Proceedings of the 13" BIE Biennial Conference

Home Care Staff Planning and Scheduling: An Integrated Operations
Management Perspective

Michael Mutingi®, Charles Mbohwa”
#Industrial Engineering, University of Botswana, Gaborone, Botswana
®Quality and Operations Management, University of Johannesburg, Johannesburg, South Africa
Email: mmutingi@gmail.com

Abstract

The Home Health Care (HHC) sector continues to grow at an increasing rate across the globe. As such,
developing proper health care management systems and operations strategies is essential for survivability,
growth and competitiveness of healthcare systems. As labor is the most critical asset in the home care
organizations, it is crucial to obtain an in-depth understanding of HHC operations, from an operations
management view point, with specific emphasis on staff planning and scheduling. The aim of this paper is
to provide a taxonomic analysis of HHC staff planning and scheduling decisions, from an operations
management perspective. We identify from various cases in the literature, the core activities
characterizing staff planning and scheduling. We then present a taxonomic analysis of these activities,
and propose an integrated approach to decision making. A conceptual modeling framework is then
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proposed to assist the decision maker in solving problems in HHC staff planning and scheduling.
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1. Introduction

In the health care industry, the Home Health Care
(HHC) is an increasingly growing sector across the
world [1] [2] [3]. Home care services, for instance,
should attend to patients with acute illness, chronic
illness, permanent disability, or terminal illness,
and provide post-hospitalization treatment, post-
operation treatment [4]. The services provided may
include nursing, therapy activities, medical and
social services, house cleaning, and drug deliveries.
In particular, staff planning and scheduling is a
major concern to health care operations planners.
This is necessitated by the fact that labor costs
constitute the greatest portion of the total operations
costs of most healthcare organizations [5] [6] [7].
Labor is the most critical asset in the home care
organizations, thus, must be utilized effectively and
efficiently. As such, it is essential to develop novel
healthcare operations planning and management
systems  for  survivability, = growth  and
competitiveness  in  the  global  business
environment. To achieve this goal, it is crucial to
obtain an in-depth understanding of HHC
operations, from an operations management view
point, with specific emphasis on staff planning and
scheduling.

The operations of the HHC organizations are
uniquely complex [8] [9]. Novel approaches and
perspectives are needed as most health care services

move into home care settings. The complexity of
home care operations is aggravated by a number of
factors: (i) patient’s homes are incorporated as
components of the conventional healthcare supply
chain, (iii) resources, human and materials have to
be allocated and managed effectively, (ii) patients
have personal time windows in which they should
be treated, (iii) care givers have their own preferred
time windows or shift times, (iv) many social
aspects have to be considered, such as patient-nurse
loyalty which seeks to ensure long-term
relationships between patients and specific care
givers. Additional restraints exist in specific
homecare staff planning, scheduling and control.

The aim of this paper is to provide a taxonomic
analysis of HHC staff planning and scheduling
decisions. First, we identify from various cases in
the literature, the core activities characterizing staff
planning and scheduling. Second, we present a
taxonomic analysis of the activities. A conceptual
modeling framework is then proposed to assist the
decision maker in solving HHC staff planning and
scheduling problems. Research opportunities are
identified and highlighted for the operations
management community.

The next section presents a taxonomic analysis of
previous studies in the literature. Section 3 provides
conceptual models derived from the taxonomic
analysis. Section 4 presents research opportunities
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from the operations management view point.
Finally Section 5 concludes the paper.

2. Taxonomic Review and Analysis

This section provides a taxonomic review analysis
of staff planning and scheduling in the homecare
setting. The analysis is based on a study of existing
empirical and hypothetical research in the literature.
We present our research methodology, and identify
key decision activities and their relationships.

2.1 Research Methodology

A wide selection of sources of existing studies were
used to compile the relevant HHC literature, such
as EBSCO Inspec, ISI Web of Science, Ei
Compendex, ScienceDirect, and bibliographic
studies such as in [5] and [6]. The main keywords
used in the search process are “home health care,”
“homecare scheduling,” “home healthcare worker
scheduling”, and “home care patient assignment.”
This helped to reduce retrieval of irrelevant studies
while eliminating studies whose major focus was
not staff planning and scheduling. In addition to
this, we carried out an investigation on the common
staff planning and scheduling activities in
healthcare organizations in Zimbabwe. An outline
of the activities is presented.

