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Abstract. Home healthcare routing and scheduling problems provide a better
condition for elderly and disabled people. In the presence of the worldwide pan-
demic of coronavirus disease 2019 (COVID-19 pandemic), these problems have
shown their efficiency and necessity to notice this new group of patients suffering
from COVID-19. For this purpose, a new mathematical model is developed for a
home healthcare routing and scheduling problem (HHCRSP) regarding the im-
pact of the COVID-19 outbreak. The satisfaction and cost of assigning staff to
patients with suspected or confirmed COVID-19 are considered. This problem
considers travel time between patients and aims to minimize it. The proposed
model is solved using GAMS optimization software. Computational experiments
are considered for several test problems and a sensitivity analysis is conducted to
validate the model performance.

Keywords: Home healthcare, Staff scheduling, Employee satisfaction, COVID-
19.

1 Introduction

One of the effective ways to use resources more efficiently and reduce costs is home
healthcare services at home [1]. Furthermore, population aging and increasing life ex-
pectancy, government pressure on the health system to reduce costs lead to increasing
demand for home healthcare services [2, 3]. On the other hand, in the presence of pan-
demics, SAR-COV-19 leads people to provide their needs at home as much as possible
[4, 5]. Due to the increasing demand for home healthcare services, organizations seek
to optimize activities and increase the quality of their services. In this context, one of
the problems that have been considered by researchers in recent years is routing and
scheduling for staff members [1]. These problems include the combination of nurses,
patients, and nurses’ routing and scheduling to patients, which complicates the problem
and causes more attention of researchers.

A home healthcare problem is an extension of a vehicle routing problem with time
windows [6] that aims to determine the optimal plan for staff to visit the patients con-
sidering many limitations, such as the availability of patients and nurses’ time windows,
staff workload, and skill requirement [7].
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The primary purpose of this paper is to develop an optimization model considering
the allocation of nurses to patients with suspected or confirmed COVID-19. Due to the
change of lifestyle during the COVID-19 outbreak, it is obvious that nurses are not
willing to service patients with suspected or confirmed COVID-19. Therefore, the sat-
isfaction level of nurses has changed and affects the costs of the organization. The rest
of this paper is organized as follows. Sections 2 and 3 present the literature review and
the problem description. Section 4 solves an illustrative problem by the developed
model. Finally, Section 5 concludes this research and presents opportunities for further
research.

2 Literature Review

As mentioned in the previous section, the complexity, novelty, and increasing de-
mand of a home healthcare routing and scheduling problem (HHCRSP) cause more
attention to researchers. Most researchers have focused on the cost and travel time of
staff, and a few numbers have focused on minimizing the number of staff. Braekers et
al. [6] proposed a hi-objective model in a home healthcare scheduling problem
(HHCSP) to minimize the routing and overtime costs and client inconvenience. They
considered the hard time windows, preferences of staff and patients, and overtime of
staff. Moussavi et al. [8] presented a multi-period HHCSP to minimize travel time or
travel distance. Their model considered continuing care, time windows of staff and pa-
tients, determined staff numbers, and the route each staff should travel each period. The
Gurobi MILP solver was used to solve and a meta-heuristic algorithm based on the
decomposition of the formulation was used to simplify. Mankowska [9] presented a
daily scheduling model for HHCSPs to minimize travel costs or maximize service qual-
ity. Their model involves synchronization and qualifications of staff members, temporal
dependencies, and workload balance. To solve the model, a powerful heuristic method
based on a sophisticated solution was proposed.

A few numbers of papers deal with the minimum number of staff, in a long-term
period, it is more important than a single period [2]. In this regard, Allaoua et al. [10]
developed a single-period integer linear programming model to minimize the humber
of staff assigned and considering skills and available time windows for staff. They de-
veloped a matheuristic method for large-sized problems. Hiermann et al. [11] proposed
a single-period model for home healthcare problems to find the most convenient as-
signment for staff and patients at the same time. Then, they suggested meta-heuristics,
such as memetic algorithm (MA), scatter search (SS), simulated annealing (SA) algo-
rithm, and variable neighborhood search (VNS) to solve the model.

