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ABSTRACT

Background and Purpose: Selection of the appropriate performance shaping factors (PSFs) is a
vital challenge encountered by all experts in human reliability analysis (HRA) and plays a significant
role in achieving reliable results. The main purpose of this research is to present a comprehensive
set of staff PSFs that affect the emergence of errors and incidents in the healthcare system,
referred to as healthcare- (H)-PSFs.

Materials and Methods: In this study, the set of H-PSFs was extracted using the PSFs presented
for other fields and through consultation with HRA and healthcare experts. For investigation of
whether the set of H-PSFs was comprehensive and appropriate, 318 reports of errors and incidents
that had arisen at 14 hospitals during 12 months were examined, and the frequency values of
each factor were obtained in two modes: where a PSF could and where it could not be repeated
in an incident. The most significant H-PSFs were identified using Pareto charts. Also, using Minitab
software, the Chi-square goodness of fit test was used to validate the proposed set of PSFs and
demonstrate the appropriate accuracy of their frequency of occurrence.

Results: According to experts, 43 PSFs were identified for the healthcare system. Using the
medical error reports, the number of times that errors and mistakes were related to each PSF
was calculated in two cases with and without repetition. To identify the most important PSFs, the
Pareto principle has been used. According to the Pareto principle, 14 out of the 43 presented PSFs
affected 80% of the errors and incidents that had arisen where PSF repetition was allowed, which
amounted to 15 where repetition was not allowed.

Conclusion: The Chi-square goodness of fit test result showed that the proposed H-PSFs have
sufficient validity to be generalized to other healthcare systems. The results of this article can be of
great help to healthcare system managers so that they can make better decisions with the help of
the results of this article in formulating general and healthcare system policies. Also, the findings
of this study can be used in the healthcare system to analyze and improve human reliability, direct
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1. Introduction

ifferent studies demonstrate that errors

and incidents emerge in the healthcare

(hospital) system mainly during the diagno-

sis of diseases, prescription of medications,

anesthesiology, intensive care, emergency,
operating room, radiology, clinical experimentation, ra-
diotherapy, and medical equipment, where the human
factor alone is responsible for the emergence of 70% of
undesirable incidents [1]. Alarming reports of mistakes
are extensively reflected every day in the press and mass
media, including the patient’s mistaken transfer to the
operating room, surgery performed on the wrong organ,
excessive administration of chemotherapy, improper
organ transplantation, a surgical object left inside the
patient’s body, etc. In the United States, the annual mor-
tality due to medical errors amounts to 44000 to 98000
[2]. Since not all medical errors lead to death, the num-
ber of errors must be several times the mortality [3].
All around the world, the statistics indicate sustainable
improvements in the safety of the healthcare system
in recent years. Despite these constant improvements,
there is still a high rate of errors in the system, leading
to unpleasant and irreparable incidents every year. Re-
search has been conducted in the nuclear, petrochemi-
cal, aviation, and railway industries to analyze errors and
present the performance shaping factors (PSFs), which
is inappropriate and hardly applicable to healthcare, as
it fails to consider all healthcare aspects to obtain highly
accurate results. Therefore, it can significantly improve
the healthcare system safety by performing a compre-
hensive study and analysis of errors and incidents that
arise and presenting the performance-shaping factors
particular to that entire system.

Comprehensive research that considers the health-
care system as coherent and integrated and introduces
its PSFs has not been done, and this issue is a research
gap in the field under investigation. To cover the re-
search-mentioned gap, we conducted this study. The
importance of this issue is that it can be a road map for
the managers of the healthcare system in formulating
a general and comprehensive policy of the healthcare
system for decision-making.

