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ABSTRACT 
 
 The effect of office indoor room temperature and illumination may have an influence on the productivity of 
office workers. A Neurobehavioral test has been proposed for the evaluation of office workers’ productivity. 
Three levels of  indoor room temperature (17°C, 21°C, 28°C)  and indoor room illumination (500 Lux, 750 Lux, 
1000 Lux ) have been investigated and  three levels of  complexity of tasks (Easy, Moderate , Difficult) have 
been investigated to study the effect of cognitive factors. Four Neurobehavioral functions such as perception, 
learning & Memory, thinking and execution function were measured using Neurobehavioral Test (NBT). A field 
lab to emulate an office has been created. Undergraduate students were trained and used as office workers. In 
controlled condition of environmental factors, the neurobehavioral test has been conducted with  18 workers . 
These Neurobehavioral tests were computerized with. NET Language. The response time and the error rate of 
each test have been recorded. A randomized three factors factorial design was used to analyze the response of 
the neurobehavioral tests. The results revealed that the temperature, illumination, Complexity of tasks and 
interaction effect of temperature, illumination, Complexity of tasks have significant effects on the office 
workers’  of productivity.  The percentage of contributing the effects on office workers productivity varies these 
each other. The cognitive ergonomic factors have more influence (60.03%) on the productivity. The indoor 
room temperature has 15.7% influence on the productivity of office workers. Similarly the illumination has 
5.08% of contribution of the productivity improvement. The interaction effect of temperature, illumination and 
complexity of tasks has significant effect on the office worker’s productivity. From this, it can be concluded that 
the cognitive ergonomic factors have more influence on the office workers’ productivity.  
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Introduction  
 
 Cognitive ergonomics and environmental ergonomics have imperative role to play in the effectiveness of 
office workers. There have been no standard procedures to evaluate office worker’s productivity. A 
neurobehavioral approach had been proposed to evaluate the effect of Environmental factors such as office 
indoor temperature, illumination and cognitive complexity of tasks on the office worker’s productivity. In this 
paper neurobehavioral test has been conducted for eighteen volunteer participants in different indoor office 
temperatures (170,210,280C),VDT work station illumination (500,750,1000 lux) and complexity of tasks (Easy, 
Moderate, Difficult).The reaction time and error has been recorded to investigate the effect of indoor 
temperature, illumination and complexity of tasks on the office worker’s productivity. The neurobehavioral test 
involves all the cognitive function such as emotion, perception, learning and memory, thinking and execution 
function. 
 The neurobehavioral test has been used to evaluate the performance of office workers. The participants had 
more negative emotions and had to use more effort to maintain performance under slightly warm or slightly cool 
environment office room conditions (Li Lan et al., 2009). Indoor office room temperature affects the task 
performance of office workers, depending on the type of tasks.  While comparing with neutral condition, the 
performance decreased at the slightly cool or slightly warm environment condition.   Motivated people were 
trying to do their task best in the short time. They performance with  high productivity under any environmental 
condition ie., either cold or hot (Li Lan et al., 2009). It shows that the effect of room temperature has no 
significant effect on the motivation.  The productivity of call center workers have less productivity, when the 
temperature was above 250C (Niemela et al., 2002). The productivity of call center workers in the US has 
reported that, in the comfort zone, the room temperature had no significant effect on productivity of the workers 
(Federspiel et al., 2002). Indoor air quality and Thermal Comfort ware most important factors for the worker’s 
performance, Satisfaction and wellbeing(Charles et al., 2005) The proper lighting was an important factor that 
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influence on the productivity. The employees preferred high illumination rather than low (Henri et al., 2007). 
Very hot and cold temperature conditions had effect on the performance of workers. In cold condition [100C] 
the workers performance has been decreased average as 13.91%. Similarly in Hot condition [32.220C], the 
performance has been reduced average as 14.88% (Pilcher et al., 2002). However, the earlier researchers had 
given enough contribution to physical and environmental ergonomics. Some research gap has been identified in 
between the cognitive ergonomics and environmental ergonomics.  The combined effect of these factors on the 
productivity of office workers has to be investigated.   
 
