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Abstract
Background: Incorrect assessment of the performance shaping factors (PSFs), especially in healthcare
systems may lead to irreversible consequences such as death. The aim of the current study was to adapt
PSFs taxonomy given in standardized plant analysis risk human reliability analysis (SPAR-H) technique
to surgical context.

Methods: Specialists from four teaching hospitals of Yazd city were participated in the current study
using convenience sampling technique. PSFs taxonomy of the SPAR-H technique was revised and more
context-speci�c de�nitions to surgical context were suggested. Step-wise weight assessment ratio
analysis (SWARA) and eleven-digit numerical scale were used for quanti�cation of the weight and
negative in�uence rate of the PSFs during surgical processes, respectively. Probability density function
(pdf) was used to specify the probability of the negative in�uence rate values, as well.

Results: Nine PSFs were proposed following the SPAR-H taxonomy. Order of the importance of the PSFs
was quietly con�icting in terms of weight and negative in�uence rate. From the perspective of experts,
fatigue and threat stress were assessed as the most important PSFs in terms of both weight and negative
in�uence rate.      

Conclusion: Current study has offered a domain-based understanding for the PSFs particularly in surgical
context. Results of this study could be used to evaluate human error behaviors during the performance of
high accuracy required tasks in operating room. Moreover, these results could be used in high-risk
industries for improving patient safety programs in case of lacking literature in healthcare systems.

Background
Human error can adversely affect the safety, reliability of systems and equipment function and therefore
may result in �nancial losses [1]. Throughout history, human factors have been cited as the reason
behind many catastrophic events. More than 90% of nuclear industry accidents, 80% of chemical industry
accidents, 75% of marine industry accidents and 70% of aviation industry events are caused by human
factors [2]. In the study of catastrophic events reports, e.g. Bhopal (1984), Chernobyl (1986), Piper Alpha
(1988) and Texaco Re�nery (1994), human factors have been mentioned as one of the primary causes
behind these events [3]. In literature, human factors are de�ned as the science of understanding human
performance in a given system [4]. Human performance is also de�ned as the “measure of failures and
actions under speci�ed conditions” [5].

In healthcare sector, de�ciencies in providing perfect patient safety and human error may lead to
irreparable consequences like disability, disruption of health services, legal issues and even death [6]. One
study indicates almost 5–10% of the patients have been effected by medical error, moreover, medical
errors are responsible for more than 7,000 deaths annually in the United States [7]. In healthcare sector,
human factors are de�ned as improving clinical performance by understanding the effects of teamwork,
tasks, equipment, working environment, culture and organization on human behaviors and abilities
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through using that knowledge in clinical settings [4]. In healthcare sector, medical errors are practically
always the result of human behavior in the environment where medical tasks should be performed [8].

Since the �rst stages of the emergence of human reliability assessment (HRA) approach, it was
discovered that the technical performance of operators may be affected by two classes of factors:
internal and external factors. The external factors are related to the environmental conditions where tasks
should be performed, and the internal factors refer to the psychological and physiological conditions of
the operators [9]. In various contexts, factors with identical concepts may be referred to with various titles
and have different de�nitions. A more comprehensive de�nition of performance shaping factor (PSF) is
as follows: “an aspect of the human’s individual characteristics, environment, organization, or task that
speci�cally decrements or improves human performance, thus respectively increasing or decreasing the
likelihood of human error” [10].

It is worth noting that usage of empirical data to quantify the amount of intensity effect of the PSFs on
the human error occurrence is considered as a substantial proceeding in HRA [11]. The lack of reliable
data and extensive research about factors effecting individuals' technical performance in surgical setting,
is considered as a fundamental problem in HRA in operating rooms. Considering this gap, adaptation of
PSF taxonomies essentially designed for industrial setting to healthcare context seems to be necessary.
The aim of the current study is to adapt PSFs taxonomy of SPAR-H technique to surgical context. And
thus to suggest more explicit de�nitions for each PSF, assessment of the weight and the negative
in�uence rate of the PSFs in surgical context using domain expert judgment approach.

Materials And Methods
Study Design and Participants

This cross-sectional and descriptive study was designed and carried out with the primary purpose of
adapting new PSF taxonomy for surgical setting application following the SPAR-H technique (January
and February, 2020). Operating rooms of four teaching hospitals of Yazd City were the sites where the
present study was executed.

Based on the opinion of operating rooms management and personnel, surgeons, anesthesiologists,
surgical technologists and anesthesiology technologists are four specialist groups who participate the
most in operating processes. Because of this, we have conducted our study based on the judgments of
these four specialist groups.

