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Abstract

Background: Although health services are designed and implemented to improve human health, the errors in health services are
a very common phenomenon and even sometimes fatal in this field. Medical errors and their cost are global issues with serious
consequences for the patients’ community that are preventable and require serious attention.
Objectives: The current study aimed to identify possible nursing errors applying human error identification in systems tool (HEIST)
in the intensive care units (ICUs) of hospitals.
Patients and Methods: This descriptive research was conducted in the intensive care unit of a hospital in Khuzestan province in
2013. Data were collected through observation and interview by nine nurses in this section in a period of four months. Human error
classification was based on Rose and Rose and Swain and Guttmann models. According to HEIST work sheets the guide questions
were answered and error causes were identified after the determination of the type of errors.
Results: In total 527 errors were detected. The performing operation on the wrong path had the highest frequency which was 150,
and the second rate with a frequency of 136 was doing the tasks later than the deadline. Management causes with a frequency of 451
were the first rank among identified errors. Errors mostly occurred in the system observation stage and among the performance
shaping factors (PSFs), time was the most influencing factor in occurrence of human errors.
Conclusions: Finally, in order to prevent the occurrence and reduce the consequences of identified errors the following sugges-
tions were proposed : appropriate training courses, applying work guidelines and monitoring their implementation, increasing
the number of work shifts, hiring professional workforce, equipping work space with appropriate facilities and equipment.
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1. Background

Human errors contribute to the majority of incidents
within complex systems (1). Many researches conducted
in the field of industrial accidents, show that human error
is a major contributor to the risks and reliability of many
systems (2): over 90% in nuclear industry (3), over 80% in
chemical and petro-chemical industries (4), over 75% of
marine casualties (5) and over 70% of aviation accidents (6,
7) and a large number of accidents resulting in many in-
juries occurred due to human errors (1, 2, 8).

Human errors, in general, can be defined as the failure
to perform a specific task that could lead to disruption of
scheduled operation or result in damages to property and
equipment (9). Human errors in the medicine filed are cru-
cial since they may result fetal outcomes.

Despite many advances achieved in all fields of
medicine, medical errors remain as a fact of life-
threatening and a global problem (10). According to
the studies, approximately 100,000 patients are killed

due to preventable medical errors, in the US annually.
Medical errors are approximately the eighth cause of
death in this country (11). The number of people who die
due to medical errors each year is even greater than those
of motor accidents, breast cancer or AIDS in the US (12).
Medical errors are also one of the most important causes
of diseases following treatment in hospitalized patients
(13).

Medical errors have a fundamental difference with er-
rors in other fields. For example, in industry, errors cause
more damage in the system or they rise from individuals
rather than humans who are patients. While in medical er-
rors the patient is hurt, that is, one of the factors that cause
these errors is less visible (14). According to statistics pro-
vided by the American board of medical sciences, 98,000
Americans die every year due to medical errors, and thou-
sands of people are seriously injured (15).

When medical errors are heard, medication errors are
often remembered. However, medical errors have a very
wide definition including errors of the health care team,
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errors of personnel even the defect in health equipment.
The safety of patients in hospitals, especially in intensive
care units (ICUs), is a global health concern since patient’s
safety can influence all health services in the developed
and developing countries.

The role of nurses in the care services is undeniable.
They are doing different activities such as promotion of
healing, early diagnosis, and prevention of mortality. In
some cases, the nurses as a person may make mistakes in
their job, but sometimes this mistake cannot be compen-
sated at any price. A study by the school of nursing in Penn-
sylvania university was conducted over a period of 28 days,
30% of nurses reported that they had committed at least
one error per day (16).

Between the various parts of hospitals, ICU has a con-
siderable concern for all experts (17-19). ICU is a unit where
the most critically ill patients are under the intensive care
and treatment with the best nurses, by the most modern
equipment (20). Among a variety of tasks of nurses in
ICU, securing patients who are connected to the ventila-
tor and positioning them are the most sensitive tasks. Any
errors in these therapeutic procedures may lead to irre-
versible complications. Statistics show that a high percent-
age of abnormalities in hand and foot neural networks are
caused by improper care during connection to a ventilator
and non-standard positions (21).

