questionnaires 

and discussions also applied in this study to obtain 

responses from workers about the work environment 

namely lighting, room temperature. 

Data collection for temperature and lighting carried 

out in the morning starting from 07.00 until 12.00 and in 

the afternoon starting from 13.00 to 16.00, which is the 

time to do work activities. To maintain the accuracy of the

1
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data, measurements made at ten observation points in the 

machine laboratory room. 

 

3. Result and Discussions 
 

3.1.  Thermal 
 

Thermal is one of the essential aspects of ergonomics 

in the work environment both physically and non- 

physically, which can have an impact on employee 

performance or productivity [17]. The observation points 

for temperature measurements that have obtained can be 

presented in the figure as follows. 

 

 
 

Figure 1.  Temperature Measurement Observation Points at the 

Machine Laboratory. 

 
Thermal comfort must meet so that students who are 

doing activities in the environment can be more 

productive [18]. The results of temperature measurements 

that have obtained can be presented in the following table. 

 
Table 1.   Results    of    Temperature    Measurement    at    the 

Laboratory of Machines. 

standard or recommendation regarding the room 

temperature threshold value that is allowed in workspace 

in the industry in accordance with the Regulation of the 

Indonesian Minister of Health on the standards and 

requirements for industrial work environment health, then 

for turning work with an allocation of work and rest time 

of 50 – 70 percent, with the mild category having a 

threshold value of 31.0 degrees Celsius, students who do 

practicums can be categorized as potentially experiencing 

physiological effects (heat strain) [19]. 

Indonesia generally acclimatized to a tropical climate 

with temperatures around 29 – 30 degrees Celsius with 

humidity of 85 – 95 percent. Acclimatization of heat means 

an adjustment process that occurs to a person during the 

first week at work. After the first week of being in a hot 

place, labor able to work without the influence of heat 

stress; this depends on the acclimatization of everyone as 

seen from the workload so that work variations needed. 

Geographically, Indonesia is on the equator and has a 

tropical climate. Tropical regions according to temperature 

measurements are tropical regions with average 

temperatures above 20 degrees Celsius, Indonesian 

regions  have  average temperatures that  can  generally 

reach   35   degrees   Celsius.   Furthermore,   Indonesian 

territory has a high humidity level, which can reach 85 

percent. This situation occurs among others due to the 

position of Indonesia, which is at the meeting of two 

extreme climates (due to the position between two 

continents and two oceans). This condition makes 

Indonesia less profitable for students in doing work 

activities because student work productivity tends to 

decrease or low if it is in a working environment that is too 

cold or too hot. Comfortable thermal temperatures for 

Indonesians are in the temperature range of 22.8 – 25.8 

degrees Celsius with humidity of 70 percent. 

SNI (Indonesian National Standard) [20], states that a 

comfortable temperature for conducting activities is in the 

range of 22.80 – 25.80 degrees Celsius. With the 

measurement results obtained, it is quite far from the

 

No.      
Observation 

Point 

 

Observation Point (o C) 

    TP1       TP2       TP3       TP4       TP5   

 
temperature  the  more  the  day,  the  higher.  At  this 

temperature, mental activity and responsiveness begin to

TT       07.30-08.00      30.00    30.01    30.02    30.01    30.02 

TT       08.00-08.30      30.01    30.01    30.01    30.01    30.01 

T1       08.30-09.00      30.00    30.00    30.00    30.00    30.00 

T1       09.00-09.30      30.01    30.02    30.02    30.01    30.02 

T2       09.30-10.00      31.02    31.01    31.02    31.02    31.02 

T2       10.00-10.30      31.01    31.02    31.01    31.03    30.02 

T3       10.30-11.00      31.04    31.03    30.02    31.04    31.03 

T3       11.00-11.30      32.08    32.08    30.05    32.06    32.03 

T4       11.30-12.00      32.04    32.03    32.04    32.03    32.02 

T4       12.00-12.30      30.08    30.07    30.08    30.04    30.05 
 

 

Based on the results of measurements and tests, it is 

known   that   the   average   temperature  of   the   work 

1
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decrease and tend to make mistakes in work so that it can 

cause physical fatigue. The heat of the workspace caused 

by the heat of the production machine and the lack of air 

ventilation. Incoming sunlight, besides useful as lighting 

can also increase the room temperature. Too hot 

temperatures reduce  agility,  extend  reaction  time  and 

decision-making time, interfere with the work of the brain, 

disrupt the coordination of sensory and motor nerves, and 

make it easier to stimulate. 

