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A NEW TWO-STAGE NURSE SCHEDULING APPROACH BASED ON
OCCUPATIONAL JUSTICE CONSIDERING ASSURANCE ATTENDANCE IN
WORKS SHIFTS BY USING Z-NUMBER METHOD: A REAL CASE STUDY

MOHAMMAD JAVAD PAHLEVANZADEH!, FARIBORZ JOLAI', FARIBA GOODARZIAN?*
AND PEIMAN GHASEMI®

Abstract. In this paper, a new binary integer programming mathematical model for scheduling nurses’
problems in the emergency department of Kamkar Hospital in Qom province is developed. The manual
arrangement of nurses by the head nurse and its time-consuming, occasional absences during the period
and protests against injustices in the arrangement of nurses’ work shifts were among the emergency
department’s challenges before implementing the model. Most relevant studies aimed to enhance nurses’
satisfaction by creating a general balance considering occupational preferences. Thus, the present study
pursued justice through considering preferences based on the results from periodical evaluations of
each nurse’s performance with the ultimate goal of improving nurses’ satisfaction. Moreover, the lack
of clarity in selecting shifts, which may cause irregular attendance, was improved using the Z-number
method. After the run of the model, the rate of nurses’ absences decreased by 40%, the rate of complaints
about the performance of the nursing unit decreased by 50%. Also, nurses’ satisfaction increased by
30% after the implementation of the model.
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1. INTRODUCTION

Nurse Scheduling (NS) refers to shift design for each nurse in compliance with the regulations and policies
or other health facilities. Hospital nurses work around the clock, typically divided into three to four shifts.
The emergency unit is one of the essential hospital departments. This study addressed nurse scheduling in the
hospital’s emergency unit.

One of the significant challenges facing healthcare service providers is the efficient assignment and manage-
ment of resources [8,54]. Nursing staff management is challenging because it is done at various organizational
levels and temporal horizons ([31]). Low nursing service quality causes irreparable effects on the patients,
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including mortality [34]. Medical personnel’s performance has a significant impact on the quality of public
health care ([45]). Proper scheduling of nurses increases their productivity ([10], Blythe and Goodpasture [9]).

Different staff scheduling solutions, including nurse scheduling, have been developed [14]. Many of these
scheduling solutions consider nurses’ preferences while complying with hospital regulations [48,49]. An important
matter in setting nurses’ preferences is justice in the assignment of shifts and days off. The present study
investigated the specific conditions and policies of the Kamkar Hospital of Qom and the nurses’ concerns using
in-person interviews.

Contrary to previous studies, the present study tried to establish the concept of occupational justice among
nurses directly based on each nurse’s performance on the shifts, thereby increasing their performance and
motivation. Another essential matter is uncertainty in practicing nurses’ preferences in actual conditions. Nurses’
opinions about their work preferences and day-offs for the next 28 days are gathered at the beginning of each
period; however, these preferences are not definitive and, in most cases, are accompanied by some problems,
such as emergency absences, because of uncertainty. This problem was partially solved by ensuring attendance
at work shifts based on the Z-number method, and accidental absences were reduced.

Therefore, with increasing healthcare services in public and private hospitals, the patients have become more
aware of appropriate services. Their satisfaction has become a challenge facing the health sector [28]. Then,
the points mentioned above highlight nurses’ undeniable importance in the health system. Appropriate nurse
scheduling increases nurses’ productivity [10]. Moreover, nurses’ appropriate assignment results in the more
effective use of resources, higher income, and finally, enhancement of patients’ satisfaction [22].

The level of confidence of each nurse in choosing work shifts is an issue that affects the stability of the
model and causes possible irregularities and accidental absences. In this paper, each nurse’s preferences were
considered in the form of a Z-number to improve this problem. Thus, in addition to each nurse’s possibility
of being present in the relevant shift, his confidence in the selected shift is also questioned. In addition to
considering the possibility of each nurse being present in the relevant shift, her confidence in the selected shift
is also questioned. Thus, in the second objective function, it is tried to select shifts that ensure the presence of
people in that shift is higher. In addition, by using the model’s limitations, the nurse’s assignment to a shift
that ensures its presence in the relevant shift is less than the value of the parameter u is avoided. Accordingly,
nurses’ preferences are received as zero and one for each shift during the course. The first objective function
tries to increase nurses’ satisfaction by applying their preferences. One of our main challenges was interviewing
each nurse and receiving preferences, and ensuring their presence in work shifts during the 28 days.

Therefore, after the interview and completing the questionnaire for each nurse, their preference and level of
confidence to attend each shift have been determined. In addition, another of our challenges was ranking nurses
and using each individual’s ranking coefficients to apply preferences in the first objective function. We also first
collected information about nurses’ performance appraisals during one period and then used this information
to schedule work shifts in the next period.

The rest of the paper is organized as follows. In the second section, the studied research in the presented
field is stated. The third and fourth sections examine problem description, mathematical modeling, and research
methods. In the fifth and sixth sections, the implementation results and analysis of the sensitivity of the proposed
model are evaluated. Finally, the conclusion and future works will be examined.

2. BACKGROUND OF STUDY

Studies have proposed various definitions for staff scheduling, including nurse scheduling. Burke and Soubeiga
[11] defined staff scheduling as assigning the right staff to the correct positions at the right time to achieve the
internal and external organizational goals. In other words, staff scheduling was the process of the assignment
of limited resources over time to achieve a balance between staff requirements and their duties [39]. Demand,
internal rules, external rules, and quality dimensions are four elements to be considered in regulating an effective
and efficient program [20]. Despite many studies on nurse scheduling, it is done manually in many hospitals.
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Among these manual methods are the periodical and rotational methods. The introduction of operational
research in health dates back to 1950 [24].

