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ABSTRACT

Healthcare operations are 24x7, and workforce scheduling is very important and complicated in managing
healthcare, needing to deliver care effectively while dealing with limited resources. Traditional ways
of scheduling take a lot of time, can have mistakes, and often do not consider the changing nature of
healthcare. As the demand for healthcare rises and workforce gaps widen, scheduling solutions driven
by Al could improve staff allocation, raise operational efficacy, and improve patient care. Al presents an
effective way to tackle these challenges by potentially automating the scheduling process, optimizing shift
allocations, and adjusting to changing patient care demands, thus enhancing healthcare service efficiency
and decreasing expenses.

This paper reviews how Al tackles common scheduling issues such as shortages of nurses and doctors,
overtime work, employee fatigue, and patient care requirements, offering a forward-thinking remedy for
staffing obstacles in the field. This paper also reviews Al tools that can aid scheduling and suggests a way to
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use Al to boost efficiency, save money, and improve care quality.

Introduction

“Healthcare workers are the core of the health system, without
health workers there is no healthcare”. The workforce is a
significant portion of the healthcare spend in the world [1]. Liu et
al created a prediction model for the healthcare worker's demand
based on historical data from 165 countries since 2013, the model
predicted that there is going to be a need for 80 million healthcare
workers by 2030 in the world, while the supply forecast shows
65 million workers which is a shortage of 15 million healthcare
workers [2]. Healthcare scheduling is essential for managing the
workforce in hospitals or clinics to deliver quality patient care
effectively. The rising need for healthcare services, intensified by
global events such as the COVID-19 pandemic, has underscored
the requirement for improved workforce management.

Good workforce scheduling is vital for healthcare organizations,
affecting the quality of patient care, staff satisfaction, and costs.
Old scheduling systems often struggle with challenges like shift
changes, staff preferences, regulations, and unexpected events
such as emergencies [3]. The growing complexity of healthcare
needs, alongside staff shortages and budget limitations, makes
effective scheduling even more necessary. The lack of enough
qualified healthcare personnel, including nurses, doctors, and
support staff, has been an ongoing problem, worsened by
factors such as staff fatigue, high attrition rates, and an aging
demographics.

Processing in Scheduling

In recent times, Al has shown potential as a helpful tool for
improving healthcare workforce scheduling [4]. By using Al,
healthcare organizations can automate and enhance scheduling,
manage staff better, and predict staffing needs more accurately.

Problems in Healthcare Workforce Scheduling

Healthcare workforce scheduling is complicated due to several
reasons like healthcare staff availability, patient needs, shift
preferences of healthcare workers, and legal regulations.
Healthcare facilities needs to consider the coverage services
across several departments of care [5]. Few of those are discussed
below:

e Employee Preferences: Healthcare workers have different
availability, shift preferences, and personal schedules. Old
scheduling methods often overlook these, resulting in
discontent, sometimes conflict, confusion, no shows due to
7in efficient scheduling, and burnout [6].

e Demand Changes: Healthcare needs can change rapidly
due to seasonal illnesses, outbreaks, or emergencies.
Scheduling solutions must be able to adapt swiftly to these
changes. When seasonal health issues break out the skilled
professionals may need to spend additional time and may
overstay in their shift. This can lead to burn out of the
healthcare professionals [6].

e  Regulatory Issues: Healthcare providers must stick to strict
rules like required rest periods and maximum shift lengths,
adding further difficulty to scheduling.
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e Staff Shortages: Many healthcare facilities deal with
ongoing staffing shortages, making scheduling harder. It
is important to have enough staff while not overworking
the ones available. Using the technology to understand the
seasonal issues and to predict the future needs can be an
ideal situation for healthcare [6].

e  Cost Concerns: Too many staff lead to extra costs, while too
few staff can harm patient care. Finding the right balance for
both staff and patient safety is a main goal.

