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Abstract

Background and Objectives: In this paper, a real life nurse scheduling model is developed based on the condi-
tions in Iranian hospitals such as monthly shift rotation, consecutive morning and evening shifts, and consecutive
evening and night shift.

Methods: The developed model considers both hospital constraints and nurses’ preferences. Hospital con-
straints include assigning adequate qualified number of nurses to all working shifts and avoiding inappropriate
sequence of nursing shifts. Nurses’ preferences include the nurses’ monthly requests and observing the fairness
in ratio of work hours, off weekends, night shifts and undesirable shifts. A hybrid of lexicograph and weighted
sum method was used to solve the multi objective problem. The objectives were normalized and the importance
of the objectives was determined by the Analytical Hierarchy Process method. In this work, new conditions are
considered based on customized considerations. The model was evaluated by comparing the computationally
determined schedules with manually determined schedules.

Findings: Comparison of the manually and computationally determined schedules shows the superiority of
computer-based method over the manual method based on the scales of the hospital.

Conclusions: The study provides further support for the utility of sophisticated computational method in improving
hospital processes, which can ultimately translate into enhanced patient care and hospital performance.
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nurse in a specified period of time. The scheduling
must consider many constraints such as nurse de-
mands, hospital policies, work regulations, and nurs-
es’ preferences. Although Nurse Scheduling Problem
(NSP) has been under investigation for more than 40
years [1], it is still performed manually in many hospi-
tals. Nurse scheduling is a difficult and time-consum-
ing task. The time saved in scheduling can be used
for more important duties to enhance the quality of
the health care system.

The present work is concerned with solving NSP
based on the conditions in Iranian hospital such as
monthly shift rotation, consecutive morning and eve-
ning shifts, and consecutive evening and night shifts.
The problem is formulated as a quadratic multi-objec-

Background and Objectives

Hospitals and healthcare services work around the
clock without any holidays. These conditions have
impacts on nurses’ satisfaction and efficiency. Good
scheduling increases nurses’ satisfaction, and conse-
quently, improves the quality of health care. The situ-
ation is even more complicated in Iranian hospitals
where there is a shortage of qualified nurses, calling
for an effective allocation of human resources within
each hospital. The nurse scheduling process as one
stage in the process of human resource allocation
consists of assigning working and free shifts to each
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tive programming model. The weights of the objec-
tives are determined by the Analytical Hierarchy Pro-
cess (AHP) method and a hybrid of lexicograph and
weighted sum method is applied to solve the problem.
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Because of the differences in the magnitude of the
objectives, they are normalized before applying the
weighted sum method. To make a fair schedule, the
requests of nurses are formulated in a different man-
ner. To evaluate the model, it has been run at two
wards of Hasheminejad Kidney Center (HKC).

Literature review

The nurse scheduling problem (NSP) has been re-
searched for over 40 years [1]. Working shifts have
been considered in different ways in these research-
es. There are few researchers who assigned nurses
to fix shifts in which there is no rotation. Warner [2]
classified nurses as a) ‘permanent shift’ who have no
rotation and are assigned to only one type of shift and
b) ‘rotating shift’ who rotate from one shift to another.
[3] assumed that each nurse always works during the
same shift and there is no rotation. [4] considered
day and night shifts where the nurses are assigned
to work the night shift for 3 months; then the assign-
ments are changed to the day shift. Assigning nurses
to fix shifts helps them to accommodate their sleep-
ing and working time. Furthermore, the next sched-
uling gets more predictable for them; however, this
type of scheduling is not useful enough where there
is shortage of nurses. Some papers assigned nurses
to rotational shifts, which are more usual in hospi-
tals [5-11]. Other researchers assigned nurses to ro-
tational shifts; however, they considered some con-
straints which controlled this rotation. [12] used lower
and upper limits to bind the number of consecutive
assignments that nurses require to work before rota-
tion. Also Maenhout and Vanhoucke [13] controlled
the number of consecutive assignments per shift type
by minimal and maximal constraints. Such constraints
minimize the undesirable effect of ‘jet fatigue’ arising
from continual adjusting to new time period [14]. But
the next scheduling is not predictable for nurses in
this kind of scheduling.

In the majority of hospitals in Iran, nurses are di-
vided into morning, evening and night groups. The
nurses of each shift group are mainly assigned to that
shift. But when one or more nurse of a group requests
to be free, the nurses of other groups can be assigned
to this shift to cover that. This kind of rotation helps
nurses to accommodate their working and sleeping
time, and makes the next scheduling predictable for
them; this is while a fix shift model or a rotating shift
model is not applicable for Iranian hospitals. There
are about 800 hospitals in Iran, which need to de-
velop an applicable nurse scheduling model. In this

work, a new nurse scheduling model is described un-
der the conditions in Iranian hospitals.