Many studies have been conducted on nurse scheduling since 1970. Maier-Rothe and Wolfe [32] were two
pioneers in studying this field. A nurse was assigned only one shift per day in their nurse scheduling solution.
The aim was to minimize the total number of nurses. Alharbi [4] tried to maximize nurses’ preferences by
implementing a mathematical model. In this model, annual holidays, weekends, and other nurses’ preferences
were considered. Guo et al. [19] first obtained the number of patients (demands) using the time series model
and then obtained the required number of nurses. They planned a new shift for one week for ten head nurses,
ten senior nurses, and six ordinary nurses. They also obtained the demand through the queuing theory and
based on patients’ waiting time. The algorithm proposed can dynamically arrange the nurses’ desired shifts
and effectively manage patients’ waiting times. It was also revealed that varying shift times could affect nurses’
productivity and job satisfaction [36,38] and negatively affect them [44]. As a result, to reduce these adverse
effects, various approaches (e.g., fuzzy approach) and models have been developed to solve the nurse scheduling
problem mentioned below [43]. The improvement of equity and justice in nurse shifts can be observed [23]. They
used the metaheuristic algorithm of SSP to solve the model. The results showed that this algorithm was faster
and more flexible than particle swarm optimization.

Zanda et al. [53] performed a long-term (i.e., one year) nurse scheduling in the Surgery Unit of the Cagliari
Hospital, Italy, proposing a decision-making support system. They used a linear integer programming approach
with some one-month sub-periods. In their model, nurse transfer from other units was acceptable in demand
coverage but did not correspond to penalty. Mohammadian et al. [35] used a goal programming approach for
nurse scheduling in the Emergency Unit of the Bagiyatallah Hospital in Tehran. They scheduled 28 days for 27
nurses.

In the relevant model, seven goals were considered at the end of the solution, three ideals (share, order,
and isolation of work shifts) in total. Four ideas, including nurses’ satisfaction, number of working days, days
off, and limited resources, are considered. The results showed that scheduling had increased work fairness and
improved nurses’ performance and satisfaction. Additionally, the nurses were scheduled in the probability space
using dynamic planning and combining the branch and price algorithms with the matching neighborhood search
algorithm by Legrain et al. [29]. In their model, the primary-secondary algorithm-generated candidate programs
for the current week and the sample average approximation algorithm selected the best-generated programs.
Numerical results showed that their algorithm could perform well for 4-8 weeks and up to 120 nurses. They
recruited 120 nurses for four shifts of 8 weeks. One of their innovations was considering each nurse with specific
requirements (such as contract type, preferences, and skill level). They also considered many of the restrictions
(such as the number of nurses required for each shift and their preferences) in the form of soft restrictions (with
fines for exceeding the allowable limit).

Svirsko et al. [47] presented how to plan their paradigm. In fact, unlike a manager or decision planner as
to who works at what time, the responsibility of creating the group’s program will be assigned to the nurses
themselves. Instead of having a manager or schedule to decide who works at what time, the shifts available
to the nurses selected and exchanged are combined with mathematical modeling. They set the 8h and 12h
blocks to deliver the nurses’ timing. In their model, each nurse on every shift could have time to meal without
problems. They were aimed at making minor changes in the planned blocks.

Hamid et al. [21] considered human factors such as skill, preference, and adaptation, nurses scheduled nurses
in Tehran hospitals. Their goals include minimizing total staff costs, minimizing inconsistencies between nurses’
decisions to be on the same work shift, and maximizing the total nurses’ preference. They used the three
metaheuristic algorithms to solve their model, including multi-objective Keshtel algorithm, non-dominated
sorting genetic algorithm II, and multi-objective Tabu search. The data envelopment analysis method was
also used to rank Pareto solutions. Implementing the proposed program improved the job satisfaction and
human errors of nurses. Schoenfelder et al. [42] developed a new approach and presenting a possible multi-stage
model. They scheduled the nurses. Their goal was to reduce patient response time, manage patient demand
fluctuations, and ultimately improve hospital performance. They looked at information from three hospitals
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in the United States. They concluded that a combination of using multi-skilled nurses and transferring some
patients to similar wards could lead to better performance. Their model increased hospital costs in the planning
phase but improved hospital performance. Uhde et al. [50] investigated the concept of justice between shifts and
the mechanisms of practicing it. Their findings showed that nurses’ occupational equity is not equal to justice;
instead, achieving justice needs more endeavors.

Fathollahi-Fard et al. [17] proposed bi-objective home healthcare for scheduling and routing problems based
on uncertain patients’ satisfaction. They provided two objectives, including minimizing the total costs and
maximizing the patients’ satisfaction. Additionally, they developed a new algorithm called adaptive memory
social engineering optimization (AMSEO) and utilized simulated annealing and NSGA-II algorithms to solve
their model. Goodarzian et al. [18] developed a bi-objective home healthcare network considering route balancing
and working time. They considered two objectives, including minimizing the total costs and the total service
time. Also, they used several meta-heuristic algorithms to solve their model, including the firefly algorithm,
artificial bee colony algorithm, and social engineering optimization algorithm. In addition, they developed a
new algorithm called improved social engineering optimization (ISEO) for the first time. Amindoust et al. [5],
considering the fatigue factor in nurses, scheduled the nurses in the hospitalization ward of 19 patients in 19
hospitals in Isfahan province in Iran. Their goal was to schedule nurses to minimize fatigue from patient care
in the event of a Covid 19 pandemic. They used a hybrid Genetic Algorithm (GA) to solve the model, which
showed that the situation was better than before planning.

