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Abstract

Background: Nurses often experience occupational accidents and injuries. The mental
workload is one of the factors that often cause tiredness. Perilous behaviors possibly 
occur more in tired persons resulting in injuries. The aim of the study was to evaluate the 
correlation between mental workload and nursing occupational accidents in public 
hospitals of Kashan, as well as factors affecting them. Methods: The analytic-descriptive
study described herein consisted of nursing staff from public hospitals of Kashan, Iran. 
Information was collected using a three-part questionnaire from a selected clustery of 
406 nursing personnel in 2016. The questionnaire was used to collect demographics, 
assess mental workload (per the National Aeronautics and Space Administration Task 
Load Index (NASA-TLX)), and assess frequency of accidents. The data were analyzed 
using SPSS software version 16. Results: A total of 455 occupational accidents were
recorded for 2016 with about 2.27±1.21 accidents per nurse.
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The minimum and maximum scores for frustration and effort were 47.82 ± 30.91 and 
78.61 ± 18.15, respectively. The mental workload mean was calculated as 69.49 ± 15.69. 
In total, 120 (32%) nurses experienced occupational accidents. There was a significant 
positive correlation between mental workload, mental need and physical need with 
occupational accidents (P<0.05). Conclusion: Occupational accidents are affected by 
mental workload. Taking actions to decline mental workload may result in a decrease of 
occupational accidents. 
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Mental Workload, NASA-TLX, Nursing Staff, Occupational Accident

Introduction 
The Texas Therapeutic Institute has classified hospitals as one of five 
occupational dangerous settings in terms of injuries and occupational diseases 
(Owens, 2007). Overall, there are numerous biologic dangers, such as from 
contact with infectious factors (e.g. transmitted by blood or air), and from 
contact with chemical materials (e.g. anesthesiology and sterilizing gases, 
antiseptics, etc.). Additionally, there are physical dangers (e.g. from contact with 
ionizing rays), immune and ergonomic factors (which can lead to musculoskeletal 
injuries and disorders), as well as socio-psychotic and organizational factors (such 
as mental and shift stresses). All the aforementioned can threaten health of 
personnel in health care centers (Alavi, 2014; Levy, 2006). In health care systems, 
the nursing cadre is under greater danger than other groups due to high 
demands of patient care and administration of treatments (sometimes 
biologically risky) to patients. 

In Iran, 80% of occupants of the health care system are nurses. According to the 
National Association of Professional Safety in the United States of America, 
nursing is among the top 40 professions in which staff develop diseases related 
to work-related pressure (Safari et al., 2013). Nursing is a stressful job with a high 
rate of occupational accidents and injuries (Alavi, 2014). 

According to a report by the Bureau of Labor Statistics, a high rate of 
occupational accidents was allocated to nursing in the United States; 
approximately 8.7 occupational accidents occur annually for every 100 
permanent nurses. In fact, nursing profession ranks 7th among professions to 
have the greatest loss of working days due to accidents (Gershon et al., 2007). 
Some studies have been conducted in Iran which are related to safety and health 
of nurses (including nursing students). These studies have reported that the 
frequency of needle stick injury, contact with blood, and contact with bodily 

Biomed Res Ther 2017, 4(8): 1527-1540 !1528



ISSN:  2198-4093 
www.bmrat.org     

fluids are approximately 31.1%, 41.7%, and 84.8%, respectively, each year 
(Aghajanlou et al., 2007). Moreover, other studies have reported that the work 
environment for nurses can be dangerous, and that nurses are at significant risk 
for on-the-job accidents and injuries. 

One of the vital factors affecting behavior and performance of nurses is mental 
workload (Kohn et al., 2002). Mental workload is the mental effort or 
concentration required during tasks (Kohn et al., 2002). It has also been defined 
as the mental/cognitive need or analytic effort to deal with the needs of workers/
staff and performance under time-driven, physical and environmental demands 
(Neill, 2011). If the mental workload is more than the normal workload, individual 
performance deficit will emerge (Ozkan et al., 2015). High workload and long 
hours of overtime are the two key factors leading to tiredness (Young et al., 
2008). Studies indicate that occupations with high workload can cause impaired 
memory, damage to thinking processes, irritability, and decreased learning due 
to tiredness and inappropriate working schedules (Mohammadi et al., 2013). 
Ozkan et al. (2014) showed that there is a significant positive correlation 
between mental workload and the signs of embarrassment and interpersonal 
sensitivities (Ozkan et al., 2015). Di Stasi (2008) reported that increase of mental 
workload caused attitudes and beliefs to the mental workload of nursing staff is 
one of the most important indices for safety assessment in special wards (Di Stasi 
et al., 2009). The main cause of more than 90% of occupational hazards (and 
70% to 90% of work-related accidents) is human error (Ghasemi et al., 2011). 
When the mental workload is more tolerable than one’s tolerance ability, the 
thinking process will be affected. Thus, the possibility of taking perilous 
behaviors will increase, as will the exposure and frequency of accidents.