Problem definition

This work is concerned with solving NSP based on the
conditions which are unique in Iranian hospitals. Be-
fore selecting HKC, some other hospitals were studied
to recognize nurse scheduling in Iran. Then HKC was
selected to test the model because of its importance
as a top-ranked tertiary hospital in Iran. To evaluate
the model, it was run at two wards of HKC; Shafa and
Omid. The problem is formulated for a planning period
of one month. Each ward at HKC is run by a number of
nurses and one head nurse.

Working shifts include the morning shift from 7 AM
to 2 PM, the evening shift form 1 PM to 8 PM, and
the night shift from 7:30 PM to 8 AM. Because of the
nurse shortage in Iran, it is not uncommon for nurses
in Iran to work for more than one shift a day. They
might be assigned to consecutive morning and eve-
ning shifts, called the Long shift from 7 AM to 8 PM,
or consecutive evening and night shift, called the EN
shift from 1 PM to 8 AM. As Long and EN shifts are
too long and exhausting, they are considered as un-
desirable shifts and are preferably avoided.

Nurses must be free the day after a night shift
based on the regulation of Iranian hospitals.

In this research, the nurses were divided into four
groups: Morning, Evening, Odd Night, and Even
Night groups. It’s preferred to assign nurses to shifts
according to their shift group. For example, nurses
in the Odd Night group are preferred to assign into
odd nights of the month. Nurses are rotated among
the groups on a monthly basis in order to make the
scheduling fair. This kind of rotation that we called
“monthly shift rotation” helps nurses to accommodate
their working and sleeping time, and makes the next
scheduling predictable for them. In the other hand, on
holidays, there are a lot of requests from the nurses
for free day, and because of nurse shortage, it is not
possible to satisfy all these requests. Therefore, in
this condition, nurses rotate from their shift to the
other to cover all working shifts.

The nurses can specify days they prefer to be free
in the following month. They can additionally specify
the shifts they desire to be on duty or to be free. To
make a fair schedule, it is important to maximize the
number of each nurse’s requests satisfied regardless
of the number of requests made. Indeed, more re-
quests do not necessarily win more favorable consid-
erations. For example, when there is a certain nurse
A who has made 10 requests and another nurse B
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Table 1 Weights of the objectives obtained by the AHP method
Ward Objective

f4 f5 fs f7 fB f9 f10
Shafa 0.1697 0.0961 0.1153 0.1153 0.1619 0.1435 0.1982
Omid 0.1896 0.0965 0.1202 0.1202 0.1383 0.1603 0.1749

who has made 6 requests in a certain month, a pref-
erable situation is to satisfy 7 requests of nurse A and
6 requests of nurse B instead of 8 requests of nurse
A and 5 requests of nurse B.

There are some senior nurses at each ward who
are more skillful and it is necessary to assign at least
1 senior nurse to each shift.

The initial model was run for four planning periods
(months). The results were presented to the hospital
and the feedbacks from the hospital were used to im-
prove the solution and make the model closer to the
real world conditions. Therefore, the formulation was
changed, and some different approaches were used
to solve the multi-objective problem. The presented
solution approach was selected because the results
were more satisfying for the hospital and the time of
running this approach was lower than the other ap-
proaches. The model and the solution approach pre-

sented in this work are the improved ones.

Methods

Model development

The problem consists of scheduling some nurses for
a planning period of one month in a non-cyclical way.
The number of nurses and the planning period can
be defined by the user. The objective of the nurse
scheduling model is to satisfy nurses’ requests, and
to make a fair schedule considering nurse demands,
work regulations and hospital policies. Constraints
are divided into two groups: hard constraints, which
must be satisfied to have a feasible solution; and soft
constraints, which may be violated though satisfying
them enhances the scheduling quality. Hard and soft
constraints are determined based on the feedbacks
from the hospital.

