TECNICO
LISBOA

A e

Using Gamification for Reducing Infections in Hospitals

Rita Andreia da Conceicao Marques

Thesis to obtain the Master of Science Degree in

Information Systems and Computer Engineering

Supervisors: Prof. Miguel Leitdo Bignolas Mira da Silva

Prof. Luis Miguel Velez Lapao

Examination Committee

Chairperson: Prof. José Carlos Martins Delgado

Supervisor: Prof. Miguel Leitdo Bignolas Mira da Silva

Member of the Committee: Prof. Daniel Jorge Viegas Goncalves

April 2016






Acknowledgments

Sao varias as pessoas que tiveram influéncia, directa ou indirecta, no resultado final que este

documento apresenta, e a quem dirijo um agradecimento especial.

Aos meus orientadores, Miguel Mira da Silva e Luis Velez Lapé&o, pelo apoio excepcional que me
deram, pelos conselhos e conhecimentos transmitidos e pelas oportunidades de crescimento pessoal

e profissional que me proporcionaram em todas as fases deste projecto.
Ao bolseiro do IHMT Joédo Gregdrio, pelo apoio prestado, em particular nas intervengdes no hospital.

A todos os profissionais de saude da UCIP do Hospital S. Francisco Xavier que colaboraram nesta

investigacdo, em particular ao enfermeiro chefe Fernando Pinheiro.
A minha colega Marta Baptista, que estabeleceu a ponte entre mim e este desafiante tema de tese.

Aos meus colegas do IST, em particular ao Bito, a Cétia, ao Hugo, a Iryna e ao Vasco, por todos os
momentos que vivemos, caracterizados por uma animacdo que erradicava qualquer sentimento de

frustracdo ou desespero. Fazer o curso sem a vossa companhia néo teria tido graca nenhuma.

Ao meu agrupamento escutista 495 — Santo Antonio dos Cavaleiros, onde cresci ao longo dos anos e
desenvolvi competéncias que foram essenciais ao meu sucesso. Em particular, ao grupo de amigos

com quem cresci e vivi algumas das minhas maiores aventuras.

Aos meus restantes amigos, em particular a Inés Reis, por nunca o terem deixado de ser (apesar das

minhas auséncias durante 0s semestres) e por continuarem a ser um grande apoio.

A melhor crianga do mundo, que por acaso € a minha sobrinha-afilhada Laura Santos, por todas as

vezes em que me obrigou a largar o trabalho para ir brincar, tendo sido a minha melhor distraccao.

Ao meu namorado, Alexandre Amaral, que me ajudou a ultrapassar todas as etapas deste desafio,
simplificando as minhas complica¢des, vivendo comigo todas as conquistas e derrotas e apoiando-me
em todas as horas. Gracas a ele, esta tese (assim como a minha vida, no geral) tem muito mais valor

do que teria se tivesse “trylhado” este caminho sozinha.

As minhas irmas, Ana e Patricia Tomas, pelo apoio que sempre me deram e por serem um exemplo
de trabalho, dedicacdo e sucesso. A Ana, que, sendo a pessoa mais pratica que conheco, me salva
quando me perco em questdes mundanas, e me arranca dos livros quando € preciso. A Patricia, por

me ter incutido o gosto pelo saber e pela aprendizagem.

Aos meus pais, Alberto e Cristina Marques, por virarem o mundo e as vidas deles do avesso para que
eu pudesse agarrar todas as oportunidades que quis. Sem o apoio incondicional deles, teria sido

impossivel chegar onde cheguei.






Abstract

Hospital acquired infections are one of the biggest problems healthcare field is facing, which can end
up in an increasing quantity of deaths, extra-days of hospital stay and costs for both the hospital and
the patient. Performing hand hygiene is a simple and inexpensive prevention measure, but healthcare
workers compliance with it is still far from desired. Direct observation is an effective but costly and
time-consuming approach to assess healthcare workers' performance. This thesis proposes a
gamification solution for providing healthcare workers with feedback regarding their performance in
complying with hand hygiene opportunities, aiming at changing their individual behavior and optimize
their performance. In order to do this, data regarding healthcare workers hand hygiene habits needs to
be continuous and automatically collected using an automated monitoring system. A Design Science
Research Methodology was used to guide this work, which was composed by two iterations on the
design and development, demonstration and evaluation activities, which were performed on an
intensive care unit of a Portuguese hospital. Nurses working on this unit were the focus group
throughout the whole research. The proposal was evaluated using a process designed according to a
DSRM evaluation framework, composed by unstructured interviews, simulations, preliminary
experiments, workshops and field studies. Despite the identified indoor location technologies’
limitations, which made it impossible to fully test the solution, it was possible to conceptually validate

the proposal, which appears to be promising in improving nurses’ awareness.
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Resumo

As infec¢Bes hospitalares sdo um dos maiores problemas que a area da salde enfrenta, podendo
levar a um aumento no nimero de mortes, dias extra de internamento e custos para o hospital e
paciente. Higienizar as maos € uma medida de prevencdo simples e custos reduzidos, mas a sua
adesdo por parte dos profissionais de salude ainda esta longe do desejado. A observacao directa é
um método eficaz para avaliar o desempenho dos profissionais de salde, mas exige custos e tempo
de implementacédo elevados. Esta tese propde uma solucdo de gamificacdo para dar feedback do
desempenho na higienizacdo das maos aos profissionais de salide, tendo como objectivo uma
mudanca individual de comportamentos e a optimizacdo do seu desempenho. Para isso, dados
relativos aos héabitos de higienizacdo das maos dos profissionais de saude tém de ser recolhidos
continua e automaticamente usando um sistema de monitorizagdo automéatica. A metodologia Design
Science Research foi utilizada para conduzir o trabalho, composto por duas iteracdes de actividades
de design, desenvolvimento, demonstracdo e avaliacdo, desenvolvidas numa unidade de cuidados
intensivos de um hospital portugués. Os enfermeiros dessa unidade constituiram o grupo de foco
durante a investigagdo. A proposta foi avaliada usando um processo baseado numa framework de
avaliacdo DSRM, composto por entrevistas ndo-estruturadas, simulacées, experiéncias preliminares,
workshops e estudos de campo. Apesar das limitacdes das tecnologias de localizacdo indoor, que
tornaram impossivel testar a solugdo no seu todo, foi possivel validar conceptualmente a proposta, a

gual parece promissora no aumento da sensibilizacdo dos enfermeiros.

Palavras-Chave
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Higienizacdo das maos

Profissionais de salde

Sistemas de monitorizacdo automética
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Chapter 1

Introduction

The increasing number of hospital acquired infections (HAIs) is one of the biggest problems the
healthcare field is facing. Although preventable, these infections can lead to an increasing quantity of
deaths, extra-days of hospital stay and costs for both the hospital and the patient. Performing hand
hygiene (HH) at the right times is a simple and inexpensive prevention measure, but healthcare
workers (HCWs) compliance with it is still far from desired. They link this evidence to factors like
forgetfulness or lack of time.

Direct observation is the standard approach to monitor HCW's performance and provide feedback, but
it is costly and time-consuming. Hospitals need to come up with innovative ways for monitoring HCWs
performance and give them feedback.

Automated monitoring systems, which can electronically identify when a HCW uses an alcohol-based
handrub (ABHR) dispenser, have been emerging as an indirect method of monitoring HCWs’
compliance with HH. One important component of such systems is the indoor positioning system that
determines the current location of a target in an indoor space. The indoor environment poses many
challenges that affect location’ precision, which shall be taken into consideration while selecting the

technologies, methods and techniques to use to build these systems.

Gamification is a recent but popular approach for bringing fun to processes related to non-gaming
contexts, aiming at engage and motivating people to achieve their goals. It has been applied in several

fields, being the health context one of the most explored.

To address the problem of the poor adherence of HCWs to HH compliance, which in turn leads to an
increasing number of HAIs, this thesis proposes a gamification solution that, using data collected by
an automated monitoring system (regarding HCWs' HH compliance), provides HCWs with feedback in
a fun and engaging way. This is done with the goal of creating awareness regarding HCWs’ current

HH compliance, trying to change their behaviors and optimize their performance.

A Design Science Research Methodology (DSRM) was followed to guide the research, which went
through two iterations where the proposed tool was designed, developed, refined and tested in several
environments. In each of the iterations, an IPS solution was tested and adopted to build the automated
monitoring system and the gamification solution was designed and developed based on feedback
gathered from the focus group, which was restricted to nurses (for simplification).



Preliminary experiments were conducted on the IPS solutions adopted and the solution was simulated
in laboratories after being developed or refined. Demonstrations performed in a real environment
occurred in an Intensive Care Unit (ICU) of a Portuguese hospital, where four nurses per shift need to
be monitored regarding their HH compliance. From these nurses we tried to gather as much feedback
as possible so that the solution was as much aligned with their needs and expectations as possible.
This was achieved in the several unstructured interviews and field studies performed, during which the

tool was tested.

By the end of the research, this thesis’ results were presented to a relevant audience of experts (from

areas like healthcare and gamification) and discussed in two workshops.

Demonstration activities already referred (preliminary experiments, simulations, unstructured
interviews, field studies and workshops) were selected as the evaluation process was designed,
based on a proper framework designed to be applied in research projects following DSRM. Results
from these activities were analyzed and assessed against some selected criteria like efficacy and

accuracy.

The problem and research methods, results and conclusions were communicated by submitting seven

articles, from which one is still in reviewing process in a relevant journal of the area.

This research was part of the OSYRISH project, funded by Fundacgéo para a Ciéncia e Tecnologia
(PTDC/IVC-COM/5016/2012) and GTHM/FCT (UID/Multi/04413/2013), and conducted by Instituto de

Higiene e Medicina Tropical and Instituto Superior Técnico.

1.1. Research Methodology

DSRM was the elected approach for guiding our work. It provides a set of principles, practices (in the
form of seven guidelines proposed by Hevner et al [1]) and a process model to guide research in
applied resource disciplines (those that apply theories from other disciplines), from which IS is an

example, with the intent of solving problems at the confluence of IT and organizations [2].

This methodology has the goal of overcoming paradigms such as traditional descriptive research and
interpretive research [2]. In order to achieve this, it proposes the creation and evaluation of artifacts
that may be constructs (vocabulary and symbols), models (abstractions and representations),

methods (algorithms and practices) and/or instantiations (implemented and prototype systems) [1].
DSRM is based on an iterative process and it is composed by 6 phases [2]:

1. Problem identification and motivation
Define the specific research problem and justify the value of a solution. The problem should be
conceptually atomized for the solution to capture its complexity. The problem definition will be
used to develop an artifact that can provide a solution to the proposed problem.

2. Define the objectives for a solution
Infer the objectives of a solution from the problem definition and knowledge of what is possible

and feasible, considering the related work analysis.



3. Design and development
Determine the artifact’s desired functionality and its architecture and then create the actual
artifact. An artifact can be any designed object in which research contribution is embedded in
the design.

4. Demonstration
Demonstrate the use of the artifact to solve one or more instances of the problem. This may
involve its use in experimentation, simulation, case study, proof or other appropriate activity.
Knowledge of how the artifact can be used to solve the problem is required.

5. Evaluation
Observe and measure how well the artifact supports a solution to the problem. This involves
comparing the objectives of a solution to actual observed results from use of the artifact in the
demonstration. Knowledge of relevant metrics and analysis techniques is required.

6. Communication
Communicate the problem and its importance, the artifact, its utility and novelty, the rigor of its

design and its effectiveness to researchers and other relevant audiences.

In Figure 1 we adapted the DSRM process to our research, whose focus will be the creation of an

instantiation.
v v v |
Identify —>| Define =3 Design and || Demonstration —)IEvaluatlon > {Communication
problem & objectives development
motivate of a
solution &
o L]

w 2 2
Poor Create Gamification 2| Usethe % Venable et al. E Papers
adherence of o | awareness system that 0 | constructed :E framework %
health care £ | regarding > | provides % artifactin a u., c | Workshops
workers to 21| healthcare 2 | HCWs with S | ward ofa E\ Field studies b:i

= o ’ L _— I .
hand hygiene || workers = | feedback o | Portuguese T = Website
compliance, = | actual based on data ; hospital < | Interviews £
which leads compliance automatically | © v %
toan levelsto collected T ‘S | Questionnaires DE
increasing in change regarding ﬁ‘-’
the number behaviors and their hand Simulations
of HAls optimize hygiene
performance habits

Figure 1 — DSRM process correlated with this thesis (adapted from [2])
1.2. Thesis Outline

In Table 1 we present the structure of this document, which is strongly influenced by the methodology

used to conduct this research.

