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Abstract

Keywords

Background and aims: Employee performance significantly influences
an organizations productivity. Environmental factors may impact human Workplace Stressors
performance. This research aimed to explore the relationship between
workplace environmental factors, mental fatigue, and worker performance in
open-plan offices. Job Performance

Methods: A descriptive-analytical cross-sectional study was conducted on
eighty-five employees in the open-plan technical offices of an industrial
company. Workplace physical factors such as noise, light, and temperature were
assessed using a noise dosimeter (TES-1345), lux meter (hanger model 1331),
and WBGT meter (CASELLA, England), respectively. Cognitive performance
was assessed with the Stroop test, while time performance and mental fatigue
were evaluated via a questionnaire.

Mental Fatigue

Results: There was a significant inverse correlation between workers time

performance and workplace noise level (r=0.251, p=0.02). A link was found Received: 2022/10/11
betwefen timc.s performance a.nd environmental tempe.ra‘Fure (at the 0.01 le?fc?l), Accepted : 2023/04/9
but with an inverse correlation (r=0.317). The association between cognitive

performance variables and the three workplace factors of noise, light, and

temperature was not statistically significant (p>0.05). Lastly, a considerable

correlation was found between mental fatigue and noise intensity (r= 0.303).

Conclusion: The research results indicated that noise and temperature are
stressors that can increase the mental fatigue of employees in open-plan
offices, thereby impairing their work performance. Therefore, optimizing
environmental factors (noise and temperature) may reduce mental fatigue and
enhance the performance of technical office employees.
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EXTENDED ABSTRACT

INTRODUCTION

The performance of employees plays a major role
in the productivity of the organization. On the other
hand, Environmental factors can significantlyinfluence
human performance. Poor indoor environment
quality can not only contribute to impaired health
among employees but also affect their efficiency and
productivity. Open-plan office areas are widely used
today, especially when workspace is limited. In such
environments, poor ventilation, inefficient heating
and cooling systems, excessive noise, and increased
personnel interactions can dramatically reduce
comfort and well-being.

Numerous retrospective studies have shown that
poor physical working conditions can reduce workers’
health and well-being, cause work-related illnesses
such as kidney or bladder cancers, and even lead to
early deaths in chemical and petrochemical industries.
Theoretically, several harmful conditions and agents
in the workplace, such as poor layout and ventilation
along with excessive noise levels, can impair employees’
cognitive function and lead to a rise in interpersonal
conflicts, which ultimately lowers job satisfaction
and organizational productivity. Sundstrom et al.
included the workplace, sound, flexibility, comfort,
communication, lighting, temperature, and air quality
as variables that could affect employees’” productivity.

Experimental studies have shown a significant
relationship between cognitive performance, mental
fatigue and lighting conditions. Field studies have
shown that workers prefer to be able to modify
the lighting in their workspace to match their
requirements rather than working in places with too
much brightness. Changes in the colors and levels
of reflections have impacted how well employees
perform and perceive their surroundings. However,
in some instances, altering the rooms lighting
from 300 to 500 Lux has resulted in an 8% increase
in production. Office workers’ visual comfort is
impacted by inadequacies in light intensity and color
temperature of sources, which results in increased
visual fatigue among them. Additionally, individuals’
performance is affected by temperature variations in
their working environment. In comparison to 26°C,
Haldi et al. observed that an average temperature
of 20°C in the workplace increased productivity by
6%. Previous research indicates that rising ambient
temperatures and heart rates would increase the
probability of human error; nevertheless, laboratory
studies frequently overestimate the influence of these
variables on task performance.

