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Abstract

As the healthcare industry continues to evolve, automation has become in-
creasingly important to improve the overall efficiency and productivity of
businesses.

With this in mind, Hublo, a medical technology solutions provider, sought to
automate the process of generating payroll papers for its customer factories.
This procedure proved to be challenging since many various requirements and

standards had to be considered while also ensuring efficacy and generalization.

The technical solution provided involves several steps, including data col-
lecting and collation, data cleansing and construction, and combining plant
features to automatically generate payroll papers. The project’s ultimate goal
was to provide a global solution that was not only efficient and adaptable, but
also intuitive, answering the particular demands of individual clients while

also meeting requlatory standards.

This project was a great achievement, with the technical solution proving
to be extremely efficient and allowing Hublo to automate what was previously
a laborious and time-consuming operation. Since the introduction of this
solution, numerous additional clients have subscribed to the module, demon-
strating its efficacy and adaptability. The automated pipeline is safe, efficient,
and GDPR-compliant, increasing safety, productivity, and accuracy while

decreasing the number of manual procedures necessary.



This project exemplifies the benefits of automation in the healthcare busi-

ness and demonstrates the possibilities for future innovation in this field.
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Chapter 1

Introduction

In today’s digital age, the importance of automation has been widely rec-
ognized across industries. Companies are increasingly looking for ways to
automate their core activities to increase efficiency, productivity, and safety
while minimizing the number of manual procedures required. This is partic-
ularly true in the healthcare industry, where technology has the potential to
transform patient care and improve the day-to-day lives of medical profes-
sionals and where accuracy and timeliness are crucial for the well-being of

patients.

Hublo is a scale-up that focuses on developing technology solutions for
medical establishments. Its goal is to improve operators’ day-to-day lives by
promoting the use of technology and effective tools for carrying out numerous
daily tasks. However, Hublo still faces challenges in automating some of its
core activities, such as generating payroll papers for all operators working in
customer plants. Currently, the process is manual, resulting in a significant

loss of time and labor.

The purpose of this Master’s thesis is to create a new technical method

to streamline the process of generating payroll papers for Hublo’s customer
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Introduction

plants, from data collection and collation to the development of an entire
pipeline. The proposed approach entails gathering data from various plat-
forms, transmitting all data sources to a single destination, cleaning and
constructing new, clean, and usable data, and merging each plant’s character-
istics to generate the payroll papers automatically on a monthly basis. The
difficulty in designing a template that is generic enough to match the diverse
criteria, characteristics, and specifications of each customer is the reason for
the lack of an automatic pipeline. Thus, the goal of this project is to create
a flexible and adaptable global solution that is efficient and intuitive enough
to allow for immediate modifications in the future.

In addition, this thesis considers the legal issues surrounding the documen-
tation, which contains personal data of each facility’s operators. This data
must be secured and used in compliance with the existing GDPR legislation.
Therefore, the project aims to draw up a secure and efficient pipeline for
the automatic creation of such documentation, which includes studying the
database, identifying the main tools to be integrated into the pipeline, under-
standing all the specifications to be taken into account, studying the different
software used by the facilities, and identifying a secure and efficient procedure
for automatically sending this documentation to the contact persons of each

facility.

Overall, this thesis aims to provide a technical solution for automating
payroll paper generation that will boost efficiency, safety, and minimize the
number of manual procedures required, while also considering legal require-

ments and individual customer needs.

The document outlines the steps taken to complete the project, beginning
with a detailed study of the company and the various input sources and tools,
as well as the technical description of the proposed solution, an analysis of

the results, advantages provided, and potential future developments.
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The technical aspect of the project involves several steps to generate these
documents automatically at the end of each month. The first step is data en-
gineering, which involves collecting data from various sources and using ETL
development to prepare it. The next step is data cleaning, which involves
creating an efficient and usable work base for subsequent steps. The third
step involves collecting the specifics of each institution, analyzing all possible
variables that may be required, integrating this data with the previously
processed information, and developing the code to generate the documents.
The final step involves automating the code so that the generation of the
document is automatic each time a new customer subscribes to the module,

once the relevant parameters have been entered.