Conditions of the work environment with 

inappropriate temperatures can influence performance 

degradation, but it also influences human psychology in 

their work [21]. The ways that can do to reduce the 

condition of hot air, including by improving ventilation and

1
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In research about the relationship between a decrease  

in  room  temperature  and  productivity  in  work  which  

includes the type of routine work done in the office and Point             TP1 

 

 

open space designed so that it feels quite comfortable, 

and workers get enough fresh air. It also can be by 

installing a fan or exhaust fan so that it can help the room's 

ventilation system to reduce the humidity in the workspace. 

Hot workplace temperatures will affect work 

performance. Work productivity will reach the highest level 

if the worker works at a temperature of 24 – 26 degrees 

Celsius. Besides, hot working temperatures also quickly 

lead to fatigue, so workers easily lose concentration 

resulting in accidents quickly. Humans obtain thermal 

balance with the environment in a relatively narrow range 

(37 ± 1 degrees Celsius). To survive, the acceptable limit 

for the inner core body temperature is between 35.5 to 

39.5 degrees Celsius. The skin can tolerate a more 

extensive temperature range with a limit between -0.6 

degrees Celsius (frozen skin) and 45 degrees Celsius (skin 

starts burning). Thermal balance occurs when body heat 

generated according to the level of heat loss through 

physiological processes. The body produces heat through 

metabolism and muscle activity not related to external 

work, and heat exchange with the environment through 

several processes [22], [23]. 

Another fundamental factor of indoor environmental 

quality is the temperature in the room. This has a 

significant impact on  human psychology, and physical 

conditions, as a result, can affect behavior and productivity 

at work [24], [25]. For example, a meta-analysis of 

temperature and productivity works found that 

temperatures between 21 – 22 degrees Celsius will 

increase productivity, and when temperatures rise between 

23 – 24 degrees Celsius productivity starts to decrease 

relatively. When temperatures reach 30 degrees Celsius, 

only 91.1 percent of the relative productivity observed. 

Therefore, this would suggest that the optimal 

temperature for relative productivity reached between 21 

– 24 degrees centigrade [26]. 

it can explain that the main function of workplace lighting 

is to illuminate the work object so that it is visible, easy to 

do quickly, and productivity can increase. Lighting both 

high, low, and dazzling affect eye fatigue and nervous 

tension. To obtain optimal lighting quality [32], [33]. 

 

 

Figure 2.     Lighting  Measurement  Observation  Points  at  the 

Machine Laboratory 
 

 

Proper lighting allows workers to see the objects they 

work, quickly, and without unnecessary efforts. More than 

that, adequate lighting gives the impression of a better 

view and a refreshing environment [34]. The lighting level 

factor to support the visual aspect; humans need an 

illumination to recognize an object. The lighting 

observations or measurements that have obtained can be 

presented in the following Table 2. 

 
Table 2.   Results of Lighting Measurement at the Laboratory of 

Machines.

 

 
 
 

physical and mental work done in laboratories. From the 

results of the study, it found that the influence of 

temperature seen to be more dominant in affecting the 

physical and mental work performed in a laboratory room 

compared to routine work performed in an office space. 

The visible effect of comfort in working room temperature 

can be seen from the decrease in motivation at work [27]– 

[31]. 

 
3.2.  Lighting 

 

Humans need lighting to visually recognize an object 

where the organs of the body that affect vision are the eyes, 

nerves, and nerve center of vision in the brain. In many 

industries, lighting or lighting influences product quality. 