Al's Impact on Healthcare Workforce Scheduling

Al technologies can change healthcare workforce scheduling in
various ways. Al models can look at large amounts of data, predict
future needs, and create optimized schedules based on different
factors. Here are the main Al-focused approaches to workforce
scheduling:

Machine Learning for Predictive Scheduling

Machine Learning (ML) can assess past data on patient numbers,
staff performance, and more to predict future healthcare needs
[7]. ML can foresee busy times, helping managers use resources
better and avoid having too many or too few staff. Supervised
Learning technique can estimate staffing needs by looking at
marked historical data like previous shift assignments. patient
results. Unsupervised Learning method finds hidden patterns or
groups in scheduling data without needing labeled data.

Algorithms for Schedule Making

Optimization algorithms like Linear Programming (LP), Integer
Programming (IP), and Genetic Algorithms (GA) are often used
for tricky scheduling issues. These algorithms aim to create the
best schedules while meeting different limits, such as regulations,
budget needs, and worker likes. Al can include Constraint-based
optimization techniques like worker preferences, skills, and
availability to make a balanced and good schedule. Srinivas, S.,
& Ravindran, A. R. described an optimization technique using the
predictive model of Al algorithms in an outpatient department
patient scheduling. These algorithms can analyze the past data
and predict the at-risk patients who could potentially cancel the
appointment at the last minute or who can show up late to the
appointment who would disrupt the schedule of the healthcare
worker. To mitigate these kinds of risks the predictions can help
optimize the schedules [8].

Reinforcement Learning for Schedule Updates

Reinforcement learning (RL) is a kind of Al where an agent
learns by interacting with its surroundings. RL, is different from
supervised and unsupervised learning, RL is a ML algorithm
with an approach that relies on goal-directed learning, learning
takes place by interacting with the surrounding environments
and observing status changes [9]. Over the years the research
shows that the application of RL is applied on the areas where
personalized treatment is needed like precession medicine. For
workforce scheduling, RL can change schedules in real-time based
on demand or staff levels.

Lee, S., & Lee, Y. H. study on emergency department, shows
scheduling efficiency using RL, and compared the results with
a conventional scheduling. The scheduling time and the gaps
in between the patients and the actual arrival of patient and

the staff acting on each case has shown significant difference in
patient wait times, staff time utilization etc. [10]. For example, RL
can assign shifts based on the current situation of the healthcare
center like sudden absences or patient increases.

Natural Language Processing (NLP) for Staff Interaction

Natural Language Processing can improve communication
between staff and scheduling systems. NLP models can understand
employee requests and preferences expressed in everyday
language and adjust schedules automatically. This helps collect
input from staff easily and cuts down administrative work.

Mo et al conducted a study focused on learning and understanding
the unstructured communication used in the construction
documents, applied NLP and assigned staff for the fulfillment
of the building maintenance projects. In this process the NLP
is deployed to convert large volumes of unstructured texts into
structured and actionable information for staff auto assignment
[11]. The model accuracy was observed to be at 88% in finding
the right resources and scheduling and assigning a right person to
the job. The model can be applied in the healthcare setting too.

Enhancing Care Quality Through Al-Driven Scheduling

e  Optimizing Staff Distribution: Al can anticipate patient
volumes, helping hospitals proactively manage staffing levels.
This reduces the risks associated with inadequate staff during
busy times and avoids overstaffing in low-demand periods,
thereby lowering unnecessary labor expenses.

e Enhancing Shift Scheduling and Adaptability: Al can
streamline shift assignments in real-time. Such adaptability
improves work-life balance for healthcare professionals,
driving down burnout, absenteeism, and staff turnover. Al
is also better equipped to handle last-minute changes, such
as unexpected sick leaves or urgent demands, compared to
traditional methods.

e Fulfilling Specialization Requirements: Al-based scheduling
can ensure that appropriately specialized staff (such as
intensive care nurses) are deployed correctly, minimizing
mistakes and enhancing patient outcomes.

