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Abstract: Nurses working shift scheduling is known as a challenging task for nursing managers. In this study a 
nursing scheduler computerized system is designed to prepare justice schedules in less time. Data is gathered from 
shift schedules and nursing manager's interview in a big educational and governmental hospital in Iran. The expert 
entity planning procedure transformed to mathematical functions and system was designed based on Genetic 
Algorithms programming. Comparison between expert and system designed schedules resulted in 57% reducing of 
uniform arrangement cost and 93% time saving for nursing manager. Further investigations on designing a system 
which can be applied in various nursing wards with more constraints and flexibility are recommended. 
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1. Introduction 

In health care facilities, nursing administrators 
should arrange high quality timetables considering the 
constraints provided by nurses, patients and nursing 
wards requirements; so they find staffing and 
scheduling to be critical and a major operational 
challenge [].  

Nursing schedules usually are generated in 3 
methods intervals included periodical, rotational and 
self-scheduling. Self-scheduling has numerous 
organizational and individualistic advantages; for 
instance, saving nurse manager’s time, reducing staff 
absenteeism and turnover; and improving cooperative 
atmosphere and team working spirit. But sometimes 
staffs prefer their requirements rather than the health 
care setting affiliated needs. So it may interfere with 
making an accurate schedule to meet all the 
management policies []. 

Some of the Iranian private hospitals, where 
personnel shifts are mostly fixed, utilize the periodical 
scheduling. Nevertheless periodical scheduling or 
permanent shift for a specific period of time may 
decrease flexibility. Since the rotation program has 
more flexibility and off days differ from week to week 
programme; it can cover both personnel preferences 
and hospital requirements as well as producing better 
and effective schedules []. Hence there is more 
complexity in preparing rotation pattern []. 

Arrangement of nursing schedules in educational 
hospitals is usually rotational in Iran; so the rotational 
nursing scheduling scheme is considered in the 
present study. Taking into account employee's 

individual superiorities, personnel requests as well as 
producing uniform schedules are a time-consuming 
and challenging task for nursing administrators [3]. 
On the other hand, studies have shown that nursing 
working shift scheduling issues have significant 
impact on nurse's health and quality of care [,,,,]. 
Although some studies have shown that scheduling 
influences not only health service costs but also 
nurse's job satisfaction [3,], but it is rarely considered. 
It seems that nursing managers must take on new 
dimensions to facilitate scheduling by the use of 
automated systems in order to improve nurse's job 
satisfaction and patient care outcomes and reach other 
strategic objectives. To bring this goal into reality the 
aim of this study was to design a nursing scheduler 
computerized system to prepare justice schedules in 
less time to give opportunity of presenting better 
services to patients.  
1.1. Why designing a computerized system? 

Producing adjusted schedules in traditional and 
manual method to meet nurses, patients and hospital's 
requirements is a time consuming and challenging 
task for nursing managers. An automated computer-
based scheduling system can prepare schedules. Some 
benefits of implementing such a system can be as 
following: [3]. 

 Cost-effectiveness due to reduction of 
clerical staff and better use of professional nurses by 
decreasing the time spent on indirect patient care 
activities 

 Unbiased, consistent scheduling 
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 Developing an easy-to read working schedule 
in advance; so employees know what their schedules 
are, also they can plan their personal lives accordingly 

 Availability of data and integrating them 
with clinical information systems, for monitoring the 
effect of staff size and composition, quality of care 
and cost 

 Improving nurses job satisfaction by 
producing adjusted schedules 

 Improving nurses health by decreasing work 
time 

 Promotion of the care quality by arranging 
schedules depending on nursing wards requirements 
and patients needs 

Ultimately it has been found that automated staff 
scheduling is one of the most desirable components of 
management information systems. 
1.2. Why Genetic Algorithms? 