High, low, or blindingly strong lighting effects both eye 

fatigue and nervous tension of workers whose workplace 

lighting is inadequate or not up to standard. In other words, 

1
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TT 07.30-08.00 238 253 244 255 242 

TT 08.00-08.30 245 237 245 257 241 

T1 08.30-09.00 297 291 294 296 245 

T1 09.00-09.30 367 366 368 369 367 

T2 09.30-10.00 425 435 453 465 483 

T2 10.00-10.30 442 421 437 446 434 

T3 10.30-11.00 425 415 414 411 414 

T3 11.00-11.30 396 386 379 374 366 

T4 11.30-12.00 743 746 733 797 789 

T4 12.00-12.30 634 632 615 635 645 

 

 

Observation Point (Lux)   

TP2       TP3       TP4       TP5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Based on the results of measurements and analysis, it is 

known that the average lighting, if measured from the light 

intensity of the room in the workshop, is 422.14 Lux which 

is below the standard threshold value. Based on the work 

environment quality standard, the lighting for the

1
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or lecture halls. Each room has different lighting intensity 

needs. The quality of lighting, noise, psychology is an 

 

“Assessing  the  work  environment  for  creativity,”  Acad. 

Manag. J., vol. 39, no. 5, pp. 1154–1184, 1996. 

essential factor in  the work environment in  improving [5] S. Niu, “Ergonomics and occupational safety and health: An 

employee  morale  which  can  ultimately  affect  worker  ILO perspective,” Appl. Ergon., vol. 41, no. 6, pp. 744–753, 

productivity [40]–[42]. Lighting at work significantly affects  2010. 

work productivity, where good lighting allows workers to 

see objects that do clearly and quickly, in addition to 

[6] M. M. Robertson, Y.-H. Huang, M. J. O’Neill, and L. M. 

Schleifer,  “Flexible  workspace  design  and  ergonomics 

adequate lighting gives the impression of a better view  training: Impacts on the psychosocial work environment, 

and a refreshing environment, to reduce work fatigue and  musculoskeletal  health,  and  work  effectiveness  among 

  knowledge workers,” Appl. Ergon., vol. 39, no. 4, pp. 482– 
increase work productivity [43], [44].  494, 2008. 

According to Grandjean [45], lighting that not well 

designed will cause visual disturbance or fatigue during 
[7] C. M. Pollock and L. M. Stracker, “Ergonomics in A Changing 

World,” in Proceedings of The 29th Annual Conference of the 

work.  Influence  and  lighting  that  does  not  meet  the  Ergonomics Society of Australia: 1st-3rd December, 1993. 

requirements will have an impact, namely: 1) Eye fatigue [8] C. Adams and C. Berlin, Production Ergonomics: Designing 

so that the reduced power and work efficiency; 2) Mental 

fatigue;  3)  Complaints  of  aches  in  the  eye  area  and 
 Work  Systems  to  Support  Optimal  Human  Performance. 

Ubiquity Press, 2017. 

headaches around the eyes; 4) Damage to the senses of 
[9] International  Labour  Organization.,  ILO  Declaration  on 

 

 

 

space used to do work that requires accuracy is 500 – 1000 

lux [20]. It is shown that lighting at work can be said to be 

wrong. Bad lighting directly will not cause damage to the 

eyes, but often cause fatigue and discomfort while lighting 

that is too high/strong is also undesirable because this 

situation can cause glare in the eyes. Hopkinson and 

Collinns [35], states that lighting problems include the 

ability of humans to see things, the characteristics of the 

sense of sight, efforts made to see objects better and the 

effect of lighting on the environment. 

Parts of the body that affect vision, namely, eyes, 

nerves, and nerve center of vision in the brain. High 

illumination strength, low, and blinding effect on eye 

fatigue and nervous tension. If a study room has a level of 

lighting that is less or excessive, it will affect the physical 

state of students or users of the room, which impacts 

quality and productivity. In contrast to research conducted 

by Seppanen [36], that in the workspace after replacing 

fluorescent lamps with LEDs the subjective feeling in typing 

difficulties reduced but there is no noticeable 

improvement in performance. This phenomenon is 

consistent with previous findings that satisfaction is not 

related to cognitive task performance [37], [38]. 