Jafari et al. [26] presented a two-objective model and took into account the preferences of nurses in a fuzzy
way, scheduled nurses. Their goal was to maximize nurses’ preferences for work shifts as well as weekends. Also,
they presented uncertainties in worshipers’ preferences using fuzzy modeling based on Werner’s fuzzy approach.

Nasir et al. [37] represented a rotational periodic scheduling model by using ideal planning. Their study was
performed on nurses in the CCU ward of Shah Alam Hospital in Malaysia, that the model provided a fair
schedule for 15 nurses in 15 days. Also, the pattern was then rotated among all nurses for 225 days. Also,
Ariyani et al. [6], obtained the optimal number of nurses required for each work shift using ideal planning and
solving it with Lingo software.

Many factors affect nurses’ job satisfaction, including organization and nurse shifts, as essential factors [40].
One of the most critical issues in nurse scheduling is paying attention to nurses’ needs, demands, and preferences
in general. Paying attention to nurses’ preferences directly affects their satisfaction and productivity. The nursing
staff’s suitable performance directly affects the enhancement of hospital productivity and patient satisfaction
[3].

Researchers have used similar methods to increase nurses’ satisfaction and apply their opinion. Including
considering the preferences of nurses as general equality for all [4, 15, 35], balancing and equalizing working
hours [2], equality of the number of work shifts, and shutdown shifts [13,29, 30].

Our approach in this study is to apply nurses’ preferences for working days and holidays based on justice.
Based on the higher rank of each nurse, more attention is paid to her experiences. Each nurse gets a specific
rank based on the evaluation of the previous period’s performance based on the higher rank of each nurse, and
more attention is paid to her experiences. In this way, unlike previous research, justice makes sense instead of
equality.

In this study, a two-step approach has been used to schedule nurses in the emergency department of Kamkar
Hospital in Qom province. In the first stage, using expert opinions and previous research in evaluating the
performance of nurses, we have collected indicators related to the ranking of nurses. Using the fuzzy TOPSIS
method and periodic information, nurses are ranked based on their monthly performance. Also, the nurses’
confidence in the selected shifts based on the Z-number method is received at this stage. Z-number has been
used in this study to obtain the reliability of these numbers in addition to nurses’ preferences. In fact, in addition
to expressing their opinion better, each nurse can express his/her opinion. Finally, reliability can be considered
one of the model’s essential inputs. Therefore, it can be concluded that by considering reliability as an input,
the reliability of the results increases and can be more useful in natural environments. By reviewing the research
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done in this section and the explanations given in the previous section, including the contributions of this paper,
the following can be mentioned:

— Applying nurses’ preferences based on the ranking obtained from performance appraisal.
— Considering ensuring attendance at work shifts based on the Z-number method.

— Using scheduling nurses’ work shifts based on justice.

— Suggesting a real case study to validate the proposed model.

3. PROBLEM DESCRIPTION

In this study, we scheduled nurses’ work shifts in the emergency department of Kamkar Hospital in Qom
province. The hospital has a kindergarten where some female nurses take their children to the kindergarten
during work shifts. The capacity of the kindergarten for nurses in various departments, including the emergency
department, is known and limited. Also, according to the hospital rules, some work shifts require at least a
certain number of female nurses. Therefore, according to the existing structure, we considered nurses in three
categories: men (i), women without children (j), and women with children (k). Work shifts are in three shifts:
morning, evening, and night; according to the hospital rules, the calculated working hours are 6-6-19. During
the conversations with the nursing unit and me nurses, the following vital problems in the nurses’ scheduling
process were identified:

Manual arrangement of nurses and the time-consuming process for scheduling the nursing unit.
Lack of transparency in the type of nurses’ arrangement in different shifts.

— Nurse’s protest and satisfaction reduction for not observing justice.

— Numerous unplanned absences of nurses during the course.

According to the above, we first ranked the nurses based on their performance in the previous period. The
criteria for ranking were done through interviews with experts and also using past research. Then, the criteria
were weighted through the hierarchical analysis technique, and ranking was done through the fuzzy TOPSIS
technique. Thus, the rank of each nurse was obtained (p;,p;,pr). In addition to considering the possibility of
each nurse being present in the relevant shift, their confidence in the selected shift is also questioned.

The second step introduced the hospital’s policies and rules as a constraint in the relevant mathematical
model. Restrictions such as:

— Prohibition of three consecutive night shifts.

— Prohibition of consecutive night and morning shifts.

— Minimum and maximum total working hours allowed during the course for each nurse.

— Maximum number of nurses allowed with children to be accommodated in each shift (based on the kinder-
garten capacity for the emergency department).

— The minimum acceptable confidence level for shift assignment.

The parameter p is determined by the head nurse. This parameter indicates the minimum and maximum
acceptable level of confidence (from zero to one hundred percent) for placement in work shifts. In our model p
was considered equal to 50%. The level of confidence of each nurse to be in various work shifts (S;a, Ojar, Thar)
is obtained from each nurse through a questionnaire based on the Z-number method.

For example, if the ith nurse confidence level for a work shift [ on day d is 0.4 (S;qi = 0.4), constraint (3.22)
does not allow the nurse to be hired for the shift. Also, the preferences (favorable and unfavorable) of the nurses
for being in various work shifts (fiar, fjdr, fwar) were obtained through a questionnaire in the form of zero and
one. The number one indicates the willingness, and the zero indicates the nurse’s unwillingness to work shifts.

The first objective function of the problem seeks to increase the satisfaction of nurses by applying preferences
(favorable and undesirable) based on the rank of each nurse. The higher the rank of a nurse, the higher will be
the application of his preferences. m; and undesirable preferences with weight mo. These weights are between
zero and one, and their sum is equal. In our model, based on the opinion of the head nurse, both were equal
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to 0.5. The second objective function seeks to select shifts where the nurse is more confident of attending those
shifts. Thus, by presenting these innovations, we could solve the emergency department’s fundamental problems
in scheduling nurses’ work shifts to a large extent and increase nurses’ satisfaction.