Findings of previous studies have shown that mental workload and occupational 
accidents are high among nurses. Therefore, this study aims to evaluate the 
correlation between mental workload and occupational accidents among nurses 
of public hospitals in Kashan, Iran. As well, this study seeks to understand the 
factors and variables (e.g. demographics) which may affect mental workload (as 
categorized by the National Aeronautics and Space Administration Task Load 
Index (NASA-TLX)). 

Materials-Methods  

This analytic-descriptive study was conducted in Kashan, Iran in 2016. The study 
population consisted of nursing staff from all public hospitals in Kashan with at 
least one year of experience. The following formula was used to determine the 
sample volume:, in which Z is confidence coefficient (equal to 95% confidence), 
δ is standard deviation (estimated as 20.54 in pilot studies performed), and d is 
measurement accuracy (equal to 2 units). The required sample size was 
estimated as 406. A three-part questionnaire was used to collect data. The first 
part of the questionnaire related to demographic information, consisting of 
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gender (male/female), age (year), marital status (single/married), experience 
(year), occupational status (official, contractual, formal, and staffing plan), and 
servicing department (general nursing, anesthesia, surgery, or services (e.g. 
nurses’ aides or aides’ assistants)). 

The second part of the questionnaire assessed the mental work load status using 
the assessment scale of the NASA-TLX, one of the most commonly used tools to 
evaluate mental workload in terms of individual perspective (Cao et al., 2009; 
Holden et al., 2010; Holden et al., 2011; Safari et al., 2013). Several reports have 
confirmed the reliability and validity of NASA-TLX to evaluate mental workload 
(Hoonakker et al., 2011; Rubio et al., 2004); for instance, Hoonakker et al. (2011) 
reported the appropriateness of convergent and discriminant validities of the 
NASA mental workload scale (Hoonakker et al., 2011). Mohammadi et al. (2013) 
approved the validity of the Persian version of the questionnaire, and its internal 
consistency reliability (Cronbach’s alpha) of 0.847 was estimated to be suitable 
(Mohammadi et al., 2013).

NASA-TLX evaluates the six sub-scales of mental demands, physical demands, 
time demands, performance, effort, and frustration using a visual scale divided 
into 0 to 100 as 5-unit sections. Thus, the minimum and maximum scores of each 
sub-scale are 0 and 100, respectively. The definition and concept of each sub-
scale was presented in the questionnaire; the respondents reviewed the 
definitions to determine the appropriate sub-scale to mark. The mean of the 
sub-scales represents the mental workload amount and ranges from 0 to 100. A 
mean <50 is considered acceptable and >50 is considered high. The third part 
of the questionnaire (two questions) primarily evaluates whether occupational 
accidents have occurred during the last year and secondly, the number of 
occupational accidents that have occurred (Huang et al., 2006; McCaughey et 
al., 2013; Vinodkumar and Bhasi, 2009). 

The questionnaire were distributed amongst the participants; questions 
regarding the questionnaire were explained by the study researchers. The 
distribution of sub-scale scores were generated and reported as mean ± 
standard deviation (SD), and minimum (min) and maximum (max) values. Finally, 
the data obtained were analyzed by SPSS software version 16 via independent t-
test, one-tailed variance analysis, chi-square, and Pearson’s correlation 
coefficient. P values < 0.05 were considered to be statistically significant.

Results 

Of the 406 questionnaires distributed, 375 questionnaires were returned 
(response rate was estimated as 92.36%). The mean age of participants was 
32.23 ± 7.26 years. Additionally, the mean experience was calculated as 9.04 ± 
6.45 years. One hundred and thirty-nine (37.1%) and 236 (62.9%) participants 
were male and female, respectively. Two-hundred and seventy-eight were 
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nurses, 33 were surgical technicians, 15 were anesthesiology technicians, and 
40 were nurses’ aides or aides’ assistants. Three-hundred and twenty-six 
participants had irregular shifts compared to 49 with regular shifts. In terms of 
occupational status, 110 (29.3%) nurses were official, 77 (20.5%) were 
contractual, 107 (28.5%) were formal, and 81 (21.6%) were part of staffing plan. 
The mean overtime period was 42.27 ± 20.09 hours.