Lighting for workshops should be designed with 

enough lighting levels to work with various levels of 

accuracy, especially in machining jobs which usually 

require a relatively high level of precision. It is in line with 

Loe [39], which states that the design of lighting 

installations for educational spaces adjusted to the needs 

of room use such as for libraries, laboratories, workshops 

4. Conclusions 
 

Productivity at work can be improved by adjusting the 

size of the workplace to human capabilities and limitations. 

Workplaces that are adapted to humans include improving 

the accuracy of using the body, the work environment, in 

this case, is the temperature and lighting of the room then 

the other aspects are the work position and nutrition of 

food intake consumed. If the ability to work (ability) can 

increase, then the work delay can reduce or the time 

needed to do something in one unit can be shortened so 

that productivity can increase. 

 

Acknowledgments 
 

The research fully funded through the Non-Tax State 

Revenue Research Program at Universitas Negeri Makassar 

Postgraduate Program with Contract Number 2566/ 

UN36/LT/2018. 

 

References 
 

[1]    A. Górny, “Ergonomics in the formation of work condition 

quality,” Work, vol. 41, no. Supplement 1, pp. 1708–1711, 

2012. 

[2]   E. J. Yerxa, “Health and the human spirit for occupation,” Am. 

J. Occup. Ther., vol. 52, no. 6, pp. 412–418, 1998. 

[3]    M. de Greef, K. Broek, R. Jongkind, L. Kenny, O. Shechtman, 

and K. Kuhn, Quality of the working environment and 

productivity: Research findings and case studies. European 

Agency for Safety and Health at Work, 2004. 

[4]    T. M. Amabile, R. Conti, H. Coon, J. Lazenby, and M. Herron,

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

the eye and others. Furthermore Armstrong [46], states that 

the low intensity of lighting can cause visibility and eye 

strain disturbances. Conversely the intensity of excessive 

lighting can also cause glare, reflections, excessive 

shadows, visibility, and eye strain. The  more beautiful 

the work and the inspection and quality control, or more 

elegant the details and the less contrast, the higher the 

illumination needed, between 500 lux to 100 lux. 

Fundamental Principles and Rights at Work and Its Follow- 

Up: Adopted by the International Labour Conference at Its 

86th Session, Geneva, 18 June 1998. International Labour 

Organization, 1998. 

[10]  W. T. Singleton and W. H. Organization, “Introduction to 

ergonomics,” 1972. 

[11]  R. Bridger, Introduction to ergonomics. CRC Press, Taylor & 

Francis Group, 2008. 

[12]  D. MacLeod, The ergonomics edge: improving safety, quality, 

and productivity. John Wiley & Sons, 1994. 

5

6

6

7

8



A. M. Idkhan, F. R. Baharuddin, “Comfort Temperature and Lighting Intensity: Ergonomics of Laboratory Room Machine Tools” Int. J. Environ. Eng. Educ., vol. 1, no. 2, pp. 53-58, 2019 

60 60 

 
 
 

 
 
 

[13]  J. Panero and M. Zelnik, Human dimension & interior space:



A. M. Idkhan, F. R. Baharuddin, “Comfort Temperature and Lighting Intensity: Ergonomics of Laboratory Room Machine Tools” Int. J. Environ. Eng. Educ., vol. 1, no. 2, pp. 53-58, 2019 

61 61 

 
 
 

 
 
 

 

a source book of design reference standards. Watson-Guptill, 

1979. 

[14]  K. Murrell, Ergonomics: Man in his working environment. 

Springer Science & Business Media, 2012. 

[15]  S.  Pheasant,  Ergonomics,  work  and  health.  Macmillan 

International Higher Education, 1991. 

[16] J. W. Creswell and J. D. Creswell, Research design: Qualitative, 

quantitative, and mixed methods approaches. Sage 

publications, 2017. 