Because two explicit iterations were performed, we choose to have one chapter describing each one,
where we present the work performed during the Design and Development, Demonstration and

Evaluation steps of that iteration. The general aspects that cover both iterations (like the formal



evaluation statement) are introduced and detailed in the First Iteration chapter and only referenced

and/or further explained in the subsequent chapter.

Chapter

Description

2. Research Problem

Statement of the research problem and motivation for this work

3. Related Work

Critical analysis of the main concepts and solutions related to this thesis’

context.

4. Research Proposal

Detailed description of the research proposal

5. First Iteration

Description of the artifacts’ design and development, its demonstration and

the evaluation performed during the first iteration.

6. Second lteration

Description of the artifacts’ design and development, its demonstration and

the evaluation performed during the second iteration.

8. Conclusions

Final conclusions, research limitations, communication and future work.

Table 1 — Thesis Outline




Chapter 2

Research Problem

This chapter relates to the “Identify problem and motivate” step of DSRM, where we become aware

and recognize a problem and some issues that must be addressed.

HAIs, also known as nosocomial infections, are infections acquired by patients in a hospital or other
healthcare facility while receiving treatment for medical or surgical conditions, in whom the infection

was not present at the time of admission [3][4].

Although preventable, these infections are the most adverse event a patient can experience during
care delivery, and cause more deaths than AIDS, breast cancer and auto accidents together [5]. Their
spreading can be promoted by patients’ decreased immunity; creation of potential routes of infection
(due to the increasingly variety of medical procedures and invasive techniques) and transmission of

drug-resistant bacteria among crowded hospital populations [3].

Despite being a threat for patients’ safety, which can became disabled at long-term or even die, HAls
implies a prolonged hospital stay, increased resistance of microorganisms to antimicrobials and
massive additional costs for patients, their families and health systems [4]. Only in Europe, HAIs can
lead to around 37000 deaths, 16 million extra-days of hospital stay and €7 billion financial losses of

direct costs [4].

It then becomes crucial to come up with strategies and programmes to prevent these infections’
transmission. These shall be part of the hospital as a whole and involve all HCWs [6], whose unclean

hands are the main source of HAIs [7].
Hand hygiene is the most important and least expensive prevention measure of HAls [7].

There are guidelines and recommendations for HH adherence, being the most relevant the ones
proposed by World Health Organization1 (WHO) and Centers for Disease Control and Prevention’
(CDC). Nevertheless, HH compliance is known to be suboptimal among HCW [8]. As HCW’s HH
compliance rate decreases, the number of patients affected by HAI increases [5], so it becomes

crucial to understand this problem’s root and try to cope with it.

Some observational studies concluded that adherence is lower when the demand for HH is higher
(being intensive care units — ICUs — the ones with lowest HH compliance rate, of only 36%) and when
there’s a lack of administrative sanctions for non-compliers or rewards for compliers [9]. HCWs also

reported some factors that they think might lead to their poor adherence: forgetfulness, insufficient

1 http://iwww.who.int/en/
2 http://www.cdc.gov/



time due to high workload and understaffing, lack of knowledge of guidelines, patient's needs

considered a priority over HH, inconvenient location of sinks, lack of HH supplies, etc [9].

There are a few approaches to cope with this, but observing directly HCWs behavior and registering
their compliance is nowadays the standard and the more accurate one. However, there are some
limitations connected to it. Hawthorne effect can emerge when HCWs are aware of being observed
and assessed by professional observers, which can compromise the results. Training and validation of
these observers plus the implementations hours can translate in a costly and very time-consuming

method.

Having this, hospitals need to come up with innovative ways of monitoring HCWs performance and
give them feedback, in order to be able to spot problems and reduce HAIls in hospitals in a cheaper

and more engaging way.

In short, the problem addressed under the scope of this thesis is the poor adherence of healthcare
workers to hand hygiene compliance, which leads to an increasing in the number of hospital

acquired infections.



Chapter 3
Related Work

In this section, whose schematic representation is presented in Figure 2, we present the results of the
research done to some of the literature related to this thesis context. In the previous section we
already analyzed the problem of HAIs and low adherence of HCWs to HH compliance. Here, we start
by explaining concepts and methods related to HH compliance rate measurement. We will see that
automatic monitoring systems are an alternative and promising approach in measuring HH
compliance. In order to achieve this, we have to understand what indoor location is, what its related
technologies, methods, techniques and available commercial solutions are and the challenges
underlying it. We conclude with an overview of the gamification theme, which we will use to try to solve
our problem.

MONITORING HAND HYGIENE PERFORMANCE

* What is hand hygiene? -
* How can we optimize hand hygiene compliance?
* How can we measure hand hygiene compliance?

v

INDOOR LOCATION

What is?

What are the challenges underlying it?

What are the technologies, methods and techniques available?
What are the commercial solutions available?

GAMIFICATION

What is?

In which contexts it is used?

What motivates people?

What game elements are available?

What is game thinking and game design?

How is gamification being applied in healthcare contexts?
What are the challenges underlying it?

A

Figure 2 - Schematic representation of this thesis’ related work
3.1. Monitoring Hand Hygiene Performance

Hand hygiene is an action of hand cleansing, and can refer to either handwash, hand antisepsis or
surgical hand scrub [9]. In Table 2 we present a description of each of these types of hand care

concerning its procedure, use indications, purpose and duration. Handwash is used to remove visible



soil and transient flora (microorganisms which colonize superficial layers of the skin; survive on skin
surface and can sporadically multiply [9]), while hand antisepsis shall be performed routinely to reduce
or inhibit the growth of this type of flora. Surgical hand antisepsis is performed before a surgical
operation to eliminate transient flora and reduce resident flora (microorganisms residing under the

upper layer of epidermis; also found on skin surface [9]).

Handwash Hand antisepsis Surgical hand antisepsis
Washing hands with Application of antiseptic Application of antiseptic
plain or antimicrobial handrub or performing handrub or performing
Procedure ] ] ] ]
soap. antiseptic handwash. antiseptic handwash
Hands visibly dirty or
soiled (with blood or
Use other body fluid); After ] Performed by surgical team
o ] ) Routine HH. )
indications | using the toilet; When before an operation.
alcohol-based solutions
are not available
b Remove soil and Reduction or inhibiting the | Eliminate transient flora
urpose
transient flora. growth of transient flora. and reduce resident flora.
Duration 40-60 seconds 20-30 seconds > 5 minutes

Table 2 — Hand Care Types (based on [10])

As we have seen in the previous section, there are a lot of reasons that can lead to poor adherence to
HH practices. A multifaceted and multidisciplinary programme (e.g., HCWs’ education, hospital’s
culture, hospital’s environment [5], etc.) to optimize HCWs’ HH compliance is needed, in order to
reduce infection rates, thus improving patients and HCW'’s safety. Monitoring of HH compliance and
giving feedback to HCWSs regarding their performance are essential elements of these kind of

approaches [11].

This tool is used not only to provide HCWs with feedback, but also to spot HCWs with poor
compliance, plan educational activities, determine impact of interventions and provide compliance

rates that can be used as a quality indicator for external accrediting agencies or regulators [11].

However, this is difficult to implement, and outputs vary from hospital to hospital [5]. Also, there’s a
lack of an exact HH performance indicator that does not require excessive costs and implementation
time and does not suffer from any of the three potential types of biases, which can be related to the
behavior change when HCWs are aware of being observed, the variances between observers’

methods and the systematic choice of the same variables (Table 3).

Even so, there are some measurement approaches that, although suffering from some drawbacks,
produce approximate estimations on real HH performance. These can be classified either as direct or

indirect monitoring.



Concept Definition

Also known as Hawthorne effect, this bias refers to the tendency of people to change
Observation | behavior when they're aware of being observed (either by an observer or by other
bias means). This leads HCWs to achieve higher HH compliance rates, which may not

correspond to their usual performance.

Corresponds to the error introduced by the variation among observer’'s methods (that

Obs-erver means, different observers have different results from other observers, considering
bias the same context). Also, the same observer can vary its methods over time.

) Emerges from the systematic selection of the same variables (HCWs, care settings,

Selbe:;:l'zon time of the day when observation is made, healthcare sectors). This can be

minimized by randomly choosing these variables.

Table 3 — Potential Biases of HH Performance (adapted from [9])

3.1.1. WHO'’s “My Five Moments for Hand Hygiene”

To start, it's important to present a framework proposed by WHO for understanding, training,
observing and communicating HH performance [9]. “My five moments for hand hygiene” links specific
moments to HH opportunities. To help identifying those moments, a geographical representation

(focused on a single patient) was created and the five moments correlate to them (Figure 3).

PATIENT ZONE k

CRITICAL SITE WITH
INFECTIOUS RISK
FOR THE PATIENT

29

CRITICAL SITE
WITH BODY FLUID
EXPOSURE RISK

HEALTH-CARE AREA

Figure 3 — Unified visuals for “My five moments for hand hygiene” (taken from [9]).

Patient zone contains a patient X and his/her immediate surroundings and health-care area contains
all other surfaces (other patients and health-care facilities). Within patient zones we have critical sites
with infectious risk for the patient (body sites or medical devices that have to be protected against
microorganisms), critical sites with body fluid exposure risk (body sites or medical devices that
potentially lead to hand exposure to body fluids and bloodborne pathogens) and critical sites with

combined risk (include risks from previous critical sites).



The moments proposed in the framework where HH must be performed are:

1 Beforetouching a patient
Period between the last contact with the health-care area and the first contact with the patient
Zone;

2 Before a clean/aseptic procedure
Period between the last exposure with any surface (either from health-care area or patient
zone) and the access to a critical site with infectious risk for the patient or critical site with
combined infection for patient care (this includes handling an invasive device - regardless of
whether gloves are used or not - and moving from a contaminated body site to a clean body site
of the patient);

3 After body fluid exposure risk
Period between performing a care task associated with a critical site with body fluid exposure
risk for the patient or critical site with combined infection (for example, when contacting with
body fluids or excretions, mucous membranes, non-intact skin or wound dressings; after
removing gloves; if moving from a contaminated body site to a clean body site if the patient) and
the first contact with any other surface.

4 After touching a patient
Period between the last contact with the patient zone where the HCW touched the patient and
the first contact with any surface in the health-care area;

5 After touching patient surroundings
Period between the last contact with the patient zone (with inanimate objects — including

medical devices — in the immediate vicinity of the patient) without touching the patient and the

first contact with any surface in the health-care area.

Examples of care situations for each moment are presented in Table 4. As we can see, some
moments occurs at the same situations (for example, oral/dental care create an opportunity for the
moments 2 and 3) or sequentially (for example, before contact with one patient might happen right

after contact with another patient). In such cases, HCWs only need to perform HH once.

Having this information, we can calculate the HH compliance rate, which is given by the reason

between the number of complied moments and the total number of occurred moments.

By being an easy-to-remember model, HCWs efficacy and observations’ accuracy can be increased

when it is used as a tool for some monitoring approaches.

3.1.2. Direct Monitoring

Direct monitoring can be classified as direct observation, patient assessment and HCW self-reporting
[9].

Direct observation

This is the standard for monitoring HH compliance, and refers to the observation of HCWs’ HH
practice by professional observers. In order for this method to be as deterministic as possible (thus

avoiding some biases), WHO recommends the usage of its “five moments for hand hygiene”
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framework (see previous subsection) complemented by their “Observation form”*

to properly and
simply gather data. This method’s focus is on identifying opportunities and compliance but, if pre-

determined, other quality aspects can be evaluated, including glove use, length of fingernails, etc.

Moment Examples of care situations when the moment occurs

1 — Before touching a | Shaking hands; helping a patient to move around; getting washed; taking

patient pulse; chest auscultation; abdominal palpation

Oral/dental care; secretion aspiration; skin lesion care; wound dressing;
2 — Before clean/
) subcutaneous injection; catheter insertion; food, medication and dressing
aseptic procedure )
sets preparation.

