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Background: Heat stress, as one of the most common occupational health
problems, can impair operators' cognitive processes. The aim of this study was
to evaluate the impact of thermal stress on cognitive function among workers
in a hot industry.

Methods: In this cross-sectional study conducted in Malibel Saipa Company in
2013, workers were assigned into two groups: one group were exposed to heat
stress (n=35), working in casting unit and the other group working in machin-
ing unit (n=35) with a normal air conditioning. Wet Bulb Globe Temperature
was measured at three heights of ankle, abdomen, and head. In order to evalu-
ate the effects of heat stress on attention and reaction time, Stroop tests 1, 2,
and 3 were conducted before starting the work and during the work.

Results: A significant positive correlation was observed between WBGT and
test duration (P=0.01) and reaction time of Stroop test 3 (P=0.047), and be-
tween number of errors in Stroop tests 1, 2, and 3, during the work (P= 0.001).
Moreover, Stroop test 3 showed a significant higher score for both test dura-
tion and reaction time of workers in case group.

Conclusion: Results of the present study, conducted in a real work environ-
ment, confirmed the impairment of cognitive functions, including selective at-
tention and reaction time, under heat stress conditions.
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Introduction

Human performance is influenced by a
vast range of environmental factors in
working systems.' Heat stress is one of these
factors, which can impair operators' perfor-
mance. Human performance would be de-
clined over time, through focusing on a te-
dious task in a hot environment.”

Since the internal body temperature
should be kept around 37 °C, heat exchange
between human body and surrounding en-
vironment seems to be essential.” Body
must reach thermal equilibrium by dissi-
pating excess heat transferred to the body
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and produced in the body. Failure to re-
move excessive heat will cause an increase
in the deep body temperature.* Conse-
quently, heat induced physiological strain
may lead to health impairments such as heat
stroke, heat exhaustion, heat cramps, heat
collapse, heat rashes, and heat fatigue.’
Furthermore, there are two types of external
human responses to the increased internal
temperature  including: behavioral  re-
sponses, and cognitive responses.’

Heat stress can cause operators' cogni-
tive performance to undergo some changes
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due to lack of comfort, cognitive fatigue,
disturbances, unconsciousness etc.” Relying
on this theory that thermal stressors reduces
the capacity of operators in processing the
task-related information, Hancock et al. un-
dertook a meta-analysis of performance un-
der heat stress and reported that thermal
stressors affect performance negatively.”
Stubblefield et al. measured the effects of
hyperthermia, during a heat stress test
(HST), on four cognitive functions (includ-
ing working memory, attention, response
speed, and processing speed). Results
showed that hyperthermia reduced working
memory performance over time. However,
response speed, processing speed and at-
tention were less influenced by high body
temperature.® The detrimental effects of
thermal stress on working memory, infor-
mation retention, and information pro-
cessing have been confirmed.**” Gaoua et
al. have indicated impairment in working
memory during heat exposure.’

Different factors including type of task,
duration of the exposure, intensity of the
stressor, and operators' skill level are key
variables influencing the extent that thermal
conditions influence the performance.””
However, it had been shown that simple
tasks are less affected by heat stress, com-
paring to the complex tasks such as tracking,
monitoring, and multiple tasks."

Hancock et al emphasized that thermal
stressors negatively influence psychomotor
capacities and information processing of in-
dividuals. Reaction time and number of er-
rors can give a good estimate of the effects
of heat stress on cognitive performance.’
Variables including heart rate, maximal oxy-
gen uptake (VO,,.), tympanic temperature,
subjective responses, efficiency, and error
rate were utilized for measuring workers'
cognitive function."’

Although most of the abovementioned
studies showed an impact of heat stress on
cognitive function, it must be noted that in
many of those studies, the investigations
were based on the laboratory and experi-
mental study design. We found no study ex-
amining such effects in a real working envi-

ronment. This study aimed to evaluate the
effects of thermal stress on selective atten-
tion and reaction time of workers in a hot
industry.

Materials and Methods

Participants

The present study was conducted among
70 male workers recruited from a hot in-
dustry, Malibel Saipa Company in 2013.
They were 35 workers, who were exposed
to heat stress as case group, from the iron-
casting unit where it had three sections of
BMD (Badische Maschinen fabrik), DISA,
and melting sections; and 35 workers as
control group from machining unit. People
with almost similar demographic character-
istics were selected for case and control
groups. Furthermore, those with any cardi-
ovascular diseases or mental disorders were
excluded from the study by asking the par-
ticipants and referring to the medical histo-
ries and records of them. Participants were
required to have enough sleep the night be-
fore the test.