In Iran, there are not accurate statistics to show nurs-
ing errors especially in ICU. The first step to develop the
control and decrease errors in nursing care is to investigate
the causes of these errors. Various methods are proposed
to detect and analyze human errors. Human error identi-
fication in systems tool (HEIST) proposed by Barry Kirwan
(22) is a useful method to study the human errors in terms
of causes. It provides enough guidelines to categorize tasks
(22, 23). In addition, it is a comprehensive method for er-
ror assessment which proposes guidelines to reduce the er-
rors (24). According to the capabilities of this technique to
identify and evaluate the human errors, the method was
used in this study.

2. Objectives

The current study aimed to identify and analyze the
probable nursing errors using HEIST and provide appro-
priate control strategies to prevent and reduce errors or at
least limit their consequences. Given the undeniable im-
portance of the ICU, this section of a hospital in Khuzes-
tan province, Iran, was selected as the research site. Fur-
thermore, since ventilator is the most important and the
most sensitive instrument to improve treatment in pa-
tients with respiratory problems, this task was considered

as a major task of nurses in this unit and was studied in the
current research.

3. Patients andMethods

The current descriptive study identified the types and
the causes of nursing errors. The study was conducted in
the intensive care unit of a hospital in Khuzestan province,
Iran, in 2013. The studied group was nurses who worked in
ICU, particularly responsible for the care of patients con-
nected to the ventilators. The nine nurses working in three
shifts in circulation were studied. Data were collected
through observation and interview with the nine nurses in
this section over a period of four months.

In this study, HEIST was used to analyze predictive nurs-
ing errors. The types of errors and different causes of their
occurrence were identified based on the structure of the
HEIST method by the researcher, according to the follow-
ing steps:

3.1. Identification and Analysis of Nurses’ Tasks

The critical tasks were identified by observation and in-
terview with the supervisor of nurses. The critical identi-
fied task resulting from observation and interview was tak-
ing care of patients who were connected to the ventilators.
This task itself can be divided into three subtasks: 1, con-
necting patients to the ventilator; 2, taking care of patients
when the patient is connected to the ventilator; 3, weaning
from the ventilator.

3.2. Identification and Analysis of Human Errors

The main task was determined and all probable nurs-
ing errors were identified and predicted using a series of
questions guidelines in the HEIST method. The technique
was as follows: each task was assessed in one, some or
all of the six stages of the Rose and Rose decision-making
model. These steps include: system observation, hypothe-
sis selection, hypothesis testing, target selection, strategy
selection and implementation of strategy. In this model,
the influencing factors which are called PSF can be assessed
at every stage of the decision-making. They include time,
training and experience, interaction with signs and moni-
tors, instructions, task complexity and task organization.

Then, the error type can be determined based on one of
the classification error methods. Two models were used to
classify the types of errors, which were Rose and Rose error
classification model and Swain and Guttmann model. Fi-
nally, causes of possible errors were identified and control
methods were recommended. Six stages of decision–mak-
ing in one task of nurse staff are shown in after mentioned
example.
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3.2.1. Stage 1 System Observation

At this stage, the nurse should recognize the warning
signs of the ventilator. The alarm may be due to the tech-
nical malfunction or worsening of the patient’s condition.
Both conditions can cause worsening respiratory status
and increase the risk of death.

3.2.2. Stage 2 Hypothesis Selection

To consider the patient’s condition and the potential
causes of deterioration, the nurses should identify the
main cause of this problem from possible causes based on
their experiences and the instructions.

3.2.3. Stage 3 Hypothesis Testing

At this stage, the nurses should assess the selected hy-
pothesis about the causes of the critical conditions accord-
ing to the data and the records, as well as instructions,
training and experience.

3.2.4. Stage 4 Target Selection

Nurses are well aware of the patient’s condition. Their
main goal is to restore the patient to normal condition or
prevent deterioration of the condition by considering all
the available options.

3.2.5. Stage 5 Strategy Selection

Nurses try to select the best approach according to the
patient’s condition, time, the number of nurses in the ICU
and the available facilities to improve patient’s condition
and restore it to the normal.

3.2.6. Stage 6 Implementation of Strategy

In the last stage, the nurse tries to run the selected ap-
proach to take care of the patient.

