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ABSTRACT

Introduction: *Occupational fatigue is one of the harmful factors in many work environments, including
health centers, which can have adverse effects on the health and safety of staff. This study was designed
and conducted to determine the relationship between occupational fatigue and elements of the systems
engineering model for patient safety in nurses.

Material and Methods: This descriptive correlational study was conducted with the participation of 457
nurses of Shahid Beheshti University of Medical Sciences in 2018. Dimensions of fatigue were assessed
by a Multidimensional Fatigue Inventory (MFI) and Systems Engineering Initiative for Patient Safety
(SEIPS) model’s elements using the SEIPS model’s questionnaire. Validity was examined using the Lawshe
method; calculating Content Validity Ratio (CVR) and Content Validity Index (CVI) was approved through
the confirmation of experts. Reliability was assessed using the intraclass correlation coefficient (ICC) and
Cronbach’s alpha. Data analysis was performed using SPSS version 21

Results: The findings of this study indicated that the highest score of fatigue was related to the general
fatigue dimension with an average of 12.86 and SD of 3.23, and the lowest score was related to the
reduction of the motivation dimension with an average of 9.11 and SD of 3.66. In this study, no significant
relationship was observed between demographic characteristics and fatigue dimensions, but a significant
relationship was observed between the dimensions of fatigue with the element of organization, task,
technology/tools, and physical environment.

Conclusion: The results of this study showed that fatigue in nurses was moderate, and the factors of
the work system play a greater role in the occurrence of fatigue than demographic factors. Therefore,
planning to improve the work system can help reduce fatigue in nurses.
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1. INTRODUCTION

According to studies, the rate of fatigue in
among healthcare workers is higher than in the
general public. In the health sector, this factor not
only causes harm to workers, but also threatens
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health care providers, its quality, and patients. Since
health care systems are complex sociotechnical
systems (STS), macro-models must be used to
understand this complexity. The STS theory is
a macro-ergonomic approach, which involves
a broad view of the work system, including a
wide range of work, technology, organization,
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and environmental factors. The work system in
the Systems Engineering Initiative for Patient
Safety (SEIPS) model indicates a set of dynamic
interactions between the individual, tasks,
technology, organization, and the physical and
external environment.

Most research in the field of occupational
fatigue in Iran has been through the micro
approach; accordingly, it is necessary to conduct
research through a macro-ergonomics approach
to understand the complexity of these systems and
implement interventions to optimize health care
systems. Therefore, the present study was designed
and conducted to determine the relationship
between SEIPS model’s elements and occupational
fatigue in nurses of educational hospitals of Shahid
Beheshti University of Medical Sciences.

2. MATERIAL AND METHODS

This descriptive-correlational research was
designed and implemented to determine the
relationship between occupational fatigue and
SIPES model’s elements in nurses working in
different educational hospitals of Shahid Beheshti
University of Medical Sciences in the second half
of 2018 (late 2018 and early 2019). The inclusion
criteria were having at least a bachelor’s degree
in nursing, at least 1 year of clinical experience,
no use of sedatives and hypnotics, no acute or
chronic physical and mental illness. The sample
size was estimated to be 480 using the Cochran
formula, and the samples were selected by simple
random sampling. After removing the distorted
questionnaires, 457 questionnaires were analyzed.

The data of this study were collected using
two questionnaires evaluating the SEIPS models
elements and the Multidimensional Fatigue
Inventory (MFI).

A. SEIPS Model’s Elements Evaluation Questionnaire

This questionnaire consists of 57 items, covering
5 dimensions of tools and technology, organization,
environmental conditions, care tasks, and workers
of this model. The scoring of the questionnaire is
based on a 5-point Likert scale; the questions in each
dimension include the organization, 10 questions;
care tasks, 15 questions; tools and technology, 7
questions; physical environment, 12 questions; and
employees, 13 questions. The Persian version of the
questionnaire was used in this study; in this regard,
experts, quantitative validity method, Content
Validity Index (CVI), and Content Validity Ratio
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(CVR) were used to assess validity; exploratory and
confirmatory factor analysis was used to determine
the construct validity, and the Cronbach’s alpha
and intraclass correlation coefficient (ICC) were
used to assess the reliability of the tool. Ten
experts measured CVI, including 4 in nursing, 3
in ergonomics, and 1 in each of the occupational
medicine, occupational health, and occupational
psychology with a history of research in the field of
fatigue and care systems.

B. Multidimensional Fatigue Inventory:
This questionnaire is used to measure fatigue,
which, by evaluating 5 dimensions, provides a
deep and accurate understanding of a person’s
fatigue. It consists of 20 items and is scored on a
5-point Likert scale. The validity and reliability
of the questionnaire were evaluated in different
demographic groups, and the Cronbach’s alpha
coeflicient was reported for general, physical, and
mental fatigue above 80% and for reduced activity
and motivation above 65%. This questionnaire has
been translated into Persian, and its validity and
reliability have been confirmed. All analyses were
performed using SPSS version 21 at a significance
level of 95%.