e Anticipating and Reducing Burnout: Al systems can
monitor workload distribution and identify potential risks of
overburdening certain employees, recommending schedule
modifications to help prevent burnout and bolster staff
retention.

e Ensuring Proper Staffing for Patient Requirements: Al
enables healthcare organizations to align staffing levels with
genuine patient care needs, rather than depending on fixed
schedules or assumptions. This adaptability guarantees that
patients receive prompt and suitable treatment.

e Minimizing Wait Times and Improving Patient Flow:
Optimized scheduling can decrease delays in care delivery,
reduce wait times, and facilitate smoother patient transitions
through various departments, improving overall patient
experience. experience.

e Real-Time Data Mixing: Al can use real-time info, like when
patients come to the emergency room or if surgeries are
delayed, which helps schedules change fast. This adaptability
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enhances reaction times and patient care results.

e  Better Staff Communication: Al systems can improve how
different healthcare teams talk to each other by offering one
place for schedule changes, which helps in coordinating care
and lowering treatment gaps for patients.

Healthcare workforce management products in the market with
Al and automation

There are several vended products in the market which are
customized and available for healthcare domain. Each product
has their own strengths and unique features. Couple of products
are discussed below:

e Kronos Workforce Central: The product now part of Ultimate
Kronos group (UKG) is a comprehensive tool for employee
scheduling, time tracking, and labor cost management.
This product has features like time and attendance, payroll
integration, time off management. This product is widely
in large industries including Healthcare [12]. UKG product
is implementing Al features into their product offerings.
Al-driven forecasting, automated scheduling, time and
attendance tracking, real-time labor insights, and compliance
management.

e  SAP SuccessFactors: SAP SuccessFactor is an enterprise
level HR management software which provides majority of
the functions that a workforce management requires. This
software platform provides healthcare staff scheduling,
time and attendance, labor optimization, and compliance
management. This tool offers real-time insight into workforce
data, advanced scheduling, labor forecasting, predictive
analytics. This software can provide functionality to
schedule workforce with combination of hourly, and salaried
employees. This tool work for multiple domains like retail,
manufacturing, Healthcare etc [13].

e  Workday HCM: Workday is an important company in the
human resources software field, and its Human Capital
Management (HCM) platform offers many features for
managing and scheduling employees. Workday has tools
for tracking time, managing absences, handling talent,
overseeing compensation, and integrating payroll. It also
has predictive analytics to help anticipate workforce needs.
The main strength of Workday is its capability to combine HR
and finance functions into one platform, allowing for a more
complete method of managing the workforce.

e  ADP Workforce Now: ADP is a major player in HR and payroll
software. ADP Workforce Now is a cloud solution for medium
to large businesses, providing many workforce managements
tools. ADP Workforce Now has time and attendance tracking,
scheduling, payroll, tax filing, benefits management, and
employee self-service. It works well with other ADP HR
products for smoother management. ADP is well-regarded for
payroll and HR, and its platform adapts to different business
sizes. It offers strong reporting and compliance tools.

e Workforce Software: Workforce Software is a global supplier
of workforce management tools, offering scheduling,
time and attendance, labor optimization, and compliance
management. The platform provides real-time workforce

data, advanced scheduling, labor forecasting, and predictive
analytics. It also includes mobile and self-service features for
employees. Workforce Software excels in labor compliance
and meets the scheduling demands of complex, hourly-
based job sectors like manufacturing and retail. Workforce
Software uses Al tools to enhance healthcare scheduling
by anticipating labor needs using past data and trends. Its
machine learning can forecast optimal times for scheduling
certain roles based on patient care needs and demand.
Al-based workforce scheduling, demand forecasting, real-
time data, compliance tracking, and absence management.
Workforce Software is made for industries with complex,
shift-based workforces like healthcare. It leverages Al to
manage staffing levels effectively while meeting regulatory
standards.