Nurse scheduling problems have been widely 
studied in recent years due to managerial and 
organizational constraints; and felt to be so hard to 
deal with. Therefore a lot of researches have been 
done to solve it heuristically or meta-heuristically [,,,]. 
Genetic Algorithms are searching techniques based on 
selection and recombination of solutions; and have 
been used to solve difficult scheduling problems 
successfully in recent years as an important class of 
meta-heuristics. Even it is used in nursing scheduling 
problem studies. Aickelin 1996, in his diploma thesis 
designed a nursing scheduler system based on GA in 
Germany []. Tanomaru used GA for weekly staff 
scheduling with a flexible starting work time in 1995 
[] and Ozcan has used a set of mimetic algorithms, 
combining genetic operators and hill climbing method 
to solve rotational nursing schedules problem in two 
shifts included day and night in 2005 [].  

Main application of genetic algorithms is its use 
in the problems with a huge solution space as our 
problem. So it is not possible for experts to find best 
solution in a real life time. GA can find better solution 
in the field of artificial intelligent. It is blind searches 
modeled on the idea of evolution in nature and has the 
"survival of the fittest" idea. The main GA elements 
are gene and chromosome or a string of solution. 
Solutions should be coded in a way that GA operators 
as selection, crossover, mutation and replacements can 
be applied. Better solutions through evaluation by 
fitness function will be improved [,].  

In our study schedules should have been 
generated rotationally, so GAs which are known as 
suitable intelligent methods for producing optimized 
solution in scheduling problems are used to design a 
scheduler system. 
1.3. Scheduling and timetabling 

Timetabling is a specific type of scheduling 
problem and consists of assigning a number of events 

into a limited number of slots while minimizing the 
violations of a set of constraints. 

The constraints of timetabling can be divided 
into two categories: hard and soft. Hard constraint can 
not be violated. Soft constraints are not essential but 
their satisfaction is highly desirable in order to 
produce a good quality timetable []. In this study, two 
common timetabling hard constraints were violated in 
order to produce feasible timetable.  

A- Two same events can not be schedules at the 
same working shift in the same day. 

B- There must be sufficient resources available 
for all the events scheduled for each timeslot.   
1.4. Study Background  

Regarding to other investigations and 
experiences, it is determined that implementing IT in 
nursing different aspects has become an important 
trend in health care [,,]. Ting-Ting Lee et al (2008) for 
smoothing the beginning stage of implementing 
nursing information systems, recommended nurses 
early involvement in the system design. They found 
that the use of nursing information system decreases 
nurses spending time on indirect care and ward related 
activities []. 

As the basic infrastructures for implementing 
information technology in nursing care management 
are available; there is huge potential for system 
designing based on our problems in health care 
organizations. Working shift is one of the health care 
worker's oldest problems and is known to have 
important implications on nurses' health [5, 8, 9]. 
Nursing scheduling process is still done manually and 
prepare on papers in most hospitals. Studies resulted 
that the schedules have impacts on nurses health and 
satisfaction and also patients care quality [6, 7, , , ]. 

Studies in different countries, tried to solve 
problem based on a specific hospital with their own 
problem definition. In this investigation we tried to 
change the traditional method to electronic method by 
designing a system based on our health care setting 
problem definition in an educational hospital.  

In our hospital, there were three shift periods per 
day: morning, evening, and night. The hospital 
nursing managers produced a monthly schedule and 
fixed it weekly. In Iran, BSN 1  degree is being 
awarded to registered nurses2 after going through an 
academic educational period for 4 years. After that 
they are being employed for two years in educational 
hospitals to be experienced in real health care settings. 
During two years they may work in different wards 
and shifts. After two years they can fix their interested 
work area and would be employed in a private 
hospital. So educational hospitals would change their 

                                                
1 - Baccalaureate of Science in Nursing 
2 -RN 
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routine nursing resources and practice on rotation 
schedules.  
 
2. Methodology 

In this applied research samples were all the 
nursing wards schedules in hospital. Our week start 
day is Saturday & the last day is Friday, which is a 
holiday. 