Oral/dental care; secretion aspiration; skin lesion care; wound dressing;
3 — After body fluid subcutaneous injection; drawing and manipulating any fluid sample;
exposure risk clearing up urines, faces, vomit; handling waste; cleaning of contaminated

and visibly soiled materials or areas.

4 — After touching a Shaking hands; helping a patient to move around; getting washed; taking

patient pulse; chest auscultation; abdominal palpation

5 - After touching ] _ ) ) ] )
_ i Changing bed linen; holding a bed rail; cleaning bedside table.
patient surroundings

Table 4 - Examples of care situations when each of the five moments occur (adapted from [9])

Although costly, time-consuming (due to observers’ training and validation and the amount of
implementation hours) and susceptible to all mentioned biases, this is the method that provides the
most accurate data, being the only one that can identify all HH opportunities and evaluate technique.

Patient assessment

Patients can play the role of observers when evaluating HCWs performance. However, they may not

feel comfortable or even be physically or mentally able to execute this task.
HCWs self-reporting

HCW might be required to self-assess them. However, this method is not very reliable, since HCWs
tend to overestimate their levels of compliance, which usually leads to results not compliant with direct

observation’s ones.
3.1.3. Indirect Monitoring

Indirect monitoring can be further classified into HH products consumption monitoring and automated

monitoring systems.

3 http://www.who.int/entity/gpsc/5may/Observation_Form.doc?ua=1
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Monitor Hand Hygiene Products’ Consumption

By monitoring the consumption levels of HH products like ABHR, liquid soap or towels, one can
estimate the overall level of HH compliance using fewer resources than direct monitoring. Perhaps the
most popular indicator is the amount of ABHR used divided by the average quantity used per action to
get an estimated number of HH actions. Then we can analyze its evolution over time, or can divide it
by a measure like patient days to obtain a ratio. Despite being simple, continuous and not affected by
selection and observer biases (and possibly observation bias), this method might not translate the real
product consumption by HCWSs, since patients and visitors also use ABHR, especially when
dispensers are fixed in public areas like corridors. Since there’s no agreement regarding the

correlation between product consumption and HH compliance, further validation is needed.
Automated Monitoring Systems

Systems to electronically identify when an HCW uses a sink or an ABHR dispenser [9] have emerged
during the last few years. Besides providing exact quantitative results, which can be used to examine
trends regarding the value of HH compliance over time (by shift, unit, HCW, etc.), these systems can
be a useful tool to evaluate the impact of interventions on HH practices, like educational initiatives.
Their only costs are due to installation and maintenance of the system (which can be high, though)
and they’re less vulnerable to the observation bias. There are some ethical concerns regarding this
method, since we're tracking HCWSs’ individual activity, whom can be skeptical about accepting being
monitoring this way. Other remaining questions are accuracy, costs, long-term impact, etc. According

to Boyce [11], automated monitoring systems can be classified as:

e Dedicated Monitoring Systems
Specifically created for the purpose of monitoring and provide data regarding HCWs’ HH
compliance.

e Real-time Location Systems
Systems where HCWs wear a badge that communicates wirelessly with sensors located
throughout the hospital at positions of interest (near sinks, for example) and forwards that
information to another sensor or directly to a webservice. Unlikely Dedicated Monitoring
Systems its infrastructure can be used for other purposes, like keeping track of equipment
location and patients [11]. Although they are only able to detect moments 1, 4 and 5 of the
framework, several studies point out that these account for approximately 80% of the total HH
opportunities [11]. Even if there is no physical observer involved, HCWs might have the sense
of being observed, thus a potential for observation bias. However, this effect is believed to
dissipate over time [8].

e Video-Monitoring

Consists on using video technology to monitor and determine HH compliance.

Some studies are attempting to prove that these solutions offer good results in improving HH

compliance, and they appear to be promising in doing so and improving monitoring performance.
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Levchenko et al [12] provide eleven nurses working on a nursing unit with personal wearable
electronic monitors which monitored, recorded and prompted reminding signals regarding their HH
practices. Despite this study’s short duration, they were able to demonstrate the feasibility of using
such technology to improve HH performance, since the HH compliance rate during the trial was higher

than the rate generated by the baseline observational study.

Swoboda et al [13] conducted a three-phased study in an intermediate care unit. During phase | HH
compliance was measured both by means of direct observation and electronic monitoring. Phase Il
included both electronic monitoring and computerized voice prompts for failure when HH was not
performed on room exit. Finally, phase Il was only electronically monitored. Considering electronic
monitoring system’s data, HH compliance improved 37% in phase Il and 41% in phase Ill, comparing
with results from phase |. They concluded that the electronic monitoring system provided effective

feedback regarding HCWs HH compliance and improved HH performance.

Before implementing an automated monitoring system (despite its type) there are some concerns we
must pay attention to, regarding the underlying infrastructure, tags characteristics, sensors, software,
etc (further information can be found on Table 5). And after that, if the system is a Real-Time Location
one, we need to be able to detect HCWs’ movements inside the hospital. Only this way we can identify
if an opportunity arisen and if the HCW complied with it or not. Having this, it is important to look

further on the concept of indoor location.

3.2. Indoor Location

With the emerging and spreading of ubiquitous computing, context-awareness became more and
more required, with location information having a huge importance. A positioning information system is
one that determines the current location of a target in a space [14]. Depending on the environment it is

working on, it can be classified either as an outdoor or indoor positioning system (IPS).

Though Global Positioning System (GPS) technology has made its path to become the standard
technology for outdoor location, we still do not have a standard for indoor location because this
environment poses much more challenges, like its size limitation [15] (thus, accuracy requirements are
different - GPS only provides accuracy of approximately 10 meters [16], which is unfeasible for
complex indoor environments) and Earth satellites’ signal attenuation due to buildings’ construction
materials [17]. A wide range of technologies, methods and techniques is available, and they must be

chosen depending on the use case and system'’s requirements.

The majority of these systems rely on nodes with a known distance (which we call beacon nodes) that

either locate or provide context to the targets (which we call mobile nodes).

This section does not pretend to be an exhaustive analysis on the indoor location state of the art.
Instead, some important concepts and tools available are presented and discussed, with focus on

what is mostly relevant to this thesis.
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Variable Concerns

e Fixed wiring vs. wireless infrastructure;
e In case of wireless systems:
o Electrical connectivity vs. battery;
Required infrastructure o Communication between sensors and hospital’s network;
o Possibility of interferences between wireless protocol and
other medical equipment;

o Possibility of wireless network’s overload.

e Size;

e Cost;

e Badge’s ability to provide reminders/signals indicating if HH
compliance was performed or not;

HCW'’s badges/tags

e Battery life;

e Battery type (rechargeable or non-rechargeable;

e Badge management between shifts;

e Other functionalities.

) e Detection technique (delivery of product in HCW'’s hands;
Dispenser and o
) proximity-based; etc.);
integrated/attached sensors
o Battery life.

e Accuracy;

) . e Bed identification (in a multibed room);
Location sensitivity
e Need for additional location beacons to achieve sufficient

location accuracy;

e Handle of episodes when HCW enters room briefly without
Sensitivity to detect interactions contact with patient or environment;
between HCW and patient e Accuracy in identifying dispensers in patient rooms, hallways

and other treatment areas.

e Type and amount of information technology required;
Software e Analysis and display of compliance information;

e Data access.

Table 5 — Variables to consider before implementing an automated monitoring system (adapted from [11])
3.2.1. Technologies

There are several technologies one can use to build an IPS. Keep in mind that none of them alone can
suit all performance and costs needs required for a general IPS, so we must choose a medium (or a

combination of several) that better complies with our needs.
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Radio-Frequency

Radio-frequency (RF) is a very popular IPS technology. It estimates the distance between a mobile
and a beacon node using one or more measured signal properties [15], which in turn depend on the
distance travelled and environment's characteristics. It has the advantage of travelling through walls
and human bodies easily (thus, does not require line-of-sight) and less hardware is required when
compared to other technologies, thus RF-based systems’ costs are lower [18]. However, RF signals
fluctuate heavily because they are very susceptible to factors like multipath distortion, absorption,

reflection, diffraction and interference [19], which can compromise performance.

This means that we need to take a lot into consideration: estimated number of people near
transmitters, amount of furniture in the room, antennae orientation, etc. To achieve accurate results,

we need to come up with techniques that try to correct these associated errors.
The most popular RF technologies are:
e Bluetooth

Designed to perform short range communication (few meters) between electronic devices,
which shall discover and pair with each other before communicate and exchange data [20]. It
has a strong presence in our society (mobile phones, tablets and computers usually come
equipped with it), which allows manufacturers to produce chips at low prices (commercial IPS
are very expensive comparing to building one from scratch using these chips) and low power
consumption. However, Bluetooth is not designed for location purposes, thus systems based on
it will never achieve same accuracy as the ones designed to and cannot be used for real time

tracking.
e Bluetooth Smart/Bluetooth 4.0/Bluetooth Low Energy (BLE)

Despite being a successor of Bluetooth, it is a brand new technology designed to ease
communication between devices that require little quantity of data transfer (like sensor’s values)
[20]. It has an advertising functionality that allows data to be sent without the need to establish a
connection between devices, which can discover others either by passive (just waits for
advertising messages) or active (can connect to a device that sent an advertising message and
retrieve more data — similar to what happens with classic Bluetooth). BLE benefits from lower
data transfer rates, lower power consumption, faster connection time and a larger number of

simultaneous connections supported that its predecessor.
e Wi-Fi

A Wireless Local Area Network (WLAN) technology defined by IEEE 802.11 standards that
allows software to query the signal strength of the radio waves of devices in range, which
makes it suitable for location estimation [21]. Most indoor environments already have a WLAN
infrastructure, which can be reused by an IPS, thus reducing deployment cost of the system

[18]. However, Wi-Fi transmitters have a short battery life and the technology suffers a lot from
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the problems associated with the instability of radio signals, consequently Wi-Fi-based systems

are not very accurate.
e Radio-Frequency Identification (RFID)

RFID-based systems are composed by tags (mobile nodes; small electronic devices that store
information) and receivers (beacon nodes; read data sent from tags). RFID can be classified
according to the tags’ type: passive (small, cheap and light to carry tags that use energy from
transmitted signal, thus not needing battery) or active (tags have their own power source, which
increase their weight and cost). Contrasting with passive ones, active tags continuously transmit
their (unique) ID whenever they get a request from a receiver [18], which allows several
simultaneous users. They are used in more complex environments (such as hospitals) and have
a range in the order of tens of meters [22] (passive tags’ range is reduced to a few meters).
Because a RFID system is composed by several elements, installation and maintenance efforts

are high.
e Ultra Wideband (UWB)

Technology based on broadcasting short duration pulses (normally less than 1 nanosecond)
[18] on a wide frequency band (from 3.1GHz to 10.6 GHz [23]), with low power in a short
distance. Although typically RF-based IPSs suffer from signals’ reflection, UWB makes it
possible to filter reflected signals from the original one due to pulses’ short duration. Thus, UWB
systems have less interference problems and accuracy is consequently improved. Other
advantages include not requiring line-of-sight and UWB sensors’ low cost and low power

consumption [18].

Because we wanted to deploy an IPS in a healthcare environment, an important concern was
regarding the possible interactions between it and other devices in vicinity, since it can cause critical
medical devices to malfunction, compromising patients’ safety [24]. During the last 20 years several

reports exposed cases connecting medical devices’ failures to interference from wireless sources [22].

Preventing electromagnetic interference (EMI) is a difficult challenge due to RF technology usage and
proliferation, whose behavior in a healthcare environment is rarely tested and difficult to predict.
Electronic devices have a strong presence in such contexts: HCWs are very dependent on them to
communicate and access information to diagnose and treat patients, making it hard to induct immunity
in all medical devices from all RF sources. Despite EMI being affected by several factors [25], in this

thesis our concerns rely on properties of the emitting device and distance between devices.

Considering RF technologies covered in this subsection, evidence shows that Wi-Fi and Bluetooth
(whose waves’ frequencies fall between 2.400 and 2.485 GHz, which lies in the 2.4 GHz Industrial
Scientific and Medical frequency band: an unlicensed frequency range — thus, we can deploy
technology using it without additional license costs — that has been reserved for industrial, scientific
and medical devices by international agreement [17]) are not likely to interfere with medical devices

[25], unlike RFID that can cause interference when using high-power readers [26][27]. No evidence
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was found regarding interference levels of UWB in healthcare contexts, but it is probable that they are
harmless, given that the most problematic frequencies lie between 10kHz and 1GHz [25] and, as we

have seen, UWB frequencies lie on a different range.