Table 1 shows the descriptive statistics relating to the mental workload and its 
subscales, together with occupational accident experience and mean score of 
accidents. According to Table 1, the minimum and maximum scores for 
frustration and effort were 47.82±30.91 and 78.61±18.15, respectively. The 
mental workload mean was calculated to be 69.49±15.69. In total, 120 (32%) 
nurses confirmed they had experienced occupational accidents, while 255 
(68%) did not experience any occupational accident. Altogether, 455 
occupational accidents occurred over the previous year; the average number 
of accidents per nurse was 2.27 accidents (range of 0 to 11).

Table 1. Mean, standard deviation, min and max of mental workload and 
occupational accidents

Table 2 depicts the correlation between mental workload and individual 
characteristics (i.e. demographic variables). According to Table 2, there was an 
insignificant difference between mental workload in men versus women 
(p=0.128). However, there was a significant difference in mental workload 
among the various age groups (p=0.049); the greatest significant difference 
was observed in higher aged groups. There was an insignificant difference 

Variable Mean±SD Min Max

Mental demands 71.80±21.18 20.00 100.00

Physical demands 70.68±22.86 0.00 100.00

Time demands 72.63±22.27 10.00 100.00

Efforts 78.61±18.15 20.00 100.00

Performance 75.41±18.23 10.00 100.00

Frustration 47.82±30.91 0.00 100.00

Sum of mental workload 69.49±15.69 30.0 100.00

Occupational 
Accident 
Experience

Yes (%) 120(32.00) - -

No  (%) 255(68.00) - -

Mean Score Occupational Accident 2.27±1.21 0 11
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between mental workload and experience (p=0.204) or hours of time in the 
week (p=0.735). The mean of mental workload in personnel with regular shifts 
(70.25 ± 15.66) was significantly higher than in personnel with irregular shifts 
(64.40 ± 15.05) (p=0.015). A higher mental workload was observed for 
anesthesiology technicians (73.33 ± 12.50), but no significant difference was 
observed for the other occupational groups (p=0.288).

Table 2. Mental workload by demographic variables

Table 3 indicates the correlation between individual characteristics (i.e. 
demographic variables) with occupational accident experience and mean of 
accidents. According to Table 3, there was a significant difference in 
occupational accident experience in men versus women (p=0.012). The mean 
of accidents for men (1.30) was significantly higher than for women (1.16) 

Variable Number (%) 
n=375 Mean±SD P-value

Gender - - 0.128

Male 139(37.1) 71.11±15.93
-

Female 236(62.9) 68.54±15.50

Age - - 0.049

20-30 136(36.3) 67.20±15.07

-
30-40 173(46.1) 69.70±16.20

40-50 59(15.7) 73.97±15.03

>50 7(1.9) 71.19±14.13

Experience                         
Mean±SD 9.26±6.99 - 0.204

Work Time in 
Week        
Mean±SD

42.28±20.09 - 0.735

Shift working
Yes (%) 326(86.9) 70.26±15.66

0.015
No  (%) 49(13.1) 64.40±15.05

Work Unit - - 0.288

Nursing 287(76.5) 68.83±16.05

-
Surgery 33(8.8) 68.96±15.51

Anesthesia 15(4.0) 73.33±12.50

Nursing Services 40(10.7) 73.27±13.94
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(p=0.032). Moreover, a significant difference was observed in occupational 
accident experience (p=0.049) and occupational accident number (p=0.043) 
for the different occupational groups. There was an insignificant (p>0.05) 
correlation of accident experience to nursing years (experience), or to hours of 
time per week. Also, there was no significant correlation between occupational 
accident and shift (p>0.05), and no correlation to work unit (p=0.081). 
However, there was a significant difference in the mean of occupational 
accidents in the different wards (p=0.034).