Several studies have been conducted to analyze the
emergence of errors and incidents or human reliability
and present the relevant PSF sets in industries other
than healthcare [2, 4-14]. There are also comprehen-
sive studies regardless of specific industries, including
an approach presented to investigate human reliability
analysis given the dependency between human errors
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[15] and an assessment of human reliability in theory
and practice [16]. Also, several studies have been con-
ducted in the healthcare field on the analysis of errors
and incidents and human reliability analysis, medical
errors management before and after implementation
of accreditation in hospitals [17], investigation of the
role of patients in the provision of safety and occur-
rence of medical errors, analysis of medication errors
and presentation of approaches to their mitigation
[18], a taxonomy of human-induced medical errors [19],
presentation of the most significant PSFs concerning
the operating room [20], consideration of several PSFs
in the aviation industry as ones in the healthcare and
their validation [21], human reliability analysis for lapa-
roscopic rectal cancer surgery [22], and investigation of
common errors in medication

Chana et al. investigated the relationship between
healthcare worker and patient health and safety [23].
Faiella et al. used the healthcare failure mode and effect
analysis for mitigation of human errors [24]. Abbaspour
et al. specified the optimal method of human reliability
analysis in health care systems using fuzzy ANP and fuzzy
TOPSIS (Technique for Order Preference by Similarity to
Ideal Solution) [1]. Also, some studies assessed the hu-
man reliability in patients COVID-19 [25] and in health
care workers during the COVID-19 pandemic [26]. Some
of the stated studies apply solely to the industry where
they were created. Some have wrongly considered just
tiny elements of the system. This study proposes a new,
complete, suitable taxonomy of performance shaping
factors (H-PSF) for the whole healthcare system, includ-
ing mistakes other than those committed by system per-
sonnel and their causes.

Therefore, the most important difference between
this research and other research studies is providing
specialized PSFs for the healthcare system and consid-
ering the entire healthcare system as a coherent and
integrated whole.

The major assumption for extracting H-PSFs in this
work was that only mistakes and events from the pa-
tient’s (or their family’s) hospitalization till discharge
counted. For a complete and acceptable PSF set for
the healthcare business, additional PSF studies were
explored. Using the Delphi technique, 10 healthcare
specialists and 10 human reliability experts were con-
sulted on the consistency of PSFs in healthcare and the
inclusion of specific ones. The inquiry and expert con-
sultation selected 43 H-PSFs in 8 key classes. The 8 key
classes and their H-PSFs are as follows:
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1. Static personal factors include any factor that affects
individuals’ performance with little association with the
exact time of the incident. The H-PSFs of this class are
provided here.

e Experience: Defined as a series of emotional effects re-
corded in an individual’s mind during or after an incident.
It is described as information and knowledge accumulated
due to teaching and interaction with the system.

¢ Familiarity: Defined as an individual’s proper knowl-
edge and information in a particular area relevant to
their duties. It may overlap experience, but there is a
clear distinction between the two.

e Fit for the job: Defined as an individual’s ability to
perform their tasks safely, confidently, and efficiently
without being confronted with physical or mental
health problems.

* Motivation: Motives are a series of factors that cause
an individual to behave or attempt in a particular way
and achieve the intended purposes.

¢ Individual characteristics: Individual characteristics
include age, gender, physical capabilities, and cultural
and behavioral traits, etc., such as extraversion and in-
troversion.

2. Dynamic personal factors include any factor that af-
fects individuals’ performance in close association with
the exact time of the incident or a short while before-
hand. The H-PSFs of this class are provided below.

e Distraction: Distraction is a loss of concentration for
any internal or external reason. Distraction means diver-
sion from the ordinary procedure of performing a task
and daydreaming or performing other tasks.

¢ Perception: Perception is the process of identifying
and obtaining sensory information. It is an individual’s
ability to recognize any external phenomenon or object
using the five senses.

e Interpretation: Interpretation is an individual’s abil-
ity to explain the meaning of information to themselves.

o Stress: When the requirements of activity lie beyond
an individual’s personal and social capabilities, or they
are in undesirable environmental conditions, responses
are provided that are referred to as stress.

* Fatigue: Fatigue refers to physical fatigue arising from
long-term activity. Fatigue is a prevalent signal for those
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who perform their duties in shifts or work in emergency
conditions with insufficient rest.

» Vigilance: Vigilance is closely associated with feelings
of physical and mental fatigue and monotony. Loss of
vigilance may occur when an individual is engaged in a
monotonous, repetitive activity for a long while.