Because RF signals’ strength falls rapidly as the distance from the source increase, interference with

medical devices is rare if distance from the device is greater than 1 meter [25].
Infrared (IR)

IR-based systems use tags emitting light that communicate between each other. They estimate
positions with high accuracy, have low costs and a simple architecture, which means that installation is
not very time-consuming and maintenance is rarely needed. IR emitters are easy to be carried by
people to be tracked (they are small and light), but they cannot be exposed to strong light sources
(such as direct sunlight). Line-of-sight is required, since IR waves cannot penetrate opaque materials.
This makes it is necessary to have, at least one receiver per room, and emitters cannot be covered by
people clothes, which makes it less practical to wear. Last, there is lack of concerning about users’

security and privacy issues, since information regarding their position is not under their control [18].
Ultrasound (US)

Inspired in bats’ behavior that use ultrasound signals to navigate in the night without seeing [18], this
technology allows to estimate distance between two nodes using information regarding signal
propagation time. It does not require line of sight and signals cannot propagate through walls.
Therefore it is suitable for simple and accurate systems for room-level positioning. US-based systems
usually have high accuracy (centimeter level) and can be used by several users at the same time
[28][18]. However, ultrasound signals are susceptible to several factors, like signal reflection,

temperature and other environmental noise.
Comparison

From all the features considered by different authors [29][19][30][31], we chose the ones we found

more relevant under this thesis’ scope to evaluate and compare the presented technologies:
e Price (P): total cost of the equipments necessary for the system to work properly.

e Accuracy (A): “average distance between the estimated location and the actual location of an
object” [21].

e Range (R): maximum (average) distance covered by a signal.

e Scalability (S): ability to increase the number of objects being located and/or the size of the

location environment without much effort.

o Deployment Effort (DE): time and effort spent in installing the system and its components on the

location environment.

¢ Maintenance Effort (ME): time and effort spent in maintaining the system and its components on

the location environment (changing batteries or making adjustments, for example).
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e User Concerns (UC): how much the system will interfere with users’ usual routine.

e Line-of-Sight requirement (LOS): states whether or not line-of-sight between mobile and beacon

nodes is required.
o Examples (E): commercial systems and/or research-oriented solutions built under that technology.

The results of our assessment are present in Table 6.

Technology
Bluetooth Wi-Fi RFID UuwB IR us
Low High Low Low Medium Low
A Im-5m 5m-10m 5cm-10m 5cm-1m 5m-10m lcm — 15cm
Few meters
Tens of
R Few meters — Tens of Few meters Room-level Room-level
meters
meters
S High High Medium Low Low Low
DE Low Low High Low Low
ME Low High High Low Low
ucC Low Low Low Low Medium Low
LOS No No No No Yes No
) Active Bat
Corbacho Landmarc ) Active Badge
E Radar [32] Ubisense* [35]
[29] [33] [34] .
Cricket [36]

Table 6 — Comparison of technologies most used in IPS [18][28] [29]

As we can see, Bluetooth, US, UWB and RFID are the cheaper technologies, although tags used in
active RFID can make the system expensive. RFID, UWB and US are the technologies with higher
accuracy. RF technologies have a range of several meters, while IR and US have a room-level range,
because they cannot cross through walls. RFID has the highest deployment effort, since it requires a
high amount of components. Also because of this, RFID has a high maintenance effort, along with Wi-
Fi (when using devices powered by batteries instead of power connection), while Bluetooth (due to its
long battery life) and UWB require very little effort. Users have little concern in all technologies but IR

(because they require line-of-sight) and active RFID.

We did not differentiate between classic Bluetooth and BLE since the majority of the characteristics
are common to both specifications. The difference is that Bluetooth Smart promises higher range and

lower power consumption (a battery can last for months, instead of weeks).

Keep also in mind that these are average values for each technology: the actual values will depend on
the specific characteristics of the system (whether it is a hybrid solution or not; methods and

techniques used; etc.). We also highlight that during our research we found incompatible evidences

4 http://www.ubisense.net/
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about some of these properties (in those cases, we kept the most defended value) or even no general

evidence at all (because they vary depending on the concrete implementation).

3.2.2. Methods

Using one or a combination of the previous technologies, we need methods to infer the distance
between beacon and mobile nodes. Here we present two of them. It is important to keep in mind that
not all methods can be combined with all technologies. Received Signal Strength Indication (RSSI)
can be used with all RF technologies (Bluetooth, Wi-Fi, RFID and UWB), while Time of Arrival (TOA)
can be combined with Bluetooth, Wi-Fi, UWB, IR and US.

Received Signal Strength Indication

RSSI is the signal strength received by a sensor of an IPS; the higher this value, the stronger the
signal, thus closer a sensor is to the signal’s source. It has an inverse relation with distance: signal
strength decays as distance increases. As a result, we can use RSSI values to estimate the distance
between a beacon and a mobile node [21]. However, we can also adopt a proximity-based technique

and use the values directly (this and other techniques are discussed in section 3.2.3 of this report).

Some studies state that RSSI is not viable to be used to estimate distance [37] because, as we
already mentioned, signals are very sensitive to several effects (like reflection) and obstacles (like
walls), thus fluctuate a lot, which might lead to inaccurate results. Also, in very populated
environments (such as hospitals), whenever a person obstructs the signal it is absorbed, causing an
extra attenuation. This happens because resonance frequency of water is at 2.4 GHz and the human’s
body is 70% composed by water [38]. Nevertheless, if the right algorithms and techniques are used,

some of these errors can be overcome [29].

Time of Arrival

The time it takes for a signal to travel from a source to a mobile node is directly proportional to the
length of the path it traveled [21]. TOA takes advantage of this property: if the signal is transmitted at
time to and arrives at a mobile node at time t;, the length is equal to (ti-to)v, where v is the signal’s
propagation velocity in that medium [21]. TOA requires at least three reference points whose clocks
must be synchronized with mobile node’s clock, which is not always possible. When it does, it requires
mobile nodes to keep awake all the time waiting for messages to come. All these assumptions make

this a complex to implement method.

3.2.3. Techniques

In this section we look at techniques that can provide information location. They are not compatible
with all methods (fingerprinting and proximity-based cannot be combined with TOA), and its success
depends much on the technology(ies) and method(s) it is used with. Techniques can be used

individually or combined, to achieve better results.

19



Trilateration

Trilateration, which is used with GPS technology to estimate positions [39], needs, at least, three
reference points (which we consider as centers of three different circles) and the distance between
them and the point whose position we want to estimate (which we consider as the radii of the circles)
to perform 2D location [20].

This way we have an overdetermined system composed by three circle equations and two unknown
values (coordinates x and y of the point whose position we want to estimate). This equation needs one
out of several mathematical methods (like least square estimation) in order to be solved [29]. The

accuracy of the technique is greatly given by the distances’ measurements.

Fingerprinting

Fingerprinting works by associating characteristics to a specific location and using them to infer the
location when estimating position of a node. This technique is composed by two operational phases
[18]:

o Offline/training phase: the desired location is divided into smaller areas [20] and several

samples of an attribute are collected and stored in a fingerprint database or radio map;

e Online/position estimation phase: analogously to the first phase, more samples are collected at
an unknown position, which are compared against the ones stored in the database. The fingerprint

that best fits our samples is chosen as the location estimation.

This technique is used where others fail due to the nature of the used methods (e.g., RSSI is not good
to estimate distance, thus does not combine well with trilateration) but it is not suitable in dynamic and
susceptible to changes environments (when signals’ propagation is affected, the database has to be
re-built). Because of the high deployment and calibration efforts, this is not a scalable technique.

Proximity based

Proximity based relies on interpreting signal strength received from nodes fixed at known positions
[18]. The simpler approach is to assume that the target is positioned near the node with higher signal
strength value, but it requires a large amount of nodes to be deployed (since their range is limited).
With the same amount of nodes, other techniques might provide better accuracy. Also, it does not
provide the exact position of a mobile node [18]. On the other hand, this might be a good solution for
specific problems (for example, room entrance and exit), since its implementation is simple, no

complex calculations are involved and no calibration is required.
3.2.4. Commercial Solutions

During the last years some solutions providing indoor positioning services (varying in the technologies,
methods and techniques used) and hardware components have been commercialized. Here we

present the ones we considered during this research, which will be further mentioned on this report.
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iBeacon

iBeacon [40] is a location and proximity detection technology trademarked by Apple Inc based on BLE.
It allows mobile apps (both iOS and Android ones) to know how close they are to tiny transmitters
named after this technology. It was designed not only to provide location estimation but also to offer
contextual information/interaction as a device running the mobile app approaches the vicinity of an
iBeacon. It has been primarily applied in retail contexts. iBeacon is also being implemented in high

precision location systems, although it is not its main purpose [20].

Estimote

Estimote® beacons are wireless sensors which broadcast BLE signals that applications, installed on
mobile devices, receive and interpret in order to trigger some task, depending on the source beacon
(like displaying a notification). They are based on iBeacon technology, and so they have the same
design purposes and follow the same principles. A Software Development Kit (SDK) (to easily create
applications) and a Demo app (to perform some tests like estimating proximity) are provided. Also, an
Indoor Location API® has been developed to be used with these beacons, but currently only works for
iOS.

Estimote beacons’ signals can be adjusted according to our use case, by editing its two properties:

e Broadcasting Power: power with which the signal is emitted, ranging from -30dBm?’ (lowest) to

+4dBm (highest). If increased, beacon’s range increase, but beacon’s battery life decreases.

e Advertising Interval: frequency of the signal, ranging from 50ms (more frequent) to 2000ms (less

frequent). If increased, the signal will be more stable, but will negatively affect battery’s life.

Because they're relatively inexpensive (an order set of 3 beacons costs $99) and the provided SDK is
easy and simple to use for iOS and Android, Estimote beacons are a very popular solution, being used

in several projects related not only to proximity detection but also positioning estimation [29].

Sensefinity

Sensefinity® is a Portuguese startup focused on the development of disruptive solutions related to the
“Internet of Things”. Among all of their products, they are developing smart beacons that use both

Bluetooth and a proprietary protocol (also operating on the 2.4 GHz frequency band) to communicate.

They can simply detect proximity, but can also perform some computations: for example, a small tag
(carried by people or other objects being targeted) receives information from smart beacons,
processes some information (like the estimation of their distance to beacons) and send it to a gateway,
which in turn send it to a server using Global System for Mobile Communications (GSM) technology.
Clients can then retrieve this information for achieving their purposes. Regarding the price, 10

beacons cost more or less 30€.

5 http://estimote.com/

6 http://estimote.com/indoor/
7 Decibel-milliwatts

8 http://www.sensefinity.com/
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Pozyx

Pozyx Labs® is a startup founded in Belgium and specialized in indoor positioning, which was
crowdfunded via kickstarter in June 2015. They developed a hardware system (based on UWB
technology) that is claimed to provide accurate positioning (of a few centimeters, with a 10cm error)
and motion information for Arduino. The main components of the system are anchors and tags, sell at

a unit price of 109€ (kits provide a lower price per unit).

The number of components used in the system varies depending on the use case. At least four
anchors for 3D positioning and three anchors for 2D positioning are needed. One master tag is
required to be connected to a computer or a Wi-Fi network, and as many tags as the number of

assets/people being tracked.

3.3. Gamification

Gamification can be defined as "the use of game elements and game-design in non-game contexts"
[41] to "engage and motivate people to achieve their goals" [42], providing a whole different user

experience.

The term was first used in the early 2000’s by the British consultant Nick Pelling to describe its work,
but only in the second half of 2010 the term has started to be widely used [42], as we can see from the
analysis of the term in Google Trends'® (Figure 4). However it is a concept that has unknowingly been
applied for years. Consider the example of scouting: young scouts perform several tasks seeking to be
rewarded for them by earning badges and/or medals that are put in their uniform. Although they are

not aware, they are self-developing in many areas, which in the end is the most important thing.