Table 2 The computerized schedule for a sample month®®

Month days
Posorption [ B2l [alol< (o fe|~=f=l2l= 2|2zl le]= 2 [2]o s [ || [a|e|x &[22
zZz2
1 MILIM|IM|IM{IM|[M|M|-|M|{M|[L|M|M -IM{[M|M|LIM|M|-|M|M|[M|M|N -
) 2 - MIM|IM[M|E|L|M|M M|M[N|-|IM/ M/ M|[M|[M|M|L|M|M|M|M|M -
Morning Group
3 IM|[N|-|-|M|M|E|M|-|M[M M|L|M[N|-|LIM|M|M[M|-|M/|M/M|M|M|L]|-
4 M| -|M|M|N|-|M|M|L|M|M N|-|M|N|-|M|LIM|IM|M| - M|[M|M|M|M|M| -
5 |E|-|E|E|E|E|E|L|-|E|E|L|E|E|N|-|E|E|E|E|E|E|L|E|E|NJ|-]- -
EveningGroup| 6 |E|L|E|L|E|E|E|E E|E - | N -|-|E|E|E|E|E|-|E|E|E|E|E|E]|-
7 |E|-|E|E|E|[N|-|-]-|E|E E|E|E|L|N|-|N|-|E|E|-|E|E|E|E|E|E]|L
8 |[N|-|N|-[N|-]|N N|-|N N|-|L|-]|- -|N N|-|N N|-|NJ-
Night 1 Group | 9 | N N|f-|M|-|N N|-|N N| - L|N N|-|N N|-|N N|-|N]J-
10 [Nf-|NJ|-|N|-[N N|-|N -l -|IN|[-|N|-|N|-|N N|-|N N|-|M|L
11 N|-|N LIM|N|-|N|-|N N -|L|N N|-|N|-|N|-|E|E|N N
Night 2 Group | 12 N|-|N N|-|N|-|N|- LN N|-|N N|-|N|-|N|-|N|-|[L|M|N
13 [M| - |M|N N|-|N|-|N|-|N|f-|M|L|-|L|N N|-|N|-|N|-|N|-[N N
Total number of
morning nurses 4124|444 |4|4|2|4|4|2|4|4|4|2|4|4|4|4|4|4|2|4|4|14|4|4|4)|2
Total number of
evening nurses 3/,2(3(3/3|3|3|3|2|3|/3|2|3|3|3|2|3|3|3|3|3(3[2|3/3|3|3|3|3]|2
Total number of
night nurses 3/3(3(3,3|/3|3|3|(3|3/3/3|3|3|3(3|3/3/3|3|3|(3[3|3/3/3|/3(3|3]3

Weekends® and holidays are shown in grey.

M?: Morning shift, E: Evening shift, N: Night shift, L: Long shift, EN: EN shift, -: free day
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Figure1 Comparison of the manual and computational schedules in Shafa ward
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Figure2 Comparison of the manual and computational schedules in Omid ward

Hard constraints

The hard constraints of the model are as follows:

1, 2) To allocate nurses to working shifts excluding
night shifts on weekends and holidays;

On weekends (which contain Fridays in Iran) and
holidays, the number of patients is less than in com-
mon days and it is possible to assign less nurses to

these shifts when there are a lot of requests for free
day from the nurses. Therefore, allocating nurses to
working shifts on weekends and holidays is not con-
sidered a hard constraint.
3) To assign at least one senior nurse to each shift;
4) To avoid assigning nurses to working shifts after
their night shift; it means that nurses must be free

Int J Hosp Res 2015, 4(1):1-8
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after night shift.

5) To avoid assigning nurses to both morning and
night shifts on a single day;

6) To avoid assigning a nurse to working days be-
tween his/her free days of request; when one nurse
requests consecutive free days, it is not satisfying to
assign him/her to working day between the free days.
This constraint allows the nurses to enjoy consecu-
tive free days.

7) To avoid assigning night shifts on even days to
nurses in the Odd Night group; this constraint and the
latter one are hospital policies.

8) To avoid assigning night shifts on odd days to
nurses in the Even Night group;

Soft constraints

The soft constraints of the model are as follows:

9) To satisfy nurse demands for night shifts on
weekends and holidays;

In certain months, there may be too many requests
for free days and clearly it is not possible to satisfy
all. In this condition, night shifts weekends and holi-
days can be assigned one nurse less than the desired
number of nurses.

10) To avoid assigning nurses in the Morning and
Evening groups to working shifts on two consecutive
weekends or holidays;

11,12,13,14) To assign nurses to working shifts ac-
cording to their shift groups; considering these con-
ditions, as soft constraints, makes the model more
flexible and permits each nurse to cover other shift
groups when there are requests for free days from the
nurses of those groups.