4. Results

The critical task and the probable nurse errors were de-
termined. An illustration of a HEIST sheet format is shown
in Table 1. Totally, 545 human errors were detected in this
task. These errors were classified based on the decision-
making process and PSFs (Table 2). As Table 2 shows the er-
rors mostly occurred at the system observation stage and
among the PSFs, time was the most influencing factor in
occurrence of human errors.

Errors were classified into 16 categories based on the
Rose and Rose model. The most important categories were:
1, performing the operation later than the deadline, with a
frequency of 154; 2, carrying the activity in the wrong direc-
tion (137 cases); 3, not performing the task (113 cases). The
complete list of these errors is shown in Table 3.

Table 1. A Human Error Identification in Systems Tool Work Sheeta

Performance
Shaping Factor

Guide
Question

Error Type Cause of Error

Time Is it a warning
sign appears on
time?

Not performing
the task,
performing the
operation later
than the
deadline

Device failure to
timely replace
the filters

Signs and
monitors

If dose not set
the ventilator
heater, alarms
appear?

Not performing
the task

Defects in
design

aSystem observation: At this stage, the nurse must recognize the warning signs
of the ventilator. Sounded the alarm may be due to the technical malfunction
or worsening of the patient’s condition. These factors can cause worsening res-
piratory status and increase the risk of death.

Swain and Guttmann classification model was another
model for error classification used in the current study, in
which errors were classified into four categories: omission
errors, scheduling errors, sequencing errors and perform-
ing errors. The list of these errors is presented in Table 4.
Scheduling errors had the highest frequency (205).

After assessment of the HEIST work sheets, 29 causes
(with frequency of 704) were identified and categorized
into four groups containing human causes, manage-
ment causes, human-management causes and structure-
hardware causes. Table 5 shows the frequencies of each
group. Management had the highest rank in the cause
of errors (64.063%). Totally, the obligation to have high
workload and consequently fatigue had the highest re-
sponsibility (21.448%) to cause human errors in this task.
Then, lack of training for nurses and inadequate knowl-
edge (with frequency of 101) and the lack of supervisors’
commitment (with frequency of 69) were the other major
causes of nursing errors. All these potential errors by type
(management, human, structure-hardware and human-
management) are shown in Table 6.

5. Discussion

Evaluation of human errors by decision-making pro-
cess model shows that about 65% of errors occurred in
three stages, namely, observation, target selection, and
strategy implementation. Most of the errors occurred dur-
ing the system observation. 29% of total errors that is the
most primary and critical step in decision-making process.
Time is the most influential performance shaping factor
on nurses, with a share of 50% following interaction with
signs and monitors by 14%.

Target selection stage had the second rank and strategy
implementation stage had the third rank in human errors
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Table 2. Distribution of Detected Errors Separated Based on the Decision-Making Process and Performance Shaping Factorsa

Decision-Making
Vs. PSFS

Observation Hypothesis
Selection

Hypothesis
Testing

Target Selection Strategy
Selection

Strategy
Implementation

Total

Interactionwith
signs and
monitors

30.45 (166) 22.34 (21) 27.39 (20) 30.61 (30) 10.63 (5) 14.66 (11) 50 (79)

Training and
experience

17.43 (95) 21.27 (20) 19.17 (14) 18.36 (18) 21.27 (10) 14.66 (11) 13.92 (22)

Instructions 12.47 (68) 17.02 (16) 15.06 (11) 13.26 (13) 8.51 (4) 13.36 (10) 8.94 (14)

Organization 12.69 (69) 8.53 (8) 9.58 (7) 21.42 (21) 19.18 (9) 18.66 (14) 6.32 (10)

Task complexity 12.84 (70) 17.02 (16) 12.32 (9) 6.15 (6) 10.63 (5) 17.33 (13) 13.23 (21)

Time 14.12 (77) 13.82 (13) 16.48 (12) 10.20 (10) 29.78 (14) 7.59 (16) 7.59 (12)

aValues are expressed as No (%).