120
100

Figure 4 — Google Trends: worldwide interest in the word “Gamification” over time since June 2010

In 2011, Sebastian Deterding presented a model to situate gamification against other related concepts
according to two dimensions: playing/gaming and parts/whole [43] (Figure 5). Playing/gaming
dimension is inspired on Caillois’ work [44], who distinguishes between padia or playing (more
unstructured and impulsive activities) and ludus or gaming (playing with structured rules toward goals).

Parts/whole dimension relates to the difference between a whole artifact and its parts.

9 https://www.pozyx.io/
10 Website that explores Google’s search trends over time
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Games
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Whole

Parts

Playing
Figure 5 — Gamification between game and play, whole and parts (adapted from [43])

Gamification is related to the usage of “parts” in gaming, thus situated in the second quadrant of the
model. It is often confused with the term serious games, but as we can see in the model they are
different concepts. Although both are related to gaming, serious games are full-fledge systems used,
in the majority of time, for educational purposes. They “take real-world problems and puts them into a

game”, while gamification “takes game-design thinking and puts them into real-world problems” [45].

There are many successful examples where gamification had a revolutionary impact on organization’s
processes, in a variety of fields like education, healthcare, marketing, government, computer
programming, and many others [41]. Non-game contexts involve real world problems and goals, and

according to Werbach and Hunter [41] they can be classified as:

e Internal: scenarios where gamification is used by companies to derive results from their
employees (like promoting innovation or increasing productivity). In such cases, players are
already part of a community, who knows and interact with them frequently. Gamification dynamics

need to be aligned with the organization’s existing management and structure;

e External: scenarios where gamification acts as a bridge between business and customers, aiming
at creating engagement, identification with the product, loyalty and higher revenues. Can be used

as a form of marketing;

e Behavior Change: scenarios where gamification is used to promote new and better habits in a
population that produce desirable outcomes. These gamification programs for behavior change
are connected to a social dimension, although they can be used to create private benefits.
Examples of applications involve encouraging people to live healthier (by eating better or

exercising more), making kids enjoy learning, etc.

But gamification is not just about grabbing some game elements and sticking them on a screen. In
order to build an effective experience, one must understand what motivates people to play. They want
to challenge themselves and overcome obstacles, not to win points and virtual rewards. They engage

with the storyline and their individual progression, not with non-meaningful elements dropped on a
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pretty interface. As we are about to see, motivation is a complex concept that must be well understood

in order to lead people to adopt certain behaviors and change practices.

Game designer Jane McGonigal believes we can use the power of games to fight real-world problems
from depression and obesity to poverty and climate change, and provides some successful examples
that already made a difference [46]. If applied correctly, gamification has a huge potential for changing

practices and promoting behavior changing in many areas — imagination is the limit.
3.3.1. Motivation

Motivation is what moves us to do something [41]. It is important to distinguish between two types of

motivation:

e Intrinsic motivation: player's motivation lies inside the activity; the activity is rewarding for itself

(as when someone is doing something he/she loves, like painting or photographing).

e Extrinsic motivation: player's motivation lies outside the activity; the reasons that motivate
someone to do something are outside of him/her enjoyment (as, when someone is working

because he/she needs the money to survive or study to a test in order to finish a course).
If there’s a lack of both motivation types, an individual is said to be in an amotivational state.

Psychologists have been studying the foundations of human motivation for years. Some decades ago,
behaviorist was the dominant theory, which tried to explain behavior based on external response to
stimuli. Examples of studies performed to confirm these theories are the ones conducted by lvan
Pavlov with his dogs and B.F. Skinner with his “Skinner boxes”, which rewarded or punished rats and
pigeons according to their actions [41]. It is easy to understand that this theory has an extrinsic

motivation foundation.

Perhaps the most important human motivation theory is the hierarchy of needs proposed by Abraham

Maslow!! [47], which is usually represented as a pyramid (Figure 6). There are five levels of needs:
e Physiological: basic needs (eating, breathing, drinking, sex, sleep, etc.);

e Safety: desire of living in a consistent and secure world, with security of the body, stability

(financial and psychological), protection, freedom from fear, laws, etc.;

e Belongingness and love: belonging to a group; having friends and family for giving and receiving

love;

e Esteem: self-esteem (having a sense of achievement and competence) and esteem of the others

(having reputation and prestige);

e Self-actualization: becoming the best we can be; depend on the individual (may include a quest

for knowledge, peace, meaning in life, etc).

11 Despite all the criticisms this theory is subject to, we still decided to use it as a reference
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ACTUALIZATION

BELONGINGNESS AND LOVE
PHYSIOLOGICAL

Figure 6 — Abraham Maslow’s Hierarchy of Needs [47]

The lower a level is located in the pyramid, the more essential it is. Having this, humans will only try to

satisfy needs at higher levels when all the needs from lower levels are satisfied.

Self-Determination Theory (SDT), proposed by Edward Deci and Richard Ryan, is a theory focused in
intrinsic motivation and humans’ internal desire for growth and development (like Maslow’s theory),
which must be supported by the external environment in order to be supported (unlike Maslow’s
theory) [48]. They propose three basic psychological needs:

e Competence, or mastery, refers to the sense of being confidant and effective when interacting
with the external environment. One experience it whenever he/she has a sense of control in the
outcome of his/her tasks and when he/she received approval and recognition from others. This is
related to the concept of Flow proposed by psychologist Csikszentmihalyi, which describes an
individual’'s state of mind when he/she is completely focused on an activity (Figure 7).

o Relatedness refers to the feeling of having social connection with others or belonging with other

individuals or within a community. Itis also related to the need of being accepted by others.

e Autonomy refers to an individual's sense that he/she is the source of their own behavior, and that

their actions are aligned with his/her values and beliefs.

Challenges

Skills

Figure 7 — Model of Flow State. State of flow is achieved when the challenges the player is experiencing are
aligned with his/her skills [49].
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Concepts proposed by Maslow can be mapped with the ones proposed by Deci and Ryan. As we will
see, gamification provides us with tools that can be used to satisfy needs of the three upper layers of

Maslow’s hierarchy of needs and SDAs three psychological needs, generating powerful results.

One could argue if it wouldn’t be more effective and less effort-consuming if organizations (especially
those seeking profit) gave monetary rewards. Although this could have impact at that moment, it
wouldn’t really engage users into an activity. By using gamification, we are dealing with inherent
human behaviors: people like to play [50]. Giving money incentives would work as an extrinsic
motivation (as we have seen, people are only seeking that reward, but they won’t feel good at
completing that task), but by bringing some fun to people’s life we are boosting intrinsic motivations,
which is by far more effective. Also, since the game by itself is rewarding [41], we are able to create
incentives without incurring into high costs.

3.3.2. Game Elements

The “parts” of a game are called game elements, which can be considered as a toolkit for building a
game [41]. Not all of them are tangible, but they are all of huge importance to understand the game
(for example, the implicit rules). Werbach and Hunter propose a list of three categories with different

levels of abstraction, which can be represented as a pyramidal hierarchy (Figure 8).

Components

Figure 8 — Game elements categories (adapted from [41])

Dynamics are the elements at a higher level of abstraction and correspond to the overall view of the
gamified system. They have to be carefully considered and managed, but are not directly entered in
the game (Table 7).

Concept Description

Constraints Limitations of forced trade-offs

Emotions Curiosity, competitiveness, frustration, happiness

Narrative A consistent, ongoing storyline

Progression The player’s growth and development

Relationships | Social interactions generating feelings of camaraderie, status, altruism

Table 7 — Most important Game Dynamics (adapted from [41])

In the middle of the pyramid, mechanics are the processes that drive the action forward and create

engagement. Each mechanic can be used to achieve one or more dynamics (Table 8).
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Concept

Description

Challenges Puzzles or other tasks that require effort to solve
Chance Elements of randomness

Competition One player or group winds, and the other loses
Cooperation Players must work together to achieve a shared goal
Feedback Information about how the player is doing

Resource Acquisition

Obtaining useful or collectible items

Rewards

Benefits for some action or achievement

Transactions Trading between players, directly or through intermediaries
Turns Sequential participation by alternating players
Win States Objectives that makes one player or group the winner — draw and loss

states are relative concepts

Table 8 — Game Mechanics (adapted from [41])

Components are the concrete forms that dynamics and mechanics can take (one component might be

connected to one or more dynamics and/or mechanics) (Table 9).

Concept Description
Achievements Defined objectives
Avatars Visual representations of a player’s character
Badges Visual representations of achievements
Boss fights Especially hard challenges at the culmination of a level
Collections Sets of items or badges to accumulate
Combat A defined battle, typically short-lived
Content Unlocking | Aspects available only when players reach objectives
Gifting Opportunities to share resources with others
Leaderboards Visual displays of player progression and achievement
Levels Defined steps in player progression
Points Numerical representations of game progression
Quests Predefined challenges with objectives and rewards
Social Graphs Representation of players’ social network within the game
Teams Defined groups of players working together for a common goal
Virtual goods Game assets with perceived or real-money value

Table 9 — Game Components (adapted from [41])

One important type of elements not presented in this pyramid is aesthetics, which are what makes the
game fun. It is presented in the Mechanics, Dynamics and Aesthetics (MDA), a framework conceived
to guide game designers in their iterative process of analysis and design of a game artifact [51]. The
taxonomy proposed is presented in Table 10.

Note that the goal is not to incorporate all these elements in a gamification solution; instead one shall
pick the ones that better serve our purpose. This decision is integrated in the design process, which
we will describe right away.
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Concept Definition
Sensation Game as sense-pleasure
Fantasy Game as make-believe
Narrative Game as drama
Challenge Game as obstacle course
Fellowship Game as social framework
Discovery Game as uncharted territory
Expression Game as self-discovery
Submission Game as pastime

Table 10 — Types of fun (adapted from [51])

3.3.3. Game Thinking

Before going into creating a gamified experience, one shall start to think like a game designer. This
doesn’t mean becoming one, and it's not an immediate process. It is only achieved with practice, just
like when we are learning to ride a bicycle (you might know all the “theory”, but you will only master

the technique with a set of trial and errors).

This process is called game thinking. Werbach and Hunter define it as “the process of addressing
problems like a game designer, by looking at how to motivate players and create engaging, fun
experiences” [41]. We already addressed the motivation subject, and the last part is related to one of

gamification’s main purpose, a capability only achieved with practice.

Volkswagen promoted an initiative called The Fun Theory!? seeking to change behaviors by means of
simple and funny situations. Perhaps the most popular one is the Piano Staircase, which made the
number of people taking the stairs over the escalator increase by making it a funnier task. It is a good
example of how we can make people comply with real-world goals by thinking like a game designer,
using fun to create engagement.

3.3.4. Game Design

Choosing what might be fun for the players and pick those that seem the best game elements is not
enough to design a gamification solution. Although there is no magic recipe or an infallible list of
procedures, there are some good practices that might be helpful in guiding our work, like the iterative

game design process proposed by Werbach and Hunter, which is composed by six steps [41]:
1. Define objectives

We need to think why we are gamifying. For that, we write down the specific goals of our solution,
with as much precision as possible. In the end, we must justify them, to be sure that they really

bring benefit to the organization we are working with.

12 http://www.thefuntheory.com/
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Delineate target behaviors and metrics

Target behaviors translate what we want our players to do. This list must be extensive so players
can have several available options. Metrics provides us ways to measure those behaviors and

translate them into quantifiable results (e.g., points are an easy way to measure progress).
Describe your players

Identify our target players and what can motivate (and demotivate) them. It is important to be
aware that there are many types of players, which can have different levels of expertise (e.g.,

novices are just starting, while experts need harder challenges to keep engaged).
Devise activity cycles

A game isn’t a strict sequence of events; we must create engagement loops, iterating through
motivation that leads players to perform actions, which in turn produce feedback to the user, which
in turn motivates the user to take further actions, and so on (Figure 9). We must also care about

increasing difficulty at variable rates, trying to match them with the player’s level of expertise.
Don’t forget the fun

Fun is a must-have in every gamification solution. One must be aware that it is not easy to predict,

and different players will react differently to different types of fun.
Deploy the appropriate tools

This final step corresponds to the selection of the appropriate mechanics and components and

their coding in the system (if applicable).