The purpose of this study was to design a system 
capable of generating weekly work schedule for at 
most 20 nurses working in three shifts; where would 
have minimized the cost of uniform arrangement. 
Features such as taking into account staff working 
shift preferences and their grades are also considered. 

Data gathered through analyzing the paper 
schedules in 9 months. It was consisted of 63 papers 
data totally 252 weekly schedules. Then, two wards of 
the hospital bearing the utmost number of personnel 
and the most complicated planning procedure selected 
using convenient sampling method for designing 
system. Also structured interviews with 6 experienced 
and knowledgeable nursing managers were conducted 
to reach data saturation. The major focus of interview 
questions was on the number of shifts per day and 
each time accounting, nurses grades, normal work 
hour per week, required number of nursing personnel 
per day & per shift, scheduling method, time spend 
for preparing weekly schedules and introduction of 
the ward with the most complicated scheduling. Their 
expert entity planning procedure was transformed to 
mathematic function. Then our system was designed 
with Genetic Algorithms programming via MATLAB 
software. Finally we compared the schedule produced 
in the selected ward by expert nurse and our system 
for 6 months. 

All participants were informed about the 
purposes and the method of the study. Before starting 
the interview process, they were informed that 
participation in the study was voluntary and they 
could refuse to participate or withdraw from the study 
at any time without penalty. Also the data they present 
to the researcher would be kept confidential and 
would be used just in the research framework. 
However they cooperated with keen interest. 

Data collection was done in following 5 stages: 
1. Getting introductory information from 

officials affiliated to nursing management office. 
They helped the researchers to choose a suitable 
research environment with this criterion: having the 
most complicated nursing scheduling process.  

2. Gathering the written schedules on paper 
generated by nursing managers during three months 
from all nursing wards of the hospital with respecting 

to the ethical issues. Then required data were 
extracted and analyzed. 

3. Conducting structured interviews with the 
hospital nursing managers and wards head nurses to 
confirm accuracy of the analyzed data. The gathered 
data were saved on paper.  

4. Selecting the ward with the most rotation 
schedules and most number of active beds (30 beds) 
and nurses (20 people). 

5. Extracting required data from schedules of 
the selected ward for designing the system. 

Finally expert scheduling procedure was 
converted to a mathematical cost function model. 
Then the system was designed based on our data, in 
continue chromosome, GA parameters and strategies 
were defined. In the last step we evaluated the 
designed system by comparing the schedules 
generated by the system with expert generated ones 
during 6 months scheduling in the selected ward. 
 
3. Results 

Here the study findings step by step are 
mentioned: 
Step1: Analyzing data 

 Shifts: There were three shifts as morning (7 
hours), evening (7 hours) and night (12 hours) 

 Grades: A- Registered nurses with less than 
two years experience B- Registered nurses+ with 
between two and twenty years experience C- 
Associate nurses with working experience varies from 
less than two years up to more than twenty years 
experience. 

 Normal work hour: 44 hours per week 
 Scheduling method: rotational 
 Time spend for preparation of weekly 

schedules by expert: at least 30 minutes  
Step2: Determining cost function 

The important parameters of the problem have 
been modeled to determine cost function. Our 
problem was a multifunctional problem. Scheduling 
timetable should be completed by nurses in an 
adjusted manner. In complicated condition; a simple 
model of nurse's preferences to work on different 
shifts should be taken into account. One function for 
each is determined.  