Methodology: 
 
 A field lab to emulate an office has been created. The experiment was carried out in the field lab which has 
a controlled condition of indoor office environment. Eighteen voluntary participants (12 men, 6 women) sat in 
the ergonomically designed field lab VDT workstation. This eighteen participants were grouped in to three 
teams each containing six (4 men, 2 women) participants. The field lab room temperature has been controlled by 
air conditioner. Illumination has been controlled by regulator for focus mercury lamps and adjusting number of 
fluorescent lamp using on /off switch.  By this way illumination may be adjusted from 500 lux to 1000 lux. 
Temperature may be adjusted from 170C to 280C using the controls available in the air conditioner. In this 
controlled environmental , the four neurobehavioral functions such as perception, learning & memory, thinking 
and execution function were measured by using neurobehavioral test  
 
Participants: 
 
 Eighteen undergraduate engineering students were trained in the field lab and used as office workers. 
Participants are all of same age group (18 years old). Wages have been given to all participants at a fixed rate 
per hour. To increase the performance of the participants a financial appreciation was given depends on  their 
performance. Among the six members in each team whoever completed the task in minimum duration with 
minimum error was given an incentive at the rate of double the wages. All the participants were advised to take 
rest during previous night. Participants were grouped in to three teams. Each team worked in the field lab for 
one day as per  the schedule shown in table 1. On each day, one temperature level (A) was fixed and 
illumination (B) and complexity of task levels(C) has been changed. Similarly nine days were spent for data 
collection. Before the commencement of Neurobehavioral test training has been given to these eighteen 
voluntary participants in the field Lab.   
 
Table 1: Time duration of an experiment day. 
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 Test  Test  Test  Test  Test  Test Lunch Test  Test  Test 
9 9.10 9.40 9.50 10.20 10.30 11.00 11.10 11.40 11.50 12.20 12.30 1.00 2.00 2.30 2.40 3.20 3.30 

Time of the day (12 hours clock) 
Legend: ADT- Adaptation time – 10 minutes               Test – Neurobehavioral Test – 30 minutes   
A1B1C1, A1B1C2, A1B1C3, A1B2C1, etc., - Treatment level of combinations   

 
Neurobehavioral Test: 
 
 In our research work, Neurobehavioral approach was adopted (Li Lan et al., 2009)  to evaluate the effect of 
indoor temperature, illumination and Cognitive  tasks on the office worker’s productivity. We have 
computerized the Neurobehavioral test (NBT). These tests consist of twelve parts. They were letter search, 
direct, overlapping, memory span, picture detection, symbol-digit, logical sequences, reading comprehension, 
number calculation, logical conclusion, symbol match and reasoning (Charles et al., 2005). These tasks are 
implemented in .net computer language.  
 Letter search was perception based visual search. Direct was perception based visual hand reaction test. 
Overlapping was perceptional spatial orientation test. Memory span was a concentration and memory recall test.  
Picture detection was a learning and memory test. Symbol-digit was modalities test for checking the learning 
and memory. Symbol match was thinking and executive function test. Logical sequences were thinking and 
executive function test. Reading comprehension was thinking and executive function test.  Number calculation 
was mathematic procedures, response test. logical Conclusion was conditional conclusion test.  Reasoning was 
logical test. The above mentioned twelve tests were conducted. This neurobehavioral test involves all the 
cognitive functions such as emotion, perception, learning and memory, thinking and executive function of office 
workers (Lezak MD, 2006) The functions of the NBT are shown in table 2. 
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Table 2:Test Vs neurobehavioral functions. 
Sl. No Neurobehavioral Test Neurobehavioral Functions 

1 Letter Search Perception , Thinking & Executive function 
2 Direct Perception , Thinking & Executive function 
3 Overlapping Thinking & Executive function 
4 Memory span, Learning and memory 
5 Picture detection Learning and memory 
6 Symbol-digit Perception , Thinking & Executive function 
7 Logical sequences Learning and memory 
8 Reading comprehension Learning and memory 
9 Number calculation Learning and memory 
10 Logical Conclusion Thinking & Executive function 
11 Symbol match Perception , Thinking & Executive function 
12 Reasoning Thinking & Executive function 

 
Measurement: 
 
 Indoor temperature, relative humidity in %, and room illumination has been measured every 10 minutes in 
the field lab. Temperature and relative humidity have been measured by digital hygrometer. The indoor room 
illumination was measured by digital lux meter. The measurement of illumination has been taken in nearby 
keyboard of each computer work station. The time taken to complete the tasks has been measured by the timer 
set in the computer programme. The measurement results can be retrieved from the database folder of respective 
neurobehavioral test.  The response time and the error done by the volunteers has been taken from the data base 
folder in the .NET programme. In this controlled environmental , the four neurobehavioral functions such as 
perception, learning & memory, thinking and execution function were measured by using neurobehavioral test.  
 