Other criteria that can be observed in the objective function of some papers are two
types of satisfaction; staff and patients [12]. Rest and Hirsch [13] proposed an HHCSP
to minimize travel time and waiting time of staff by considering patient hard time win-
dow, maximum working time, and rest time for staff members to satisfy staff. To solve
this problem, they suggest tabu search (TS) algorithm. An example of patient satisfac-
tion can find in Wirnitzer et al. [14] who proposed five mixed-integer programming
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formulations with different objective functions by considering the continuity of care,
breaks, shift rotations, maximum working times, and patient or nurse preferences.

Lean management is one of the latest management systems in healthcare [15]. The
results of lean implementation in management include reducing errors, prioritizing pa-
tients, and providing quality and more effective services to patients [16, 17]. One of the
most important goals of lean is to save time and reduce waiting time in a queue [16, 18]
and reduce costs, and increase productivity [16]. For example, Improta et al. [19] re-
duced the patient waiting time by using lean in the emergency room. Other goals of
implementing this improvement in organizations have suggested maximizing the value
and eliminating waste and possible response to the need to respond to rapid change [20,
21].

Young et al. [22] is one of the first lean studies to improve patient care. The authors
introduce the three industrial approaches of pure thinking, the theory of limitations, and
Six Sigma, how these three approaches relate to health care. Then they concluded that
for these approaches to be effective, good leadership and participation of employees
are needed. Also, by considering these approaches, they concluded that there are many
standard features between them, and all of them need to recognize bottlenecks and use
a suitable approach to eliminate them. Kim et al. [23] introduced a hospital that provides
more helpful and better patient care using lean management. They also addressed the
obstacles to using lean methods and ways to overcome them, But Poksinska [24] im-
plemented and described the obstacles and problems.

Staff members are our valuable resources, especially in the presence of covid-19 so
we should care for them most. Our main contribution is to reach an assignment that
considers maximum cost and minimum satisfaction of staff who assign to covid-19
suspicious patients.

3 Problem Definition

In this section, a multi-period mathematical model is presented. A number of patients
and staff, cost of assigned staff to the patients with suspected or confirmed COVID-19,
and satisfaction of this staff are assumed. The objective of this problem is to minimize
the travel time of each staff. The following notations are employed to develop a model
for the HHCRSP.

Sets
i Set of employees
jandk  Setof patients

p Set of periods per day
d Set of days
Parameters

ni Number of employees
nj Number of patients

nd Number of considered days
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npi Maximum number of periods each staff can work

MSj,q Matrix of the care services needed by the patients

CSjpa Matrix of patients with suspected or confirmed COVID-19

DSjy Travel time between patients j and k

Disutility of giving care service of nurse i in the vicinity of patients with
suspected or confirmed COVID-19

Extra cost for each employee if he/she is assigned to patients with suspected
or confirmed COVID-19

Costo  Maximum cost of visiting patients with suspected or confirmed COVID-19
Minimum satisfaction level of the staff who assign to patients with sus-

Cost;

§S pected or confirmed COVID-19

Variables

Xijpa 1 if staff member i is assigned to patient j in period p of day d; 0, otherwise

X 1 if staff member i is assigned to covid-19 suspicious patients jin pe-
ijpd riod p of day d; O, otherwise

DI; Time of traveling staff member i during all days

SAyy Satisfaction level of staff member i during day d

SD; Satisfaction level of staff member i during all days

Tl;jq  1ifstaff member i has to visit patient k after j in day d; 0, otherwise

DID,;  Time of traveling staff member i in day d

DTI Total travel time of all staff members

Cost of staff member i who assigned to patients with suspected or confirmed

CTTia  covID-19 during day d

co Cost of all staff’s assignments to patients with suspected or confirmed
COVID-19

0 Satisfaction level of all staff members assigned to patients with suspected

or confirmed COVID-19

The proposed mathematical programming model of the HHCRSP is presented as
follows:

Min Z = DTI )
s.t.
nt
ZXijpd=MSjpd VpeP,jed,deD 2
i=1
nj
injpdSI YpeP,jed deD ()
j=1
nj h
ZZXi,-paSnpi viel,deD (4)
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The objective function (1) minimizes the total travel time by all the staff members
during a day. Equation (2) ensures that only one staff member can assign to each patient
who needs care services. Equation (3) ensures that each staff member can only assign
to one patient. Equation (4) implies that each staff member cannot work more than the
maximum number of periods per day. Equation (5) prevents that staff members visit
two different patients in two consecutive periods because the model considers travel
time between visits. Equation (6) implies continue of care if a patient needs more than
one period. Equations (7) and (8) imply that employees are assigned to patients with
suspected or confirmed COVID-19. Equations (9) - (11) indicate the sequence of the
patients who are visited by an employee. Equation (12) calculates the travel time of
staff members in a day. Equations (13) and (14) calculate the travel time for staff mem-
ber i during all days and the total travel time of all staff. Equations (15) and (16) indicate
the satisfaction level of staff member i during a day and the satisfaction level of staff
member i during all days. Equation (17) controls the minimum satisfaction level of the
staff members assigned to the patients with suspected or confirmed COVID-19. Equa-
tion (18) computes the satisfaction level of all staff members assigned to the patients
with suspected or confirmed COVID-19. Equation (19) calculates the cost of all staff’s
assignments to the patients with suspected or confirmed COVID-19 during a day. Equa-
tion (20) indicates the budget constraint of visiting requirements for the patients with
suspected or confirmed COVID-19. Equation (21) calculates the cost for all staff mem-
bers assigned to the patients with suspected or confirmed COVID-19.

4 Numerical Experiments

In this section, the proposed model is solved by GAMS software using the BARON
solver for small-sized instances.

4.1  Case study and result

To validate the model introduced in this study, the model is applied on small-sized
instances that each day includes 12 periods. Table 1 represents the value of parameters
for each test problem. All the data are selected random numbers between 0 and 30.

4.2  Sensitivity analysis

The model is solved by changing some parameters to determine sensitivity analysis.
The number of patients with suspected or confirmed COVID-19 in the fourth instance
of the last section is modified to investigate the changes in cost and satisfaction level
of staff members servicing the patients with suspected or confirmed COVID-19. The
computational results are shown in Figs. (1) — (4), which reveal that by increasing the
number of patients with suspected or confirmed COVID-19, the cost of all staff’s as-
signments to these people increases, and the satisfaction level of staff members will
decrease.
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Table 1. Description of each test problem

No. of days No. of patients No. of staff DTI SO CO Cycle time
1 4 2 63 111 35 <0
1 8 3 186 286 17.75 1l1s
1 12 5 117 6.7 363 918s
1 16 7 474 456 4119  3240s
2 4 2 148 244 45 <0
2 8 3 104 319 2413 63s
2 12 5 89 3.86 3747  1920s
2 16 7 397 432 4625  8944s
3 4 2 123 32 827 <0
3 8 3 179 25 5446 71s
3 12 5 517 195 98.72  3856s
3 16 7 945 25 189.3  5470s
70
60
50
L 40
8 30
o
20
10
0
3 6 9 12
Number of patients
Fig. 1. Effects of changing the number of patients on the staff’s cost (D=1)

Satisfaction level

O Fr N W b~ U1 O
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Number of patients

Fig. 2. Effects of changing the number of patients on the staff’s satisfaction level (D=1)
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Fig. 3. Effects of changing the number of patients on the staff’s cost (D=2)
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Fig. 4. Effects of changing the number of patients on the staff’s satisfaction level (D=2)

5 Conclusion

In this study, a mathematical model was proposed for a home healthcare routing and
scheduling problem (HHCRSP). The impact of the Covid-19 pandemic is considered
in the proposed model by controlling the cost and minimum satisfaction level of staff
members, who are assigned to the patients with suspected or confirmed COVID-19. To
validate the model performance, a set of small-sized instances were solved using
GAMS software and a sensitivity analysis was conducted. For future studies, the model
can be extended to a multi-objective model by considering more preferences of patients
and staff. The model can be solved by heuristics and meta-heuristics for large-sized
problems.
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