[17]  J. Singh, A. A. Khan, and M. Muzammil, “Effect of work rest 

schedule on perceived discomfort score and thermal 

threshold shift of operators using hand-held vibrating 

machines,” Can. Acoust., vol. 39, no. 2, pp. 66–67, 2011. 

[18] J. Matthews and F. Nicol, “Thermal Comfort of Factory 

Workers in Northern India,” Stand. Therm. Comf. Indoor Air 

Temp. Stand. 21st Century, p. 227, 1995. 

[19]  K. C. Parsons, “International heat stress standards: a review,” 

Ergonomics, vol. 38, no. 1, pp. 6–22, 1995. 

[20]  Badan Standarisasi Nasional, “Standar Nasional Indonesia 

(Indonesian National Standards): Konservasi energi 

selubung bangunan pada bangunan gedung (Energy 

conservation of building envelope in buildings).” Badan 

Standarisasi Nasional, Jakarta, Indonesia, 2011. 

[21]  T. L. Braun and K. C. Parsons, “Human thermal responses in 

crowds,” Contemp. Ergon., pp. 190–195, 1991. 

[22]  W. Karwowski, International encyclopedia of ergonomics and 

human factors, vol. 3. Crc Press, 2001. 

[23]  A. Hedge, Ergonomic workplace design for health, wellness, 

and productivity. CRC Press, 2016. 

[24]  N. A. Stanton, P. M. Salmon, L. A. Rafferty, G. H. Walker, C. 

Baber, and D. P. Jenkins, Human factors methods: a practical 

guide for engineering and design. CRC Press, 2017. 

[25]  N. A. Stanton, A. Hedge, K. Brookhuis, E. Salas, and H. W. 

Hendrick,  Handbook  of  human  factors  and  ergonomics 

methods. CRC press, 2004. 

[26]  O. Seppanen, W. J. Fisk, and Q. H. Lei, “Effect of temperature 

on task performance in office environment,” Ernest Orlando 

Lawrence Berkeley National Laboratory, Berkeley, CA (US), 

2006. 

[27]  G. Langkilde, “The influence of the thermal environment on 

office work,” Fanger PO Valbjorn O. Proc. First Int. Indoor 

Clim. Symporium. Copenhagen, 1978. 

[28]  G. Langkilde, K. Alexandersen, D. P. Wyon, and P. O. Fanger, 

“Mental performance during slight cool or warm 

discomfort.,” Arch. Sci. Physiol. (Paris)., vol. 27, no. 4, pp. 

511–518, 1973. 

[29]  R. D. Pepler, “Temperature and learning: an experimental 

study,” ASHRAE Trans., vol. 74, no. 2, pp. 211–224, 1968. 

[30]  W.  J.  Fisk  et  al.,  “Worker  performance  and  ventilation: 

analyses  of  time-series  data  for  a  group  of  call-center 

workers,” 2002. 

[31]  C. C. Federspiel et al., “Worker performance and ventilation: 

Analyses of individual data for call-center workers,” 

Lawrence   Berkeley   National   Lab.(LBNL),   Berkeley,   CA 

(United States), 2002. 

[32]  D. L. DiLaura, K. W. Houser, R. G. Mistrick, and G. R. Steffy, 

The lighting handbook: reference and application. 

Illuminating Engineering Society of North America New 

York, 2011. 

[33]  Illuminating Engineering Society of North America., IES HB- 

10-11: The IES Lighting Handbook. Illuminating Engineering 

Society of North America, 2011. 

[34]  Illuminating   Engineering   Society   of   North   America., 

American national standard practice for office lighting. 

IESNA, 1993. 

[35] R. G. Hopkinson and J. B. Collins, “The ergonomics of 

lighting,” 1970. 

[36]  O. Seppanen, W. J. Fisk, and Q. H. Lei, “Room temperature 

and productivity in office work,” 2006. 

[37]  J. A. Veitch and R. Gifford, “Choice, perceived control, and 

performance decrements in the physical environment,” J. 