The model assumptions are as follows:

The weight of undesired and desired preferences is determined.

The capacity of kindergarten is determined.

The shifts are considered as morning, evening and night.

— Female nurses are divided into two types with child and without child.

3.1. Parameters

Ca The capacity of kindergarten in Shift [ on day d

I The minimum acceptable confidence level for shift assignment

T Weight of desired preferences

D) Weight of undesired preferences

Di The rank of ith nurse (It has been got from the Topsis-Fuzzy method)

Dj The rank of jth nurse (It has been got from the Topsis-Fuzzy method)

Pk The rank of kth nurse (It has been got from the Topsis-Fuzzy method)

Sidi The ith nurse is confident of being on Shift [ on day d (It has been got based on the Z-number
method and interviewing each nurse)

Ojal The jth nurse is confident of being on Shift [ on day d (It has been got based on the Z-number
method and interviewing each nurse).

Trar kth nurse is confident of being on Shift [ on day d (It has been got based on the Z-number

method and interviewing each nurse).

fiar = { (1) ith nurse prefers Shift [ on day d

fiar = { 1 jth nurse prefers Shift [ on day d

Trar = {(1) kth nurse prefers Shift [ on day d

3.2. Decision variables

Xia = { (1) It is one if the ith nurse is on Shift [ on Day d; otherwise, it is 0

Yia = {(1) It is one if the jth nurse is on Shift [ on Day d; otherwise, it is 0

Zql = {(1) It is one if the kth nurse is on Shift [ on Day d; otherwise, it is 0

3.3. Mathematical model

3.8.1. Indices

i=1,2 T Male nurse
J ...,J  Female nurse without a child
k=1,2,3,...,K Female nurse with a child
d , D
l

w

Working days
=m,e,n Morning, evening, and night shifts

maximize Z; = m; ZZZFidlXpiXXileFZZZFjdLijXdeLJFZZZdelkaXdel
i 4 1 74 1 [
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+m2 | D DY (1= Fiar) x (—pi) ><de1+222 (1= Fja) x (=p;j) x Yjai
d
+ 222(1 — Fyar) X (—=px) X Zgar | - (3.1)
K d 1

Equation (3.1), representing the first objective function, aims to demonstrate desired and undesired nurses’
preferences obtained from their performance evaluation. In this equation, the importance of desired and unde-
sired preferences can be changed by altering coefficients of 7y, 5.

maximize Zoy = ZZZSMH X Xia + ZZZOjdL X ijdL + ZZZtde X Zrdi- (32)
i d l 7 d l k d l

Equation (3.2) represents the second objective function. This equation seeks to improve the model’s certainty
based on the selected shifts and reduce chaos during the period.

( 1d+1m+den)<]- Viadam (33)
( jd+1m+Y3dn)<1 Vjadaman (34)
(Zk d+1,m +den) <1 Vk,d,m,n (35)
( zdn+de+1n+de+2n)<2 Vi,d,n (36)
(jdn+}/jd+1n+)/jd+2n)<2 Vj,d,’fl (37)
(Zr,dan + Zdarin + Zrdr2n) < 2 Vk,d,n (3-8)
( 1de+den)<1 Viadaevn (39)
(Yae + Yjan) <1 Vj,d,e,n (3.10)
(dee+den) <1 Vk,d,e,n (3.11)
8<> Xidam+ > Yiam+ Y Zram <10 vd, m (3.12)
i j k
7< Z Xide + Z Yjde+ Z Zide <9 Vd, e (3.13)
i j k
7<) Xian+ Y Yidn+ ) Zian <9 vd, n (3.14)
i j k
Z }/j7d7m + Z Zk:,d,m > 2 Vda m (315)
j k
Z Yjde+ Z Zrde > 2 vd, e (3.16)
a k
> Yian+ Y Zrdn > 2 vd,n (3.17)
j k
176 < (6Xi am + 6Xiae + 19X an) < 352 Vi, m,e,n (3.18)
d
176 < (6Yj.a.m + 6Yj.ae + 19Yj.4n) < 352 Vi, m,e,n (3.19)
d
176 <> (6Zkdm + 6Zk.a.c + 19Zk.an) < 352 Vk,m,e,n (3.20)
> (Zkap) < Cay vd, 1 (3.21)

k
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Si,d,l > X Xi,d,l Vi, d,l (322)
Oj,d,l Z X Y}',d,l Vj, d,l (323)
ﬂyd»l 2 X Zk,d,l Vi, d,l (324)
Xia € {0,1},Yjq € {0,1}, Zrar € {0,1} Viel,jeJ ke K,de D,l €{1,2,3}. (3.25)
Constraint (3.3) shows that a male nurse cannot work the morning shift after the night shift. Constraint (3.4)