Volunteers signed the informed consent
form, which was approved by the Ethics
Committee for participation in the study.

The two understudy units were almost
similar in terms of environmental conditions
(lighting and air condition) as well as work
demands and differed merely in the degree
of heat stress and somehow noise level.

Study Procedure and Instruments

At the beginning of the shift, first, demo-
graphic questionnaire was completed by the
participants. The measurements and tests
were done two times, before starting the work
and during the work between 9-12 a.m.). En-
vironmental measurements and cognitive
function assessments were done using the
following methods and instruments:

— Metabolic rate of workers in study units
were calculated according to the ISO 8996.

—Noise level was measured using sound level
meter model TES 1358 (TES Co) and sta-
tioning method.
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—Lux-meter model Hanger EC1 (Hanger
Co, Sweden) was employed for illumina-
tion measurement.

—Thermal condition of the working envi-
ronment was evaluated using global wet
temperature, as recommended by ACGIH.
Accordingly, measurements of this index
were done by a WBGT meter (Cassella
Co, England). In this sense, dry tempera-
ture, wet temperature, globe temperature
and wetbulb glob temperature were meas-
ured in each workstation, in three heights
including ankle, abdomen, and head. Since
climate conditions change during the shift,
these measurements have been performed
several times. The mean score for each
temperature was calculated using the fol-

lowing equation:
(WBGT1 x T1) + (WBGT2 x T2) + -+ (WBGTn x Tn)

WBGT(TWA) = TI+T2+. 4T
24 n

—Cognitive function tests including reaction
time, accuracy, and attention were con-
ducted using the Stroop Colored-Word
Test (SCWT). This test is a general tool of
cognitive flexibility and control or execu-
tive functioning.“ Up to now, a number of
research articles have been published re-
lated to Stroop test and its versions.'” The
computerized Persian version of Stroop
test was made in this study. The transla-
tionvalidity of the software was approved
by the positive opinion of a panel of re-
lated experts. Additionally, the test-retest
reliability (TRT) was evaluated by 15 sub-
jects who conducted the tests twice. Re-
sults showed an acceptable level of corre-
lation coefficient (t=0.742).

Similar to the original Stroop test, the
paradigm of Persian version of the Stroop
test was divided into 3 trials: neutral, con-
gruent and incongruent. In this sense, the

first trial circles with three colors (green,
red, and blue) were presented to the partici-
pant and Name of each color is labeled on
the keyboard. When a colored circle ap-
pears, participants must push the key fitted
to the color of the shape. In the second
trial, the name of colors appears in a white
box. The task is similar to test 1, pushing
the key fitted to the name of the presented
color. In the third trial (incongruent), which
is the main part, name of words with colors,
which are not corresponds to their written
word colors, appears on the screen and the
participants should push the key which cor-
responds the printed color of the word. The
participants in both groups were required to
perform Stroop tests before starting the
work and during the work.

Data analysis

The data are analyzed using SPSS soft-
ware version 16 (Chicago, IL, USA). The P-
value of the Kolmogorov-Smirnov test was
calculated for determining the normality.
Independent #test, pair #test, and Mann
Whitney test were used for data analyzing.
In addition, cortrelation of heat stress with
other factors was examined by Pearson
Correlation Test. P-value less than 0.05 was
considered statistically significant.

Results

Results of heat stress level, based on
WBGT index are presented in Table 1 for
workers in case and control groups. Ac-
cording to the results of independent #test,
average score of WBGT index in the three
heights of ankle, abdomen, and head were

significantly higher for workers in case
group (P=0.0001).

Table 1: WBGT index for working environments of case and control groups

P _ =
Study . Mean (SD) Metabolic rate Mean(SD) Perrnls.mble Presence of P-value.
Section o WBGT limit heat stress
Control CNC 314(25.1) 16.75(0.4) 26.7 No < 0.001
BMD 350( 54.2) 35.4(5.8) 28 Yes
Case DISA 355(49.8) 32.6(5.3) 28 Yes
Melting 315(63.4) 30.8(6.8) 20.7 Yes

* According to ACGIH recommended limit/** One-way ANOVA test/ Mean (SD) is presented.
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Table 2: Stroop tests for case and control groups

Case Control
Before the work During the work P-value.* Before the work During the work P-value** P-value **¥*

Stroop test variables Mean (SD) Mean (SD) Mean (SD) Mean (SD)

ST 1 49460 (7550) 51151(7873) 0.404 47499 (4492) 50295 (7766) 0.174 0.660
Test duration (ms) ST 2 51518 (221) 53073(7040) 0.727 49086 (7326) 50562 (8475) 0.269 0.197