¢ Decision-making skills: Decision-making skills are de-
fined as an individual’s ability, based on their knowledge
and experience, to make the best decision at the right
time from among several alternatives.

® Precaution: Precaution is necessary to avoid definite
or probable risk, even in cases with no scientific or tech-
nical confidence that specific measures are harmful.

¢ Self-confidence: Self-confidence is a mental condi-
tion where the individual relies on and believes in their
capabilities and talents to successfully perform tasks
due to previous experience.

¢ Management of experience: Not only inexperienced
individuals but also experienced ones are prone to er-
rors. Therefore, the aspects of management of experience
should be considered, as the experience itself, to prevent
experienced individuals’ errors. Management of experi-
ence is sub-classified as a dynamic individual factor.

3. Task factors concern the elements of tasks and their
methods of performance by individuals. Any incident due
to task features and performance methods is classified as a
task factor. The H-PSFs of this class are resented here.

¢ Workload: Defined as the amount of work an individ-
ual performs within a specific period. It can be physical
or mental, depending on the type of work.

e Monotony: Described as lack of variety and tedious
repetition of a task, leading to a feeling of monotony,
loss of interest, lack of consciousness, and lack of pre-
caution in the individuals involved in the task.

¢ Time pressure: Defined as the time available for per-
forming a task from a specific task process. This PSF can
negatively affect others, particularly stress, consciousness,
experience management, perception, and interpretation.

¢ Task complexity: Concerns about how a specific task
is performed. It should be noted that this PSF addresses
the complexity of a particular task in a process rather
than that of the process as a whole.
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e Task instructions: Commands or rules established to
guide or support individuals in the process of perform-
ing a duty or task. Incomplete or defective instructions
sometimes cause incidents.

4. Team factors concern the performance of individu-
als as team members who interact to achieve a com-
mon purpose and the final consequence of all team
members’ collaboration. The H-PSFs of this class are
presented below.

e Communication between employees (CBE): It de-
notes individuals’ ability to exchange information via ver-
bal and nonverbal media. The quick, clear, justified, and
approved exchange indicates efficient communication.

e Teamwork: It is described as a clear division of roles
and responsibilities upon the performance of a task. The
definition also includes the quality of feedback among
team members, level of trust, team structure and stabil-
ity, consideration of team members’ needs and support,
and mutually respectful behavior.

5. Organizational factors include any factors defined
and controlled by an organization. These factors con-
cern organizational features, attitudes, and behaviors
affecting staff performance. The H-PSFs of this class are
presented here.

e Safety culture: It denotes what is developed due to
organizational effort to transfer all cultural elements to
bring about safety for organization members, systems,
and professional activities. It involves a series of values
and priorities specified for all safety aspects by the en-
tire staff at any level of the organization.

¢ Safety management systems (SMS): It concerns the
set of methods and instructions devised for supervision
and improvement, if needed, of operational safety.

e Training: It is defined as a constant process an or-
ganization provides to the staff to ensure they hold the
appropriate knowledge, skills, and perspectives by the
set standards.

¢ Quality and availability of the procedures, standards,
and regulations (QA-PSR): It concerns the existence and
application of official operating methods for the intend-
ed duties. A high-quality procedure is characterized by
clarity, simplicity, and availability, given its strategy of
description.
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¢ Leadership: Leaders help themselves and others to
do the right thing. They specify the route to achieve the
purposes, generate an inspiring perspective, provide
new ways to improve the conditions of the organiza-
tion, and identify what the team or organization needs
to succeed.

¢ Supervision: It is defined as applying management,
development, and support to the staff.

e Shift pattern: It consists of working hours different
from the routine working period, sometimes including
irregular working hours.

¢ Relations within an organization: It indicates the so-
cial atmosphere among all the organization members
and their interactions at different hierarchy levels.

¢ Incentives for employees: Incentives are tools orga-
nizations use to increase the staff’s motivation to per-
form their activities and tasks. The staff’s incentives are
strongly correlated with their motivation.