2.2 A Taxonomic Analysis

From our study, there are three observable levels or
categories of decision making activities, based on
the planning horizon, that is, long-term, medium-
term, or short-term, as shown in Table 1. Long-term
planning is done on an annual basis, involving such
decisions as capacity planning and long-term
staffing policies. While medium-term planning may
be on weekly or monthly basis, short-term planning
is concerned with on-going, daily activities.

Table 1. Categories of decision making activities

Category Planning Activities References
Long-term Staff planning, [3]1 [4] [10]
planning Staff capacity planning, [11] [12] [13]
Develop staffing policies, [14] [15] [23]
and scheduling policies [26] [28] [29]
Medium-term Determine staff [12] [13] [15]
planning requirements or staffing [16] [17] [18]
levels [19] [20] [21]
Develop staff schedules [22] [23] [24]
for senior or core staff [25] [30] [31]
Short-term Daily assignment of tasks ~ [2] [8] [9]
planning Re-scheduling, [15] [18] [25]

Re-rostering, attending to
staff variances

[27] [32]
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Staff Planning Staff plans, staff

policies

e Annually or as
needed

e Planned
capacity

o Staffing/schedul
ing policies

Staff Scheduling Staff
schedules

o After every 1-4
weeks

o Staff
requirement

Tactical staff scheduling levels

analysis o Staff schedules

for core staff

Daily Assignments

e On-going activity

o Reacting to staff
variances

o Standby and
contract staff,
overtime,
agencies

Realized staff
shortages or surpluses

Figure 1. Integrated staff planning and scheduling
framework

However, in our view, these three-level activities
are interrelated and intertwined, such that the
decision maker has to approach the problem in a
more integrated fashion. Figure 1 presents the
proposed holistic integrated framework for decision
making in staff planning and scheduling, showing
interaction and feedback structure of the three
decision levels from an operations management and
systems point of view.

On an annual basis, the operations planner
generates staff plans and policies which will be
used as top level input to medium-term staff
scheduling. In the process generating staff
schedules, the scheduler makes short-term analysis
of schedules and feeds back to the staff planner.
The staff schedules are the input to the daily task
assignment decisions. Daily issues involving staff
variances or shortages, contract staff, and overtime
are attended to by the scheduler. An analysis of
these variances is used as feedback to staff
scheduling activities.

As opposed to conventional sequential approaches,

the proposed integrated approach offers a number

of advantages in real-world HHC staff planning and
scheduling:

e The integrated feedback mechanism ensures
that disparities are considered by decision
makers, reducing the impact of future
uncertainties.

e The integrated feedback mechanism enhances
continuous improvement of healthcare service
operations.
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e The integrated approach ensures cooperation of
decision makers at all levels, from a systems
point of view.

o Staffing problems are solved holistically, rather
than through the conventional silo approach (or
sequential approach).

Deriving from the integrated approach to staff

planning and scheduling, we propose a conceptual

framework for model development at different
levels, and suggest appropriate solution approaches
for each level

3. Conceptual Modeling

Our conceptual modeling framework considers that
the HHC staff planning and scheduling problem has
two main objective approaches: (i) single objective,
that is, minimize staffing costs or maximize profits,
and (ii) multiple objective, that is, maximize
healthcare service quality, staff schedule quality,
and organizational satisfaction. The application of
these objective approaches depends on the pertinent
constraints, especially time window constraints and
time horizons restrictions.

We base our model classification on two
dimensions: (1) time horizon, consisting of three
gradations, that is, long-term, medium-term, and
short-term  horizon, and (2) time window
constraints pre-specified by patients, consisting of
two gradations, that is, with time windows, and
without time windows. As a result, we obtain six
model approaches in all, as outlined in the next
section.