Environ. Psychol., vol. 16, no. 3, pp. 269–276, 1996. 

[38]  J. A. Veitch and R. Gifford, “Assessing beliefs about lighting 

effects on health, performance, mood, and social behavior,” 

Environ. Behav., vol. 28, no. 4, pp. 446–470, 1996. 

[39]  L. Loe, K. P. Mansfield, and E. Rowlands, “Appearance of lit 

environment and its relevance in lighting design: 

Experimental study,” Int. J. Light. Res. Technol., vol. 26, no. 3, 

pp. 119–133, 1994. 

[40]  N. Z. A. Hamid and N. Hassan, “The relationship between 

workplace environment and job performance in selected 

government offices in Shah Alam, Selangor,” Int. Rev. Manag. 

Bus. Res., vol. 4, no. 3, pp. 845–851, 2015. 

[41]  P. R. Boyce, N. H. Eklund, and S. N. Simpson, “Individual 

lighting control: task performance, mood, and illuminance,” 

J. Illum. Eng. Soc., vol. 29, no. 1, pp. 131–142, 2000. 

[42]  P. Boyce et al., “Lighting quality and office work: A field 

simulation study,” Light. Res. Technol., 2003. 

[43]  A. Hedge, W. R. Sims Jr, and F. D. Becker, “Effects of lensed- 

indirect and parabolic lighting on the satisfaction, visual 

health, and productivity of office workers,” Ergonomics, vol. 

38, no. 2, pp. 260–290, 1995. 

[44]  E. M. Ajala, “The influence of workplace environment on 

workers’ welfare, performance and productivity,” 2012. 

[45]  E. Grandjean and K. H. E. Kroemer, Fitting the task to the 

human: a textbook of occupational ergonomics. CRC press, 

1997. 

[46] T. Armstrong, Modernism, technology, and the body: a cultural 

study. Cambridge University Press, 1998.

 

 
© 2019 by the authors. Licensee by Three E Science Institute. 
This article is an open-access article distributed under the terms and conditions of the Creative Commons Attribution-ShareAlike 4.0 (CC BY SA) 
International License. (http://creativecommons.org/licenses/by-sa/4.0/). 

http://creativecommons.org/licenses/by-sa/4.0/


oid:30123:33754425Similarity Report ID: 

9% Overall Similarity
Top sources found in the following databases:

4% Internet database 2% Publications database

Crossref database Crossref Posted Content database

4% Submitted Works database

TOP SOURCES

The sources with the highest number of matches within the submission. Overlapping sources will not be
displayed.

1
ijstr.org 1%
Internet

2
aidic.it 1%
Internet

3
President University on 2020-04-17 1%
Submitted works

4
Universiti Tenaga Nasional on 2016-02-20 1%
Submitted works

5
Universitas Airlangga on 2020-03-27 1%
Submitted works

6
medicopublication.com 1%
Internet

7
Musiah Musiah, Diah Fauzia Zuhroh. "Relation Between the Use of Gad... <1%
Crossref

8
Gracia Victoria Souisa, Lorna Yulaina Rary, Bellytra Talarima. "Eye Fati... <1%
Crossref

Sources overview

https://ijstr.org/paper-references.php?ref=IJSTR-1119-24799
http://www.aidic.it/cet/17/56/065.pdf
https://medicopublication.com/index.php/ijphrd/article/download/1022/944/1854
https://doi.org/10.30587/ivrj.v2i1.4987
https://doi.org/10.30604/jika.v4i1.172


oid:30123:33754425Similarity Report ID: 

9
Universitas Sebelas Maret on 2018-11-06 <1%
Submitted works

10
University of Sydney on 2022-04-28 <1%
Submitted works

Sources overview



oid:30123:33754425Similarity Report ID: 

Excluded from Similarity Report

Bibliographic material Quoted material

Cited material Small Matches (Less then 10 words)