Table 3. Distribution of Identified Errors in the Rose and Rose Model

Error Type No. (%)

Performing the operation later than the deadline 154 (28.256)

Activity carried out in thewrong direction 137 (25.137)

Not performing the job 113 (20.734)

Excessive long-termperformance 22 (4.036)

Donot be visited correctly 18 (3.302)

Action done sooner 16 (2.935)

The required informationwill not be received or sent 15 (2.752)

Action to be performed less than the required 14 (2.568)

Visit is not performed at the deadline 14 (2.568)

Visit step is not performed 12 (2.201)

Proper action is performed on the error case 9 (1.651)

Incorrect action is performed on the right case 8 (1.467)

Information received or sent incorrectly 5 (0.917)

Step visit done on thewrong case 4 (0.733)

Excessive short-termperformance 3 (0.550)

Excessive need to be performed 1 (0.183)

Total 545 (100)

frequency 17.982% and 17.248% respectively. In strategy im-
plementation stage, the time factor (22.340%) and then in-
teraction with signs and monitors (21.277%) were the most
influential factors. These results reflect the importance of
these stages in task performance. In the study by Zaranejad
et al., the implementation of the strategy and observation
had the highest rate in human error types which included
a large share of errors (73%) (25).

The distribution of detected human errors according
to the PSFS shows that time factor alone was effective in the

Table 4. Distribution of Identified Errors in the Swain and Guttmann Model

Error Type No. (%)

Scheduling 205 (37.615)

Performing 198 (36.330)

Omission 142 (26.055)

Sequencing 0 (0)

Total 545 (100)

Table 5. Classification and Distribution of Error Causes

Cause No. (%)

Management 451 (64.063)

Human 144 (20.454)

Human-management 99 (14.063)

Structure-hardware 10 (1.420)

Total 704 (100)

occurrence of 30.458% of errors and then interaction with
signs and monitors (17.432%) and task complexity (14.128%)
followed. Three influencing factors that are training, in-
structions and organization had almost the same share in
the distribution of human errors (each with about 12%). It
indicates the contribution and importance of time factor
in human errors. Many studies emphasized the essential
influence of time in human errors (26-29).

The result of technique implementation which focuses
on the main tasks of ICU nurses shows that according to
the Rose and Rose model, among the total number of de-
tected errors (545), performing the operation later than
the deadline (28.256%), performance in the wrong direc-
tion (25.137%), and not performing the task (20.734%) were
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Table 6. Distribution of Error Causes

Row Error Cause Error Type No. (%)

1 Nurse fatigue and commitment to high workload Management 151 (21.448)

2 Lack of educational programs, inadequate knowledge Management 101 (14.346)

3 Weakness supervisor on work commitment, injection of weakness to the staff Management 69 (9.801)

4 Mental, psychological and personal problems of nurse Human 58 (8.238)

5 Manpower shortage Management 54 (7.670)

6 A mismatch between jobs and man, low-skill Management 35 (4.971)

7 low attention to nurse Human 33 (4.687)

8 Low work motivation Human-management 26 (3.693)

9 Stress Human-management 25 (3.551)

10 Forgetfulness Human-management 22 (3.125)

11 The absence on time, physician management 20 (2.840)

12 Ethical problems nurse Human 17 (2.414)

13 Understanding and incorrect view of nurse to patient situation Human 11 (1.563)

14 too much reliance nurse to ventilator Human 9 (1.278)

15 Transmission and review of inappropriate information and reports patient Human-management 9 (1.278)

16 Impatience Human 8 (1.136)

17 Lack of facilities and defects of equipment Management 7 (0.994)

18 Manipulating the ventilator by nurses Human 7 (0.994)

19 Design defects ventilator Structure-hardware 6 (0.852)

20 Fear of decisions in times of crisis Human-management 6 (0.852)

21 Slow performance Human-management 6 (0.852)

22 Neglecting nurse Management 5 (0.710)

23 Monitoring weakness expert of equipment Management 5 (0.710)

24 Repair and maintenance Management 4 (0.568)

25 Routine work Human-management 3 (0.426)

26 Lack of educational spaces for apprentices Structure-hardware 3 (0.426)

27 Inappropriate physical environment because voice of persons Human-management 2 (0.284)

28 High cost Structure-hardware 1 (0.142)

29 Bad mood patients Human 1 (0.142)

Total 704 (100)

the most frequent errors (26-29). According to Swain and
Guttmann, scheduling errors by 37.62% had the highest
rank. Comparison results of Swain and Guttmann and
Rose and Rose classification models show that time plays
a key role in the occurrence of human errors in both mod-
els. Errors in performing the tasks (36.330%) and omission
errors (26.055%) ranked the second and the third level.