After this introduction, the following chapters are organized as follows.
Chapter 2 offers an overview of the current state of the French and global
healthcare systems, highlighting the challenges they are encountering and
examining the potential benefits of automating certain internal processes.
Chapter 3 describes in detail the methodology used in this project, includ-
ing the data collection and cleaning procedures, the selection of tools and
software, the technical architecture and implementation of the pipeline, and
the evaluation of the results. Chapter 4 presents the results of the project,
including a quantitative and qualitative analysis of the time and cost savings,
the quality of the generated documents, and the feedback from the end-users.
Chapter 5 discusses the implications and limitations of the project, the
ethical and legal considerations, and the potential future developments of
the pipeline and concludes the thesis by summarizing the main findings, the
contributions to the field, and the recommendations for further research and

practice.
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Chapter 2

Context

In this chapter, we will describe in detail the context of the French and global
health care systems, which have recently been plagued by absenteeism and
recruitment difficulties, in order to understand the context of the project,

which will be covered in the following chapter.

Indeed, the great shortage of healthcare workers is a reality throughout

Europe and in the whole world.

The World Health Organization (WHO) predicts a shortage of 15 million
health professionals by 2030 [1]. While low-income countries are particularly
hard hit, all countries, regardless of development level, face difficulties in
training, recruiting, and distributing their workforce. The trend has been
known for several years, and the causes are well understood: the world’s
population is aging, which will necessitate more and more care, as will the
rise in chronic diseases, while the health workforce is not being replenished

sufficiently due to retirements, and training capacity is limited.

The World Health Organization (WHO) report, released in collaboration

with the International Council of Nurses and Nursing, reveals that there are
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Context

now fewer than 28 million nurses worldwide [1]. Between 2013 and 2018, 4.7
million people joined their ranks, but there is still a 5.9 million-person global

shortage, which is predicted to only grow by the years.

In France, the shortage of nurses, which increased significantly following
the Covid-19 crisis due to numerous hours of overtime and deterioration of

working conditions, can be explained by two main factors:
1. an ever increasing absenteeism,
2. recurrent recruitment problems.

In Figure 2.1, the statistics about exits and entries in the medical sector

from 2015 and 2030, according to the European project EDJNet statistics
2].

Entry and exit trends from 2015 to 2040

e Etries: number of Exits: number of Difference between
graduates business closures entries and exits
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Figure 2.1: Statistics of the French medical sector.

As the graph shows, the gap between entries and exits in the French
medical sector is expected to considerably grow over time. Hence, according

to the FHF, Fédération hospitaliere de France, the rate of absenteeism has

18



Context

increased over the past year to an average of 10% [3]. The percentages of
absenteeism for the previous three years are shown in the table below. From
2019 to 2021, there was an average increase of 1%, with a marginal increase
in 2020.

Average 2019 2020 2021
absenteeism
rate
observed
over the
years

Social or 11.2% 12.1% 11.8%
medico-social
establishment
(ESMS)
Health care 8.8% 10.1% 9.8%
facilities
University 8.8% 9.7% 9.9%
Hospital Cen-
ter/Regional
Hospital
Center
(CHU/CHR)
Total 8.9% 10.0% 9.9%

Table 2.1: Percentage of absenteeism in French health care facilities.

As healthcare teams work on a just-in-time basis, as soon as one person is

absent from the service, the additional workload falls directly on those present.

As far as recruitment problems are concerned, health care facilities are
struggling to meet their needs. According to the FHF, health care institutions
are facing an absenteeism of around 10%, and up to 5% of unfilled care

positions in public hospitals and medical-social centers.
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In Figure 2.2, the distribution of healthcare workers in Europe [4]. As
previously stated and as easily noticeable in the figure below, the ratio of
healthcare workers with respect to population in France, with the exception

of major cities, is extremely low.

X a
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Figure 2.2: Geographical distribution of healthcare workers in Europe with
respect to the population.

The primary effect of the nursing shortage is the closure of hospitalization
beds in public health facilities. According to the DREES, Direction de la
recherche des études, d’évaluation et des statistiques, the public sector had
lost 5,758 hospitalization beds in a year by September 2021 [2]. Furthermore,
according to FHF', 100000 positions go unfilled each year, and this number is
expected to rise further in the aftermath of the pandemic. Indeed, health-care
workers have been subjected to unprecedented physical and psychological
strains, as well as being forced to work understaffed and many hours of over-
time. For these reasons, 40% of health care workers declared their willingness

to change jobs following the crisis [3].
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Because absenteeism is expected to rise due to inactivity as well as recruit-
ment difficulties, some actions must be planned to assist the medical sector in
dealing with this massive shortage. The primary goals are to improve working
conditions, particularly the quality of life at work and career management,
to revalue salaries, to allow for career diversification, and to assist medical

facilities in recruiting.