First function will account fitness of uniform 
distribution:  

 

 
 
Parameters describe as follow: 

 
 

Nurse number i Number of Nurses 
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Work hour per week for nurse number i WeekHouri 

Normal work hour per week Normal WorkHours 
 
Minimizing f1 will minimize the difference of Normal work hour per week and Work hour per week for each 

nurse.  
For the WeekHouri we have: 
WeekHouri = HNight × NNightShi + HEvening × NEveningShi + HMorning× NMorningShi; 
 
Where: 
 

Number of night shifts for nurse number i Num of Night Shiftsi 
Number of evening shifts for nurse number i Num of Evening Shiftsi 

Number of morning shifts for nurse number i Num of Morning Shiftsi 
work hour of night shift =12  HNight 
work hour of evening shift =7 HEvening 
work hour of morning shift =7 HMorning 
Sum of work hour per week for nurse number i WeekHouri 

  
Second function will account fitness of nurse's 

preferences to work on different shifts. Nursing 
services are needed for 24 hours, when nurses and 
their family members are used to arrange their living 
programs based on 8 hours work and five days per 

week. So it is very important for some nurses to have 
less variant schedules. Since we should not only 
arrange adjusted schedule, but also meet nurse's 
requests at least. 

 

 
 

Parameters describe as follow: 
 

Number of nurses Num of Nurses 
Number of shifts Num of Shiftsi 

Number of favorite shifts for nurse number i Num of favorite Shiftsi 

Work hour in shift number i Work Hour Shifti 

Number of unfavorite shifts for nurse number i 
1

iNum of U nfavorite Shifts

j
j

W orkHourShift



 
Sum of work hour for nurse number i Work Hour Shifti 

 
In fact, minimizing f2 means minimizing the 

ratio of un-favorite work hour to the sum of work hour 
per week for all nurses. So it will make work shifts 
schedule closer to nurse's interest shifts. 

For determining total function, f1 and f2 should 
be optimized together. In this way we convert a multi 
functional problem to one functional and assign 
weight 20 to W2 to normalize total function. 

1 1 2 2Totalf w f w f   
 

To give more importance to each function 1 or 2, 
we can assign a weight. 

Step3: Coding and chromosome determining 
Numbers were assigned to nurses. From 20 

personnel, two were head nurse and unit clerk with 
fixed five or six morning work schedule who was left 
out from the study. In this stage, 18 nurses should be 
scheduled. Chromosome determined based on table1 
with the length of 94.  
Initially, we determined the required number of nurses 
is sufficient to assign the slots to violate first common 
hard constraint in timetabling problems on (table 1). 
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Table 1: The required number of nurses per week 

wards 
 Holidays 
Morning Evening Night 

 No holidays 
Morning Evening Night 

First ward  2 1 1   3 2 2 
Second Ward  4 3 3   6 4 4 

 
In related to the second hard constraint; 

programming has been arranged "for loop" to circle 
the timetable slots and replace each repeated number 
per shift with the other number to prevent of repeated 
numbers in slots per shift in the same day. 

Grades also have been taken into account and 
increased complexity. In hospital, nurses have 
different experiences and skills. Registered nurse+ 
with more than two years experienced are more 
professional rather than registered nurses who have 
completed their college 4 years education recently 
(with less than two years experience). Both should do 
their tasks including special tasks such as oral and 

injection therapy, visit, wound dressing and suture 
care. Associated nurses help nurses in providing 
patient care such as vital signs. Suitable distribution of 
these grades is important for quality of care in nursing 
management. In this study designing system with 
three grades were examined. 

Grade1: Seven registered nurses 
Grade2: Seven unregistered nurses 
Grade3: Four associated nurses 
Chromosome determined based on table2 which 

is extracted in data gathering stage. We designed 
chromosomes for each grade separately. 

 
Table 2- Required grades per shift 

Grades  Holidays Morning Evening Night  No holidays Morning Evening Night 
Registered Nurses  1 1 1   3 1 1 
Unregistered nurses  2 1 1   2 2 2 
Associated nurses  1 1 1   1 1 1  
Total  4 3 3  6 4 4 

 
Step 4: GA Strategy and Parameter determining  

Bellow GA strategies and parameters gave the best results in consequents runs and kept for future experiments. 
  