Data collection procedure

Convenience sampling technique was employed to recruit experts from operating rooms of the
participating hospitals. Age, work experience (year), gender and specialty groups represented the
considered demographic characteristics of the participated experts in this study.
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To capture experts' perception about the weight and the negative in�uence rate of the PSFs on their
technical performance, a three-section questionnaire along with face-to-face interviews and interactive
discussions, was employed. First section of the questionnaire was dedicated to the description of the
purpose and the generalities of the whole study. Second and third sections were dedicated to the
quanti�cation of weight and negative in�uence rate of the PSFs, respectively.

Suggested PSF Taxonomy Design

Available Time, Stress/Stressors, Complexity, Experience/Training, Procedures, Ergonomics/ HMI, Fitness
for duty and Work Processes form the PSF taxonomy of SPAR-H technique [12]. In
the literature, de�ciencies like unclear de�nitions and semantic overlap between PSFs that may lead to
double calculation of the effect of a particular PSF are mentioned [12, 13]. In the current study to
overcome these de�ciencies, more explicit de�nitions and new PSF taxonomy which are more consistent
with surgical setting were suggested based on the PSF taxonomy of the SPAR-H technique.

Available time, threat stress, task complexity, experience/training, procedures, working conditions, human-
machine interface (HMI), fatigue and teamwork are the nine PSFs of the suggested taxonomy for the
surgical setting. Our suggested de�nitions for the PSFs are as follows:

Available Time: The purpose of the suggested de�nition for this PSF is to express the ratio between the
time it takes to complete a speci�c task and the whole time available for completing it before any
deleterious consequences emerge. Our suggested de�nition for the available time PSF follows Laumann
and Rasmussen [14]: Available time represents the ratio between the time it takes to complete a speci�c
task (required time) and the time available before the consequences of failing to complete the task are
realized.

Threat Stress: In the de�nition of stress/stressors in the original SPAR-H guideline, there is some
semantic overlap with other PSFs like Available time and Ergonomics/HMI [14]. It is stated that “one
aspect of the stress/stressors PSF in SPAR-H that is not covered by other PSFs, the concept of threat
stress” [14]. Our suggested de�nition for threat stress is: Threatening situation is when unstable
conditions or novel environmental events may cause pain, discomfort or endanger patient's life. In this
situation, operating room personnel are aware that their error may seriously endanger patient's life and
have negative impact on their professional status.

Task Complexity: Complexity is de�ned as the amount of di�culty in task performance [12]. The SPAR-H
guideline suggests 14 contributing factors to complexity. These factors considerably overlap with other
PSFs, for example, “Transition between multiple procedures” overlaps with procedures PSF [12]. In the
current study, the title task complexity is suggested for this PSF to present more objective de�nition that
does not overlap with other PSFs and represents an expression of the complexity of the task in surgical
context explicitly. Six categories of task complexity were suggested for the task complexity in one review
study [15]: Goal complexity, Size complexity, Step complexity, Connection complexity, Dynamic
complexity and Structure complexity. Our suggested de�nition follows these categories of task
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complexity [15]: Task complexity refers to the degree of complexity demanding for task performance
according to the complexity categories. Which means the more complexity categories there are, the more
complex the task is.

Experience/Training: In the SPAR-H guideline [12], this PSF specially refers to the experience and training
of the operators involved in task performance. In the de�nition presented for this PSF, only the time of
experience or training is considered. While other factors like the level, frequency and type of training that
are more important in the success or failure of the task performance are overlooked [14]. Our suggested
de�nition for Experience/training is: Experience/Training is related to possession or lack of task-related
training, the frequency of task experiences in the �eld, the number of task-related retraining courses and
the spent time between them.

Procedures: The concept of this PSF refers to the existence and use of work procedures to perform
speci�c tasks [12]. In nuclear power industry, a procedure has been generally de�ned as “a written
document (including both text and graphics) that presents a series of decision and action steps to be
performed by plant personnel (e.g., operators, technicians) to accomplish a goal safely and e�ciently”
[16]. In the current study we have considered availability, quality and use of formal procedures in the
suggested de�nition. Our suggested de�nition for the procedures PSF is: The procedure is a written
document that provides a set of decision and action steps that must be followed by operating room
personnel to safely and e�ciently achieve task's goals. The purpose of procedures is to guide human
actions when performing a task to reduce the likelihood of HEP and increase the chance for reaching
task's goal e�ciently.