3.1 Models

Figure 2 presents a matrix classification of models
for decision support in HHC staff planning and
scheduling. The explanations of the models are as
follows:

Model 1. The objective of this model is to
maximize the satisfaction of long-term organization
expectations in terms of building the capacity and
developing staffing policies in anticipation of future
staffing requirements. Capacity planning is carried
out considering the prevailing time window
constraints, at aggregate levels.  Usually,
geographical settings are taken into account,
considering the aggregate distances and the likely
staff workloads due to healthcare demand.
Districting problems often model staffing problems
considering geographical locations of clinics [14],
together with likely locations of future home care
service demand, and their time windows, at an
aggregate level [21].
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With time windows Without time windows
Staff planning Model 1 Model 2
Staff scheduling Model 3 Model 4
Task assignment Model 5 Model 6
1

Figure 2. Modeling for HHC planning and
scheduling

Model 2. This model is similar to model 1, but
assumes that no time window constraints are pre-
specified. The model considers that time window
specifications are best considered in the medium to
short term planning, or the time windows are
flexible enough to allow flexible modeling in the
future. Where time windows are too uncertain, this
model may be worthwhile.

Model 3. The model objective is to schedule the
core staff, while minimizing schedule costs and
staff shortages, or maximizing profits. Long-term
staff plans are used as constraints to this model. In
addition, it is crucial to consider time window
constraints specified by patients as this will lead
high service quality. Problems such as drug
distribution, patient assignment may fall into this
category.

Model 4. This model is a simplified version of
model 3, where time window restrictions are not
considered. Practical scenarios of this model
include cases where time windows are flexible
enough to be ignored during scheduling, or where
only a few home care tasks exist, posing
insignificant restrictions on modeling.

Model 5. This model pertains to the assignment of
duties or tasks on a daily basis. The basic objective
is to minimize assignment costs, subject to time
window constraints from patients, working times of
the healthcare staff, and labor availability.
However, the multi-objective case may be more
appropriate, where time window constraints are
treated as soft constraints that may be violated, but
at a penalty cost.

Model 6. This model is a simplified version of
model 5. The objective of this model is to minimize
task assignment costs, subject to constraints such as
labor requirements, staff availability, and other side
constraints. In the absence of time window
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constraints, job dispatching heuristics can be
applied on real-time.

3.2 Solution approaches

In the long-term, dynamic simulation approaches
such as system dynamics simulation, fuzzy system
dynamics simulation, and other systems thinking
based approaches are most viable [33]. This is
because such methods take into account the
uncertainties and fuzziness prevalent in the long
term staffing problem due to complex dynamic
features involved. On the other hand, short-term
operational decisions such as developing weekly
schedules can be solved using heuristics, global
optimization techniques, expert systems, and other
intelligent decision support systems [17] [19].
Operationally, real-time heuristic task assignment
methods are the most viable. The main reason for
this is that operational decisions are often affected
by unforeseen events such as staff no-show,
emergent patient requests, and uncertainties
associated with time windows, traveling time when
nursing staff visit patients [2] [9]. These uncertain
events may call for the application of re-rostering
heuristics on real-time basis.

4. Research Opportunities

Research opportunities in this field are widespread.
First, it is important to consider uncertainties in the
staff planning and scheduling in healthcare in
general, and in homecare systems. From a non-
stochastic  sense, uncertainties arise  when
specifying future manpower requirements and
demand for healthcare services. In the medium
term, it is difficult to anticipate manpower
requirements  considering imprecise  staff
preferences, patient time window preferences, and
management goals [2]. The wishes and preferences
of staff, patients and management often evolve over
time. Therefore, fuzzy modeling is the most viable
approach in this area [34] [35 [36] [37]. Due to the
complex combinatorial nature of the problem, the
most  practical approach is  metaheuristic
optimization. Interactive decision support systems
and rule-based expert systems are also applicable.

Daily task assignment methods need to be explored.
For instance, job dispatching heuristic methods that
are usually applied in production operations
management can also be applied effectively in
healthcare task assignment. The application of
conventional mathematical programming methods
in modeling and solving task assignment problems
may be limited in the case of large scale problems.
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Another viable approach is global optimization,
where methods such as genetic algorithms, tabu
search, simulated annealing, evolutionary
algorithms, and particle swarm optimization can be
applied [2] [9] [15] [17].

5. Conclusions

This paper explores and investigates decision
making activities in the home healthcare setting.
Empirical case examples from the literature,
coupled with cases in Zimbabwe are used to come
up with a list of decision making activities at
different time horizons. Drawing from this
experience, we learnt that decision making occurs
in the long term, medium term, and short term
horizon. However, these decision levels are closely
interrelated, and often affected with feedback
effects, so much that they should be viewed at in an
integrated manner, from a systems view point.
Healthcare operations managers should therefore
formulate long term strategic policies, develop
tactical strategies and tackle operations problems
from a systems perspective.