indicates that a female nurse cannot work the morning shift without a child after working the night shift.
Constraint (3.5) displays that a female nurse with a child cannot work the morning shift after the night shift.
Constraint (3.6) assures that a male nurse is not arranged to work three consecutive night shifts during the
same working period. Constraint (3.7) assures that a female nurse is not arranged to work three consecutive
night shifts during the same working period without a child. Constraint (3.8) assures that a female nurse with
a child is not arranged to work three consecutive night shifts during the same working period. Constraint (3.9)
indicates that a male nurse is not arranged to work two consecutive evening and night shifts in the same working
day during the same working period. Constraint (3.10) assures that a female nurse is not arranged to work two
consecutive evening and night shifts in the same working day during the same period without a child. Constraint
(3.11) shows that a female nurse with a child is not arranged to work two consecutive evening and night shifts
in the same working day during the same period. Constraint (3.12) illustrates the minimum and the maximum
number of nurses needed in each morning shift. Constraint (3.13) shows the minimum and the maximum number
of nurses needed in each evening shift. Constraint (3.14) represents the minimum and the maximum number
of nurses needed each night shift. Constraint (3.15) shows the minimum number of female nurses (with and
without children) on the morning shift. Constraint (3.16) displays the minimum number of female nurses (with
and without children) on the evening shift. Constraint (3.17) shows the minimum number of female nurses (with
and without children) on the night shift. Constraint (3.18) indicates the minimum and maximum hours allowed
for a male nurse to work. Constraint (3.19) shows a female nurse’s minimum and maximum hours to work
without a child. Constraint (3.20) shows a female nurse’s minimum and maximum hours to work with a child.
Constraint (3.21) shows the maximum number of nurses, with a child, in each shift based on the kindergarten’s
capacity (for the emergency department). Constraint (3.22) assures the minimum confidence interval of each
male nurse’s assignment to shifts is through u. Constraint (3.23) assures the minimum confidence interval of
each female nurse’s assignment, without a child, to shifts is through p. Constraint (3.24) assures the minimum
confidence interval of each female nurse’s assignment, with a child, to shifts is through p. Constraint (3.25)
states the type of decision variables of the current model. In addition, you can see the conceptual model in
Figure 1.

4. METHODOLOGY SOLUTIONS

This study used a two-stage approach for nurse scheduling in the Emergency Unit of Kamkar Hospital of
Qom, Iran. First, experts’ opinions and previous studies on nurses’ performance collected nurse rating criteria.
The nurses were then ranked based on their monthly performance using the fuzzy TOPSIS method.

In this stage, the nurses’ certainty of the assigned shifts is measured using the Z-number method. Z-number
were used in this study to obtain the nurses’ preferences and the reliability of their Z values. In fact, in addition
to a better expression of his/her opinion, each nurse can express his/her certainty of opinion. Finally, certainty
can be regarded as an essential input of the model. In conclusion, the results’ reliability was improved by
considering it as an input, making it more applicable in real environments. This method is explained further
below.

4.1. Z-number method

Zadeh [52] introduced Z-number to calculate uncertain data. Z-number is the ternary fuzzy level and entails
general data limitation principles, which refers to the range of values a variable can take. A Z-number has
two components of Z = (A, B). The first component (A) represents the fuzziness of a variable and the second
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FIGURE 1. A conceptual model.

component (B) represents the restriction on the reliability of A. A Z-number is introduced with three components
(X, A, B), in which X is an uncertain value, a refers to the value of X, and B refers to the degree of certainty
in X = A. In classical fuzzy numbers, counters only include Set A, and it is believed that Z belongs to Set
A, whereas, in a Z-number, Z belongs to set A with a degree of certainty, represented by B. The degree of
uncertainty refers to trust, certainty, degree of trust, probability, feasibility, etc. Therefore, reliability in a Z-
number can be represented in the definite, probable, or feasible form. A Z-number is more capable than a fuzzy
theory representing human knowledge and dealing with functional uncertainty [1,51]. Soroudi and Amraee [46]
investigated different uncertainty modeling approaches and showed that a Z-number is more capable than other
methods. For the first time [7] combined Z-number results with DEA. In their model, the inputs and outputs of
DEA are obtained from experts in the form of Z-number. This way, they could reduce uncertainty, one of the
most critical issues in many real problems.

4.1.1. Conversion of Z-number into Fuzzy numbers

Assume that (Z =A+ B) is a fuzzy number:

B= {x,ué(xﬂx € [0, 1]} (4.1)

Based on B. It is a triangular fuzzy number. It can be written as equation (4.2).

Brrn(Rn) = TFN(OZ,ﬂ, ’Y) (42)

Next, the fuzzy number B. According to equation (33) of Hu and Liao [23] is converted into an absolute

number.
atfty

if B=TFN(a,f,7) = B = ;

(4.3)

Equation (4.4) converts Z-number into a fuzzy number [27].

it A, () = TFN (0’4, 3, &)
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TABLE 1. Expressive constraints on the possibility of attending work shifts.

Fuzzy number Expressive variable

(0.25,0.00,0.00) Infeasibility
(0.50,0.25,0.00) Very low

(0.75,0.50,0.25) Low
(
(

1,0.75,0.75) High
1,1,0.75) Very high

TABLE 2. Expressive constraints on certainty about selecting shifts.

Fuzzy number Expressive variable
(0.7,0.6,0.5) Likely
(0.85,0.75,0.65)  Usually

(1,1,0.8) Sure

7= TFN(\/EQ, VB3, \/ES). (4.4)

Finally, each fuzzy number is converted into an absolute number using equation (4.5) [23].

if 7 = TEN(VBa,VBS, VBs) = 7 = VBa \/fﬂ + VS, (4.5)

The expressive constraints on the feasibility of existing relationships based on Chang et al. [12] can be seen
in Table 1. The expressive constraints and cross-fuzzy numbers have been used [7] (see Tab. 2).

Accordingly, through interviews with each of the nurses, we got their confidence level for working shifts
through the Z-number method.

4.1.2. Nurse rating criteria

Obtaining appropriate criteria for ranking nurses was done through interviewing experts’ opinions and relevant
literature. For example, Meghdad et al. [33] extracted the indices of performance evaluation based on the 360-
degree model, including head nurses, colleagues, nurses, patients, and their companions, in a study conducted
in a hospital affiliated with the University of Medical Sciences of Kashan. The selected criteria and sub-criteria
were:

(1) Personality characteristics: honesty, interest, sense of compassion, control emotions, and prioritizing orga-
nizational interests to self-interests.