Hublo is a start-up which currently works in the French and German
healthcare industries with the goal of addressing the severe lack of healthcare

professionals by creating new technology.

The company aims to be able to positively and successfully improve the
working circumstances for all medical personnel by showing them more re-
spect for their way of life and their jobs, which in turn fosters better relations
between them and the administrative staff. Its objective is to simultaneously
make contributions in the area of recruitment, which is currently the second

biggest problem for healthcare institutions, as explained before.

Hublo seeks to create technological solutions to address the aforementioned
issues, aiming to increase the caliber of work performed by medical facility
employees while also aiding the facility in attracting new hires by streamlining
manual processes. For this reason, it has developed two primary products,
Hublo Match and Mstaff. The former is a tool for managing staff replacement
and absenteeism that makes use of a wider network of employees than the
institution in question has access to. Therefore, the objective is to create a
product that is straightforward, efficient, and simple to use while also saving
a lot of time in administrative and personnel organization and making easier
to handle uncovered tasks. The second product is a recruitment software,
which aims to simplify the recruitement process by automatically conducting
a selection phase based on uploaded documents and a match based on the

institution’s and candidates’ requirements.
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In this thesis, we will study, comprehend, and integrate modules from the
first product, Hublo Match.

22



Chapter 3

Project

This chapter will begin by introducing the company, the main product, and
the tools. Second, a detailed presentation of the database and the replication
procedure will be provided, followed by a description of the project, beginning
with its goal, moving on to the data collection and data cleaning process,

and finally the implementation and automation details.

3.1 Company

Hublo is a medical-focused technology company that was founded as medGo
in 2016 and later merged with Whoog in 2019. The startup’s vision is to
develop digital solutions that will allow caregivers to work in the best possible
conditions. Hence, caregivers gain valuable time to focus on patient care
by digitizing time-consuming manual processes and making them fast and
intuitive.

As expressed in the previous chapter, staff management is one of the most
difficult challenges for healthcare systems, such as scheduling, recruitment
and retention tasks. Indeed, they must rethink how they attract, recruit,

manage, motivate, involve and interact with their teams.
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Therefore, Hublo’s goal is to support all European health institutions by
putting digital technology at the service of people.

In terms of product catalog, Hublo developed four main products, to face

the major challenges of the healthcare system nowadays.

Hublo Match is the company’s first and most important product, which
was launched in 2016. It is a staff replacement management solution that
allows healthcare providers to save time, cut recruitment costs, and improve
employer-employee relationships.

The goal of this product is to minimize the need for a healthcare facility’s
HR manager or team leaders to make multiple phone calls in order to find a

replacement [5].

Mstaff, the company’s second flagship product, is a straightforward and
collaborative HR technology created with hospitals to effectively build their
employer brands and manage their hiring processes from posting job offers
to validating candidates. Mstaff enables any business to create a completely
unique web space. It enables the centralization of all applications with a
dematerialized CV library, the automation of applicant response emails, and
the scheduling of interviews. Additionally, it enables multiple posting of the
offers on the most pertinent health employment boards to reach the greatest

number of prospects.

Hublo Sourcing, the third product, is described as a tool for finding alter-
natives. Indeed, this solution increases the likelihood of finding profiles that
meet each institution’s search criteria and provides the establishment with
access to a steady stream of nearby and readily available prospects. It allows
temporary workers to be found based on facility requirements such as job,

distance, location, service, and schedule. Businesses can use Hublo Sourcing
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3.1 — Company

to find temporary staff that they can keep on board in order to plan for the

future, reduce hiring costs, and lower employee turnover.

PlanBlanc is a concise and user-friendly platform that allows for quick staff
communication and crisis management. After importing a file containing
the staff database onto a secure server, it enables the creation of distribu-
tion groups in accordance with the various requirements. The facility can
construct an alert message in a crisis and choose which groups it should be
sent to. Additionally, it enables the communication of necessary adjustments
at the appropriate times while allowing for the monitoring of mobilization
progress using real-time dashboards. The facility can employ the statistics

to adjust its communication strategy when the crisis has been resolved.

Hublo is currently used by over 500,000 healthcare professionals and the
solution has managed 55 million replacement hours in over 2,500 healthcare
facilities across France. Furthermore, in an analysis conducted by the busi-
ness, 94% of clients claimed to have saved time by utilizing Hublo solutions,
93% have enhanced their employees’ quality of life at work, and 90% have
decreased the need of temporary labor. On a daily basis, more than 7000

missions are posted, with a fill rate of over 76%.