Manually excluded sources

EXCLUDED SOURCES

eprints.unm.ac.id
Internet

89%

ijeedu.com
Internet

10%

ijeedu.com
Internet

10%

researchgate.net
Internet

10%

zenodo.org
Internet

8%

garuda.ristekbrin.go.id
Internet

8%

garuda.kemdikbud.go.id
Internet

8%

ijstr.org
Internet

4%

semanticscholar.org
Internet

3%

Excluded from Similarity Report

http://eprints.unm.ac.id/22762/1/4.%20Comfort%20Temperature%20and%20Lighting%20Intensity%20Ergonomics%20of%20Laboratory%20Room%20Machine%20Tools.pdf
http://www.ijeedu.com/ijeedu/article/view/15
http://ijeedu.com/index.php/ijeedu/article/view/15
https://www.researchgate.net/publication/369647378_Evaluation_of_weaving_craftsmen_stations_on_lighting_based_on_ergonomic_principles
https://zenodo.org/record/3477838
http://garuda.ristekbrin.go.id/author/view/239891
https://garuda.kemdikbud.go.id/author/view/239891?jid=18790&jname=International+Journal+of+Environment%2C+Engineering%2C+and+Education
https://www.ijstr.org/final-print/nov2019/Occupational-Health-And-Productivity-In-Noise-Exposure-And-Room-Layout.pdf
https://www.semanticscholar.org/paper/Comfort-Temperature-and-Lighting-Intensity%3A-of-Room-Idkhan-Baharuddin/6a427fbac7b5b152d0f7d8ead59f96680f2a26bc


oid:30123:33754425Similarity Report ID: 

coursehero.com
Internet

2%

R A Imran, I Bakri,  Mulyadi, A E U Husain. "Analysis of social demographic fac...
Crossref

1%

Hedge, A. "Environmental Ergonomics", International Encyclopedia of Ergono...
Crossref

1%

Swinburne University of Technology on 2021-06-08
Submitted works

1%

oapub.org
Internet

<1%

download.garuda.kemdikbud.go.id
Internet

<1%

Anastasia Febiyani, Bambang Suhardi, Eko Pujiyanto. "Evaluation of thermal c...
Crossref

<1%

Prince Sultan University on 2022-05-03
Submitted works

<1%

Leeds Metropolitan University on 2020-11-30
Submitted works

<1%

bec.uac.bj
Internet

<1%

article.ijepp.org
Internet

<1%

Purnamawati. "Needs Analysis of Vocational High School Partnership Model ...
Crossref

<1%

Excluded from Similarity Report

https://www.coursehero.com/file/72578162/291docx/
https://doi.org/10.1088/1757-899X/885/1/012067
https://doi.org/10.1201/9780849375477.ch351
https://oapub.org/soc/index.php/EJHRMS/article/view/1168
http://download.garuda.kemdikbud.go.id/article.php?article=1761498&title=DETECTION+OF+DEVELOPMENT+AND+DENSITY+URBAN+BUILD-UP+AREA+WITH+SATELLITE+IMAGE+OVERLAY&val=18790
https://doi.org/10.1109/IEA.2018.8387097
https://bec.uac.bj/uploads/publication/408074f15e33a936fc5d5314193a93ea.pdf
http://article.ijepp.org/pdf/10.11648.j.ijepp.20190704.12.pdf
https://doi.org/10.1088/1742-6596/1028/1/012081


oid:30123:33754425Similarity Report ID: 

media.neliti.com
Internet

<1%

insightsociety.org
Internet

<1%

china.iopscience.iop.org
Internet

<1%

Excluded from Similarity Report

https://media.neliti.com/media/publications/277876-microcontroller-implementation-for-autom-a5997171.pdf
https://insightsociety.org/ojaseit/index.php/ijaseit/search/authors/view?affiliation=Department+of+Mechanical+Engineering+Education%2C+Universitas+Negeri+Makassar%2C+Makassar%2C+90224%2C+Indonesia&country=ID&firstName=A.+Muh.&lastName=Idkhan&middleName=
http://china.iopscience.iop.org/article/10.1088/1742-6596/1028/1/012081

