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BACKGROUND

◼ Scheduling nurses at hospital poses a daunting task across the industry, 
as many medical settings lack the necessary scheduling resources.

◼ Administrators are forced to resort to manual heuristics to come up with 
monthly schedules. Current practices, thus, lack optimality and 
efficiency.



PROBLEM STATEMENT

◼ Build an efficient scheduling method that utilizes forecasted hourly demand



IP MODEL



ASSUMPTIONS & DATA

Category Figure Source

Nurse Hourly Salary $33.13 Bureau of Labor Statistics (2013)1 - based on average income of $68,910 per annum

Opt. Patient-to Nurse Ratio 4:1 California RN Staffing Ratio Law (2004)2 - for Emergency Departments

Minimum # Nurses on duty 9 New York Presbyterian Hospital - Interview w/ medical professional

Budget of ED N/A Data unavailable, assumed sufficient funds - model can account for different budget sizes

ESI* Conversion Appendix 1 New York Presbyterian Hospital - Interview w/ medical professional

Patient Arrival Rates Appendix 2 New York Presbyterian Hospital - Interview w/ medical professional

1. Bureau of Labor Statistics (2013); http://www.bls.gov/ooh/healthcare/registered-nurses.htm#tab-5
2. California Department of Public Health; https://www.cdph.ca.gov/services/DPOPP/regs/Pages/N2PRegulations.aspx

* ESI (Emergency Severity Index): Five-level category for ED nurses to triage patients according to their severity, from level 1 being the most severe to level 5



ESI Conversion Algorithm

Appendix 1: ESI Conversion Algorithm



Average arrival rate by ESI Level by hour of day

Appendix 2: Arrival Rate Data (NYP)



MODELING

Nurse Demand

Nurse Shifts

Budget Constraints

Nurse Supply

Penalties

Other Constraints

Decision 
Variables

Objective
Value

(Sample)



27.5% 
Closer to  Optimal

STAFFING COMPARISON

IP Based StaffingStatus Quo Staffing

Nurses Nurses

◼ Types of Shifts: 2
◼ Staffing: Manual

◼ Objective Value: $670.70

◼ Types of Shifts: 6
◼ Staffing: Integer Programming

◼ Objective Value: $485.95

New York Presbyterian Hospital ED Project Integer Program



EXTENSIONS

Cost Minimization Shift Allocation Optimization



LIMITATIONS AND RECOMMENDATIONS

Service rates: apply service rate data for various roles to stratify model

RECOMMENDATIONS

Nurse specialists: add staffing constraints for each specialty group

Simply expand set of decision variables to account for a longer time horizon

LIMITATIONS

Current implementation treats set of nurses as equal providers of care

Model optimizes schedule for staffing in a single day



Appendix 3: Status Quo Staffing



Appendix 4: IP Based Staffing