Motivation

Feedback . Action

Figure 9 — Visual representation of the engagement loop proposed by Werbach and Hunter (taken from [41])

3.3.5. Gamification in Healthcare Contexts

Gamification have been emerging for the last few years in the healthcare field. The majority and most

well-known solutions relate to personal wellness improvement, by helping people adopting healthier

life habits (eating better, exercise more, etc.). Some are more directed towards medical education and

practice, where gamification can have an important role in improving processes typically repetitive,

tedious and boring by creating engagement among HCW and improve their performance [52].
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Some examples of successful gamification applications are:

e Nike+3: perhaps the most mentioned gamification solution for health promotion; it gamifies
personal fithess by measuring the number of miles run and providing feedback using game

elements like points, badges, progression bars, etc.
e Health Month'#: helps in adopting healthier habits through picking small goals to achieve.

o Keas?'®: social application with the goal of increasing job satisfaction and productivity by helping

employees changing their habits.

Pereira et al [52] presented some state-of-art regarding the usage of gamification in healthcare
contexts. The examples presented and analyzed lead them to conclude that gamification can be
successfully used in promoting healthcare and healthy habits, although the process is not simple and

can be threatened by several concerns, as we are about to see.
3.3.6. Concerns

Gamification is susceptible to some major concerns and bad practices that we must be aware of,

especially in the healthcare field. Here we highlight the ones that most likely can threaten our work.

Some people still think that the concept is just a “marketing hype” used to lead people to engage into
tasks that do not fit their better interests, a phenomenon called “exploitationware” [41]. Also, as we
have seen, gamification makes it easy to create incentives without spending much money. Despite
being a great advantage, it needs to be carefully handed, otherwise it can lead to situations where

managers might try to substitute payments for virtual rewards (which is also a form of exploitation).

One must be aware that the acceptance of a gamification solution might be a challenge, since people
(especially managers designed to approve or decline the purpose) find it hard to believe that this is
nothing more than playing games and that will act as a distraction at work [52], very inappropriate to a

serious context.

When dealing with humans, there are some ethical and legal concerns that arise, especially in
healthcare. One huge barrier is applying and receiving ethical recognition to conduct trials that are
typically designed for drugs and new equipments that have a long-term development [53], which
contrasts with the iterative process for implementing gamification solutions. When collecting data, we
must be sure to meet all the consents from the players, by means of terms of service agreement
and/or a privacy policy, stating what data and why we’re collecting it, what we are going to use it for
and other related practices [41]. If HCW are to experience a gamification solution, this must be
designed such that the additional workload is as negligible as possible, because this can represent a

very impeditive barrier to the effectiveness of the project [53].

13 http://nikeplus.nike.com/
14 http://www.healthmonth.com/
15 http://keas.com/
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A good gamification experience will induct a sense of autonomy and control in the player which, as we
have seen, is one of the human motivation factors. However, this feeing may lead them to play around
system’s rules and create some of their own — what we call “gaming the game” [41]. Even though this
could be a positive behavior in other circumstances (because players can discover interesting features
and will have a sense of mastery over the game), in healthcare it represents a problem, because
players can lose sight of the solution’s main purpose(s) (for example, eating better) or can interfere

with data collection for researching purposes (for example, when trying to educate HCWSs).

There is one last concern, more directly connected to the design of a gamification solution, which is
called “pointsification”, and corresponds to focus deeply on giving rewards and neglecting the players’
experience. As the name suggests, it happens when a designer creates what he believes is a
gamification solution just by adding points to a process, and expecting that this can create

engagement, which is much rarely true [41].

3.4. Discussion

As we have seen, HAIs are a relevant problem that hospitals need to manage. Studies show evidence
that automated monitoring systems can be effective into measuring HH compliance rate in a
continuous way and provide feedback.

For the RTLS type of automated monitoring systems to provide useful information, a good choice must
be done regarding the architecture of the IPS underlying it. While other technologies might provide us
more accurate results, the majority of commercial solutions available are RF-based, and in this set
most of them provide better results when combined with a proximity-based technique. Even though
this technique requires a huge deployment effort, the two iterations relied on it, because it seemed like

a good and less expensive option (which, as we will see, it was not).

Gamification has been massively deployed in health contexts, but mostly related to personal
healthiness (especially fitness apps) and requiring mobile devices usage. However, we found no
evidence of solutions aiming at improving HCWs practices, where mobile devices’ usage is against the

standard rules.

Behavioral motivation theories were presented, but as one can conclude it is not the answer when
designing game experiences. Even though some lines of thought can be applied, they are not enough
at all for creating a gamification solution.

We conclude by saying that, even though there are proofs that automated monitoring systems are
capable of improving HH compliance, thus solving the presented research problem, we can augment
their capabilities by using the power of games to increase HCWs motivation and, consequently,
improve HH compliance even more. This would be a pioneer approach since we found no evidence

regarding the application of gamification to leverage HCWs practices.
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Chapter 4

Research Proposal

This section is linked with both the objectives definition and the design and development step of
DSRM. We will explain our proposal to solve the thesis’ problem along with objectives of this

proposed solution.

4.1. Objectives

The main objective of this thesis was to create awareness regarding the actual healthcare
workers’ hand hygiene compliance, trying to change their individual behavior and optimize their
performance. In order to achieve this, we needed to collect data and provide feedback accurately

in a fun and engaging way that will motivate them intrinsically to perform increasingly better.

Having this, we designed a solution to solve our research problem, thus improving HCWs and

patients’ safety.

4.2. Description

In order to fulfill the previously mentioned objectives and solve our research problem, we proposed the
development of three artifacts to explore the potential of gamification, trying to improve HCWSs’
compliance with HH. The artifacts consist of two models and one instantiation (of those models). The

last one is the main output of this thesis, while the other ones are auxiliary artifacts.

As we identified in chapter 3, performing HH is an inexpensive measure to prevent the burden of HAI
among patients and HCW. Direct observation is nowadays the most effective approach, but benefits
would arise with the existence of a less costly alternative that could provide constant feedback,

improving HCWs’ performance and promoting adoption of better HH habits.

Our proposal to cope with this was the development of a gamification system that provides
healthcare workers with feedback based on data automatically collected regarding their hand

hygiene habits.

One of our artifacts, the model of the proposed information system (1S) is represented in Figure 10.
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Figure 10 — Abstract model of our proposal

Without interfering with HCWSs’ regular practices, real-time data regarding HH opportunities and
actions is automatically and continuously recorded using an automatic monitoring system. HCWs’
proximity to strategic locations (beds, ABHR dispensers, sinks, etc.) is first collected using an IPS and
this data is then analyzed with an algorithm, which implements the business rules that state when HH
compliance occurs (for example: "If the HCW gets close to the patient's bed, he/she shall perform
HH"). We structured these rules in a model (our second artifact), which is presented in Figure 11 and
represents the different HH opportunities that may arise and how they are complied or not, following

WHO's "My five moments for hand hygiene" framework.

Finally, this information is presented to HCWSs using a gamification solution that, making use of some
of the already presented game elements, provides feedback information in real time. While designing

the solution, we went through the steps of the game design process presented in section 3.3.4:

1. Define objectives
Our proposal is to apply gamification in a behavior-change context, aiming at the goals

already presented at the beginning of this chapter, with as low workload as possible.

2. Delineate target behaviors and metrics
The main target behavior we want to address is having HCWs to comply more times with HH
opportunities than they do currently. Data collected by the instantiation, regarding the
number of HH opportunities occurred and validated, will provide us with metrics to analyze this
behavior.
As a global metric for the gamification system usage, where other important functionalities will

be implemented, we will use the number of platform accesses per day and week.

3. Describe your players
As we will see in further chapters, we defined our players to be the nurses, more specifically the
ones working on the unit we conducted our tests. From the meetings with them, we define the
general profile of a nurse as a person aged 30-50, either male or female, who wants to be
aware of his/her individual HH compliance rate. They do not have much interest in playing
games and are moderately familiar with technology and mobile applications. Due to their high

workload, they do not have much time available during the shift.
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Since they are colleagues, both cooperation and competition will be two mechanics that could
work well. By associating nurses as teams, we are able to induce competition among units, and
even among hospitals.

They want to feel like they are in charge of their choices, so room for individual options and

customization is important to induce a sense of autonomy and mastery.

HCW Enters Room

First room entered in YES Complied
the shift? Opportunity

Which area LRI R Which area
ST other room more than Rl
. 30 seconds ago? .

l

Register ABHR

Register

Register Sink Register Bed Entrance

Register Bed

Complied Complied Non-Complied
Opportunity Opportunity Opportunity

Which area

HCW Lefts Room TR

Register
Entrance

Register
Different Bed

Register ABHR Register Sink

Non-Complied Complied Complied Non-Complied
Opportunity Opportunity Opportunity Opportunity

Figure 11 — Model of the business rules that state when HH compliance occurs

4. Devise activity cycles
First of all, players would get feedback in real-time via a screen in the unit regarding their HH
compliance rate. This way, we are trying to motivate them to act in real-life, because they see

the effects of their actions almost instantaneously. These points would make players progress
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through levels, and people at higher levels could have more choices. This way, we are able to

keep existent players engaged, who will take further action.

5. Don’t forget the fun
To create a fun environment, a social component can be of great importance. A dashboard with
progress bars and winner indication will be used to induce a healthy competition in the ward,
and after shifts they can also exchange messages and interact using the application.

Tools unlocking and features release will be ways of keeping players engaged.

6. Deploy the appropriate tools
Through next chapters, we will detail the tools we used for building the gamification system (a
web application), which have evolved during the course of the research.

Keep in mind that this was this process’ first iteration and the final solution is much more complex than
this (especially in terms of the activity cycles, fun factors and tools deployed). In further chapters we

will present how the gamification solution evolved, although we will not explicitly mention these steps.

It is important to highlight that the real-time feedback functionality posed some challenges, since
HCWs cannot directly interact with an electronic device during their practices: they “play” this part of
the game by adopting certain behaviors that, depending on their nature, can make them progress as
players or not. This was an important concern since, as we have already seen, the solution’s
additional workload shall be kept to the minimum possible, otherwise HCWs, who are so immersed in

their practices, will not use it.

This IS also fights against two important barriers to an optimal HH adherence (as reported by HCWSs).
First, it helps in avoiding forgetfulness, since the IS’s presence acts as a reminder for the HCWs to
perform HH. Secondly, their motivation in performing HH is increased by providing them with a tool
that allows them to interact with one another, thus creating a fun environment.

Lastly, our third artifact is the instantiation of these models (the general IS and the algorithm that
verifies when an HH opportunity occurs and if the HCW complied with it or not). To restrict our focus
group, thus simplifying the research process, we opted to implement this instantiation only for nurses,
since they are the HCWs that spend most of the time in contact with patients, and consequently the
ones that need the most to perform HH. Also, because they spend most of their time in the ward, it
makes it easy for us to talk with them and gather feedback.

Because this artifact has changed through the iterations, its design and development will be presented

and detailed throughout the following three chapters, each corresponding to one of the iterations.
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Chapter 5

First lteration

This chapter details some general aspects of the research (which were maintained in both iterations),
along with the specific work performed during its first iteration. We start by presenting the initial design
and development of the IS, followed by its demonstration and results. In the end, we will present the

evaluation framework applied to our work and evaluate the results gathered during this iteration.

5.1. Design and Development

The technological architecture of our first instantiation is presented in Figure 12.

SERVER
Microsoft Azure
GAMIFICATION
SOLUTION
HTMLS, CSS, JavaScript
> WEBSERVICE DATABASE
C#, ASENET MS SQL Server, SQL
=~

Mobile
Phone
Application

Java for
Andreid 05,
Estimote SDK

Room

Estimote beacons represented as .
Figure 12 — Technological architecture of the first instantiation

We decided we would try to build an IPS from scratch using Estimote beacons technology (see
chapter 3, section 3.2.4), since was one of our least expensive options and it promised accurate
values using a proximity-based technique. These beacons were placed in strategic places in the room
(one at entrance, two near the beds, one per ABHR container and one per sink), from where they send
BLE signals, which are detected by an Android application installed on a mobile phone the HCW has

to carry on his/her pocket. Using these signals, the application is able to detect if it is near the beacon
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or not. For instance, if the application detects strong signals from a beacon placed in a sink, then it will
know that the nurse is near that sink. This information is continuously processed using the algorithm
that checks for HH opportunities and actions occurrence, and every time we detect and validate (or
not) an HH moment, the application sends this information to a webservice, which in turn will update
the database.