Optimized setting Strategy 
100 Population size 
Rolette weal Parent selection 
60 Crossover percentage in population (pc) 
25 Mutation percentage in population (pm)  
100-pc-pm = 15 Recombination percentage in population 
100 generation Stopping Criteria 

 
Step 5: Simulations implementing 

First simulation: Distribution of 18 nurses by 
first function, convergence diagram has shown the 
decreases cost from 42.7 to 11.3 in last generation. 

Second simulation: Distribution of 18 nurses 
with three grades by first function, convergence 
diagram has shown that our recommended algorithm 
can generate schedules effectively. 

Third simulation: Distribution of 18 nurses by 
total function, it is supposed nurse 1 to 6 are 
interested to morning shift, 7 to 12 are interested to 
evening shift and the others are interested to night 
shift. Convergence diagram has shown the decreases 
cost from 255.8 in first generation to 178.8 in last 
generation. Cost function results showed f1= 30.28 
and f2= 7.42 means the cost of uniform distribution 

some increased but nurses schedules are more closed 
to their interests.  

 

 
Figure 1- system graphical environment 
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Step 6: Graphical environment 
For evaluation of the system we designed a 

graphical user-friendly environment (Figure1) to be 
able to distribute 18 nurses in a weekly schedule 
uniformly; based on 2nd simulation and 1st function. 

 
This graphical interface has below features: 
 Setting and changing GA parameters 
 Determining number of nurses we want to 

generate schedule for 
 Generating schedules for less than 18 nursing 

resources 
 Generating artificial nurses in the case of 

lack of nursing resources 
 Viewing the progress of scheduling process 

and convergence diagram 
 Viewing the population minimum and mean 

cost  
 Viewing the weekly schedule timetable 

generated 
 Viewing the sum of work hour per nurse in 

the schedule timetable generated 
If our nurses are less than 18 (which is set by 

default in the system), we have two situations: 
1- Selecting "Use proper Number of Nurses" 

will automatically make artificial nurses instead of 
absent people and continue to generate schedule for 
18 nurses. 

2- Not selecting " Use proper Number of 
Nurses", will generate adjusted schedule for which 
number of nurses you entered and distribute the work 
hour of the absent nurses among others uniformly. 
Step 7: Evaluation of the system 

In the last step for comprising schedules 
produced by expert and our designed system; 6 
months schedules produced on papers are compared. 
In the way that extracted data were analyzed and pre-

processed, then fed into the first function and check 
out its cost results which shows fitness. In expert 
schedules, 17 nurses out of 18 were considered in 
scheduling, due to the leave law. Also we extracted 
data from those weeks, which had only one holiday, 
because our system designed for such weeks. It 
included 16 weeks. So we produced 16 schedules with 
17 nurses by designed system. The cost comparison 
results can be seen in Figure 2. 

 

 
Figure 2- Compare cost results in expert and our 
system schedules in 16 weeks with 17 nursing 
resource and uniform distribution 
 
Time spend comparison 

Our system produced schedules in around 2 
minutes; versus the expert time spent on producing 
schedules for one week was around 30 minutes. It 
shows our system can save nursing manager's time by 
93%.  
Uniform distribution cost comparison 

Finding on comparison of total Variance, total 
mean cost, and Standard Deviation resulted on more 
efficiency in our system than expert (table3). Mean 
comparison shows our system has 57% improvement 
in distributing uniform schedules than expert. 

 

 
Table 3- Uniform distribution cost comparisons 

Comparison 
First ward 
Variance Mean SD 

 Second ward 
Variance Mean SD 

Expert schedules  28.6 35.5 5.3   86.3 41.6 9.2 
Designed system schedules  0.8 8.5 0.9   4.4 17.7 2.1 

 
Deciding in lack of human resource  

In our problem, when recently graduated nurses 
complete their two years work experience, they may 
leave the ward. Also they may experience working in 
different wards during these two years. In this 
situation or some others like illness of personnel, 
nursing managers should arrange schedule with 
reminding people. So there will be load on some 
personnel. Here an adjusted distributing schedule can 
overcome long time work load on some nurses, which 
our system is capable to produce. It results on more 

nurses' satisfaction and improvement on care 
outcome. But an expert may not be able to consider 
complete justice based distribution of the absent 
people work times between all others.  
 