ST 3 58215 (9340) 66131(8508) 0.008* 57118 (8320) 59707 (7139) 0.158 0.002

ST 1 456.6 (131.9) 485(115) 0.394 410 (80) 443 (132.9) 0.452 0.184
Reaction time (ms) ST2 487.8 (145) 520 (157) 0.574 458 (132.5) 496 (101) 0.147 0473

ST 3 500 (111) 577 (115) 0.003* 461(111) 500 (148) 0.242 0.022*

ST 1 1.65 (1.39) 2.93(2.47) 0.016 0.806 (1.01) 1.09 (1.17) 0.057 0.003*
Number of errors ST 2 1.62 (1.49) 3.77(2.30) 0.001* 0.8529 (1.45) 1.11 (1.38) 0.376 < 0.001*

ST 3 2.85 (2.01) 453 (2.92) 0.025" 1.25(1.19) 1.64 (1.73) 0.081 < 0.001*

ST : Stroop test / *: Comparison of variables before and during the work, for case group (Wilcoxon Signed Ranks Test)/ **: Compatison of variables before and during the work,
for control group (Wilcoxon Signed Ranks Test)/ ***: Comparison of vatiables control and study groups, during the work (Wilcoxon Signed Ranks Test)

Table 3: Pearson correlation coefficient (r) between WBGT Index and variables related to Stroop tests

Before starting the work During the work
ST 1 0.196 0.127 0.092 0.475
Test duration ST 2 0.100 0.438 0.147 0.243
ST 3 0.191 0.143 0.325 0.010"
ST'1 0.281 0.127 0.087 0.499
Reaction time ST 2 0.084 0.511 0.076 0.542
ST 3 0.088 0.497 0.247 0.047"
ST 1 0.063 0.632 0.303 0.016
Number of etrors ST 2 0.135 0.300 0.366 0.003
ST 3 0.250 0.056 0.446 <0.001*

Table 4: Pearson correlation coefficient (r) between noise and variables related to Stroop tests

Case Control
Before work During work Before work During work

Stroop test variables r P-value r P-value t P-value r P-value

ST 1 0.137 0.463 0.069 0.711 0.1 0.591 -0.061 0.745
Test duration ST 2 -0.128 0.777 -0.128 0.493 -0.286 0.106 0.083 0.642

ST 3 0.319 0.105 -0.135 0.478 0.102 0.572 -0.227 0.211

ST 1 -0.133 0.475 0.044 0.812 0.060 0.75 0.263 0.193
Reaction time ST 2 -0.133 0.490 0.179 0.336 0.148 0.405 -0.302 0.148

ST 3 0.209 0.296 0.023 0.903 -0.059 0.736 0.229 0.185

ST 1 -0.04 0.838 -0.137 0.461 0.213 0.250 0.043 0.078
Number of errors ST 2 -0.294 0.137 -0.441 0.113 0.112 0.528 0.141 0.419

ST 3 0.035 0.863 -0.028 0.886 -0.144 0.431 0.094 0.597
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Regarding Stroop tests 1 and 2, there
were no significant differences for mean
test time and mean reaction time during the
work between case and control groups with
P>0.05 (Table 2). However, workers in case
group obtained a higher score for test dura-
tion and reaction time, comparing to the
control group (P= 0.002 and 0.022, respec-
tively). Furthermore, the paired rtest re-
vealed that in the case group, test duration,
and reaction time in Stroop test 3 were sig-
nificantly higher during the work, compar-
ing before starting the work (P= 0.008, and
0.003, respectively). Regarding number of
errors in the three trials of the Stroop test,
Mann-Whitney test manifested significant
higher errors during the work for case
group in comparison with those of control
groups. Additionally, Wilcoxon Signed-
Rank Test was used to compare number of
errors in the Stroop tests before starting the
work and during the work and the results
showed significant differences for workers
in both case and control groups.

The Pearson correlation coefficient
showed that there is a significant positive
correlation between the global wet temper-
ature and average time of Stroop test 3
(r=0.325 and P=0.01 ), reaction time in the
Stroop test 3, (r=0.247and P=0.047) and also
between number of errors in the Stroop test
1,2, and 3, all during the work (Table 3).

Average of sound pressure levels in work
environments corresponding to exposed
group (82 (4.62) dBA) and unexposed group
(79 (4.68) dBA) were significantly differ-
ent from each other (P=0.01). Although,
mean illuminance did not differ significantly
in their work environments (P=0.27) and
control group (178 (68.73) Lux) were ex-
posed to higher level than case group
(159(90) Lux).

