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 A three stage model has also been researched specifically for nurse staffing in acute care 

facilities. (William J. Abernathy, 1973) This model takes into consideration policy decisions, 

staff planning, and short-term scheduling as the three times phases. While it is made for the acute 

care hospitals, it can be implemented in any service industry creating a versatile approach. This 

is comparable to the aggregate planning models with slight variation because there is no known 

inventory and back-stock to use in case of an emergency. The issue with nurse staffing is much 

more finite and contains more constraints. (William J. Abernathy, 1973) Since this model is set 

up to accommodate large variation, there are some hospital units that would not work as well in 

the model as others. An example would be the cardiac unit where most patients will have severe 

cardiac illnesses and need similar care. This leads to a decreased amount of variations in patient 

demand which is very uncommon in most parts of the healthcare industry. 

The staffing models listed plus many other nurse staffing models have been researched 

over the years. Since nurse staffing is an essential task in manpower planning (Chang-Chun Tsai, 

2010) for hospitals, it is important to continue research on this issue to provide a basis for future 

researchers for continued learning. With the cost of the Nursing Department increasing to over 

50% of the hospitals budget, it is imperative to maintain appropriate levels and plan for the 

future. (Natalia Yakovic, 2011) With the campaign from consumers and government to keep 

healthcare costs down, the demand is increasing for a better way to provide quality care to 

patients at a minimal cost.  
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Chapter 4 Methodology 

The importance of staffing nurses efficiently in hospitals is not a new concept to the 

healthcare industry. As discussed in the Literature Review section, several methods have been 

created to decrease nursing costs and increase efficiency. With the implementation of new 

healthcare laws, cost and efficiency are no longer the only important goals related to nurse 

staffing. With revenue at stake, patient satisfaction has grown more important to hospital 

administrators reaching the importance of budget needs. To successfully comply with healthcare 

laws, it is imperative that nurses be able to do their jobs and do them well while feeling 

comfortable in their position. This is the basis behind the methodology used to complete this 

research project.   

 

4.1 Data Collection 

This section will outline the steps used for this research as well as provide some insight into 

possible alternatives depending on model purpose for the data collection portion.  

One of the first steps in any project is collecting required data.  Data collection took several 

forms ranging from historical data outputs of hospital census levels to shadowing nurses during 

their shift to collect information about their workload and time constraints. The three main areas 

of data collection that should be considered for most nurse staffing models are: 

1. Historical Data 

2. Direct Nursing Data 

3. Administrative Preferences 

Each of these areas proved necessary for the models to be built. 
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The first data collection group, Historical Data, can take many forms. Depending on the 

software used and the goals of the system, this step will vary slightly from project to project. 

Defining the direction of the model includes understanding the available data related to nurse 

staffing levels and the purpose of the model defined by hospital administration.  Collecting more 

data than necessary is important.  A lack of available data will cause trends and forecasting 

methodologies (future steps) to become difficult to complete. For purposes of this research, 

historical data compiling patients’ start and end dates was retrieved from the hospital from the 

previous 7 years. This information allowed further analysis to be completed on census levels by 

day within the hospital.  

 The next group, Direct Nursing Data, is equally as important as the first data collection 

portion. The time spent on this section included asking questions and receiving feedback from 

those people who live the hectic life of a nurse.  This proved to be an important part of data 

collection because it was during this time that reasons why patient satisfaction scores were 

declining became obvious. Questionnaires (provided in 5.3.2) were used to collect additional 

feedback on targeted information based on historical data analysis and hospital administration 

goals.  The summary information from the questionnaires was used as an integral step in 

furthering data collection from nurse shadowing.  Once the nurse shadowing portion began, time 

studies were completed on several nurse processes including: medication passes, admissions, 

discharges, procedures, patient consultations, doctor consultations, etc. A majority of this data 

collection contributes to the creation of the staffing and scheduling tools. It is better to have more 

data than not enough to provide a better understanding of a nurse workday. The data can be 

compiled and a more accurate formulation can be made for inclusion in the modeling process.  
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Talking with hospital administration about their wants/needs for nurse staffing was the 

third data collection step used in this research. It is important to note that this should not be the 

final data collection step, but rather integrated into the process or used before the other data 

collection steps begin. Communication with hospital administration should be one of the first 

steps taken when creating a model. Hospital administrators are usually the people who request 

the completion of projects pertaining to nurse staffing levels.  If the end product does not follow 

expectations; then, it is likely the tool will not be implemented in the hospital. The administrators 

perspectives are extremely important as a basis for model creation and specific research areas.  