Table 3. Occupational accident by demographic variables

Variable
Accident experience

Mean score of 
occupational 

accident per person

P-value Mean±SD P- 
value

No 
N=255

Yes 
N=120

Gender - - 0.012 -

Male n=139 50(35.9) 89(64.1) - 1.30±2.27 0.032

Female n=236 70(29.7) 166(70.3) - 1.16±2.28

Age - - - 0.049 -

20-30 n=136 53(38.9) 83(61.1) - 1.33±2.15 0.043

30-40 n=173 43(33.1) 130(66.9) - 0.92±2.00

-
40-50 n=59 21(35.6) 38(64.4) - 1.66±2.89

>50 n=7 3(42.8) 4(57.2) - 2.28±4.11

Experience - 9.60±8.72 9.10±6.03 0.514 -

Work Time in Week - 41.97±10 42.42±23.3
8 0.839 - 0.058

Shift 
work

Yes n=326 101(30.1) 255(69.9)
0.171

1.19±2.30 0.590

No n=49 19(38.7) 30(61.3) 1.32±2.15

0.710Work Unit of nurses 
in parts of hospital - - - 0.081 -

Part of 
Nursing 
Care

n=287 91(31.7) 196(68.3) - 1.09±2.02 0.034

Part of 
Surgery n=33 11(33.3) 22(66.7) - 1.60±2.97 -

Part of 
Anesthesia n=15 4(26.7) 11(73.3) - 0.93±1.62 -

Part of 
Nursing 
Services

n=40 26(65.0) - -
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Table 4 shows the correlation between mental workload (and sub-scales) and 
occupational accidents. According to Table 4, the mean scores of mental 
demands, physical demands, time demands, efforts, and sum mental workload 
in personnel who have experienced occupational accidents were significantly 
higher compared to personnel without accident experience (p<0.05). 
Moreover, there was a significant positive correlation of occupational accidents 
to mental demands (p=0.041), to physical demands (p=0.032), to time 
demands (p=0.033), to efforts (p=0.048), and to sum mental workload 
(p=0.014). No significant correlation was observed for occupational accidents 
with performance (p=0.165) or with frustration (p=0.548).

Table 4. Correlation between mental workload and sub-scales to 
occupational accidents

Discussion

The aim of the current study was to evaluate the correlation between mental 
workload and occupational accidents in nurses, as well as the factors affecting 
accidents. The rate of estimated mental workload (69.54 ± 15.71) of the nurses 
in the study was greater than that for bank staff (Giahi et al., 2014), indicating 
the extent of their mental workload. The estimated amount of mental workload 
in the current study was lower than the amount reported by Malekpour et al. 
(2014) for nurses working in the Intensive Care Unit (82.33) and higher than the 
value reported for nurses working in the Orthopedics Ward (63.5) (Malekpour 
et al., 2014). The difference between these results could possibly be due to the 
difference between the occupational groups. The population surveyed in the 

Variable 
Mean ± SD 

Occupational accident  experience Mean score of  
occupational accident

Yes No P-value r P-value

Mental 
demands

76.25±20.54 69.70±21.75 0.005 0.281 0.041

Physical 
demands

75.54±21.75 68.39±23.05 0.005 0.310 0.032

Time 
demands

75.50±22.70 71.27±21.98 0.048 0.251 0.033

Efforts 81.41±18.84 77.29±17.71 0.040 0.195 0.048

Performance 76.50±18.64 74.90±18.05 0.429 0.072 0.165

Frustration 46.15±32.38 48.68±30.23 0.471 0.031 0.548

Sum 
workload

71.89±15.82 68.36±15.52 0.042 0.412 0.014
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present study was a nursing cadre, while in other studies the participants 
surveyed were nurses occupying different wards of the hospital. 

Evaluation of the sub-scales of mental workload showed that maximum 
frequency for effort score was 78.61 ± 18.15. This finding implies that nurses 
consume a lot of energy to carry out their job functions. Zheng et al. (2012) 
reported that effort score as the highest score of the sub-scales of mental 
workload (Zheng et al., 2012). Additionally, Safari et al. (2013) reported that the 
sub-scale of mental workload is the highest sub-scale (83.5) for nurses (Safari et 
al., 2013). In our study, the lowest score belonged to frustration (69.54 ± 
15.71); this finding concurs with findings from a study by Zheng et al. (2012)  
(Zheng et al., 2012). 

There was no significant difference in mental workload in men and women, 
which corresponds to the study by Malekpour et al. (2014) (Malekpour et al., 
2014) and Safari et al. (2013) (Safari et al., 2013). The job duty for male and 
female nurses is the same, so there should be no difference. The mean mental 
workload for the higher aged groups was significantly higher than for the lower 
aged groups, which may reflect the increase of responsible duties and 
workload for nurses between 40-50 years of age. Safari et al. (2013) reported a 
significant correlation between mental workload and age in nurses (Safari et al., 
2013). Clearly, with increasing age, job concentration and performance may 
decrease. Thus, the significant correlation between age and mental workload in 
nurses could be affected by that factor. 