In order to assess the possible effect of
noise on cognitive performance, the Pear-
son correlation coefficient was calculated
(Table 4). Accordingly, there was no signifi-
cant correlation between background noise
variable and test duration, reaction time,
and number of errors in the case and con-
trol groups (P= 0.05).
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Discussion

The present study investigated the possi-
ble effects of heat stress on cognitive per-
formance of workers, in a casting plant. Ac-
cordingly, workers in case group were under
heat stress with the mean WBGT of 32.93
°C. Generally, results showed that cognitive
function was impaired due to heat stress
exposure, through increase in task duration
and response time, as well as number of er-
rors. These findings are consistent with the
several preceding studies, which many of
them were laboratory-based.">"*

Up to now, a large body of researches
reported the increase in number of errors
under heat stress. Reaction time and num-
ber of errors can be considered as good in-
dexes for evaluating the effects of heat
stress on cognitive performance.7’14 It was
observed that response time of employees
in the casting unit increased, which con-
firmed the hypothesis of effects of heat
stress on selective attention and reaction
time undet hot conditions. There are similar
findings confirming the results of the cur-
rent study. Radakovic et al,'* investigated
the effects of acclimation status on physio-
logical and cognitive performance of sol-
diers, and observed that exertional heat
stress in hot conditions caused mild deficits
in attention by means of prolonged move-
ment time. Thermal stressors negatively in-
fluence psychomotor capacities and infor-
mation processing of individuals.> However,
the mechanism of effects of heat stress on
cognitive functions is not well documented
and further investigation is needed.

There are controversial points relating to
the influence of heat stress on congnitive
fuction inpairment, in general. In this
regards, Gaoua et al., reported no differ-
ences in the reaction time of the attention
tasks between control group and hot condi-
tions.” Overall, achieving a definite conclu-
sion concerning the relationship between
cognitive performance and heat stress is dif-
ficult maybe due to differences among vari-
ous studies with different tests conditions,
task types, and period of heat exposure.
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Task performance under hot conditions de-
pends on the individual reaction and sensi-
tivity to heat.” Pilcher et al.,” concluded that
the ambient temperature above 32 °C led to
a significant decline in individual's cognitive
function. However, the complexity of the
task and the length and severity of heat ex-
posure are important parameters in the in-
fluence of heat stress on cognitive perfor-
mance.

Findings also showed no significant dif-
ferences between test duration and reaction
time in Stroop tests 1 and 2 in both groups,
before and during the work, and between
the two groups, during the work. Moreover,
in these tests, there were not a significant
correlation between heat stress (score of
WBGT) and length of the test and reaction
time. This might be attributed to the simple
nature of Stroop tests 1 and 2, which re-
quire low level of attention. However, con-
cerning Stroop test 3, the results were dif-
ferent in a way that test duration and reac-
tion time had a significant difference be-
tween workers exposed to heat stress and
control group. Additionally, both of these
indexes were significantly different before
and during the work, in the case group.
These meaningful relationships are maybe
due to the complexity of Stroop test 3, as
incongruent test, accompanied by heat
stress during working times. Heat stress af-
fects cognitive performance differently and
its effects depend on the type of cognitive
task. In tasks, which require low attention,
cognitive performance less, affected by heat
stress, comparing more complex tasks,
which require more attention.”

Number of errors in the Stroop tests 1, 2
and 3 in both case and control groups were
significantly different, before starting the
work and during the work. Additionally, a
significant correlation was observed be-
tween heat stress and the number of errors
in the Stroop tests 1, 2 and 3. Up to now, a
large body of researches reported the in-
crease in number of errors under heat
stress.”" Vasmatzidis et al,’ examined the
effect of heat stress on time-sharing per-
formance and found that WBGT affects the

number of human false alarms. In this
sense, false alarms from 0.38 at 22 °C
WBGT increased to 0.58 at 28 °C WBGT
and to 0.90 at 34 °C WBGT.

Noise had no confounding effect when
examining the impact of heat stress on cog-
nitive performance. This finding is in ac-
cordance with those of Ljungberg and
Neely'® who found relatively short expo-
sures to noise and vibration typical of those
levels that are found in industrial vehicles
do not significantly affect performance in
cognitive tasks even if work in these envi-
ronments can be experienced as more
difficult or stressful.

Conclusion

In this study, Stroop tests were utilized
which measure selective attention. Since
heat stress can impair other elements of
cognitive functions including long-term
memory, short-term memory, decision
making, and so forth, further studies is rec-
ommended to examine other aspects of
cognitive functions, by adopting specific
types of tests.
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