3. RESULTS AND DISCUSSION

The Cronbach’s alpha calculation was used
to evaluate the instrument reliability. According
to the results, the Cronbach’s alpha coeflicient
for the factors of this questionnaire ranged from
0.72 to 0.86, and for the whole questionnaire was
0.77. For the instrument internal stability, the
test-retest method was used with an interval of 2
weeks and 40 nurses; the test results were analyzed
using the ICC.

This study aimed to investigate the relationship
between occupational fatigue and SIPES model’s
elements in nurses working in different wards
of educational hospitals of Shahid Beheshti
University of Medical Sciences. According to
Table 1, the results of this study, after data analysis,
showed that the highest and the lowest means
were related to general fatigue and decreased
motivation, respectively, with 12.86 and 9.11 out
of 20. In our study, the frequency of general fatigue
was higher than other dimensions of MFI. Also,
the high mental and physical demands of nursing
work caused higher fatigue in these 2 dimensions.
The lowest mean of fatigue dimension was the
decreased motivation, indicating that although
nurses experience higher levels of fatigue in other
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Table 1. The mean and SD of the scores of the fatigue dimensions ‘ scores in nurses (n = 457)

Dimensions of fatigue

Mental

General

Physical

Decreased motivation
Decreased activity
Total fatigue

Mean SD Min Max
11.19 2.32 4 20
12.86 3.22 4 20
11.01 358 4 20
9.11 3.66 4 20

9.6 3.64 4 20

53.77 12.16 26 95

Table 2. The results of the Pearson correlation analysis between fatigue and SEIPS model’s elements in nurses

Dimensions of SEIPS model

Mental = General

o r 0283 -0.87

Organization

p-value <0.001 <0.027

r -0.396 0.073

The physical environment
p-value  <0.001 0.119
r -0.426 -0.42
Task
p-value <0.001  <0.001
r -0.435 -0.469
Tools and technology

p-value 0.004 = <0.001

dimensions, this did not reduce their motivation.

According to the results, there was a negative
and significant relationship between general,
mental, and physical fatigue with tools and
technology. Factors such as the availability
of technology and usability, the use of new
technologies, and staff training in the use of this
tool and technology in the hospital can prevent
fatigue in nurses; however, there was no significant
relationship between the dimensions of decreased
activity and motivation in the present study. These
results are in line with the results of Stage et al. on
“the relationship between work system elements
and nurses’ fatigue,” revealing that almost all
variables of tools and technology in the study were
significantly correlated with acute and chronic
fatigue and intershift recovery.

According to Table 2, the results of data
analysis, in examining the relationship between
the physical environment dimension of the SEIPS
model and occupational fatigue, show that there
is a significant relationship between general
and physical fatigue and physical environment,
but there is no significant relationship between
the dimensions of mental fatigue, decreased
motivation and activity, and physical environment.
Physical environment components, such as noise,
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Dimensions of fatigue

Physical ~Decreased motivation —Decreased activity

0.17 -0.041 0.094
<0.001 0.378 0.554
-0.337 0.288 -0.029
0.004 <0.001 0.538
-0.0930 -0.46 -0.009
0.683 <0.001 0.891
-0.113 0.007 -0.009
0.001 0.882 0.845

lighting, ventilation, workplace arrangements,
and adequate and available space, are effectively
associated with occupational fatigue. The results
of this study are consistent with the results of
Barker and Nussbaum (2014) on “performance
and environment fatigue,” showing that workplace
variables are highly associated with fatigue.
According to the results of this study, on
the relationship between the organizational
dimension of the SEIPS model and occupational
fatigue in nurses, there is a significant correlation
between the dimension of general fatigue and
the item of organization. That is, improving
organizational factors will reduce fatigue. In
other words, nurses who are supported by
managers and colleagues in their workplace have
more control over their work and take advantage
of factors such as fair treatment in the workplace,
setting work tables with the nurses’ participation,
and using new management methods; also,
effective communication with supervisors will
be less tired. These results are consistent with
the results of Han et al. (2014) on “factors related
to fatigue and recovery in hospital nurses,
showing that organizational factors such as
rotational work shifts, organizational support,
and workload are related to fatigue and recovery
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levels in nurses.

Regarding the relationship between the SEIPS
model task dimension and occupational fatigue
in nurses, Table 2 shows a significant relationship
between the dimensions of general, mental, and
physical fatigue, decreased motivation, and task
item; however, there is no significant relationship
with decreased activity. The results are in line with
the results of Asadi et al. (2017) on psychosocial
factors related to fatigue in nurses, showing that
the psychological and physical necessities of the
nurses tasks are high, and these necessities are
significantly related to all dimensions of fatigue in
nurses.
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4. CONCLUSION

The results of this study revealed that although
nurses experience moderate fatigue, this level of
fatigue can threaten the quality of health care,
patient safety, and nurses’ health, as well as reduce
productivity and increase organizational costs. Given
the fact that the systems engineering initiative for
the patient safety model can be a suitable framework
for organizational design, and interventions in
improving the work system of nurses, and the design
of fatigue risk management system, as well as, fatigue
reduction programs in health organizations, future
studies should focus on the implementation of
interventions using the SEIPS model.
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