To start a shift, a nurse picks a smartphone and selects his/her name in the application. During the
shift, the application continuously presents information regarding the number of HH opportunities and
actions and the last position where HCW’s presence was detected. At the end of the shift, the nurse

only has to click a button to end it. In Figure 13 we present snapshots of these two screens.

Higienizagao das Maos - Gamification ¢ | Higienizagdo das Maos - Gamification -

Seleccione o seu ID
HCW2 v Terminar turno

Seleccione o seu sensor . L -
Numero de Higienizagoes
A ~

Numero de Oportunidades

Ultima Posigao

Iniciar turnol

Figure 13 — Android App: (A) Selecting the HCW and sensor IDs before starting a shift; (B) Presentation of
information regarding the number of opportunities and compliances and HCW’s last position

At this phase, we developed the dashboard screen where nurses' compliance information is displayed
during the shift, providing real-time feedback to nurses, which is presented in Figure 14. This solution
presents a bar chart composed by four bars (the number of nurses working per shift) indicating HH
compliance performance value (we can consider this as the “shift punctuation”). Each bar is
illustrated with similar avatars, just to provide an element of fun. We decided not to present nurses’
real name in the screen in order to protect their privacy (this way, he/she will only be able to know

which sensor it is using, but will not know which sensors its colleagues are using).

By using these elements, we are exploring the mechanics of feedback (we are providing feedback
regarding their HH performance), competition (we tried to implement this by providing the player with
the currently highest punctuation with a bar of different color) and win state (the player with the

highest punctuation at the end of the shift is the winner).
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Figure 14 — Dashboard component of the first prototype of the gamification solution

5.2. Demonstration

In this section, which corresponds to the demonstration step of DSRM, we will show how we are going

to demonstrate that our proposed solution can be used to solve the research problem.

This study was implemented on Hospital S. Francisco Xavier’s (a Portuguese hospital) ICU composed

by three rooms (one four-bed room and two two-bed rooms), being each room is equipped with one

sink, one dispenser near the entrance and one ABHR dispenser per bed. The floor plan of the unit is

presented in Figure 15. In this ICU there are twenty-four nurses working and four of them are assigned

to each nursing shift. Most of the activities presented in this section (and in the analogous section in

further chapters) were performed in the ICU involving the nurses working there (our end users).

Sala enfermagem

_._1:—'5

Figure 15 — Floor plan of the ICU where demonstration activities were performed, provided to the project by
Hospital S. Francisco Xavier. One can identify the three rooms marked with a blue rectangle and the nurses’ room

(where the monitor with real time information is) marked with a yellow rectangle.
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We have met with the nurses several times during the development of the solution, where
unstructured interviews were conducted to gather relevant feedback. Although we were not able to
meet with all of them in the preliminary meetings, we got the consents to participate in the study by
means of a consent form, stating the data we were collecting, why we were collecting it and what we

were going to use it for.

In three of these sessions we interviewed the four nurses working on that shift. After presenting them
the IS, the goal was to collect feedback regarding their feelings about it. To make sure that all four
nurses were available, sessions were scheduled between 3 p.m. and 4 p.m., which correspond to the
period during when patients receive their families’ visit, thus nurses are more accessible. Their

thoughts were not recorded, but the main conclusions were written down.

We also had a few sessions with the chief nurse to discuss some logistical questions, like the ward
rooms’ configuration (and where to place the beacons), date to deploy the system and the consent

forms distribution.

5.2.1. Baseline Study

In order to characterize nurses’ current HH performance (against which we compared the
demonstration results), an observational baseline study was designed and conducted on the

previously mentioned ICU ward.

The study took place on a weekday, during an eight hours shift (8 a.m. — 5 p.m., with one hour lunch),
where two nurses were observed. The focus was on registering all of the 5 moments of HH
occurrences and actions, following the framework already presented in section 3.1.1. Results from this
observation are presented in Table 11. The overall compliance for nurses’ HH was 48.88%. If we only
consider moments 1, 4 and 5 (which are the ones monitored by our proposal), the compliance rate

was 48.14%, which we define as our baseline value for evaluation purposes.

Moment 1 | Moment 2 | Moment 3 | Moment 4 | Moment 5 TOTAL

Complied (%) 42.9 50.0 50.0 57.1 44.4 48.88

Non-Complied (%) 57.1 50.0 50.0 42.9 55.6 51.12

Table 11 — Results from the observational study conducted on Hospital S. Francisco Xavier’s ICU, categorized by
HH moments, where complied and non-complied percentages of HH moments are presented.

5.2.2. Initial Feedback from Nurses

An initial meeting with the nurses was performed to gather feedback from them regarding the IS

concept and some ideas we already had.

Nurses enjoy the concept and think it is a unique and good opportunity to receive feedback regarding
their performance (although they are sometime subject to audits, they said that this would give them a

totally different experience).
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In our first meetings, besides being worried about the accuracy of the location system, they showed
little interest in components like badges, virtual goods and content unlocking because it would require
them to use the system outside their labor hours. However, they found the avatars experience funny

and enjoyed the concept of leaderboards.

None of them expressed concerns regarding being monitored and having their identity exposed in the
screen. They also believed that the language style used in the application should be more colloquial,

because some people would not find adequate to use such system with a familiar language style.

5.2.3. Preliminary Experiments

Before starting first prototype’s development, some preliminary and informal tests were conducted on

a pack of three Estimote beacons to check whether or not the technology fitted our needs.

The Distance Demo App provided by Estimote was used to calculate beacons’ precision in estimating
distances using a function called computeAccuracy (included in Estimote SDK), which returns a value
corresponding to the estimated distance between a beacon and the device where the app is running.

We also collected the correspondent RSSI values, on which the calculated distance is based.

Different scenarios were explored to measure the distance between beacons and a tablet running
Android, using several beacons’ arrangements, number and values (one example presented in Figure

16). Here we present only two of them, which are enough to take conclusions.

Figure 16 — Example of one configuration to measure the estimated distance between Estimote beacons and a
tablet, using Estimote’s computeAccuracy function

First, we tested each beacon individually. Results of these tests are presented in Table 12.

Using beacons with its default configuration (broadcasting power = -12 dBm; advertising power = 950
ms) we placed the tabled 5 meters away from each beacon at a time. Because none of them were
detected at a distance of 5 meters, we started approaching the tablet very slowly till the beacon
started to be detected. We concluded that with this configuration neither one of the beacons were
detected inside the promised range of approximately 15 meters, and all of them started to be detected

at different distances. Additionally, the returned values weren’t very accurate.

With a different configuration (broadcasting power=+4 dBm,; advertising power=206 ms), all beacons
were detected at a distance of 5 meters, but the returned values still did not presented an acceptable

(the most accurate result still presented an error of 1,92m).
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Average of returned values
Confiquration Beacon Real distance Distance (in RSSI
9 (in meters) meters) (in dBm)
1 5,00 NOT DETECTED
3,98 4,17 \ -90
Broadcasting power = -12dBm 5 5,00 NOT DETECTED
Advertising interval = 950 ms 2,46 3,43 \ -88
3 5,00 NOT DETECTED
2,72 4,07 -90
1 13,13 -85
Broadcasting power = +4dBm
Advertising interval = 206 ms 2 5,00 6,92 78
3 10,88 -82

Table 12 - Results from testing each beacon individually

Then, we used three beacons as if they were a single source, which means, using the average of the
returned values as the final value. The obtained results are present in Figure 17. We can see that by
increasing broadcasting power we obtain more accurate results. Reducing the advertising interval

from 206ms to 100ms doesn’t present significant differences.

18
Real distance
16 —
14
12 Average of 3 Beacons'
Estimated Distance (BP = -
10 12dBm; Al = 950ms)
8 Average of 3 Beacons'
6 Estimated Distance (BP =
+4dBm; Al = 206ms)
4 Average of 3 Beacons'
2 44— Estimated Distance (BP =
0 — S +4dBm; Al = 100ms)

Figure 17 - Comparison between real distance (0,20m; 0,50m; 1m; 2m; 3m; 4m; 5m) and the average of three
beacons’ estimated distances, using several configurations

Having this, a different scenario was tested, using Estimote Beacon’s main functionality: detect
proximity. For that, a tool was developed to collect, store and present information regarding beacons’
RSSI values in the form of graphic. We tested a scenario where the three beacons, with broadcasting
power set to -12 dBm and advertising interval set to 100 ms, were distanced by a few meters. Carrying
the tablet, we started approaching the beacons one at a time to check if we could match our path in
the graphic. Results of one of these tests are presented in Figure 18, where each line of different color
represents a different beacon. The sequence of movements performed corresponds to the information
in the graphic. The first beacon approached was the green one, then purple, green, blue and green

again. However, there is a lack of accuracy regarding times. For example, all green peaks should have
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the same width, composed by four dots (which correspond to four seconds near that beacon), which

does not happen.

Figure 18 — Graphic presenting proximity to Estimote Beacons. Each line of different color represents a different
beacon.

5.2.4. Simulation

A simulation was conducted to test the whole solution. We placed three beacons on a lab
(corresponding to the entrance of a ward, a bed and an ABHR dispenser), installed the Android

application on a tablet and placed a laptop in a place where we could see the gamification screen.

We noticed that the collected data was well processed and presented in the screen, although there
were some problems in detecting the beacons. Sometimes we were placed right near a beacon and it
was not being detected by the application, while other times (in the exactly same situation) its
presence was detected. Also, the signal was much more unstable than it was right after beacons were

purchased and the battery levels fell down very quickly.

5.3. Evaluation

This section corresponds to the Evaluation step of DSRM, and here we will describe how we are going
to evaluate the outcomes of our proposal and confirm that it can be used to solve the problem stated.
Although there is no consensus on how to perform it, there is an overall agreement about its
importance in such methodology. To design our evaluation process (thus, selecting the demonstration
activities, some of them already discussed in the previous section), we used one of the few existent
proposals for evaluation in DSRM, which will be detailed in the first subsection. Former subsections

are committed to this iteration’s results’ evaluation.
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5.3.1. Evaluation Framework

Although there is no consensus regarding how to perform evaluation in DSRM, there is an overall
agreement about its importance in such methodology. The framework we used is one of the few

existent proposals for evaluation in DSRM, and it is based on previous work by Pries-Heje et al [54].

Venable et al [55] framework is itself composed by two other frameworks (DSR Evaluation Strategy
Selection Framework, which maps our evaluation requirements to potential evaluation strategy/ies,
and DSR Evaluation Method Selection Framework, which maps evaluation strategies to specific
evaluation methods) and a four-step method for designing the evaluation component of a DSR project,
presented in Table 13.

Answer questions like:

e What the evaluands will be?
1 - Identifying, analyzing )
e What's the nature of the artifact/evaluands?
and prioritizing the ]
_ e What properties we need to evaluate?
evaluation context
i e What's the purpose of the evaluation?
(requirements and goals)
e Are there constraints in the research environment? Which ones?

e How rigorous must the evaluation be?

2 - Matching evaluation Use outputs from step 1 and DSR Evaluation Strategy Selection
contextual facts with Framework to determine the strategy or strategies that better fit our
strategies requirements.

3 — Selecting appropriate | Use outputs from step 2 and DSR Evaluation Method Selection

evaluation methods Framework to determine the methods that better fit our requirements
4 — Design the DSR Having a high level evaluation design, given by the outputs of previous
evaluation in detail steps, specify it to concrete strategies and methods.

Table 13 — Four-step method, proposed by Venable et al [55], for designing the evaluation component of a DSR
project.

Our main artifact was considered as an instantiation, and it was evaluated as a socio-technical product
(since it is a tool that requires interaction with real people to achieve the goals proposed in section 4.1
of this report) during the several iterations of our research. The other two artifacts, which are models,

were consequently validated through the instantiation assessment.

As already mentioned, this activity involves comparing our goals with the results observed during the
artifact’'s usage in the demonstration. A few properties were selected from the hierarchy of criteria
proposed by Prat et al [56] to evaluate our artifact's performance. Each demonstration activity was

evaluated against some of these criteria.