Working conditions: In SPAR-H guideline, Ergonomics/HMI PSF is broadly de�ned and includes both
aspects of HMI and Ergonomics [12]. In the current study we suggested the splitting of this PSF into two
separate PSFs (working conditions and HMI), to provide more clear de�nitions for these PSFs and to
provide a chance of more accurate assessment of them in surgical context. Our suggested de�nition for
working conditions PSF is: Working conditions PSF refers to the Physical elements of the working
environment of operating room like noise, distraction, quality and quantity of lighting and temperature
conditions.

Human-Machine Interaction (HMI): Laumann and Rasmussen recommended that HMI should encompass
only the interactions between operators and computerized systems for re�ecting the limited scope of this
PSF [14]. Our suggested de�nition for HMI PSF is: The human machine interaction
PSF encompasses the quality of equipment, displayers, annunciators, labeling, physical layout of
the operating room, location of the operating room personnel during surgical processes and
the adequacy or inadequacy of the information received from computerized systems for task
performance. 

Fatigue: In SPAR-H guideline [12], the de�nition of Fitness for duty PSF refers to the suitability of the
individuals for task performance. One study has pointed out that Fatigue is much more cited in incidents
reports than other indicators of �tness for duty PSF such as impairment due to drugs and alcohol usage,
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distraction and physical or mental capacity required for task performance [17]. In the current study we
considered two types of Fatigue contributing factors, sleep homeostatic factors (overtime and sleep
deprivation) and circadian factors (day or night shifts) [18]. Our suggested de�nition for fatigue PSF
follows these contributing factors: Fatigue is related to the physical or mental exhaustion or sleepiness
that is related to indicators such as sleep deprivation and day or night shifts.

Teamwork: Work processes de�ned poorly in the SPAR-H guideline [12], and indicators related to
organization, safety culture, work planning, communication and teamwork are included in this PSF.
Laumann and Rasmussen [14], suggested the splitting of this PSF. In the present study we focused on
teamwork and de�ned it as a separate PSF. Our suggested de�nitions of team and teamwork are based
on Salas et al. study [19]: A team is de�ned as “two or more individuals with speci�ed roles interacting
adaptively, interdependently, and dynamically toward a common and valued goal.” Moreover, Teamwork
is de�ned as “a set of interrelated thoughts, actions, and feelings of each team member that are needed
to function as a team. And which are combined to facilitate coordinated, adaptive performance and task
objectives resulting in value-added outcomes.”

Quanti�cation of the PSFs Weight

Step-wise weight assessment ratio analysis (SWARA) technique, as one of the multiple-criteria decision-
making (MCDM) techniques, was used to determine the weight of each PSF (negative impact on
technical performance of operating room personnel) during surgical processes in operating room [20].

SWARA Technique:

Experts should �rst arrange the criterions in order of importance. The most important criterion in human
error occurrences is placed �rst and gets a score of one. Ultimately, the criterions are ranked based on the
average values of their relative importance. The steps of this technique are as follows:

Criterion Arrangement

Initially, the criterions should be arranged in order of importance. The most important criterions are
arranged in the higher levels and the less important criterions arranged in the lower levels.

Comparative Importance of Average Value ()

In this step, the relative importance of each criterion compared to the previous one is determined.

Calculation of the Coe�cient

Calculation of this coe�cient is based on the relative importance of each criterion through Equation 1.
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Calculation of the Primary Weight of Each Criterion ()

The primary weight of the criterion is calculated through Equation 2. In this regard, it should be noted that
the weight of the �rst criterion, which is the most important criterion is considered 1.

Calculation of the Final Weight of Each Criterion ()

The �nal weight of each criterion, which also considered the normalized weight, is calculated through
Equation 3.

Quanti�cation of the PSFs In�uence Rate

A numerical scale with eleven-digit (0-10) was used to evaluate the in�uence rate of each PSF (0 and 10
are the thresholds of the scale). Experts were asked to provide their subjective perception of how often
each PSF has adversely in�uences their technical performance during surgical operations they have
participated [21].

0: the considered PSF has had no negative effect on the technical performance of operating room
personnel at any surgical operation.

10: the considered PSF has had negative effect on the technical performance of operating room
personnel at all of the surgical operations.

Statistical Analysis

Descriptive statistics, maximum (Max), minimum (Min), mean and median were used to investigate the
quantitative and qualitative variables of demographic characteristics, respectively. 

Statistical indicators, mean (Median), standard deviation (SD), Max and minimum Min were used to
investigate the weights and the in�uence rates of each PSF. The order of weight and negative in�uence
rate of the PSFs were expressed, as well in Table 1, 2.