Objectives

The objectives of the problem are as follows:

15) To satisfy nurses’ requests for free days; the
first objective attempts to decrease the number of
days that nurses’ requests are not satisfied. In some
months, there are many requests from nurses and it
is not possible to satisfy all of them. In this condition,
it is important to consider their requests fairly. If the
first objective is formulated as linear, it decreases the
sum of days that the nurses’ requests are not con-
sidered. It means that it is possible to satisfy all re-
quests of nurse 1 and none of the requests of nurse 2.
Therefore, the first objective is formulated quadratic
to increase the importance of each nurse’s requests.

16) To minimize deviation between the desired and
scheduled nurses on night shifts on weekends and

holidays; this objective minimizes deviation in the first
soft constraint.

17) To satisfy the nurses’ requests for working free
shifts; this objective is formulated quadratic to in-
crease the importance of each nurse’s requests.

18) To avoid assigning the nurses in the Morning
and Evening groups, to working shifts on two con-
secutive weekends and holidays; this objective mini-
mizes deviation in the second soft constraint.

19) To assign nurses to working shifts according to
their shift group; this objective minimizes deviation in
the third group of soft constraints.

20) To divide work hours among the nurses on a
fair basis;

21) To fairly divide weekends and holidays offs
among the nurses; this condition is commonly con-
sidered as a constraint that limits the number of
weekends and holidays offs for a nurse. In this work,
however, this condition has been considered as an
objective to increase the flexibility of the model. The
7™ objective attempts to minimize the square of mean
deviation of the number of nurses’ weekends and
holidays off.

22) To minimize the number of night shifts for each
nurse in the Morning or Evening groups; as men-
tioned in the problem definition, nurses are catego-
rized into shift groups, and they prefer to be assigned
to working shifts according to their shift groups. How-
ever, when the nurses of night groups request to be
free, the nurses of Morning or Evening group must
be assigned to the night shift. Therefore, some night
shifts might be assigned to each nurse in the Morning
and Evening groups. The 8" objective attempts to de-
cline the number of night shifts for each nurse in the
Morning or Evening groups and to treat these nurses
fairly, this objective has been formulated quadratic to
increase the importance of each nurse. Similarly, the
two later objectives have been formulated quadratic
too.

23) To minimize the number of Long shifts assigned
to each nurse;

24) To minimize the number of EN shifts assigned
to each nurse.

The details of mathematical model developed and
the solution approach are provided in Additional File
1.[16].

Results and Discussion

The mathematical model was fed into the GAMS soft-
ware, and CPLEX solver was used to solve it. The
number of constraints was more than 6,000, and there
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were more than 5,000 variables in the model. The
results of the final model were then presented to the
hospital in a time shift. Table 2 is an example sched-
ule that has been created under real requirements for
September 2010.

Before developing a user friendly software package
based on the current model, the hospital opted for a
trial period of the model in two wards of the hospi-
tal, Shafa and Omid wards. To evaluate the model,
the final model was solved for 5 periods (from May to
September 2010) in these two wards and the results
were compared to the manual schedules. The maxi-
mum run time was found to be less than 5 minutes,
and the relative gap for stages 1, 2 and 3 of the solu-
tion process was 0 but less than 0.0050 for the last
stage. In this period, 97.16% of the nurses’ requests
were accepted in Shafa ward; this was 100% for Omid
ward. Evaluation was performed based on the hos-
pital scales, which are the objectives of the model.
Figures 1-a to 1-j present the results of comparisons
of the computerized and manual schedules in Shafa
ward. The computerized schedule has been shown
in light-colored columns. The objectives of the prob-
lem are defined as minimization; therefore, the solu-
tion with lower values of the objectives is the best.
To compare the computerized and manual schedules,
it is necessary to define the dominated solution. A
feasible solution A dominates a feasible solution B to
a multi-objective problem if solution A is at least as
good as solution B on every objective and is strictly
better than solution B on at least one objective [16].
As can be seen in Figure 1, the computerized sched-
ule in May is the same as the manual schedule on
objective 1, and it is better with respect to other ob-
jectives. Therefore, the computerized schedule domi-
nates the manual one for May. In other months, the
computerized schedule dominates the manual one in
a similar way.

The results of comparing the computerized and
manual schedules in Omid ward are presented in Fig-
ures 2-a to 2-j. As shown, the computerized schedule
dominates the manual schedule in all months.