Our contribution focuses on developing an
integrated operations management framework and a
conceptual modeling framework for decision
making in homecare staff planning and scheduling.
The modeling framework provides a platform for
further development of customized mathematical
tools, heuristic methods, metaheuristic methods,
and expert systems that can then be fitted as
modules at specific decision levels. It is anticipated
that the integrated framework will go a long way to
assist the decision maker with a systems view on
home care operations, as opposed to conventional
sequential approaches.

References

[1] Rest K.D, Trautsamwieser A and Hirsch P.
(2012) Trends and risks in home health care.
Journal of Humanitarian Logistics and Supply
Chain Management, vol 2, pp. 34-53.

[2] Mutingi, M., Mbohwa, C. (2013) Task
assignment in home health care: A fuzzy group
genetic algorithm approach. The 25th Annual
Conference of the Southern African Institute for
Industrial Engineers, Stellenbosch, 9-11 July
2013, South Africa.

[3] Lanzarone E., Matta A., Sahin E. (2012)
Operations management applied to home care
services: the problem of assigning human

—207 -



Proceedings of the 13" BIE Biennial Conference

resources to patients. IEEE Trans Syst Man
Cyber A. doi: 10.1109/TSMCA.2012.2210207.

[4] Matta A, Chahed S, Sahin E and Dallery Y.
(2012) Modelling home care organisations from
an operations management  perspective.
Flexible Services and Manufacturing Journal,
doi: 10.1007/s10696-012-9157-0.

[5] Ermst A.T, Jiang H, Krishnamoorthy M and
Sier D (2004) Staff scheduling and rostering: A
review of applications, methods and models.
European Journal of Operational Research, vol
153, pp. 3-27.

[6] Cheang B, Li H, Lim A and Rodrigues B.
(2003) Nurse rostering problems-a
bibliographic survey. European Journal of
Operational Research, vol. 151, pp. 447-460.

[7] Mutingi M and Mbohwa, C. (2012) Dynamic
simulation of health care manpower systems: A
market-based perspective. Proceedings of the
IASTED Conference on Modeling and
Simulation, Botswana, September, pp. 221-228.

[8] Bachouch R.B, Liesp A.G, Insa L, Hajri-
Gabouj S. (2010) An optimization model for
task assignment in home health care. IEEE
Workshop on Health Care Management
(WHCM), pp. 1-6.

[9] Mutingi M and Mbohwa C. (2013) Home
healthcare worker scheduling: A group genetic
algorithm approach. Proceedings of The World
Congress on Engineering 2013, U.K., 3-5 July,
2013, London, pp 721-725 - London, UK

[10] Drake P, and Davies B.M. (2006) Home
care outsourcing strategy. Journal of Health
Organization and Management, vol 20 (3), pp.
175-193.

[11]  Nickel S, Schroder M, Steeg J. (2009)
Planning for home health care services.
Technical report, Berichte des Fraunhofer
ITWM, Nr. vol. 173, pp. 1-23.

[12] Eveborn P, Roénngvist M, Einarsdéttir H,
Eklund M, Lidén K, Almroth M. (2009)
Operations Research Improves Quality and
Efficiency in Home Care. Interfaces, vol 39,
pp. 18-34.

[13]  Steeg J. (2008). Mathematical models and
algorithms for home health care services.

Dissertation, Technische Universit at
Kaiserslautern.
[14] Boldy D, Howell N. (1980) The

geographical allocation of community care
resources — a c ase study. Journal of
Operations Research Society, vol 31 (2), pp.
123-129.

[15] Hertz, A and Lahrichi N. (2009) A patient
assignment algorithm for home care services.

15" — 18" October, 2013

The Journal of the Operational Research
Society, vol 60 (4), pp. 481-495.

[16] An Y-J, Kim Y-D, Jeong B.J, Kim S-D.
(2012) Scheduling health care services in a
home health care system. Journal of the
Operational Research Society, vol 63, pp.
1589-1599.

[17]  Akjiratikarl C, Yenradee P and Drake P.R.
(2007) PSO-based algorithm for home care
worker scheduling in the UK. Computers &
Industrial Engineering, vol. 53, pp. 559-583.