Nurses are constantly exposed to stress and burnout (Malekpour et al., 2014; 
Morris et al., 2007). This could also affect their mental power. Our results 
demonstrated that there is no significant correlation between experience and 
shift hours with workload; other studies have reported an insignificant 
correlation amongst these variables too (Hoonakker et al., 2011; Malekpour et 
al., 2014; Safari et al., 2013). The mean of mental workload in personnel with 
regular shifts was significantly higher than in personnel with erratic shifts. 
Hoonakker et al. (2011) also reported a significant correlation between shifts 
and mental workload (Hoonakker et al., 2011) and, indeed, shifts have always 
been considered a key factor for mental workload in a job (Costa, 2010). 

Studies indicated that there is a significant correlation between tiredness and 
workload; shift workers with circadian problems or those receiving inadequate 
rest are more inclined to be tired. The accumulative tiredness could affect 
overall mental workload (Rahimi et al., 2012). The mean number of 
occupational accidents in the current study was greater than those for the 
chemical industry (Vinodkumar and Bhasi, 2009), indicating that the nursing 
work environment is a perilous and risky one. The percentage of injured 
individuals in this study was lower than that reported by McCaughey et al. 
(2013), which evaluated nurses in hospitals of India. Indeed, the rate of 
accidents in our current study was greater than McCaughey’s study 
(McCaughey et al., 2013). This indicates that a certain group of people are 
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more inclined to be injured at these hospitals, and it will be useful to identify 
them immediately. 

The number of injured people and rate of accidents for men was significantly 
higher than for women, which is consistent with observations by Bakhtiyari et 
al. (2012) (Bakhtiyari et al., 2012). The higher rate of accidents among men is 
conceivable since men typically perform heavy work and movements in the 
wards. The mean number of accidents in younger and elder groups were 
significantly greater than that for the middle-age group, which concurs with the 
study by Ghamari et al. (2013) (Ghamari et al., 2013). The main cause of the 
high rate of accidents in the younger group could be due to less experience 
and unfamiliarity with dangers of safety in the setting. Thus, the cause of a high 
rate of accidents in elder group might be due to decreased focus and ability. 

There was no significant correlation between hours of work time per week and 
accidents. This could relate to the equal hours of work time among staff. As 
aforementioned, the mean number of accidents in nursing wards is significantly 
higher than other occupational groups. Personnel working in the servicing 
ward (typically lower education) have less information about necessary actions 
to take when confronting different situations. Also, they transfer patients and, 
accordingly, accidents are among the highest in this group than other groups. 

Moreover, our results showed that mental workload in nurses who have 
experienced occupational accidents is greater than that of nurses with no 
experience. Furthermore, there was a positive correlation between mental 
workload and mean of accidents. Mazur et al. (2012) reported that there is a 
significant correlation between radiotherapy accidents and mental workload 
score (Mazur et al., 2012). Additionally, there is a significant correlation 
between the subscales of mental need, physical need, effort score, and 
frequency of accidents. If the mental and physical needs of an occupation are 
high, the staff is obliged to do his/her job duties with greater effort. This affects 
the thinking process and concentration, and increases the number of errors. 
Holden et al. (2011) showed that there is a significant positive correlation 
between mental workload and possibility of creating errors (Holden et al., 
2011). In fact, human error is one of the major causes of occupational accidents  
(Wiegmann and Shappell, 2001; Young et al., 2008). 

Correspondingly, Di Stasi et al. (2009) showed that people with higher mental 
workload tend to exhibit perilous behaviors (Di Stasi et al., 2009), which can 
increase occupational accidents. Nurses are among professionals who are 
constantly under risk of occupational accidents, such as needle stick injuries, 
exposure to chemical materials, and acquisition of musculoskeletal injuries 
(Alavi, 2014). The high level of mental workload not only affects occupational 
accidents but also increases the prevalence of depression, occupational stress, 
and burnout. Furthermore, the high mental workload affects health and welfare 
of personnel as well as safety of patients (Holden et al., 2011). 
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Indeed, occupational accidents are affected by various factors, including 
physical and psychological conditions of the staff, organizational factors (such 
as organizational culture), and safety conditions. Further studies are needed to 
investigate the effects of these factors on mental workload and occupational 
accidents. In the future, it will be important to better understand the factors 
affecting mental workload and accidents, evaluate more subjects, and possibly 
investigate the impact of adequate rest at home. 

Conclusion

There is a significant positive correlation between mental workload and 
occupational accidents. Taking actions to prevent or decrease mental workload 
can possibly lead to a decrease in occupational accidents for nurses.
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