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1.  Introduction 
Managing, recruiting, keeping the right staff, and deploying resources efficiently are key chal-

lenges for the healthcare industry in the coming decennia due to the increasing elder population 
and the corresponding increasing demand for care and caring personnel ([16]). Since the quality of 
care ultimately depends on the quality and motivation of health human resources, personnel prob-
lems should be appropriately addressed since staff shortages or unmotivated health workforce are 
likely to have adverse effects on the delivery of health services and outcome of care. A key factor 
is the organizational support to employees which is especially revealed in the personnel staffing 
policies and scheduling practices conducted by the health organizations. On the one hand, it is of 
critical importance to deploy efficiently the available personnel since this is a large determinant of 
service organization efficiency and customers’ requirements satisfaction in providing the continu-
ity of care. On the other hand, [7] identify unattractive schedules and high workloads as two im-
portant factors leading to discontentment and a high nursing turnover.  
 

In order to optimize the organizational support to the largest extent, we integrate the staffing 
and scheduling phase of the nurse workforce management process ([1], [3], [13], and [14]). The 
staffing phase contains a strategic budgeting decision which boils down to determining the number 
of nurse labour hours required of each nursing skill class to meet the forecasted patient demand. 
Based on these authorized budgets for full-time equivalent nursing personnel and the allowable 
usage of supplemental staffing resources, the number of permanent nursing positions of each type 
(both full- and part-time) is established within budgetary constraints. The scheduling phase focuses 
on the assignment of nurses to work days and/or daily work shifts across a typical planning hori-
zon of 1 to 8 weeks for each nursing unit in order to satisfy the minimal coverage requirements 
while meeting legal, union, hospital and personal constraints imposed on the nurses’ individual 
schedules. An overview of the extensive literature on personnel scheduling can be found back in 
[4] and [10]. Personnel scheduling solution procedures are already applied to real-world problems 
(e.g., in [5]). Despite the wide impact of the staffing decisions on the alternatives in the scheduling 
phase, these two phases have been mainly investigated separately in the literature. Little research 
has been carried out that integrate staffing and scheduling decisions (e.g., [9], [13], and [15]).  

2.  Problem description 
In hospitals nurses are typically assigned to a ward. This assignment is done rather arbitrarily 

by the department head based on the nurse’s competencies and the nurse’s ward preference. Next 
to being assigned to a specific ward, nurses can be assigned to float between different wards which 
is nowadays one of the most common staffing strategies ([11]). Advantages and disadvantages of 
this staffing policy are provided in the literature survey of [8]. The use of a float pool is typically a 
cost-saving and efficient staffing strategy which diminishes inadequate staffing levels, eliminates 
unneeded manpower and reduces the number of budgeted hours, overtime hours and/or the need 
for reliance on costly agency or per diem staff. However, this strategy is generally recognized as to 
be at the expense of the nurse (dissatisfaction, stress, poor group dynamics, etc) and the patient’s 
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quality of care (i.e., floating staff needs to be competent and familiar with the patient care prac-
tices). Evidently, the health organization needs to offer something in exchange for this flexibility 
to compromise and motivate nurses to guarantee the provided quality of care. Typically, nurses 
need to be (socially) satisfied by catering for their individual roster preferences as much as possi-
ble. In this respect, the interaction between the staffing and the scheduling phase becomes interest-
ing. Modelling, quantifying and parametrizing these considerations, nurses are assigned to one of 
the wards or to the float pool and rostered with a certain degree of nurse- and/or period-specificity. 
In this way, an ideal and well-balanced mix of employees is determined not only in terms of skills 
and employment but also in terms of roster preferences.  

3.  Solution Procedure 
The formulation of this integrated problem based on the original assignment variables (i.e., a 

nurse is assigned to a certain shift, on a particular day, and to a department) has been decomposed 
based on the Dantzig-Wolfe decomposition. The problem is solved using an exact branch-and-
price approach which simultaneously assigns the nurses to a particular department or to the float 
unit and constructs a roster over the planning horizon for each nurse. Branch-and-price relies on 
column generation to find the linear programming relaxation of the master problem. In order to 
check the optimality of an LP solution, a subproblem, called the pricing problem, is solved to try to 
identify columns (i.e., individual roster lines) to enter the basis. If such columns are found the LP 
is re-optimized. Branching occurs when no columns price out to enter the basis and the LP solution 
does not satisfy the integrality conditions ([2], [12]). Branching is done on the original assignment 
variables and not on the column variables.  

The master problem formulation aims to optimize not only the hospital’s objectives (i.e., the 
quality of care) but also the nurses’ objectives. Moreover, the master problem ensures each nurse 
receives a roster and indicates the best option in case of personnel shortages (e.g., extra personnel, 
interim personnel, and overtime hours). A small modification in the formulation of the master 
problem, i.e., each nurse is assigned to at most one schedule, allows us to address nurse recruit-
ment problems using the proposed approach.  

The pricing step consists of generating an individual roster line for each nurse for each de-
partment (i.e., the involved ward and the float unit) incorporating the dual prices of the coverage 
requirements of the corresponding department. The pricing problem is a resource constrained 
shortest path problem which is typically solved using a dynamic programming approach ([6]). This 
shift assignment needs to be in conformity with all (hard) case-specific time related constraints 
(e.g., roster rules imposed by law) satisfying the nurses’ preferences and contract stipulations and 
the (soft) regulations as much as possible. Moreover, since the scheduling practices and policies 
are typically different from ward to ward, this pricing problem is different for each unit. Moreover, 
this subproblem will even differ from employee to employee since the specific nurse preferences, 
contract stipulations, work regulations, skill competencies, etc vary largely among the nursing 
staff. When constructing an individual nurse schedule for a specific ward (and not the float unit), 
nurses cannot be assigned to shifts of another ward. This practice is only exercised in case of unan-
ticipated variation (e.g., sickness) and is dealt with in the short-term adjustment phase ([1]).  

4.  Computational results 
We test and validate our algorithm on a real-life situation in a Belgian university hospital. 

Three wards and one float unit are involved in the study. Based on a questionnaire, we reveal the 
characteristics of the nursing personnel (e.g., preferences, competencies) and the practices and 
policies of the head nurse. Based on this information gathering, different theoretical and practical 
insights are obtained on how to increase quality of care and preference satisfaction in case of re-
cruitment of new personnel, re-organization of the existing structure and/or revision of the staffing 
process of the concerned wards.  
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