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Abstract

In the health sector, the hospital management’s main and important problem that they come across is the 24
hour shift planning for the service personnel. With a good shift plan, the personnel’s work load is optimized
and their work productivity will be provided and when the monthly shift schedule is prepared, the uncertainty
and confusion will be overcome. In this study, the blood bank centre nurses scheduling problem is taken
into hands in a university hospital where the service is given 7 days, 24 hours, and the daily working hours
are between 08.%°-16.% and 16.%°-08.%°, and the personnel work 40 hours a week. An optimized complex
goal programming model is suggested by taking into consideration the centres working hours and the
personnel’s leave situation. The main purpose of this suggested model is to determine how to minimize
the deviations of the nurses’ day and night shifts. It has been seen with the application of the model the
optimum shift schedule, compared to the previous hospital managements schedule was obtained,
workload is more effectively planned, objective planning of the shifts schedule and a balanced work load
have achieved.
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Introduction

For nearly half a century, operations researchers have densely worked on shift planning problem areas. Shift plans is
based on a 24 hour working plan for police, health, fire brigade personnel, which can be very confusing together with this
it can be a very important problem for their motivation. Together with this, when creating the time schedules for match
programmes, university lesson and examination programmes aeroplane, train and other public transportations, the
suggested model can be used for creating the shift plans. Due to the problem itself and original conditions, there is no
generalised individual solution model for these problems. However, flexible models have been obtained for similar
problems which include the goal and constraints. In this study, for a monthly period a shift plan has been used for a
university hospitals blood bank department with 11 nurses. In the current situation, the schedule that is made by the head
nurse manually and subjectively, as a result of this, problems like work malfunctions, continuous 24 hour work and long
term leave can be seen. In the suggested model, these problems are rectified and are more effective; each personnel’s
monthly day and night working hours are balanced.

Literature

Nurse scheduling problems is a significant problem for the health sector and intensive studies found in the literature for
personnel working 24 hours, seven days a week and multiple shifts. Due to the hospitals working structure and
limitations are different; studies made in this area have various procedures and methods.

Thornton and Sattar (1997) in their study have developed a more complex model which gives the correct results for the
unsolvable nurse scheduling problems, with true and great measured data. In the study where the evaluation criteria have
been developed for the scheduling and personnel recruitment quality, but for the conflicting aims and limited problems
have obtained suitable solutions that are sufficiently flexible and real.
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Cheang et al. (2003) who has made a bibliographic study, until that time they have evaluated the nursing schedules, the
models used and the solution methods have been extensively studied and a summary has been presented. In this study
generally 0-1 integer decision variable have been used and 16 strict and flexible limitations have been mentioned. When
goal programming is intensely preferred as an objective function, the scheduling structures problems are usually
connected to more complex functions as well as simple objective functions too. The solution methods are usually cycling
or non-cycling, the optimization or decision approach for the working period is determined to be the two methods that is
used. In optimization methods generally a mathematical model is used, the decision method generally prefers the
heuristic methods. Having too many constraints and variables used in problems, in late years very little time and
satisfying results based on heuristic methods are much more preferred to the mathematical models which takes up more
time and doesn’t reach a definite result. For other literature reviews see Ernst et al. (2004) and Brucker et al. (2011).

Bellanti et al. (2004) in a hospital, they have solved the nurse’s time scheduling problem by including the holiday times
by using the greedy method. Not to come across with an infeasible region problem where this aim that is not a suitable
solution, they have used a local search approach and tabu search method. As long as this model exists, the solution
results and timing has made positive results. The developed programming is used for the hospital scheduling purpose.

Azaiez and Sharif (2005) have used the 0-1 goal programming method for the nurse scheduling, and have solved the 6
monthly schedules by using the Lingo packet programme for the 1798 nurses working for a big health organization
located in Saudi Arabia. The result obtained, according to the evaluation criteria in the literature, has given very
consistent and positive results.

Topaloglu (2006) has developed a goal programming model for the monthly scheduling problem, for an emergency
hospital which has units who have very busy and heavy working conditions. In the model while satisfying strict
constraints, flexible constraints have been found and accepted. To determine the importance degrees of the flexible
comparatives in the model, the Analytic Hierarchy Process has been used. In the study, the most important results based
on actual data used in the application, in regards to the application done via hand has produced more fast and quality
printouts.

Tsai and Lee (2010), have developed an effective solution method for the nurse scheduling problem by using the two
stepped mathematical optimization model. In the first step, leave and holiday schedule was prepared for the nurses, so
the base had been provided and the main limitations are not violated. In the second step, with the Genetic algorithmic the
suitable working plan has been determined according to the nurses’ preferences and the hospital management’s needs.