Advantages of Al in Healthcare Scheduling

Think about a hospital that uses an Al scheduling system. This
system can foresee a rise in patient numbers from a seasonal
illness, like the flu. It can automatically change staffing to make
sure there are enough nurses and doctors available during busy
times. If a nurse is sick, the Al can find other staff who can take
over the shift, which cuts down on the need for last-minute
scheduling and keeps care consistent and good. It can also give
management information, like the risk of burnout from too many
shifts, and offer ideas like spreading shifts out better among staff
[14]. Using Al for healthcare workforce scheduling has many
benefits:

e Better Efficiency: Several task in healthcare requires
automation for better efficiency. Al systems automate labor-
intensive tasks and simplify scheduling, reducing manual
work.

e  Cost Reductions: Optimizing staff allocation lowers the risks
of overstaffing or understaffing, which saves money. It is
important to have Healthcare facilities properly staffed. Using
Al algorithms, the patient inflow patterns can be predicted
to have better staffing plans.

e Improved Patient Care: By ensuring enough staff during
busy periods and preventing employee burnout, Al aids
in maintaining quality patient care. Happy employees in
healthcare can create happy atmosphere in the hospital and
can provide better care to the patients.

e Increased Job Satisfaction: Considering employee
preferences helps reduce burnout and enhances job
satisfaction by providing more flexible schedules. Many
healthcare organization release future schedules for nurses
or healthcare staff to be able to pick in collaboration their
managers the best possible work schedule in shift system.
The modern scheduling tools are able to incorporate this
flexibility [15].

e Better Resource Management: Al ensures skilled personnel
are assigned to the right tasks based on needs. For Nurse
managers, the scheduling is a hassle-free job with the tools
that are Al enabled. The challenges are incorporated, and
intelligent suggestions are offered for review.
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Challenges and Future Considerations

Even with the potential of Al in scheduling, some challenges still
exist: Data Privacy and Security: Healthcare data is very sensitive,
so securing employee and patient information during the Al
scheduling process is very important.

e Implementation Costs: The setup of Al systems can be
expensive, especially for smaller healthcare providers focus
on the primary healthcare facility operations cost than
advanced technology costs. Installation of expensive software
and hardware are required to establish Al systems in many
areas of healthcare requires [16].

e Resistance to Change: Healthcare workers may not want to
use Al systems because they worry about job loss or do not
understand the technology. Adoption of new technologies
in health care was based on personal views of related
factors. Some health workers thought that technology might
disrupt their ability to diagnose on their own and harm their
connections with patients [17].

e Data Quality: Al models work well only if the data is good and
complete. If the data is wrong or missing, it can result in poor
schedules. However, there is going to continuous challenges
in data which needs to transform and tuned to make the data
clean and efficient for a best fit for Al models [18].

e Moral Concerns: Using Al for scheduling brings up moral
issues around bias in algorithms, possible loss of personal
touch in staffing choices, and the risk of job loss due to
automation. These issues need careful thought and handling.

Future research should work on better integrating Al scheduling
with current healthcare IT systems, making Al decisions clearer,
and tackling issues about the ethical use of Al in staffing. The
clinical appoint scheduling is a also a major topic of research
to make appointment scheduling more effective the research
needs to be continued on optimizing the ML algorithms and input
sample of data.

Conclusion

Improving workforce scheduling in healthcare is key to have
efficient operations, patient care, and staff happiness. Al solutions
show a lot of potential to solve the issues in healthcare scheduling.
Using predictive modeling, optimization algorithms, and flexible
scheduling, Al can create schedules that meet the needs of patient
care, staff preferences, and regulations. Using Al in healthcare
scheduling has big potential to fix workforce gaps and boost care
quality. Despite challenges in implementation, the advantages of
increased efficiency, improved care, and staff contentment are
strong. By adopting Al-driven scheduling, healthcare organizations
can better handle rising industry demands and ensure improved
patient care.
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