(2) Human skills: good relationship with patients, educating patients, protecting patients’ privacy, treating
colleagues respectfully, and cooperating with colleagues.

(3) Conceptual skills: decision-making in uncertain space, adaption with changes, identification of weaknesses
and strengths, creativity, and innovation.

(4) Rules and Regulations: introducing patient to auxiliary nurse, wearing uniform properly, paying attention
to patient safety, and checking up the patient regularly.

(5) Technical skills: working with medical equipment, taking medical measures properly, and documenting
patient’s history.

Among five sets of evaluation criteria, “human skills” obtained the highest score, and among the sub-criteria,
“good relationship with the patient” and “cooperation with colleagues” obtained the highest scores. Because
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TABLE 3. Values of preferences in pairwise comparison.

Preferences Numerical value
Completely preferred, completely more important, or completely higher utility 9
Very high preference, importance, or utility 7
High preference, importance, or utility 5
Low preference, importance, or utility 3
Equal preference, importance, or utility 1
Preference between these values 2,4,6,8
TABLE 4. Range of priorities, fuzzy TOPSIS.
Row  Priorities The fuzzy equivalent of priorities
Low threshold (L) Moderate threshold (M) High threshold (U)
1 Very weak 1 1 3
2 Poor 1 3 5
3 Moderate 3 5 7
4 Good 5 7 9
5 Very good 7 9 11

performance appraisal criteria can be different from organization to organization. Therefore, we considered
conditions of the emergency department and, using questionnaires and interviews with the nursing unit, removed
some of the criteria presented in the research of Meghdad et al. [33] and integrated some of them. Thus, the
final list of criteria was determined as follows:

— Being honest.

— Having interest, compassion, and patience.

— Treating patients properly.

— Treating patients respectfully and cooperating with colleagues.

— Checking patients regularly.

— Having a neat and clean appearance (uniform, compliance with regulations, etc).

— Having skill in working with medical equipment and taking proper medical measures.
— Documenting patient’s history.

4.1.8. Giving weight using AHP

Saaty [41] developed the hierarchical analysis method. This technique is a powerful and flexible multi-criteria
decision-making method that can solve complex problems at different levels. The hierarchical analysis is a
decision-making method that highlights the importance of intuitive judgments of a decision-maker and stability
of comparison of alternative options in the decision-making process. Table 3 was used to create a pairwise
comparison matrix.

4.2. Rating nurses using fuzzy TOPSIS

Fuzzy TOPSIS, developed by Hwang and Yoon [25], is a well-known and highly applicable multi-criteria
decision-making method used to rate items in a fuzzy environment. To complete the fuzzy decision matrix, a
five-point Likert scale (see Tab. 4), anchored from “very weak” to “very good,” can be used.



3328 M.J. PAHLEVANZADEH ET AL.

4.3. Epsilon-constraint

Optimization refers to finding one or more feasible solutions that comply with the ultimate values of one or
more objectives. A standard method to obtain an effective boundary is the epsilon-constraint method. In this
method, an objective function is considered the primary objective function, and other objective functions are
limited at an acceptable threshold value. The value may change to produce Pareto solutions. The decision-maker
makes this change to generate Pareto solutions.

An epsilon-constraint method is a well-known approach for dealing with multi-objective problems, which
solves such problems by transforming all objective functions, except one, to the constraints at each stage [16].
The Pareto front can be made using the epsilon-constraint method.

min fi(x) (4.6)
reX (4.7)
f2(z) < ez (4.8)
fulz) <ep. (4.9)

Stage of epsilon-constraint method

(1) Selecting one of the objective functions as the primary objective function of the problem.

(2) Solving the problem based on the selected objective functions and obtaining the optimal values of each
objective function.

(3) Dividing the range between two optimal values of secondary objective functions into a specific number
and forming the return table for (determining the optimal values of the objective functions for a different
solution).

(4) Solving the problem using the primary objective function with each value.

(5) Reporting obtained Pareto solutions.

In the epsilon-constraint method, the first objective function is the primary objective function, and the second
is the secondary objective function. Then, two failures were considered for each objective. In total, a maximum
of 4 Pareto points was generated for each problem. The best optimal solution for the objective function can be
found among the Pareto points of the epsilon-constraint method.

5. CASE STUDY: EMERGENCY UNIT OF KAMKAR HOSPITAL OF QOM

This section addressed a two-stage approach to nurse scheduling in the Emergency Unit of Kamkar Hospital
of Qom, Iran. In the first stage, the head nurse’s recorded information and opinions in the previous period were
used to rate nurses based on their performance evaluation using a hierarchal analysis method. Moreover, nurses’
shift preferences were evaluated based on the nurses’ score in Questionnaire 1 in Appendix (0 = dissatisfied
with the shift and 1 = satisfied with the shift). In addition to each nurse’s satisfaction with the shift, the degree
of his/her certainty was measured using the questionnaire’s expressive constraints (Tabs. 1 and 2). These were
used as the model’s input in the second stage.

Kamkar-Arabnia Hospital is one of the old hospitals in region 7 of Qom Province. Since the hospital is
located in the central area of Qom and near the Fatima Masumeh Shrine, it has especially important. This
hospital’s emergency unit comprises 36 nurses (18 male nurses, 11 female nurses without a child, and seven
female nurses with a child) providing around-the-clock nursing services. The one-month shift schedule had been
manually generated before applying the model. This conventional scheduling method was accompanied by many
problems for this unit, particularly for the head nurse. Some of the most significant challenges are:

— The majority of nurses complained about the arranged shifts.
— We are creating a sense of discrimination among nurses concerning scheduled shifts.
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FINAL WEIGHT
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o 0 patient
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13%
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and taking medical
measures respecting
0,
29% colleagues and
cooperating with
them
Grooming 15%
appearance Regular patient
(e.g. using uniform) check up

6% 13%

F1GURE 2. The final weight of criteria.