As presented in Table 5, the main causes of nursing
errors were the management errors by frequency of 451
(64.063%). In the study conducted by Mohammadfam et al.,

to identify human errors in the surgery room in a hospital
in Hamadan, the management errors were considered as
the main causes of errors (30), in the study by Baghaii et
al., management errors were mentioned as one of the main
causes of errors in ICU (31).

The results show that mandatory high workload conse-
quently fatigue has allocated the highest rate (21.448%) be-
tween management causes for human errors. High work-
load and fatigue are factors that can be created due to labor
shortage. Based on the results of some studies, labor short-
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age is the most basic managerial factor responsible for hu-
man errors (27, 28, 32-39).

There are many factors that cause nurse’s fatigue such
as: unrelated tasks, very ill patients, long shifts and high
workload. The results of the study by Anderson et al.
showed that giving each patient to a nurse was associated
with 7% increase in the risk of patient death within 30 days
after hospitalization (39). Other studies also showed that
high workload and working for long hours are mentioned
as important risk factors in the occurrence of nurses’ er-
rors (32, 33, 38). In a study by Olds and Clarke, the corre-
lation between working more than 40 hours a week for
nurses and nursing errors was mentioned (33). In another
study, Rogers et al. referred to the direct relationship be-
tween the rate of occurrence of nursing errors and in-
crease in work hours over the 12 hours of their shifts (32).
In the research by Saremi and Fallah, the relationship be-
tween fatigue and intensity of nursing errors in a teaching
hospital were examined and the critical role of fatigue in
increasing the nurses’ error rate was emphasized (36).

Lack of adequate training and enough nursing skills in
ICU environment (14.346%) are the second cause of errors,
which was included in managerial causes. In some cases,
insufficient training can cause errors which put the pa-
tients in unsafe conditions. Lack of education and knowl-
edge in operators, are respectively, 34% and 41% of the
causes of industrial accidents (40). In the studies by Adl et
al., Qasemi et al., and Mohammadfam et al., deficiencies in
education were determined as the main reasons for the oc-
currence of human errors ; therefore, the training courses
are proposed (27, 28, 35, 37).

Human causes are rated as the second cause (20.454%),
after management reasons. Result of the study by Adl et al.
showed that human causes were the first cause of human
errors (41). In the study by Horton et al., human causes, as
well as device failures were named as the factors causing
the accidents (42).

Among the human causes, personal and psychologi-
cal attitudes of nurses (8.238%) have the highest frequency.
Personal problems include: family matters, excessively
high or low self-esteem, economic issues and their indiffer-
ence toward work that provide the background to make a
mistake.

Management-human errors have the third rank
among all categories of error causes by 14.063%. These
errors cannot be considered in management or human
causes category because both of these factors are respon-
sible for these errors. In this category, low motivation
(3.693%) is in the first place. Factors such as: emotional
problems, indifference toward job, poor working relation-
ships between management and nurses and not enough
encouragement by management are raised as the main

causes of nursing low motivation.
Second place in this group is allocated to the stress of

the job (43-45). Several factors are causing stress such as:
not on-time presence of the physician, inadequate skills,
the critical condition of the patient, low self-esteem of
nurses, lack of action plan and inappropriate guidelines
(27-29).

Among the identified errors, fourth grade is allocated
to structural-hardware errors. According to the survey, de-
fect in ventilator (the lack of separation of sound alarms,
not clear screen, lack of specific alarms to harmer defect)
is introduced as the most important reasons in this group
(29).

5.1. Conclusion

Determination of human errors plays a key role in the
prevention of medical errors followed by reducing the cost
of care (46-48). Nurses in the intensive care units have
critical roles to save the patient’s life. HEIST method is se-
lected for systemic and psychological rigorous examina-
tion of human errors in ICU (24, 49). This method can iden-
tify and analyze the human errors in very critical tasks, in
which the occurrence of human errors can lead to unpleas-
ant consequences. It also provides control solutions to pre-
vent errors.

Although the issues and problems that lead to human
errors are often unavoidable, but there are many ways
to prevent and reduce errors or limit the consequences.
Methods such as awards or bonus for personnel who report
their errors, proper training programs, proper guidelines,
monitoring their implementation, decreasing the work-
ing hours and encouraging the nurses can prevent or re-
duce the frequency of errors.