Concerning the international expansion, in 2020 Hublo opened a new
section in Germany and signed the first clients. At the beginning of 2022,
the company opened its horizons also in Spain and Netherland, with the goal

of launching the product with the first establishments by the end of the year.

3.1.1 Hublo Match

Before diving into the project, it is necessary to understand the functionalities

of the company’s main product, Hublo Match, in order to better understand
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the project’s goal and utility.

As explained in the section above, Hublo Match is a replacement man-
agement solution, whose clients are medical institutions. This product is
used by the healthcare institutions’ managers to handle the whole network
of workers, with the aim of fighting absenteeism and reducing the overall
administrative time spent to call workers and find replacements.

When an institution subscribes to the product, the first step is to distribute
the establishment codes to employees and temporary workers so that they
can connect to the network via the application. Once their integration is
validated, as well as the jobs and skills they fill, they can receive notifications
from the establishment and be notified if a replacement is required.
Depending on the configuration, the institution can publish an offer, and the
network will be notified via the application or via SMS. Each employee can
decide to apply for the mission by simply clicking on the notification.
Hublo notifies the selected temporary employee and sends a reminder the
day before the mission, once the recruiter has made a selection among all

the applications received.

Among all the services provided by Hublo Match, some additional modules
can be added to the base offer. The first option is the possibility of automat-
ically generate the contract to be signed by the worker, i.e. the person is
a temporary worker and not an employee of the institution, based on the
institutions’ specifications, which is automatically sent to the healthcare
professional chosen for the replacement, who just needs to signed it electron-
ically. Moreover, in order to increase the likelihood of finding competent and
available professionals, if the facility is part of or forms a cluster, it is possible
to establish a communal replacement staff network. The third options con-
sists in the data module, which allows each establishment to consult several

dashboards at any time, in order to easily track the evolution of the network
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and the activity on the platform. It also provides detailed monthly reports
to forecast replacement needs and manage absenteeism. Lastly, Hublo Match
offers full integration with the softwares used by each establishment: the
HR software to always have an up-to-date version of employees’ documents,
the payroll software to handle workers” monthly payments, and the ATM
software to directly view in Hublo the caregivers’ schedules and track the

number of hours already completed.

Availables =)

New shift

. -
time: New candidates!
3
Figure 3.1: Create a shift. Figure 3.2: Select a candidate.
Contract #CXP7
o
& s oo B0 e e
(=)

New candidates!
Contract
is ready! Signature

sssssssssssss

=)
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Figure 3.3: Generate and sign the

Figure 3.4: Visualise dashboards.
contract.

Figure 3.5: Main steps of Hublo Match product.
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3.1.2 Tools

This section describes in detail the main toolset for storing, analyzing, cus-

tomizing, and exporting data.

HubSpot CRM is an inbound marketing software platform used by the
sales team to record establishment information, contract details and stage,
and all necessary follow-up steps. It allows to get a real-time view of the
sales pipeline on a visual dashboard, to access detailed reports on sales
activity, productivity and performance (Figure 3.6). Indeed, CRM stands for
“customer relationship management.” Customer relationship management
software is a powerful tool that helps businesses organize and manage their
customer relationships on a centralized and easy-to-use platform. By tracking
leads and building a full database of customer activity, businesses have clear

insight into where they stand with each customer in the buying process.

> Deals(0) +Add

< Contacts Actions ~ Expandall | Collapseall

>
Z
z
m
E
I
=
=
3

Company (1)

Brian Halligan

CEO at HubSpot, Inc.

Filter by: Filter activity (18/20) »  All users ~ Q

bh@hubspot.com @ Tickets (0) +Add

Upcoming

2 =%+ (8B Attachments (0) Add ~

Note Emal Cal Log Task Meet .
> Meeting - Cupcake creator demo by Elise Beck Jun 12,2021 2t £:00 PM ED?

Playbooks (0) Create
Hey guys, looking forward to taking a tour of the extra tasty cupcake

~ About this contact factory tomorrow.

List memberships Manage

Email

bh@hubspot.com > Task assigned to Elise Beck £ Overdue: Jun 9, 2021 at 8:00 PM EDT

© Follow up with Brian

June 2021

> Call from Elise Beck Jun9, 2021 at 8:00 PM ED

Seems like they're interested in the extra tasty cupcake option. Need

Lead status Email tracking Hide  Jun9,2021 at:00 PM ED
Brian Halligan (Sample Contact) opened Hello there
View all proper View property hs.