4. Discussion 

Timetabling & scheduling problems are 
generally suitable to be solved by GA. This 
investigation determines the efficiency of GA to 
design nurse scheduling system. It is mentioned the 
same in the other investigations [4, 15, , ]. Various 
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studies on nurse scheduling problem defined their 
problem based on the data of a specified hospital, so 
we could not use their method in this problem. In our 
study, problem to be solved is defined locally. 
Accordingly, cost function was designed based on our 
data extracted from expert made schedules and some 
constraints in the model were entered. It is supposed 
to enter more constraints in future research to be more 
similar to the real world.  

Nursing managers spend a lot of time to arrange 
staff scheduling. But our system is expected to save 
time by 93% which results in manager's efficiency 
promotion. Studies with variant strategies and 
methods, reported much more reduction in the time 
spent on scheduling by computerized system than 
expert. The time for producing schedule was reported 
to be less than 15 minutes by Isken et al 1990 [], and 
more than 90 seconds by Anzi et al 1987 []. 

Notarantonio (2006), the nursing manager of 
Arizona Hospital, reported decrease in mangers time 
spent on scheduling by half an hour and 25% savings 
by the use of internet based staff scheduling system. 
She reported the nurse managers were already 
spending about 60 percent of their time each week 
creating paper lists and telephoning staff to fill vacant 
shifts. Also they were increasingly using costly 
external agencies to fill open shifts at a rate of nearly 
20 percent more per hour than they paid their internal 
staff already [].  

Staff scheduling internet based system is mostly 
based on self scheduling. So it may satisfy nurses and 
save managers time; but may need to be refined to 
reach a uniform distribution and take into account the 
preference requirements in distribution [].  

Nursing management studies recommended 
consideration of nurse's preferences as well as hospital 
requirements in schedule designing [,], which our 
system tried to consider. It is difficult to pick up a 
nursing journal today that does not have at least one 
article that speaks to the relationship between nursing 
care hours, staffing mix, and quality of care []. 
Considering grades, in our system has attention to 
staff mix also.  

On the other hand, our system can produce 
uniform and satisfactory schedules as well as decrease 
in nurses work time load on some personnel and 
promote caring outcome and nurse's health. 

Also our system prepares a uniform schedule; as 
it can distribute the absent personnel work hours 
among all present ones, or it can produce a schedule 
for a new personnel instead of absent one. We defined 
normal work hour per week to be 44 hours for 18 
nurses. Our system is considered about 47 hours for 
17 nurses automatically by calculation based on table 
1 data. The most work hour in the highest cost results 
varied from 71 to 55 hours per week for 17 nurses 

distributed in the timetable slots respectively in expert 
and system produced schedules. So this system is 
capable to produce better schedule with less work 
time for personnel.  
 
Conclusion 

Designing staff scheduling traditionally on the 
papers has many disadvantages such as being time 
consuming, paper and documents protection (in A2 
size) cost, defect on management decision making and 
error in manual calculations. Now a day, there are 
equipments available to automate these processes. In 
this study we found that in our educational hospitals, 
schedules are mostly flexible rotational, which try to 
satisfy management policies and can consider nurses 
preferences also. In our study, Genetic Algorithms 
were utilized successfully. It is feasible to generalize 
it to other ward of the hospital by making 
modifications in programming, based on unit's data 
such as the quantity of the required staff in each shift 
as well as the working priority of the nurses. 
Considering the complexities of the nursing 
scheduling and other constraints based on the rules 
such as confining work to two diurnal shifts per 24 
hours; and further investigations on the effect of such 
a system on nurse's effectiveness is proposed. 
Designed system can be use in the wards with same 
condition according to our data. The same way can 
also be use to design system for the other wards with 
different conditions in the entire world.  
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