Conclusions

In this work, a real nurse scheduling problem was for-
mulated as a quadratic multi-objective programming
model. The objective functions for the optimization
models focused on satisfying the nurses’ requests,
minimizing the deviation between the desired and
scheduled shifts for the nurses, minimizing undesirable
shifts for each nurse and developing fair schedules. A

hybrid of the lexicograph and weighted sum methods
was employed to solve the problem. Before applying
the weighted sum method, the objectives were normal-
ized because of their different magnitudes, and the
AHP method was used to determine the weights of the
objectives. The mathematical model was fed into the
GAMS software, and the CPLEX solver was applied
to solve the model. Comparison of the manual and
computer schedules showed that the computerized
schedule outperformed the manual one based on the
scales of the hospital. At present, nurse scheduling at
Shafa and Omid wards is accomplished by the model
described in this work, and a user friendly software
package is supposed to be developed based on the
current model for all wards in the hospital.

As mentioned in Section 3, nurses are assigned
to shift groups for each month by the head nurse
based on their requests and scheduling in the pre-
vious months. Future works may focus on assigning
nurses to each shift group in the model considering
their requests and history of scheduling. Making an
interactive scheduling may also be considered in fu-
ture work.

Acknowledgements

We thank Z. Afzali, the head nurse of Shafa ward, N. Salehi,
the head nurse of Omid ward, and F. Naqgibi the supervisor of
HKC for their descriptions of the rules to be considered for
nurse scheduling.

References

1. Burke E, De-Causmaecker P, Berghe G, Van-Landeghem
H. The state of the art of nurse rostering. J Scheduling
2004, 7(6):44-99.

2. Warner DM. Scheduling nursing personnel according to
nursing preference: a mathematical programming ap-
proach. Oper Res 1976, 24(5):842-56.

3. Berrada |, Ferland JA, Michelon P. A multi-objective
approach to nurse scheduling with both hard and soft con-
straints. Soc Econ Plan Sci 1996, 30(3):183-93.

4.  Chiaramonte MV, Chiaramonte LM. An agent-based nurse
rostering system under minimal staffing conditions. Int J
Prod Econ 2008, 114(2):697-713.

5. Tsai C-C, Li SHA. A two-stage modeling with genetic algo-
rithms for the nurse scheduling problem. Expert Syst Appl
2009, 36(5):9506-12.

6. De Grano ML, Medeiros DJ, Eitel D. Accommodating in-
dividual preferences in nurse scheduling via auctions and
optimization. Health Care Manag Sci 2009, 12(3):228-42.

7. |kegami A, Niwa A. A subproblem-centric model and ap-
proach to the nurse scheduling problem. Math Program
20083, 97(3):517-41.

Int J Hosp Res 2015, 4(1):1-8



Azimi S et al Nurse Scheduling Model

10.

11.

12.

13.

14.

15.

16.

Chuang T, Hsiang H, Chuang H. A Multiple-Goal program-
ming for nurse scheduling by AHP and simulated anneal.
In: Proceedings of the 13th Asia Pacific Management
Conference: 2007; Melbourne; 2007:1056-65.

Kundu S, Mahato M, Mahanty B, Acharyya S. Comparative
performance of simulated annealing and genetic algorithm
in solving nurse scheduling problem. In: Proceedings of
the International MultiConference of Engineers and Com-
puter Scientists: 2008; Hong Kong; 2008.

Parr D, Thompson JM. Solving the multi-objective nurse
scheduling problem with a weighted cost function. Ann
Oper Res 2007, 155(1):279-88.

Pato M, Moz M. Solving a bi-objective nurse rerostering
problem by using a utopic Pareto genetic heuristic. J Heu-
ristics 2008, 14(4):359-74.

Jaumard B, Semet F, Vovor T. A generalized linear pro-
gramming model for nurse scheduling. Eur J Oper Res
1998, 107(1):1-18.

Maenhout B, Vanhoucke M. An electromagnetic meta-
heuristic for the nurse scheduling problem. J Heuristics
2007, 13(4):359-85.

Melbin M. Curbing absenteeism and turnover among nurs-
ing personnel. Massachusetts: Massachusetts General
Hospital,1968.

Grodzevich O, Romanko O. Normalization and other
topics in multi-objective optimization. In: Proceedings of
the First Fields-MITACS Industrial Problems Workshop;
Torento; 2006.

Winston W, Albright S. Practical management
science,Cengage Learning. New York: Cengage Learning;
2008.

Please cite this article as:

Sedigheh Azimi, Mohammad Mehdi Sepehri, Masoud
Etemadian. A Nurse Scheduling Model under Real Life Con-
straints. International Journal of Hospital Research 2015,
4(1):1-8.

Int J Hosp Res 2015, 4(1):1-8