Table 3: Schedule of Experiments (Output: Response time – Y1 in minutes) 

 Day-1,4,7 Day-2,5,6 Day – 3,6,9 

Team(Y) 
\Factors 
Level(X) 

A1 A2 A3 
B1 B2 B3 B1 B2 B3 B1 B2 B3 

C1 C2 C3 C1 C2 C3 C1 C2 C3 C1 C2 C3 C1 C2 C3 C1 C2 C3 C1 C2 C3 C1 C2 C3 C1 C2 C3 

Team1                            

Team2                            

Team3                            

 
Experiment Procedure: 
 
 The experiment has been conducted as per the schedule shown in table 3. Table 4 shows the order of the 
day experiments and treatment combination of the experiments. Team 1 participants were present for the first 
three days. Team 2 participants were present in the field lab for the next three days. Similarly team 3 
participants were worked on last three days. Before the commencement of the experiments the participants have 
given their consent for their participation. The illumination and temperature were recorded for each treatment 
combinations. Treatment combinations were randomly selected. The response time (Y1) , error (Y2) have been 
recorded  in the table 3. 
 
Table 4: Day Vs Treatment Combination. 

Sl.No Day Treatment Combination 
1  

First day, Fourth day, Seventh day 
A1B1C1,            A1B1C2,           A1B1C3 
A1B2C1,            A1B2C2,           A1B2C3 
A1B3C1,            A1B3C2,           A1B3C3 

2 
3 
4  

Second day, Fifth day, Eighth day 
A2B1C1,            A2B1C2,           A2B1C3 
A2B2C1,            A2B2C2,           A2B2C3 
A2B3C1,            A2B3C2,           A2B3C3 

5 
6 
7 Third day, Sixth day, Last day A3B1C1,            A3B1C2,           A3B1C3 

A3B2C1,            A3B2C2,           A3B2C3 
A3B3C1,            A3B3C2,           A3B3C3 

8 
9 

 
Data Collection And Analysis: 
 
 Data has been collected from .net software language database file. From this database file the response time 
and error rate were taken for analysis. Minitab was used for statistical data analysis. It has been observed that 
the data follows normally distributed. 95% confident interval level maintained for the data analysis. 
Randomized three factors factorial design [8] was proposed for the NBT data analysis. Sample calculation for 
independent effect of temperature is shown below. 
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From the response time Y1, 

Correction factor CF =12254.355 2 /81             
                                  = 1853940.944 
SS total =138257.0246, degree of freedom =80 
SSA(temp)= 21720.47, degree of freedom =2 
SSe(Error)= 7569.15, degree of freedom =54 
Mean square for temperature effect Ms = SSA(temp)/ degree of freedom 
                = 21720.47 /2  
    =  10860.23 
Mean square for error effect Ms= SSe(Error)/ degree of freedom = 7569.15/54=140.169 
Fo = Mean square for temperature effect/ Mean square for effect of error  
     = 10860.23/140.169 
     = 77.479 
In F distribution table, the value of F0.05,2,54 = 3.15  
F0 > F0.05,2,54  it show the effect of temperature has significant effect. Table 5 shows all the independent and 
combined effect of temperature, illumination and Complexity of task.   
 
Table 5: Test results. 

Sources F0 F0.05,v1,v2 F table value Comparison Effect % of Contribution 
Temp. (A) 77.479 F0.05,2,54 3.15 > S 15.71 
Illum. (B) 25.064 F0.05,2,54 3.15 > S 5.08 
Task(C) 296.06 F0.05,2,54 3.15 > S 60.03 

AB 12.734 F0.05,4,54 2.53 > S 5.06 
BC 3.7296 F0.05,4,54 2.53 > S 1.51 
AC 2.8757 F0.05,4,54 2.53 > S 1.16 

ABC 7.2254 F0.05,8,54 2.10 > S 5.86 

 

 
 

Fig. 1: Residual Plots for Reaction Time. 
 
Discussion: 
 
 The study result indicates that the indoor room temperature has significant effect on the office worker’s 
productivity. Similarly the effect of illumination also has significant effect on the productivity of office workers. 
Referring to the table 5, from the study result it may be noted that the Cognitive factors have more influence 
factors (60.03%) then the other indoor environmental factors. It may be further noticed that the combined effect 
of all the indoor environmental and cognitive factors have  significant effect on the productivity of office.  



4226 
J. Appl. Sci. Res., 8(8): 4222-4226, 2012 

 

Conclusion: 
 
 From the study result, the temperature and illumination and complexity of task are independently 
significant on the performance of the office workers have been understood. It may further be noted that the 
complexity of task has more significant effect than either independent or combined effect of temperature and 
illumination.  The Cognitive functions such as perception, learning & Memory, thinking and execution function 
have 60.03% contribution on the performance and productivity of office workers rather the indoor temperature, 
illumination. From this, it may be concluded that the cognitive impact is more on the office worker’s 
productivity than the effect of environmental factors.   
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