[18] Eveborn P, Flisberg P and Ronngvist M.
(2006) Laps Care—an operational system for
staff planning of home care. European Journal
of Operational Research, vol 171 (3), pp. 962—
976.

[19] Begur S.V, Miller D.M, Weaver J.R.
(1997) An integrated spatial DSS for
scheduling and routing home-health-care
nurses. Interfaces, vol. 27 (4), pp. 35-48.

[20] Bertels S and Fahle T. (2006) A hybrid
setup for a hybrid scenario: combining
heuristics for the home health care problem.
Computers & Operations Research, vol 33
(10), pp. 2866-2890.

[21] Cheng E. and Rich J. L. (1998) A Home
health care routing and scheduling problem,
Technical report, Rice University, Houston,
Texas, USA.

[22] Tapia D.I, Bajo J, Paz F. D and Corchado
J.M. (2006) Hybrid Multi-agent System for
Alzheimer Health Care. Proceedings of HAIS
2006. In Solange Oliveira Rezende, Antonio
Carlos Roque da Silva Filho (Eds.), Ribeirao
Preto, Brasil.

[23] Borsani V, Matta A, Beschi G, Sommaruga
F. (2006) A home care scheduling model for
human resources. Third IEEE/international
conference service systems and service
management, Troyes, France, pp. 449-454.

[24] Hiermann, G., Prandtstetter, M., Rendl, A.,
Puchinger J, Raidl G. R. (2013). Metaheuristics
for solving a multimodal home-health care
scheduling problem. Central European Journal
of Operations Research. DOI 10.1007/s10100-
013-0305-8.

[25]  Trabelsi S, Larbi R, Alouane A. H. (2012)
Linear Integer Programming for the Home
Health Care Problem, in F. Daniel et al. (Eds.):
BPM 2011 Workshops, Part Il, LNBIP 100,
Springer-Verlag Berlin Heidelberg, pp. 143-
151.

[26]  Trautsamwieser A, Gronalt M, and Hirsch
P. (2011) Securing home health care in times of
natural disasters. OR Spectrum, vol 33, pp.
787-813, DOI: 10.1007/s00291-011-0253-4.

—208 -



Proceedings of the 13" BIE Biennial Conference

[27]  Trautsamwieser A, Hirsch P. (2011)
Optimization of daily scheduling for home
health care services. Journal of Applied
Operational Research, vol 3, pp. 124-136.

[28] Woodward C.J, Tedford A.S and Hutchison
B. (2004) What is important to continuity in
home care? Perspectives of key stakeholders.
Social Science & Medicine, vol 58 (1), pp. 177—
192.

[29] Lanzarone E, Matta A and Scaccabarozzi
G. (2010) A patient stochastic model to support
human resource planning in home care.
Production Planning & Control, vol 21 (1), pp.
3-25.

[30] Rasmussen M.S, Justesen T, Dohn A,
Larsen J. (2012) The Home Care Crew
Scheduling Problem: Preference-based visit
clustering and temporal dependencies.
European Journal of Operational Research,
vol. 219, pp. 598-610.

[31] Bard J.F, Shao Y, Wang H. (2012) Weekly
scheduling models for travelling therapists.
Socio-Economic Planning Sciences (in press),
pp. 1-14.

[32] Lim A, Rodrigues B, Song L. (2004)
Manpower allocation with time windows.
Journal of the Operational Research Society,
vol 55 (11), pp. 1178-1186.

[33] Mutingi M, Mbohwa C, Mapfaira H,
(2012) Dynamics of human resource
management in uncertain environments using a
fuzzy system dynamics method. Proceedings of
the International Conference of SAIMS, South
Africa, 9-11 Sept 2012; pp. 813-824.

[34] Topaloglu S and Selim S (2010) Nurse
scheduling using fuzzy modeling approach.
Fuzzy Sets and Systems, vol 161, pp. 1543-
1563.

[35] Bellman R.E, Zadeh L.A, (1970) Decision
making in a fuzzy environment. Management
Science, vol 17, pp. 141-164.

[36] Bezdek J. C. (1993) Editorial: fuzzy
models-what are they and why? IEEE
Transactions on Fuzzy Systems, 1 (1), pp. 1-6.

[37] Sakawa, M. (1993) Fuzzy Sets and
Interactive ~ Multi-objective  Optimization,
Plenum Press, New York.

—209 -

15" — 18" October, 2013