Additionally, triangular distribution was used to investigate the probability density function of the PSFs.
Triangular distribution frequently is used for the evaluation of epistemic uncertainties in risk analysis [22,
23]. “The triangular distribution contains three parameters: the lower limit a, the upper limit b, and the
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mode m. The probability density at x=m is determined by imposing the area of the triangle to 1” [21].
SPSS software version 23 was used for analyzing the gathered data.

Results

Demographic Characteristics
In total, 26 experts from four hospitals have participated in this study, there were 13 male and 13 female
participants. The maximum and minimum age of the participants were 55 and 26 years (Mean = 32.6,
Median = 30), respectively. In term of work experience (year), the maximum and minimum working
experience of the experts were 30 and 4 (Mean = 8.8, Median = 6), respectively. Furthermore, the majority
of the experts that took part in the survey were surgical technologists (n = 9) followed by anesthesiology
technologists (n = 8), surgeons (n = 5) and anesthesiologists (n = 4).

Weight And In�uence Rate Of The Psfs
Table 1 and Table 2 represent the descriptive statistics of the conducted SWARA for PSFs weight
quanti�cation and the negative in�uence rate of the PSFs, respectively.

In Table 1, the importance order represents PSFs order that more negatively effects the technical
performance of operating room personnel. Which means, PSFs of 1 and 9 importance order have the
most and least effect on the technical performance of the personnel, respectively.

According to Table 1, fatigue and procedures have the most and least negative effects on the technical
performance of operating room staff, respectively.
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Table 1
Descriptive statistics of the weight of PSFs during surgical Processes

PSFs Mean (Median) SD Max Min Importance order

Available time 0.085 (0.036) 0.11 0.445 0.014 7

Threat Stress 0.152 (0.079) 0.148 0.454 0.004 2

Task complexity 0.105 (0.066) 0.123 0.436 0.003 6

Experience/Training 0.127 (0.071) 0.145 0.465 0.005 4

Procedures 0.06 (0.037) 0.064 0.245 0.005 9

Working conditions 0.114 (0.058) 0.136 0.453 0.008 5

Human-Machine Interface (HMI) 0.067 (0.048) 0.066 0.259 0.011 8

Fatigue 0.16 (0.147) 0.146 0.452 0.011 1

Teamwork 0.13 (0.062) 0.147 0.461 0.011 3

As Table 2 shows, fatigue and threat stress have the most negative in�uence rate on the technical
performance of operating room personnel. In�uence rate order in Table 2, represents the order of the
negative in�uence rate of the PSFs. Which means, PSFs of 1 and 9 have the most and least negative
in�uence rate among others.

Table 2
Descriptive statistics of the negative in�uence rate of PSFs during surgical Processes

PSFs Mean (Median) SD Max Min In�uence rate order

Available time 5.85 (7) 3.1 10 1 6

Threat stress 6.88 (7) 2.47 10 2 2

Task Complexity 6.54 (6.5) 2.49 10 3 3

Experience/Training 6.4 (6) 2.51 10 1 4

Procedures 5.58 (5) 2.11 10 1 7

Working conditions 5.54 (6) 2.87 10 1 8

Human-Machine Interface (HMI) 5.11 (5) 2.35 8 1 9

Fatigue 7.77 (8) 2.1 10 3 1

Teamwork 6.11 (6) 2.74 10 1 5

Probability Density Function Of The Psfs
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Accordingly, most likely value for each PSF has been calculated based on the observed values. Figure 1
describes the triangular probability distribution functions for the PSFs. As shown by Fig. 1, eight is the
most likely value for available time PSF. Zero represents the most likely value for threat stress and fatigue
PSFs. Nine is the most likely value for task complexity PSF. Four represents the most likely value for
experience/training PSF. Five is the most likely value for teamwork, HMI and procedures PSF. And three
represents the most likely value for working conditions PSF.

Discussion
This study was an attempt to explore the weights and the negative in�uence rates of the PSFs during
surgical setting. In this regard, the results show fatigue and threat stress had the greatest impact on the
operating room personnel technical performance during surgical processes in terms of weight and
negative in�uence rate among others.

Fatigue had the most signi�cant impact on the occurrence of human error (by weight of 0.16) and the
�rst place of the negative in�uence rate (by negative in�uence rate of 7.77). One study has indicated that
fragmented sleep or sleep deprivation causes decrement in reaction time, vigilance and cognitive
processes [24]. In the current study, excessive weight and negative in�uence rate of fatigue compared to
other PSFs show the necessity of the evaluation of fatigue as a separate PSF in HRA techniques
especially in healthcare systems.