Chaos during the planning period due to emergency absences.

— Nurses’ dissatisfaction subsequently reduced patients’ and others’ satisfaction and reduced the whole system’s
productivity.

— The time-consuming process of manual nurse scheduling is typically done during the last few days of each
month.

— The reluctance of nurses towards higher performance due to discrimination.

The researcher extracted nurse performance evaluation criteria and sub-criteria through interviewing experts
(doctors, nurses, and head nurses) and reviewing the literature to improve the conditions. Further, AHP and
expert interviews (second questionnaire) were used to obtain the criteria’ weight (see Fig. 2).

At the end of each period and after completing each nurse’s information, the nurses were rated based on their
performance in the previous period using the fuzzy TOPSIS. Moreover, each nurse’s preferences and certainty
regarding their arranged shifts were collected using Questionnaire 1. As was explained, each nurse’s collected
opinions concerning scheduled shifts are based on the Z-number method, consisting of both a feasible shift and
certainty. Finally, the opinions were converted into final numbers and inputted into the model using the fuzzy
TOPSIS and Tables 1 and 2.

5.1. The results of the proposed model

Given the problem’s dimensions, the mathematical model generated an optimal result in less than one minute
(CPU: Core i7, 2.4 GHz; Ram: 8 GB). The epsilon-constraint method was used to solve the model. Figure 3
shows the results from objective functions for various iterations.

Moreover, the results from solving the model and shift assignments in the first, second, third, and fourth
weeks are presented in Table 5.

5.2. Sensitivity analysis

To validate the parameters of the model and their impacts on the objective functions, some sensitivities are
carried out.
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FIGURE 3. Values of the objective function for various iterations.

5.2.1. Sensitivity analysis on w1 and 7

In the first objective function, 71 and 75 show the importance of considering desired and undesired preferences,
respectively. The values of the objective function for m; = 7 and 27w = 7y are presented in Figures 4 and 5,
respectively.

According to the pattern of changes in the objective function, the first objective function’s value reduces
some iterations and increases some other iterations by increasing the coefficient of undesired preferences. These
changes largely depend on curses’ competition to avoid a specific shift.

5.2.2. Sensitivity analysis of confidence level (1)

In this sub-section, with increasing the coefficient of p in the constraints, the model is optimized to avoid
scheduling at a confidence level lower than p. The values of the objective function after solving the problem
with 4 = 0.2 and p = 0.6 are, respectively, presented in Figures 5 and 6.

According to the trend of changes of p, the values of the first and second objective functions increase with
increasing this parameter; however, the effect of this increase on the second objective function is significant
because of the increased confidence level of the model. Given that nurses reported a higher confidence level
when satisfied with their shift, a slight increase in the first objective function is justified. Moreover, the model
becomes infeasible at values higher than p = 0.65.

6. MANAGERIAL INSIGHTS

Based on studies in scheduling nurses’ work shifts, most articles have proposed a mathematical model to
optimize nurses’ work shifts. The general attitude in these studies has been to observe hospitals and medical
centers’ rules and policies. Most of them have not considered nurses’ preferences, or if they deal with this issue,
they have sought to create conditions for creating equality between nurses. In general, the following items have
been included as indicators of creating equality between nurses in research:

An equal number of night shifts.

— The number of weekends is equal.

— The total number of shifts is equal.

— Observe the preferences of nurses equally for all of them.

Previous studies have shown that increasing nurses’ satisfaction depends on applying their preferences regard-
ing favorable and unfavorable work shifts during the planning period. However, in studies conducted in this
field, such as the research of and face-to-face interviews with the nurses of the mentioned hospital, it was found
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TABLE 5. Results from assigning nurses to various shifts.

Personnel First week

number 1 2 3 4 5 6 7
1 M M&N  E

2 M M&E N E M&E
3 M&E E M N E
4 N M&E M M M
5 M N N E
6 M E M M

7 M E N N M
8 M&E M&N E E
9 E N E E N
10 N N E

11 M M M
12 E N E
13 M M

14 M M&N E E

15 E M E

16 N

17 E N

18 M M&N

19 E M M&N M M
20 E N E N N E
21 E E M

22 N M&N

23 N E M N

24 N N E E M
25 M&E N N
26 N E E

27 N E M&N N
28 M M N

29 E M N N
30 E M M&E M M
31 N E M&N

32 N N M N
33 M M

34 N N M&E  M&E
35 M M N N
36 M&N  E M E N

that the equality of nurses’ preferences does not necessarily increase their satisfaction. The concepts of justice
and equality of work are different from each other. One way to apply justice in nurses’ work shifts is to prioritize
nurses’ preferences based on their performance. Thus, in this research, according to previous research as well
as interviews with experts, we proceeded to extract appropriate criteria for ranking nurses. Then, using the
hierarchical analysis technique and expert opinions, the weight of the criteria was determined. Using the fuzzy
TOPSIS technique, each nurse’s rank was determined at the end of the course.

In this step, we received information about nurses’ presence in work shifts using the Z-number method to
prevent accidental absences. Selected shifts can be more reliable.
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TABLE 5. continued.