Acknowledgments

The authors would like to acknowledge their gratitude
to the research and technology deputy of Ahvaz Jundisha-
pur University of Medical Sciences, Ahvaz, Iran for their
financial and administrative support in undertaking this
project (grant no: 91s10), and would like to thank the man-
agement and personnel of the research site. Authors are
also grateful to Dr. Zahra Rezvani (Ph.D. candidate, TU Delft,
faculty of technology, policy and management) for her En-
glish revision of this paper.

Footnotes

Authors’ Contribution: Study concept and design,
Zeynab Sadat Nezamodini, Fatemeh Khodamoradi; ac-
quisition of data, Fatemeh Khodamoradi; analysis and

6 Jundishapur J Health Sci. 2016; 8(3):e36055.



Nezamodini ZS et al.

interpretation of data, Zeynab Sadat Nezamodini, Fate-
meh Khodamoradi; drafting of the manuscript, Fatemeh
Khodamoradi, Hossein Vaziri, Maryam Malekzadeh; stra-
tistical analysis: Fatemeh Khodamoradi, Hossein Vaziri;
men supervision: Zeynab Sadat Nezamodini, Maryam
Malekzadeh

Financial Disclosure: The research and technology
deputy of Ahvaz Jundishapur University of Medical Sci-
ences, Ahvaz, Iran for their financial and administrative
support in undertaking this project.

Funding/Support: The authors would like to acknowl-
edge the research and technology deputy of Ahvaz
Jundishapur University of Medical Sciences, Ahvaz,
Iran, for their financial and administrative support in
undertaking this project (grant no: 91s10)

References

1. Singh S, Kumar R. Evaluation of Human Error Probability
of Disc Brake Unit Assembly and Wheel Set Maintenance of
Railway Bogie. Procedia Manufacturing. 2015;3:3041–8. doi:
10.1016/j.promfg.2015.07.849.

2. De Felice F, Petrillo A, Carlomusto A, Ramondo A. Human Reliability
Analysis: A review of the state of the art. IRACST. 2012;2(1).

3. Reason J. The Contribution of Latent Human Failures to the
Breakdown of Complex Systems. Philosophical Transactions of
the Royal Society B: Biological Sciences. 1990;327(1241):475–84. doi:
10.1098/rstb.1990.0090.

4. Kariuki SG, Lowe K. Integrating human factors into process hazard
analysis. Reliability Engineering and System Safety. 2007;92(12):1764–73.

5. Ren J, Jenkinson I, Wang J, Xu DL, Yang JB. A methodology to model
causal relationships on offshore safety assessment focusing on hu-
man and organizational factors. J Safety Res. 2008;39(1):87–100. doi:
10.1016/j.jsr.2007.09.009. [PubMed: 18325420].

6. Helmreich RL. On error management: lessons from aviation. BMJ.
2000;320(7237):781–5. [PubMed: 10720367].

7. Hollnagel E. Human reliability analysis: Context and control: Aca-
demic Press. 1993

8. Reinach S, Viale A. Application of a human error framework to
conduct train accident/incident investigations. Accid Anal Prev.
2006;38(2):396–406. doi: 10.1016/j.aap.2005.10.013. [PubMed:
16310153].

9. Raouf A, Duffuaa S, Ben-Daya M, Dhillon BS, Liu Y. Human error in
maintenance: a review. JQME. 2006;12(1):21–36.

10. Hannawa AF, Beckman H, Mazor KM, Paul N, Ramsey JV. Building
bridges: future directions for medical error disclosure research.
Patient Educ Couns. 2013;92(3):319–27. doi: 10.1016/j.pec.2013.05.017.
[PubMed: 23797044].

11. Tan Z, Li J, Hu G. Risk assessment and countermeasures of gas acci-
dents in the sensitive areas under control during the Olympic Games
in Beijing. Safety science. 2014;62:187–204.

12. Colledge A, Car J, Donnelly A, Majeed A. Health information for pa-
tients: time to look beyond patient information leaflets. J R Soc
Med. 2008;101(9):447–53. doi: 10.1258/jrsm.2008.080149. [PubMed:
18779246].