One study has evaluated the perioperative emotional stress as one of the in�uencing factors on technical
performance of surgeons [21]. In current study, threat stress was determined as the PSF with the second
most effect (by weight of 0.152) on the technical performance of operating room staff. Moreover, its
negative in�uence rate also came in the second place (by negative in�uence rate of 6.88). Signi�cant
weight of threat stress may be attributed to the nature and high sensitivity of tasks performance in
operating rooms and the anticipation of irreparable consequences in case of human error occurrences.

It is indicated that communication, one aspect of teamwork, as one of the major contributing factors to
human error in intensive care units [25]. In the current study teamwork was determined as the third
effective PSF (by weight of 0.13) and �fth one in term of negative in�uence rate (by negative in�uence
rate of 6.11). One meta-analysis identi�ed signi�cant negative correlation between relationship con�icts
and team performance [26]. Considering the results, it can be concluded that poor teamwork especially in
highly sensitive environments or tasks with high need of participatory, like surgical processes, may leads
to irreparable consequences like lifetime incapacitation or death.

It is indicated that de�ciency in knowledge, skill and experience is the main cause of increasing the
human error probability [27]. One review study has indicated that junior doctors are more prone to
committing human errors [28]. In the current study, Experience/Training was determined as the forth
effective PSF (by weight of 0.127), as well as, forth one in term of negative in�uence rate (by negative
in�uence rate of 6.4).
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One study in healthcare context reported the share of 43% of medication errors to distraction [29]. In this
study, working conditions determined as the �fth effective PSF (by weight of 0.114) and eighth one (by
negative in�uence rate of 5.54) in term of negative in�uence rate. As it is obvious, working conditions
should be considered as one of the PSFs that directly affects the technical performance of operating
room personnel and may causes serious consequences.

Task complexity was determined as the sixth most effective PSF on the occurrence of human error (by
weight of 0.105) and the third one in term of negative in�uence rate (by negative in�uence rate of 6.54).
One study indicated that “Complex systems” had the third place among the most effective preliminary
risk factors of the interaction between and hardware dimension in one maintenance activity [30].

Available time was determined as the seventh most effective PSF on the occurrence of human error (by
weight of 0.085) and the sixth one in the term of negative in�uence rate (by negative in�uence rate of
5.85). One study weighted “Quick response is required because of time pressure” as the �fth most
effective PSF in the mental load category in one maintenance activity [31]. High time pressure may cause
operators to deal with high required cognitive process tasks in a time shortage situation, and this may
have negative effects like anxiety increasing [32] and impairment of accuracy for dealing with perceptual
tasks [33].

In three Mile Island accident report, de�ciencies related to the HMI like lack of signals to show the level
coolant and the opening of the pilot-operated relief valve are mentioned as the chief contributing factors
[34]. HMI was determined as the eighth most effective PSF on the occurrence of human error (by weight
of 0.067) and ninth in term of negative in�uence rate (by negative in�uence rate of 5.11). Problems
related to the HMI PSF are mentioned among the primary causes of the industrial incidents. Whereas
results of the present study indicate the insigni�cant importance of the HMI PSF in surgical context
among others. And this may be attributed to the differences of the occupational contexts.

Procedures were determined as the ninth most effective PSF on the occurrence of human error (by weight
of 0.06) and seventh one in term of negative in�uence rate (by negative in�uence rate of 5.58). Reports of
various incidents have addressed procedure de�ciencies as one of the major contributing factors, like
Aberfan disaster (1966), Seveso incident (1976), Three Mile Island accident (1979) and Bhopal
catastrophe (1984) [34]. In current study one of the most signi�cant reasons that procedures PSF was
considered as the least critical one among others, may be related to the fact that surgical teams are
required to review surgical procedures and protocols before initiating the surgical process.

Conclusions
Most of the HRA techniques and their taxonomies, like SPAR-H have been developed for industrial
settings. Application of such techniques and taxonomies for HRA in healthcare systems may be
controversial in terms of tasks demands and results uncertainty. The suggested PSFs taxonomy and their
quanti�ed weights and negative in�uence rates, as well as, using probability density function for the
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perceived negative in�uence rate of PSFs, simplify determination of the most in�uencing PSFs on the
technical performance of operating room personnel.

Abbreviations
PSFs: Performance shaping factors; SPAR-H: Standardized plant analysis risk human reliability analysis;
SWARA: Step-wise weight assessment ratio analysis; pdf: Probability density function; HMI: Human-
machine interface; MCDM: multiple-criteria decision-making; Max: Maximum; Min: Minimum; SD:
Standard deviation
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