Wong and Chin (2014), have used a two stepped heuristic approach for the handling of the nurse scheduling problem. In
the first step, have strict limitations have been provided for the solution, and in the second step have taken into account
the nurses requests for the study. They have solved the scheduling problem in the busy and stressful emergency service,
by using the two stepped heuristic and local search approach and used Excel for the solution. Using Excel solution,
which is easy to understand and apply, is separated their study from the previous studies.

Benazzouz et al. (2015) present a literature review for the last decade on nurse scheduling problems. They classified the
different models with respect to objective functions and constraints.

In this study, we have solved the nurse scheduling problem in the blood bank unit which works on a 24 hour basis, with
more than once shift, by using the Excel Solver Premium method as a goal programming. In the solution process of this
study, which is one of the rarely used Excel Solver studies, is distinctive because it is easy to understand and apply model
that can be used by the decision makers who do not have sufficient information about optimization.

Model

The proposed model will be used to create monthly working calendar of 11 personnel who work in Blood Collection
Center of University Hospital in Turkey. Main conditions that will be obeyed in order to obtain the model as follows:

a) Blood Collection Center consists of two parts. They are Central Laboratory and other laboratory in another
building.

b) Working hour is between 08:00 — 16:00 (8 hours) and 16:00 — 08:00 (16 hours) as two shifts in central
laboratory.

c) Working hour is between 08:00-24:00 (16 hours) as one shift in other laboratory.

d) In Central Laboratory at least 2 personnel must work in a daytime and nighttime; but in other laboratory, only 1
personnel should work and that person works 16 hours as shift.

e) Personnel who are on night shift between 16:00 — 08:00 should not work next day and night.

f)  Each personnel should take leave at least three times for 2 consecutive days in one month.
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Parameters, decision variables, objective function and constraints are detailed as follows:
Parameters:
i personnel index, i =1,...,11

j  day index in monthly planning period, j =1,...,31

k  shiftindex, k =1 day shift (08:00 — 16:00), k =2 night shift (16:00 — 08:00), k =3 other laboratory shift (08:00 —
24:00)

Decision Variables:

M {1, if personnel i work on k shifht in j day
bk~ o, other wise
b= {1, ifpersonnel i starts vacation in j day
v o, other wise
y; = negative deviation for each personnel i for montly working hour

+

Vi

n; = night shift negative deviation for each personnel i

positive deviation for each personnel i for montly working hour

n} = night shift positive deviation for each personnel i
d; = day shift negative deviation for each personnel i
d} = day shift positive deviation for each personnel i

Objective Function:

Objective function reduces the negative and positive deviations of monthly working hours, day and night shifts as
working hours. For calculations to bring the same units in hours, deviations of day and night shifts are multiplied by 8
and 16 for day and night shift deviations respectively.

11
MinZ = Z(y; +yf 4 16(n +nf) + 8(d7 + d))

i=1
Constraints:

i)  During one month working period, each personnel should work 176 hours at least. Each of them should work 8
hours in a day and it is necessary to work 176 hours in one month because it has only 22 working days.

31 31 3
j=1

j=1k=2
ii) 2 personnel should be on day shift (08:00 — 16:00) in Central Laboratory.
11

injl =2 i=(01,2,..,11),j=(12,..,31)
i=1
iii) 2 personnel should be on night shift (16:00 — 08:00).

11

injz =2 i=(1,2..,11),j = (1,2, ..,31)
i=1

iv) 1 personnel should work (08:00 — 24:00) in other laboratory.
11
me —1 i=(1,2.,11),) = (1,2,..,31)
i=1

v)  Each personnel should be on at most one shift in a day.

3

in,k <1 i=(1,2.,11),) = (1,2 ..,31)
k=1
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vi) A personnel who is on night shift (16:00 — 08:00) cannot be on both day and night shifts next day.
xijz + xi(j+1)2 + xi(j+1)3 <1 i = (1, 2, ey 11),] = (1, 2, ey 31)

vii) A personnel who is on shift in other laboratory cannot be on both day and night shifts next day.
Xijz + Xigen1 + Xiganz <1 1=(1,2,..,11),j = (1,2,...,31)

viii) A personnel should be 2 working days on other laboratory shift at least because it is required to distribute the
shifts between those three shifts levelly. For this reason, 11 personnel should work 2 days in a monthly period in

other laboratory so some of them will work 3 days.
31

me >2 i=(1,2..,11),j=(1,2,..,31)
j=1

ix) Each personnel should be on 6 shifts in both day and night at least because day and night shifts must be equal.
If they are on shifts more or less than 6, it is aimed to be minimum in objective functions of calculated day and