13. Moore SL, Fischer HH, Steele AW, Durfee MJ, Ginosar D, Rice-Peterson
C, et al, editors. A mobile health infrastructure to support under-
served patients with chronic disease. Healthcare. 2014; Elsevier; pp.
63–8.

14. Gorawara-Bhat R. Importance of nonverbal communication in med-
ical error disclosures. Patient Educ Couns. 2014;94(3):289–90. doi:
10.1016/j.pec.2014.01.006. [PubMed: 24534619].

15. Hannawa AF. Shedding light on the dark side of doctor-patient in-
teractions: verbal and nonverbal messages physicians communicate
during error disclosures. Patient Educ Couns. 2011;84(3):344–51. doi:
10.1016/j.pec.2011.04.030. [PubMed: 21636236].

16. Mor V, Gruneir A, Feng Z, Grabowski DC, Intrator O, Zinn J. The ef-
fect of state policies on nursing home resident outcomes. J Am Geri-
atr Soc. 2011;59(1):3–9. doi: 10.1111/j.1532-5415.2010.03230.x. [PubMed:
21198463].

17. Johnstone M. Patient safety ethics and human error management in
ED contexts: Part I: Development of the global patient safety move-
ment. Australasian emergency nursing journal. 2007;10(1):13–20.

18. Wilcock M, Harding G, Moore L, Nicholls I, Powell N, Stratton J. What
do hospital staff in the UK think are the causes of penicillin medica-
tion errors?. Int J Clin Pharm. 2013;35(1):72–8. doi: 10.1007/s11096-012-
9708-1. [PubMed: 23054140].

19. Mansour M, James V, Edgley A. Investigating the safety of med-
ication administration in adult critical care settings. Nurs Crit
Care. 2012;17(4):189–97. doi: 10.1111/j.1478-5153.2012.00500.x. [PubMed:
22698161].

20. Askari MSM. Special nursing attendance in ICU and Dyalize. 2nd ed
ed. Tehran: Bushra Publication; 2005.

21. Rubinson L, Hick JL, Curtis JR, Branson RD, Burns S, Christian MD, et
al. Definitive care for the critically ill during a disaster: medical re-
sources for surge capacity: from a Task Force for Mass Critical Care
summit meeting, January 26-27, 2007, Chicago, IL. Chest. 2008;133(5
Suppl):32S–50S. doi: 10.1378/chest.07-2691. [PubMed: 18460505].

22. Karwowski W, Marras WS. The occupational ergonomics handbook.
Crc Press. 1998.

23. Kirwan B, Ainsworth LK. A guide to task analysis: the task analysis
working group. CRC press. 1992 doi: 10.1201/b16826.

24. Doytchev DE, Szwillus G. Combining task analysis and fault tree
analysis for accident and incident analysis: a case study from Bul-
garia. Accid Anal Prev. 2009;41(6):1172–9. doi: 10.1016/j.aap.2008.07.014.
[PubMed: 19819365].

25. Zaranejad A, Jabbari M, Keshavarzi M. Identification of the human er-
rors in control room operators by application of HEIST method (case
study in an oil company). Iran Occupational Health. 2013;10(2).

26. Tajdinan S, Afshari D. Checking of human errors in Ancoiler Device
Control Room of Ahvaz Pipe Mill using SHERPA and HET methods in
1390. Iran Occupational Health. 2013;10(3).

27. Adl J, Gahangiry M, Nasleseraji J. Identification and analysis human
error in one of the Unit refinery of tehran with the PHEA method [In:
Persian]. QPOR. 2006;52(15):54–63.

28. Qasemi M, Nasleseraji J, Zakerian A, Ajdari MR. Compared to control
human errors and reduce the risk level of the reforms by the SHERPA
technique in the control room Petrochemical [In: Persian]. QPIOH.
2011;8(3):14–22.

29. Mortazavi SB, Mahdavi S, Asilian H, Arqami SH, Qolamnia R. Assess-
ment of Human Error in SRP Unit of Control Room of Tehran oil Re-
finery by HEIST Technique [In: Persian]. J BEBUD. 2008;12(3):308–22.

30. Mohammadfam I. Evaluation of human errors in surgery rooms. Cri-
sis Management Conference, Tehran, Iran; .

31. Baghaii R, Naderi IHK. Evaluation predisposing cause errors in inten-
sive care units in nursing. J URMIA NURCE. 2002;33(4):202–12.