6. System factors include any factors that specify the
healthcare system features and the quality of individu-
als’ interaction with them that may affect their perfor-
mance. The H-PSFs of this class are presented below.

e System design: It is described as achieving high
quality and optimal efficiency in terms of components,
modules, interfaces, and data to meet specific predeter-
mined requirements of the system.

¢ Human-machine interface (HMI): It addresses how
information is communicated among operators and
equipment and assessed based on the clarity and valid-
ity of the information obtained by the equipment and
its performance.

e Equipment: It includes everything associated with
the equipment, such as performance, precision, short-
age, and breakdown.

e Workplace: It includes everything associated with
the equipment, such as performance, precision, short-
age, and breakdown.

e Trust in equipment: It is described the extent to
which operators trust the information output by par-
ticular equipment. Trust is affected by factors such as
the duration of application, history of failure, and equip-
ment reliability.
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e Communication systems: It involves facilities consist-
ing of physical units and equipment for the propaga-
tion of information among the staff.

e Similarity: It includes cases where errors occur due
to the similarity between names, symptoms, etc.

7. Environmental factors include any factor outside the
healthcare organization and over which there can be no
control, such as weather conditions and third parties.
The H-PSFs of this class are presented here.

* Weather conditions: Describe the atmospheric con-
ditions each day, expressed in temperature, wind, cloud,
precipitation, etc.

e Third parties: It concerns cases where individuals
outside the organization cause an incident.

¢ Urban design: It concerns urban street conditions in
terms of traffic, fitness (particularly for streets ending
in hospitals), traffic lights, speed bumps, etc., and may
cause errors in some instances.

8. Factors associated with the patient include any fac-
tor particular to the healthcare field, not applicable to
others, involving those concerning the patient, one for
the patient and one for their companion. The H-PSFs of
this class are presented here.

¢ Patient: It is considered if an incident arises where
the patient himself/herself plays a role.

e Patient’s companion: It is considered if an incident aris-
es where the patient’s companion or family plays a role.

2. Materials and Methods

A total of 318 complaints of medical mistakes from
March 2020 to March 2021 at 17 hospitals in Iran were
analyzed for the planned H-PSFs. With and without re-
peats, the number of H-PSFs activations was assessed.
These 17 hospitals were chosen because they gave the
Health Ministry detailed descriptions of mistakes and
occurrences that occurred over the time described
above, including all the variables and personnel in-
volved, reasons, etc. In the mode with repetition, a giv-
en H-PSF might be considered more than once in a med-
ical mistake or event report. In the approach without
repetition, a given H-PSF might be evaluated just once
in a medical mistake or event report, even if the error
was repeated. Also, this article’s graphs and statistical
analysis results were obtained using Minitab software.
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3. Result

Table 1 presents 318 medical mistake findings. Figures
1and 2 illustrate the H-PSF Pareto charts based on Table
1 for modes with and without repetition.

Based on Figure 1, 14 H-PSFs led to 80% of mistakes or
accidents. Figure 2 shows that 15 H-PSFs led to mistakes
or occurrences. The Pareto charts show that focusing on
a few H-PSFs may reduce healthcare mistakes and oc-
currences. The taxonomy of H-PSFs may help healthcare
management reduce mistakes and occurrences.

With the help of H-PSFs classification, healthcare sys-
tem managers can make better decisions in formulating
general and comprehensive policies and policies to re-
duce errors and accidents.

To validate the proposed H-PSFs and their applications to
health systems, we use the Chi-square goodness-of-fit test
with the help of Minitab software. The null hypothesis and
alternate hypothesis for this test are as follows:

H,: The results of the examination of the preliminary
reports have good validity to be generalized to other
healthcare systems.

H,: The results of the examination of the preliminary re-
ports do not have good validity to be generalized to other
healthcare systems. The type | error rate, a, was assumed
to be 0.05.