The three areas of data collection are vital for the success of this project. Depending on 

the feedback from administrators and nurses, the data collection process could be altered slightly 

for creation of models at alternate hospitals. These are the base three data types (historical data, 

direct nursing data, administrative data) that should be considered, but might not be the sole 

considerations depending on model purpose. Other data collection areas that might be 

considered: 

 Departmental Data Collection 

 Quality Data Collection 

 Procedural Data Collection 

 Others not listed might necessary 

These will not be required in every instance, but should be considered after the purpose of the 

model is formulated. 
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4.2 Forecasting/Capacity Planning 

 Forecasting means to predict or estimate a future state. Forecasting is a large part of the 

development phase for this nurse staffing model. During the creation process, multiple 

forecasting methods were attempted to identify one that would allow for only minor deviations 

from actual data.  The application of each section explained below is shown in Chapter 5 with 

relation to the hospital where this research was performed. 

 

4.2.1 Forecasting Patient Census 

After collecting the historical data required, forecasting the census became the next most 

important step. The historical data would be the basis of how many nurses the hospital needed to 

have each day. (The conversion from census to number of nurses is explained later in the 

methodology section.) To accomplish this task, historical data from the past 7 years was 

gathered.  This data was fed into multiple forecasting formulations and optimized to choose the 

method that produced the smallest deviation from the actual data.  The following methods were 

all tested for use to forecast the number of beds filled per day: linear prediction, moving average, 

weighted moving average, and exponential smoothing. None of these methods fit the data 

accurately, but should be tested as they are plausible methodologies to use with appropriate data. 

Subsequently, day-to-day, week-to-week, and month-to-month forecasting methodologies were 

applied by using the percentage change from one time period i to the next time period i+1 (where 

i = 7+1 = 1 moving from Saturday to Sunday). The change from day to day is optimized using 

the following formulation: 

              (             ); 1 = Sunday, 2= Monday, 3 = Tuesday, 4 = Wednesday, 5 = 

Thursday, 6 = Friday, 7 = Saturday; exception when i = 7, i +1 = 1 
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                               (             )                       

                                                                   

                                                             

              (     )                                     

                                                                              week 

2 starts on Sunday January 8, 2006 and so on.  

                (   )           (   )             (   ) 

                                    for all i 

                                         

When     is established, it can then be used as a guide for day to day changes in the predictive 

modeling process. Example of this is shown below: 

Example 1:    (    )      

Example 2:    (    )      

For best results, choosing the forecasting methodology that optimizes the results from the above 

equation for the data provided is required.  

 

4.2.2 Forecasting Admissions and Discharges 

 Admissions and discharges are forecasted using an alternate method known as 

exponential smoothing. When using exponential smoothing, an alpha (α) value must be found to 

predict the next occurrence. The importance of knowing the number of admissions/discharges in 

the future is to allow for workload increases or decreases by day depending on the number that 

must be completed. The specific number of each does not matter, but the workload per day 
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depends on the aggregate forecast of the two; therefore, making it important to forecast as 

accurately as possible.    

 Each day (Sunday through Saturday) is forecasted independently in order to accurately 

predict the number of occurrences most accurately. The alpha values are introduced into the 

model using the following formulation: 

Ft+1 = Dt + ( 1 - ) Ft 

This model forecasts the admissions/discharges one week in advance of the actual data collected 

for the model. After the first week, historical data is used to predict the workload from 

admissions and discharges based on an average by day.  For example, all Sundays in the data set 

are averaged together to approximate the forecasted numbers. This contributes partially to the 

deviation found in the model when forecasting the number of nurses required. Once forecasted, 

the admissions/discharges are incorporated back into the model and the workload by day is 

adjusted accordingly. Based on the specific data trend being analyzed, alternate methodologies 

may prove more effective.  

 

4.2.3 Seasonality 

A simple seasonality approach was taken to adjust the model to match the patient census. 

After analyzing seven years of data, itias obvious that there are more patients during the Winter 

months than the Summer months. Fall and Spring show similar results. This is very important in 

creating accuracy in the model when forecasting passed one month of data. Without these 

adjustments, recognized trends would not be accounted for and the data would be inaccurate. 

Recognizing these trends is important to improve accuracy in the system. Omitting seasonality 

adjustment variables could create inaccuracies in the model results causing the model to be 

unsatisfactory.  
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4.4 Staffing Model 

 Much of the information included in the methodology up to this point has reflected how 

different portions of this predictive modeling tool are formulated.  The way the information is 

compiled and used to work together to create the staffing model is the next step.  Steps for 

building the model are as follows: 

1) Forecasting the hospital census based on historical  

2) Analyzing the number of rooms filled based on hospital census 

3) Calculating the number of nurse hours needed (nurse workload) based on the number of 

rooms filled and the specified processes included in nurse workload  

4) Calculating the number of nurses needed 

a) Obtain Number of Rooms Filled by Day 

b) Calculate number of hours of nurse work by hour 

c) Add all patient demand hours (nurse workload hours) and divide by the staffing variable. 

In the case of this research, the staffing variable equals six. This is defined by identifying 

the maximum number of acceptable patients per nurse. Dividing the work hours by six 

will allow some nurses to have six patients and others to have less than six, but insures 

none will be burdened with more than six patients.  