Furthermore, few studies have been conducted
with regard to employees’ mental fatigue. Therefore,
the quantitative measurement of the employees’
cognitive performance and mental fatigue and their
relationships with environmental factors such as noise,

Iran Occupational Health. 2023 (01 Sep);20: 16.

light, and temperature would provide us with more
reliable estimations. To the best of our knowledge,
no research in Iran has yet been conducted on the
quantitative investigation of the relationship between
the levels of noise, heat, and illumination of the
work environment on one hand and the employees’
performance and rates of fatigue in an open office
setting on the other hand. This study therefore aims
to investigate the relationship between workplace
environmental elements and levels of technical office
workers’ mental fatigue and performance in open-
plan offices.

MATERIALS AND METHODS

This study involved 85 technical employees
from open-plan offices and their workstations in an
industrial company. The offices ranged from 5 to 15
rooms. Noise, illumination, and temperature levels
were measured at the beginning, middle, and end of
each workday shift. A noise dosimeter model (TES-
1345) was used to evaluate and determine occupational
exposure to noise levels, according to ISO 9612.
[lumination was measured using model method No.
1 of the Illumination Engineers Society (IES) at the
common height of the work surface using a lux meter
(model 1331). Heat stress was measured at various
locations in the working environment according to
ISO 7243 using a WBGT meter (CASELLA, England).

Job performance, including cognitive performance,
was evaluated at the beginning and end of the shift with
the Stroop test. Time performance was investigated by
measuring the amount of time wasted in a work shift
due to environmental problems via self-reporting.
A Mental Fatigue Scale (MFS) questionnaire was
administered during the work shift to examine the
state of mental fatigue among individuals over the
previous month.

The MFS questionnaire contains 15 different
parameters, including fatigue, mental fatigue, recovery
from fatigue, problems in concentration, memory
problems, reduced speed of thinking, sensitivity to
stress, emotionality, moodiness, sensitivity to light
and sound, changes in sleep time, and 24-hour rhythm
changes.

The varijables investigated in this study included
sound pressure level (dB), temperature (°C), lighting
intensity (Lux), work time performance (minutes),
cognitive performance (interference score), cognitive
performance difference (interference score) at the
beginning and end of the shift, and mental fatigue
(MES questionnaire score). The collected data was
analyzed using SPSS software. For statistical analysis,
a value of 0.05 was considered significant.

RESULTS AND DISCUSSION
The mean and standard deviation values obtained
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were as follows: sound pressure level of 62.8 (4.8) dB,
illumination of 444 (159) lux, and temperature of 24.6
(0.9) degrees Celsius. The performance time for an
8-hour shift was found to be 6.23 hours. There was no
significant difference in working time and cognitive
performance of the investigated employees across
different age groups, work tenures, and educational
levels.

The decrease in time performance due to
environmental factors in the workplace was
significantly more for female employees than for male
employees (p=0.026). Similarly, female employees
experienced more mental fatigue than male employees
(p=0.084). However, the score and time difference of
cognitive performance at the beginning and end of the
shift were the same for different groups (p>0.05).

Fig. 1 depicts the amount of lost time or decline
in performance attributable to each environmental
factor. Noise was the first element affecting employees’
time performance, with an average loss of 64.84
minutes, followed by workplace temperature, with an
average loss of 51.37 minutes.

The time performance of the employees had a
significant inverse correlation with the sound level in
the work environment (r=0.251). Such performance
had a robust significant inverse correlation with
the temperature of the work environment (at the
0.01 level) (r= - 0.317). There was no significant
relationship between the lighting intensity of the work
environment and the time performance of the studied
employees (p>0.05).

Liu et al.,, in 2017, stated that both the type and
intensity of sound affect employee performance. In
their study, three values of sound pressure level were
investigated (levels 45, 65, 85). The results revealed
that work performance is higher in environments with
lower sound levels.
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The Relationship between Workplace Stressors with ...

Even though the average sound intensity in the
workplace was below permissible exposure limits,
it significantly impacted work loss. Table 1 shows
the relationship between environmental factors
with mental fatigue and cognitive performance in
participants who work in open-plan offices.