For that purpose, 141 reports of medical errors that had
occurred from March 21, 2021, to August 6, 2021, at 14
hospitals different from the primary 17 were examined
as secondary reports, and the number of occurrences
of each PSF in those reports was also extracted, where
1361 occurrences were identified in the way with repeti-
tion and 1190 in the mode without repetition. It should
be noted that the reports were collected directly at the
hospitals. The 14 hospitals were selected as they were
different from the primary 17, for the results obtained
from the goodness of fit test to be of greater validity.

In the mode with repetition, the Chi-square statistic
was 40.8381. Since, there was no reason for rejection of
the null hypothesis, which was therefore retained. In the
mode without repetition, the value of the Chi-square
statistic was 46.9218. Since , there was no reason for
rejection of the null hypothesis, which was therefore
retained. Thus, the findings in section 3 were validated
by the results obtained from the goodness of fit test,
and it can be said that the results of this article have
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Table 1. Frequency of the healthcare-performance shaping factors (H-PSFs) in 318 reports of errors and incidents

Major Classes of H-PSFs H-PSFs With Repetition Without Repetition

Experience 147 134

Familiarity 33 31

Static personal factors Fit for the job 8 8
Motivation 21 17

Individual characteristics 23 23
Distraction 186 144

Perception 22 21

Interpretation 111 85
Stress 168 145

Fatigue 36 30

Dynamic personal factors

Vigilance 29 26
Decision-making skills 150 132
Precaution 231 194

Self-confidence 9 9

Management of experience 32 30

Workload 24 19

Monotony 30 28

Task factors Time pressure 24 20
Task complexity 113 107

Task instructions 57 50

CBE 25 24

Team factors

Teamwork 131 127
Safety culture 460 265
SMS 367 239
Training 237 203

QA-PSR 35 32

Organizational factors Leadership 72 61
Supervision 179 157

Shift pattern 31 31

Relations within organization 26 20

Incentives for employees 13 11
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Major Classes of H-PSFs H-PSFs

With Repetition Without Repetition

System design
Human-machine interface
Equipment
System factors Workplace
Trust in equipment
Communication systems
Similarity
Weather conditions
Environmental factors Third parties

Urban design

Patient
Factors associated with the

patient o .
Patient’s companion

15 15
19 16
221 206
20 20
49 41
12 12
23 23
3 3
10 10
7 6
207 190
18 18

Abbreviations: CBE: communication between employees; SMS: safety management systems; QA-PSR: quality and availability of the proce-

dures, standards, and regulations

enough validity to generalize the results to all health-
care systems.

4, Discussion

The emergence of medical errors and incidents is in-
evitable in healthcare. However, they affect people’s

health as well as harm them financially. Therefore, it
can significantly contribute to improving the conditions
and minimizing these errors and incidents to analyze
and investigate them and their causes. An appropriate
approach to investigating errors and incidents in any
area of expertise is to examine their causes, i.e. per-
formance-shaping factors. For that purpose, a compre-

Figure 1. Pareto chart of the healthcare-performance shaping factors (H-PSFs) in the mode with repetition
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Figure 2. Pareto chart of the healthcare-performance shaping factors (H-PSFs) in the mode without repetition

hensive, appropriate taxonomy was presented in this
paper to explore the causes of errors and incidents in
the healthcare field, i.e. introducing the shaping factors
specific to the healthcare system, considering it as an
integrated and coherent whole (H-PSF).

According to experts, 43 PSF were identified for the
healthcare system. Using the medical error reports, the
number of times that errors and mistakes were related
to each of these 43 PSFs was calculated in two cases
with and without repetition. To identify the most im-
portant PSFs, the Pareto principle has been used, and
the results indicate that 14 H-PSFs in the non-repetitive
mode and 15 H-PSFs in the repeated mode are respon-
sible for the occurrence of errors.

5. Conclusion

Field managers can largely mitigate errors and inci-
dents by considering these factors because the good-
ness of fit test was used to validate the proposed set of
H-PSFs and examine its generalizability to all healthcare
systems. The results demonstrated the great validity of
the set to be generalized to similar systems.

Using the classification presented in this article, con-
sidering the healthcare system as an integrated whole

to analyze human reliability is a suitable topic for future
research.
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