32. Rogers AE, Hwang WT, Scott LD, Aiken LH, Dinges DF. The working
hours of hospital staff nurses and patient safety. Health Aff (Millwood).
2004;23(4):202–12. [PubMed: 15318582].

33. Olds DM, Clarke SP. The effect of work hours on adverse events
and errors in health care. J Safety Res. 2010;41(2):153–62. doi:
10.1016/j.jsr.2010.02.002. [PubMed: 20497801].

34. Mohammadfam I, Golmohammadi R, Nezamodini Z. Evaluating Hu-
man errors and its circumstances at coal part productions of Esfahan
Steel Co. The 5th congress of health, safety and environment at mines
and mineral. Kerman. .

Jundishapur J Health Sci. 2016; 8(3):e36055. 7



Nezamodini ZS et al.

35. Adl MM, Nezamodini Z. Evaluation of chlorine leakage hazards in
chlorination stations of Tehran purification system by FTA technique
[In: Persian]. J SCI MEDIC. 2007;6(4):461–8.

36. Saremi M, Fallah MR. Subjective fatigue and medical errors among
nurses in an educational hospital [in: Persian]. IRAN OCCUP HEALT.
2013;10(4):1–8.

37. Mohamadfam I, Nezamodini Z. Assessment of Dispatcher control
room human errors in section of charcoal Isfahan Steel Factory.
ational conference on ergonomics in industry and manufacturing.
Tehran. .

38. Rahimian BI, Ghodratmirkouhi M. Role ofworkload, sleep, mental
health and individual factors in occurrence of nursing errors [in: Per-
sian]. J GORGAN UNIVERS MEDIC SCI. 2007;6(4):461–8.

39. Anderson P, Townsend T. Mistakes can occur in any setting, at any step
of the drug administration continuum. Here’s how to prevent them.
AMERICAN NURC TODAY. 2010;5(3):23–8.

40. Shorrock ST, Kirwan B. Development and application of a human
error identification tool for air traffic control. Applied Ergonomics.
2002;33(4):319–36. doi: 10.1016/s0003-6870(02)00010-8.

41. Adl J, Mohamadfam M, Nezamodini Z. Compared to control hu-
man errors and reduce the risk level of the reforms by the SHERPA
technique in the control room Petrochemical [In: Persian]. QPIROH.
2011;8(3):14–22.

42. Horton DK, Berkowitz Z, Kaye WE. The public health consequences

from acute chlorine releases, 1993-2000. J Occup Environ Med.
2002;44(10):906–13. [PubMed: 12391769].

43. Ghalenoei M, Asilian H, Mortazavi S, Varmazyar S. Human error analy-
sis among petrochemical plant control room operators with human
error assessment and reduction technique. Iran Occupational Health.
2009;6(2):38–50.

44. Kiani FS, Pourabian. S. . Job stress and the rate of reported incidents
among workers’ Isfahan Steel Company: the role of mediator work
pressure. IRAN OCCUP HEALT. 2011;8(3):23–31.

45. Mohammadfam I, Kianfar A, Mahmoudi SH. Evaluation of Relation-
ship between Job Stress and Unsafe Acts with Occupational Accident
Rates in a Vehicle Manufacturing in Iran [In Persian]. IRAN J OCCUP
HEAL. 2010;2(2):85–90.

46. Ford K. Survey of syringe and needle safety among student reg-
istered nurse anesthetists: are we making any progress?. AANA J.
2013;81(1):37–42. [PubMed: 23513322].

47. Baker M, Attala H. Medications errors, causes, and reporting behav-
iors as perceived by nurses. J Pharm Biomed Sci. 2012;19:1–7.

48. Kalra J, Kalra N, Baniak N. Medical error, disclosure and patient safety:
a global view of quality care. Clin Biochem. 2013;46(13-14):1161–9. doi:
10.1016/j.clinbiochem.2013.03.025. [PubMed: 23578740].

49. Liu H, Hwang S, Liu T, Chen G. Implementation of Human
Error Diagnosis (Hed) System. JCIE. 2004;21(1):82–91. doi:
10.1080/10170660409509390.

8 Jundishapur J Health Sci. 2016; 8(3):e36055.