night shift deviations.
31

me +d7—-df=6 i=(,2..,11),j=(01,2,..,31)
j=1
31
me +n;-nf=6 i=(1,2..,11),j=(1,2,..,31)
j=1
X) Each personnel should take leave for 2 consecutive days at least three times in a month. h;;; is 1 if personnel i
starts vacation in day j; and if they cannot start vacation this decision variable is 0. If they start vacation, other
variables except for h;; in limit balance show that they take 2 consecutive days because this variable will take 0
values. If they cannot start vacation (h;;= 0), one of the other variables will take 1 value. Namely, they will be
on any shift within two days.
Xij1 + Xij2 + Xij3 + Xi(j+1)1 + Xi(j+1)2 + Xi(j+1)3 + hU =1 i= (1, 2, ., 11),] = (1, 2, ., 31)
xi) The number of taking vacation will be at least three times 2 consecutive days in a monthly period of each
personnel.

4. Model Solution

The model was solved with Excel Analytic Solver Platform and working schedule for each nurse can be summarized as
in the following Table 1.

Table 1: Monthly Working Schedule for Each Nurses as in Month Day and Shift Type

2 415|6[7(8]9]10/11]12[13(14|15]|16|17[18[19]20|21[22|23|24|25[26|27|28|29[30]|31
1|D N L L N D[N N D|D N N D|D
2 D D L D D D[N N
3 L|L L N D|L D | D D D DIL|LJ|L
4 N D|D|D D|D|N N N N N L L D
5 N N D N D D N D|D
6 N N L D D N N
7 |D N N D N L D D N
8 L D|D|D|N D D[N N N N
9 L D|L|]L]|L
10| N D D N D N L

D=day shift, N=night shift and L=other laboratory shift
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The overall solution of the model is presented below. As seen from the Table 2; only three nurse work more than 176
hours. This is normal because five nurse is required for daily work load 64 hours a day. In one month this requirement is
(31 day * 64 hours) totally 1984 hours. On the other hand each nurse should work 176 hours in a month so 11 nurse can
work only 1936 hours (11 * 176) in a month. The difference of 48 hours is the overload work hours of three nurses in the
model.

Table 2: Excel Solver Solution of the Proposed Model

Days # | total
1{2]3]4|5]|6|[7]8]9f10]11])12|13]14]15|16]17|18|19]|20f21]|22]23|24]|25]26|27]28|29|30]31
D|1 1 1]1 1)1 6
1 |N 1 1 1 1 1 1 6| 176
L 1 1 2
D 1 1 1 1 1 1 6
2 |N 1 1 1 1 1 1[6]192
L 1 1 1 3
D 1 1]1 1 1 1 6
3 [N 1 1 2 | 192
L 1)1 1 1 1111 7
D 1111 11 1 6
4 [N 1 1 1 1 1 1 6| 176
L 1 1 2
D 1 1 1 1 111]6
5 [N 1 1 1 1 1 1 6| 176
L 1 1 2
D 1 1(1(1]1]1 6
6 |N 1 1 1 1 1 1 6| 176
L 1 1 2
D|1 1)1 1 1)1 6
7 |N 1 1 1 1 1 1 6| 176
L 1)1 2
D 1 1111 1 1 6
8 [N 1 1 1 1 1 1]6][176
L1 1 2
D 1 1 2
9 [N]1 1 1 1 1 1 6 | 192
L 1)1 111 5
D 1)1 1]1 1 1 6
10 N1 1 1 1 1 1 6| 176
L 1 1]2
D 1 1 1 1 1 1(6
11 | N 1 1 1 1 1 1 6| 176
L 1 1 2
Dl2|2]|2|2|2]|2f2]|2|2f 2|2 ]|2f2]|2]|2|2]|2|2|2]|2f2]|2]|2f2]|2]|2|2]|2|2|2]2
N[2[2]|2|2|2]|2f2]|2|2f2|2]|2f2]|2]|2|2]2|2|2]|2f2]2]|2f2]|2]2|2]2|2|2]2
Lj1j1f1j1j1j2frj1j1jrj1f1jry1j1jrjrfayjrjrjijrjrfi1jrjrj1jrj1fij1
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5. Conclusion

In this study, monthly working calendar of 11 personnel who work in blood collection unit of a public university in
Turkey has been discussed and it has been solved by using goal programming techniques and Excel solver Premium
program. The problem that needs more help and takes a long time is solved in a short time by taking necessary working
conditions into consideration. As a result of study, equilibrium distribution between shifts in monthly working period has
been provided and overtime hours in a month have achieved. It is a useful method for unit personnel who do not have
information about optimization and schedule. It is separate from other studies because working calendar can be obtained
by Excel. This study can be used easily after making small changes in many institutions’ personnel who work in security
and fire departments.
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