Nurse Second week

number 1 2 3 4 5 6 7
1 E M E E
2 M E M M
3 N N M&N M
4 M&E M M N

5 M N N

6 M N E M&N E E
7 M&N M&E E

8 E M M

9 N M&E M
10 M&E N E E
11 M M N N

12 M M N N E
13 E M&N M M
14 N N N

15 N M&E M
16 N E N N
17 E N E M&N
18 M&N M&N N
19 N E M E

20 N E M

21 M&E M&N N

22 N M&N  E

23 M M&E

24 M&E M M E N

25 E E M M

26 E N N

27 E M&E N M N
28 M M N M

29 E E N M&E
30 M E E E
31 M E E

32 N M N M
33 M&N E M E
34 M N

35 E N M&E M&N
36 E M N

In the second stage, we modelled the problem based on the policies and rules of the hospital. To increase
nurses’ preferences based on justice and reduce accidental absences during the planning period, we used the
Epsilon constraint method and GAMS software to solve the model.

Thus, according to the above, we could take positive steps to solve the emergency department of Kamkar
Hospital’s emergency department in Qom province. Confidence decreased when nurses chose shifts.

7. CONCLUSION

This study addressed nurse scheduling in the Emergency Unit of Kamkar Hospital, Qom. Among the most
important challenges facing this emergency unit before applying the model were:

— Nurses’ complaints about injustice concerning scheduled shifts.
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TABLE 5. continued.

Nurse Third week

number 1 2 3 4 5 6 7

1 M&N N

2 N E E M&E
3 N E

4 N N E M M&E M M&N
5 N N E

6 M N N E N E
7 E N E E
8 N E M

9 M&E M&N

10 M&E M N N

11 M&E  M&N M&E M
12 M M N M&E E
13 E M M M N
14 M N

15 E M M N

16 N N
17 M&E M&N
18 M&E N N

19 M N N

20 M&N  E N
21 M M E M

22 M E E N

23 M M&N N N
24 M M&E M E

25 N N E
26 E N M&E
27 E

28 M M&E  E

29 E M&N M

30 E N M&E

31 N N E

32 E E M&E

33 N N E M&E M M&E
34 M E N N M
35 E M&E  E M&N

36 N M

— Nurses’ dissatisfaction to enhance their performance quality.

— The nurse scheduling system’s lack of clarity results in discrimination among them.

— The time-consuming process of nurse scheduling and related problems for the head nurse.

Problems associated with frequent nurse absenteeism because of emergency issues during the period.
Reduced productivity of the nursing system and subsequent productivity of the whole system.

To improve the issues mentioned above, nurses were rated based on their performance evaluation. The desired
criteria for performance evaluation were obtained using the questionnaire and literature and its comparison with
the existing system.

The criteria were given weight by experts using hierarchical analysis. Moreover, nurses were rated using the
fuzzy TOPSIS. In this way, the application of desired and undesired preferences of each nurse depends on their
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TABLE 5. continued.

Nurse Fourth week

number 1 2 3 4 5 6 7
1 N E N M&E

2 N E M

3 M E E
4 M M&E E
5 M&N E M
6 M M

7 M&E M&E M

8 E M N N
9 N

10 E M

11 M E E E E M
12 M&E M M
13 E M M&N M&E N
14 N N N
15 M&N  E M N

16 N N N
17 E N M

18 E E M
19 M M N N

20 N E N M&N
21 M M&E N M&N M
22 M M&N N
23 E M&E M&E

24 N E E

25 E M M N E E
26 N M&E N E
27 M M N

28 M M&N N N E
29 N M&E E

30 E N E
31 N M N N
32 M&E N E M&N

33 E M M&N
34 E E M&E

35 M M E
36 N N M M

rate in the previous period. In this way, the desired and undesired preferences application system was clarified,
reducing complaints. Also, using Z-number improved the certainty of nurses given the selection of shifts, reducing
absenteeism.

Changes in the model’s input parameters can lead to better or worse results. This model has two primary
objectives; this sector investigated the sensitivity analysis of the model’s input parameters and the effects of
these changes on these objectives. Also, we analyze the results of the running model on the nursing unit, nurses,
patients, and physicians.
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FIGURE 6. Values of objective functions at m = 0.6.
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7.1. Nursing unit

Before applying the model, nurse scheduling in this unit had been done manually by spending a lot of time
and money. The use of this model reduced complaints and scheduling time. According to the nursing unit’s
report, the number of nurses’ absences was reduced by 40%. Also, according to this unit report on the model
results, nurses’ complaints were reduced by 50%. Among the challenges facing this unit for better implementing
this approach was an appropriate evaluation of nurse performance in each period.

7.2. Nurses

One of the significant challenges facing nurses before using the model was the dissatisfaction with assigned
shifts and complaints about injustice. According to a survey of nurses after implementing the model, their
satisfaction has been increased by 30%. Furthermore, developing a transparent nurse scheduling system based
on the performance evaluation increased nurses’ motivation to achieve a higher rank at the end of each period.
How to evaluate the performance and rank obtained by nurses, including their ambiguities and questions after
implementing the model. To solving this problem, it was decided to provide more comprehensive information
about the rank obtained by each nurse by the nursing unit for the following courses.

7.3. Patients

Patients are among the groups that are indirectly affected by nurse scheduling. Fair scheduling increases
nurses’ satisfaction and service quality. Although reports indicate fewer complaints in the given period, this
approach’s effect should be investigated in the long run.

7.4. Physicians

Physicians are among the category directly affected by the nurses’ performance. Documenting patients’
history, regular check-ups, and relevant reports are among the nurse rating criteria. Increased satisfaction of
physicians was among other results of this study.

7.5. Future works
Also, future works can be considered below topics:

— Consider a mechanism to increase justice in work shifts (e.g., if the nurse’s rights are lost in one period, in
the period or periods to be compensated).

— Consider other goals such as reducing overtime, reducing costs based on different hospitals’ policies.

— Generalization of the issue to other wards of the hospital and integrated schedule of all nurses.

— Use innovative and meta-heuristic algorithms to solve large-scale problems.

— Apply new policies in case of unplanned absences.
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