There is a positive and significant correlation
between sound intensity and mental fatigue; even a
minor increase in sound intensity leads to an increase
in mental fatigue and a decline in cognitive efficiency.
These results are consistent with Brocolini et al’s study,
which states that noise is one of the major sources of
annoyance in an open office environment.

In this study, there was a significant correlation
between temperature and time performance and
fatigue, consistent with Cui et al’s findings. However,
there was no correlation between light intensity levels
and mental fatigue among technical office employees
in open-plan offices (p>0.05).

The illumination had the least impact on
employee performance, and contradictory responses
were received from employees regarding workplace
lighting. Hongisto and colleagues noted in 2016 that
employees do not want to work in bright rooms; their
preference is to modify the illumination of their work
environment to an extent that they feel comfortable
with the quantity of light in the background.

They will have more efficient performance, which
is consistent with the results of this study.

The study’s results demonstrated that cognitive
performance (selective attention) and time
performance have a negative correlation with mental
fatigue. The correlation coefficient of cognitive
performance with mental fatigue was greater than the
correlation coefficient of occupational performance
with mental fatigue. However, both functions have a
significance bordering on mental fatigue. These results
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Fig 1. Work time loss due to the problems of the physical agents of the working environment
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Table 1. Relationship between environmental agent with cognitive performance, mental fatigue and work time loss in open

plan offices
Physical agent Sound level Mumination Temperature
correlation coefficient (p- correlation coefficient correlation coefficient
Performance and
Fatigue value) (p-value) (p-value)
Time performance -0.251 -0.203 -0.317"
(0.02) (0.62) (0.003)
Cognitive performance 0.086 0.207 0.189
(score difference) (0.436) (0.057) (0.82)
cognitive performance 0.032 -0.024 0.167
(time difference) (0.770) (0.826) (0.127)
Mental fatigue 0.303" 0.037 0.388"
(0.005) (0.739) (0.001)

** The correlation is significant at the 0.01 level.
* The correlation is significant at the 0.05 level.

align with the findings of Lorsit et al’s 2000 study,
which showed that individuals in a state of mental
fatigue could perform simple cognitive tasks, but their
performance decreased in complex mental tasks. The
studies by Besora et al. in 2012 and Miinch et al. in
2012 also showed a significant relationship between
cognitive performance, mental fatigue, and lighting
conditions, consistent with the findings of the present
study.

Based on these results, it can be concluded that
the environmental conditions in the layout of open
office space can directly affect individuals’ cognitive
performance and the amount of wasted work time.
This study found a significant relationship between
temperature and sound intensity with work time
performance. There is a weak correlation between
mental fatigue and environmental factors. Among
all environmental factors, noise levels have only a
borderline significant relationship with mental fatigue.

Finally, regarding the relationship between mental
fatigue and performance, there was a relatively strong
negative correlation between mental fatigue and
cognitive performance (-0.48); both functions have a
borderline significant relationship with mental fatigue.
Studies have shown that employee performance at
the individual level is a function of fatigue; at the
organizational level, it is a function of the physical and
psychological environment.

It is necessary to conduct more extensive studies
in different office spaces. In this study, other types of
work environment layouts were not investigated, such

as closed and semi-open office spaces. Future studies
are suggested to explore these areas.

CONCLUSION

The findings of this study highlight that the
conditions of the work environment can directly
influence the cognitive performance and work
productivity of individuals in open space office
environments in Iran. Optimizing environmental
factors, such as noise and temperature, may enhance
occupational and cognitive performance, and
potentially decrease mental fatigue. Ultimately, a
reduction in mental fatigue can lead to an increase in
both cognitive and occupational performance.

Given the unique nature of environmental factors and
the specific features of open space office environments,
continuous control over noise and temperature levels can
be beneficial. Furthermore, creating conditions where
each individual has relative control over the lighting at
their desk could result in improved overall performance
among employees. This emphasizes the importance of
a well-designed and controlled work environment in
enhancing employee productivity.
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