5) Creating an interface for use by hospital employees to predict future outcomes and input 

necessary data into the model 

6) Incorporating appropriate data into graphs, tables, etc. to provide additional analytical 

support for decision-making. 

These steps were used in the creation of the model at Hospital A which is shown in detail in 

Chapter 5. 
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A supplement to the model is an AnyLogic model that can be easily updated with real 

time information. AnyLogic is a modeling tool that has the ability to do discrete event 

simulation, agent based simulation, and system dynamics.  With this model, results for the 

following day nursing level based on census and workload can be calculated quickly to make 

schedule adjustment decisions. This model operates with the same parameters as the Excel 

model, but the changes to it can be made more quickly and efficiently allowing nurse staffing to 

make more accurate short term decisions. The parameters that can be varied are the percentage of 

patients in each patient type (easy, medium, difficult med passes), the amount of time for each 

type of med pass, and the amount of time for admissions and discharges.  It is important to 

enable hospital administration to vary these parameters because there is little consistency in 

hospital processes that lead to system wide changes. This tool will allow the necessary time for 

the model administrator to make accurate updates while providing nurse staffing data to the 

hospital.  

 

4.4.1 Staffing Model Variables 

 In the staffing model, many calculations are made based on variables that could change in 

the future. When creating the model, it is important to select these variables carefully and 

incorporate them in a way they can be varied easily when changes occur. This section will 

explain the importance of the variables use in the model to provide a better understanding of 

each.  

The first variable relates to the census pattern remaining the same with a slight amount of 

growth from year to year. If this changes, it is the employee’s responsibility to recognize this 

shift and adjust the factor of growth within the model accordingly. A slight change in the census 

pattern will directly affect the outcome of the forecasting methods used. It is important to 



 

25 

 

recognize these minor changes and know how to make the adjustments within the model to 

continue receiving accurate results. Another variable deals with the distribution of medication 

passes within the hospital patient population. If this begins changing, it could have an effect on 

the nurse workload. This is also an adjustable variable in the model. A third variable coincides 

with the fact that this model represents 86.2% of a nurse’s workday using only variables related 

to medication passes and admissions/discharges. The assumption for the use of the model is that 

86.2% of the workday should be used to schedule nurses. If this becomes a problem for the 

hospital, an additional variable can be added to the model to increase the nurse workload by day 

and forecast required nurses based on 100% of nurse workload for a 12 hour shift. 

Finally, a fourth variable used in the model is the method for changing censes to number 

of nurses described earlier in the document.  The procedure for changing census to number of 

nurses meets the needs of the hospital where this research is performed. It provides a nurse with 

the potential of having six patients, but the nurse will not have six patients needing more work 

than can be done in her 12 hour shift. The process takes hospital preference into consideration as 

well as nurse workload.  The equation provides a methodology to perform this analysis, but 

should be altered based on the situation (laws, regulations, etc.). Further details involving the 

specifics of the model are in Chapter 5. 

 

4.5 Scheduling Tool 

Completion of the scheduling tool is the final step of this research. For this tool, data 

collected is compiled to highlight areas of improvement for the nurse scheduling personnel. 

Necessary data for this tool is as follows: 

 Number of Patients 
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Nurse Scheduling AnyLogic Tool Model Overview 

Below is an image of the whole Nurse Scheduling model in AnyLogic. This shows how 

each patient type is separated. The top portion represents those patients who are either admitted 

or discharged from the hospital in a given day. The bottom portion represents the work required 

for those patient who stay in the hospital for the entire day. 
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Next, the beginning of the model is shown in more detail. This is where the patients enter the 

system and go through delay29 which represents nurses’ lunch breaks.  This time is added to the 

total time to calculate the number of nurses needed. 

 

The following diagrams represent each patient type and the work accompanied with each. The 

delays represent medication passes.  

Easy Medication Pass, Admission, Discharge: 

In this diagram, dealy8 represents an admission or discharge. 
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Medium Medication Pass, Admission, Discharge: 

In this diagram, dealy10 represents an admission or discharge. 

 

 

 

Difficult Medication Pass, Admission, Discharge: 

In this diagram, dealy12 represents an admission or discharge. 

 

 

Easy Medication Pass, stays in hospital 
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Medium Medication Pass, stays in hospital 

 

 

 

Difficult Medication Pass, stays in hospital 

 

 

 

Each patient type has a start time and end time in the system. These calculate the amount of time 

it takes a nurse to care for one patient throughout the day regarding medication passes (and 

admissions/discharges if applicable). As explained in the AnyLogic Nurse Staffing section of 

this paper, the is a formula to calculate total nurses needed from this information. The formula is 

as follows: 

[                                                            

                                                            

                                                            

                                 ] ÷ 60 ÷ 12 + 3 
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This will add the total time calculated for patients going through the system and divide those 

minutes into hours then into 12 hour shifts The additional three nurses are added because the 

processes accounted for in this model only add up to 85% of nurse work during the day. The 

three is used as a buffer for this. This number is subject to change based on hospital 

administration preference.  
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