Figure 3.6: Hubspot overview.

Planhat is a client platform built horizontally for organizations to manage
and grow their customers, whether for customer success, product growth and

channel management (Figure 3.7). After the sales team signs a contract with
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an institution, the Customer Success team handles follow-up, training, and
parameterization of the platform’s use based on the institution’s specificities
and needs. The team can save all useful information, activities, and customer

experience on this platform.

Feb 07,2022
W CSM Portfolios
@ Health Scores.
. . Feb 06, 2022
© Renewals

7 Lifecycle Phases Feb 06, 2022

W Operations May 02, 2022

¢ Product Groups Tesco 1251 Adoption . Mey 07,2022

s o,

vvvvv

May 02, 2022

May 07, 2022

kkkkkkkk

108k Success Jun 03, 2022

Figure 3.7: Planhat overview.

DBT is a transformation workflow that allows teams to quickly and collab-
oratively deploy analysis code by following software engineering best practices
such as modularity, portability, CI/CD, and documentation (Figure 3.8).
Once the data has been extracted from the tools, DBT allows to proceed
with the data processing phase, making the raw data usable, cleaner, and
more accessible. DBT also enables the creation of new transformations
from existing data, which can then be used to develop any study or analysis

for the customer or the company itself, which are called transformation layers.

More in details, transformation layers come in three different categories:

o A clearing layer: it is specifically used to format a table’s columns. For
instance, we frequently need to convert dates that we have from CRM
software with Singer because they are frequently in the unix13 format.
Cleaning is also used, for instance, to standardize data in a single column

or to get rid of rows that are inconsistent.
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« A computation layer is used to derive useful indicators from unremarkable

or incomparable raw data. You might want to change an absolute figure
into a relative rate, for instance.

« A data reorganization layer is used to show a table in a way that is easy

to understand for a user who is unfamiliar with databases.

X dbt Fishtown Analytics

9-01-01 150 150

1 50101 100 100

‘ 1baszbs2z6e 790cillI300e 20181101  110.03  10.3
=] o = =

Figure 3.8: DBT overview.

Finally, once the data is clean and accessible, all of the work of study
and analysis, as well as the development of indicators, is completed using
Metabase, an open-source tool used to facilitate data exploration. Metabase
allows you to connect to a database automatically, extract the information

it contains, and perform all necessary analyses using the SQL language.

3.1.3 Database

The database in use is a PostgreSQL database, a relational database that
gathers information from many sources (Figure 3.9): the four products and

the two software platforms HubSpot and Planhat, from which information is
pulled via ETL.
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In order to ensure an higher level of availability, data are replicated to

the cloud using an open-source tool, Stitch.

Hublo
Match
N ———

e
P ——

Mstaff

PostgreSQL

I

Hublo
Sourcing
e ———

pnaen] 1)
o

— B Stitch — dWs

\

HubSpot [—] ETL -

Figure 3.9: Database system and input sources.

Data Replication

Stitch, a cloud-based ETL data pipeline, is used to replicate all data in the
database. Data replication ensures increased data availability and reliability,
improved data backup, and faster data access. Indeed, if a system at one
site fails due to hardware failure or other issues, users can access data stored
at other nodes. Second, because data is replicated across multiple sites, it
is simpler to recover deleted or corrupted data. Finally, because data is
stored in multiple locations, users can retrieve data from the closest servers,
resulting in reduced latency. Furthermore, because data can be retrieved
from multiple servers, there is a much lower chance that any one server will

become overburdened with user queries.

For small companies that can not guarantee a full-time cybersecurity staff,
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like Hublo, it’s safer to replicate data to the cloud.

Sy
awsj ¢ Google Cloud A Azure Sagsnowflake

Operational Systems

B & 2 &

Figure 3.10: Data replication using Stitch.

The data replication strategy chosen is crucial as it impacts how and when

data is loaded from source to replica and how long it takes.

Stitch is a cloud-based, ETL data pipeline. ETL stands for extract,
transform, load, which are the steps in a process that moves data from a
source to a destination.

Stitch’s replication process consists of three distinct phases:

o Extract: Stitch pulls data from data sources and persists it to Stitch’s

data pipeline through the Import API.

o Prepare: Data is lightly transformed to ensure compatibility with the

destination.

o Load: Stitch loads the data into your destination.
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Stitch Internal Architecture
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