The ones we found most relevant belong to the goal, environment (more specifically, consistency with
people) and activity dimensions, and are presented in Table 14, along with some comments on how
they were applied under this thesis’ scope.
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Degree to which the artifact achieves its goals, which can be analyzed by
comparing the HH compliance results from a baseline study and the field

Efficacy
study(ies). Also, the evolution of the number of HAIs over time can be
Goal analyzed to check for its increase or decrease.
dimension
Degree to which the artifact correctly achieves its goals (are behaviors
Validity | changing due to the fun factor or fear of being punished?). It can be
evaluated using HCWs qualitative feedback and field study’s observation.
Quality of the artifact in practical use, which can be evaluated both by
Utilty comparing the HH compliance results from a baseline study and the field
study(ies) and by analyzing HCWs’ qualitative feedback (from interviews,
for example).
Environment/ | Ease of | How complicated the artifact is to use. It can be evaluated using HCWs
Consistency use qualitative feedback (from interviews, for example).
with people How the artifact conforms to the users’ rules, standards and/or values. It
dimension Ethicality | can be evaluated using HCWs qualitative feedback (from interviews, for
example).
) Effects that are not expected to be observed during the usage of the
ef:cets artifact. It can be evaluated using HCWs qualitative feedback (from
interviews, for example) and field study’s observation.
Activity )
dimension Accuracy | Agreement between achieved and expected results.

Table 14 - Criteria selected for evaluating our artifact’s performance

In both iterations we developed/refined our artifact, whose performance we wanted to assess as a

prototype and as an instantiation running on a real environment. Also, we wanted to involve HCWs

during the whole design process, both prior and after the development/refinement.

Having all of these assumptions and looking at the DSR Evaluation Strategy Framework, we chose to

use a hybrid strategy combining strategies from all four quadrants: ex ante/naturalistic, ex

ante/artificial, ex post/naturalistic and ex post/artificial. Applying this to the DSR Evaluation Method

Selection Framework we choose the methods presented in Table 15.

Finally, we detail our evaluation process (which was repeated for both iterations) as follows:

Ex Ante Ex Post
o . Field studies/
Naturalistic Interviews )
Interviews
L Preliminary Simulation/
Artificial ]
experiment Workshops

Table 15 — Methods chosen to evaluate our artifact




e Before and during artifact developing/refining, feedback was gathered from interviews with our end
users (the nurses), in order to determine whether our design met their needs and desires or not;

e Experiments were performed to assess technologies selected as the basis to build the IPS;

e Having a final prototype, it was tested on an artificial environment with unreal users, with the goal
of determining if the artifact was technically working accordingly to its desired functionalities.

¢ [terations ended with a field study in a real environment, with the real users of our artifact. During

and after this, feedback was again gathered from unstructured interviews with the nurses.

At the end of the second iteration, two workshops were performed, aiming at gathering feedback from

experts related to the areas of this thesis, like healthcare and gamification.

5.3.2. Initial Feedback from Nurses

Utility

From our meeting with the nurses, we believe that the final gamification solution of this iteration is
aligned with their needs, and that it will have a positive impact on their daily routine.

Ease of Use

Despite nurses expressed some resistance to future work ideas that would make them use the
application outside their labor hours, we believe that after using it they can change their minds.

However, this was one of top considerations to the next iteration.
Ethicality

Even though we were not able to meet with all nurses, it was evident that most of them did not have
concerns about having their performance available to everyone standing in the nurses’ room and using
an application with an informal language style. However, to avoid potential problems with users that

we did not meet, we kept the information private and a colloquial language style.
5.3.3. Preliminary Experiments

Accuracy

Tests performed on Estimote beacons showed us that estimating distances to them is unfeasible for
our work, since the results are not accurate at all, but a proximity-based technique can, at least,
describe one’s movements. We believe that signal’s instability and beacons weak performance might

be due to its batteries low levels.
5.3.4. Simulation

Accuracy

From the simulation tests we were able to conceptually validate the IS, since it was possible to detect
the nurse’s movements using proximity and to quantify the compliance with some precision. However,
it is evident that the numbers promised by Estimote regarding beacons’ range and accuracy are far

away from reality, despite the reason underlying beacons’ performance.
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Chapter 6

Second lteration

Following the previous chapter, we will present the work performed during the second iteration of our
work, including the design and development of the IS, its demonstration, results and the results’

evaluation.

6.1. Design and Development

Our second iteration began with the development of the second instantiation, whose technological
architecture is presented in Figure 19. For the IPS, we partnered with Sensefinity, a commercial

solution already discussed in chapter 3, section 3.2.4.

=\ = Beacons represented as '

o 0 ) ¢ 0 Smart tags represented as (J

M — ' Gateways represented as .

SENSEFINITY
WEBSERVICE

SERVER
Microsoft Azure
INTERFACE

HTMLS, CSS, JavaScript =

WEBAPPLICATION
ASPNET MVC (C#)

DATABASE
MS SQL Server, SQL

Figure 19 — Technological architecture of the second instantiation
As in the first instantiation, the system was built using a proximity based technique. More specifically,
the smart tags (which substitute the mobile phones from the previous prototype, and are represented
in Figure 20B) receive information from smart beacons (represented in Figure 20A) and send a
message to the gateway (communicating the smart tag ID, the detected beacon ID, the current time
and the type of message — approaching or leaving) whenever they are approaching a smart beacon or

walking away from it.
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Figure 20 — Sensefinity’s A) Smart beacon B) Smart tag
Analyzing the messages stored in the server, we are able to detect nurses’ position over time. Again,
this information is processed using the algorithm based on the model from Figure 11, and beacons
were placed at the same positions, with only two variants: we only placed one beacon with a wider
range per bed (instead of two with a smaller range) and a “presence beacon” in a central point of the
room (instead of a beacon placed near the entrance). Once a tag is detected approaching a “presence
beacon”, we assume that the tag is inside that room. Similarly, when a tag starts walking away from it,

we assume that tag is leaving the room.

Because in this prototype there are no mobile phones, we had to design another way for nurses to
indicate the moments when they start and end a shift. From the discussions with the nurses we decide
to place this logic in the dashboard screen (whose second prototype is presented in Figure 21). The
avatars were also changed to differ between each other in the cap color, which corresponds to the

name of the sensor they are using (pink, green, red or yellow — as the typical board game pieces).

Figure 21 — Dashboard component of the second instantiation of the gamification solution
We also created a new component for the gamification solution. Since, as we have seen from the
meetings in the previous iteration, nurses were a little skeptical in using some game elements that
required them to access the solution outside their work time, we decided to include an e-mail
functionality in it: after the end of their shift, nurses receive a simple e-mail, which provides feedback
regarding their HH compliance rate and has a link to a web application for further information. This
application is to be explored outside nurses’ labor hours and makes use of several and distinct game

components, to explore different mechanics and activate some dynamics.

After logging in, players are welcomed with some game information in the homepage (Figure 22):

their name, avatar, current level, their current punctuation and how far they are from leveling up
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(combined with a progress bar, which provides visual feedback). Higher levels are more difficult to
reach, that means, you need more points to go from level 3 to level 4 than you need to go from level 2
to level 3.

OSYRISH = ¥ JodoSila

Bem-vindo/a, Jodo Silva
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Joao Silva
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Figure 22 — Homepage of the gamification component to explore outside labor hours

A partial leaderboard presents player’s current position in the ranking and whether they went up,
down or maintained their position since leaderboard’s last update (which happens twice a day, at
8:30am and 8:30pm — half an hour after each shift's conclusion). We decided to use a partial
leaderboard instead of a complete one so that players with lower positions would not demotivate when

realizing it was very hard to reach the top of the ranking, thus stop playing with the same dedication.

Players are rewarded for a wide range of actions both in the ward (e.g., being the nurse with higher
HH compliance rate in a shift) and in the game (e.g., sending suggestions to the development team)
using badges. Categories are mostly organized by levels, which have an increasing difficulty level
(e.g., for achieving level one you have to perform that action on one shift; level two requires you
perform that action on ten shifts, and so on). Access to badges is limited to players that achieve a HH
compliance rate above 70%, so that only nurses with an acceptable performance are rewarded.

Complete list of badges is presented in Appendix A.

Besides acting as a reward, badges allow players to receive currency (hamed OSYs) that can be
used to acquire virtual goods on the virtual shop (not fully implemented yet), which provides a wide
range of assets players can “buy” to customize their game experience: elements to personalize their
avatars, more stats information (like their score evolution over time), access to adjacent positions in
the ranking, etc. With this, we want to provide nurses with a sense of autonomy (which we have seen

it is likely to leverage maotivation).

Currency differs from points in the sense that the last can only be achieved through their work in the
ward and used to progress through levels. Nevertheless, since most badges are related to shift's
performance, players with higher punctuations are likely to achieve more badges, thus receiving

currency, which depends on badges’ difficulty (more challenging badges are worth more currency).

A stats page allows players to generate graphs displaying relevant information, from which the only
one available at the start (that means, nurses do not have to acquire it from the shop) is HH

compliance rate over a range of days or months (which can be defined by players) or during a shift (in
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which case the rate is presented by hours). This way, players can analyze their evolution and think of
ways to improve their compliance (for example, if they realize they comply less when they receive a

patient in the unit, they can decide to be more aware at those times).

The social component of the solution is given by a page displaying all players, who can interact with
each other and exhibit their status in the game, thus providing a sense of both competition and
cooperation. A players’ small profile can include: name/username, level, description, number of HH
compliances (since the game began), number of achieved badges and option of receiving messages.
Nevertheless, they get to choose what information to display, being the minimum the name/username,

level and avatar.

Because, as we have already stated, players’ feedback is very important, we included a contact page,
so that players can send us suggestions, reviews or bug reports. Also, the main “game rules” are

presented and detailed in the application, in case players have any doubt.

Regarding elements connection, we use points and levels to provide feedback; badges that promote
cooperation between nurses working on a shift; the partial leaderboard stimulates competition, etc.
The main dynamics we want to activate are emotions, since we want nurses to become aware and
think about their performance, and relationships, because cooperation and competition (two main

mechanics we want to explore) are based on this. In Table 16 we summarize the game elements used.

Dashboard Player Application
Avatars
Badges
Components Points Legderboard (partial)
Points
Levels
Virtual Goods
Competition Competm.on
. Cooperation
Mechanics Feedback
. Feedback
Win State -
Resource Acquisition
Dvnamics Emotions
y Relationships

Table 16 — Game elements used in the gamification solution

Having this, all nurses are able to receive the feedback they are interested in with little additional
workload (they only have to indicate they are starting and finishing a shift, and to consult
their compliance rate during the shift) — which was one of our main concerns through all design
and development phases. However, if they want to, they can follow the provided link and explore the
application outside their labor hours. Our goal with this was to induce some curiosity and see whether

or not they are moved into using the solution.

Additionally, we started the design and development of an administration profile (Figure 23), where
hospital’s management could access some relevant information (like the evolution of a unit's HH

compliance rate) and perform important actions (like adding HCWs to the game).

Appendix B gathers a collection of the application screens.
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Figure 23 — Administration profile, more specifically the page where an HCW can be added to the game
6.2. Demonstration

Even though we partnered with Sensefinity into choosing the IPS design that better suited our
requirements, preliminary experiments on the technology were not performed, thus this section will be

omitted in this chapter.

One can say that this iteration was itself composed by two sub-iterations, because at halfway of the
iteration the IPS had to be subject to some refinements. For this reason, we implemented two

simulations and two field studies, which will be further detailed in this section.
6.2.1. First Simulation

Before starting the instantiation’s development, we met with Sensefinity’s collaborators to design the
IPS and perform simulations on it. The first suggested design was based on a fingerprinting technique,
which we have seen to have an accuracy of a few meters. Using a proximity-based technique,
messages on the server complied with significant accuracy with the areas we walked into. It is
important to highlight that, throughout this simulation, the IPS was not integrated with our application;

only location functionalities were tested.
6.2.2. Feedback from Nurses

Having a new instantiation, we performed two more meetings with the nurses. Besides collecting the
consent forms (already handed to the chief nurse), we wanted to have feedback regarding new

features and decisions.

Nurses believe that starting and ending the shift manually does not constitute a significant workload,

and stated that they prefer to carry the tags in their pockets instead of carrying it on a neck support.

The application was approved, both in terms of design and functionality, but nurses aware us that they
will only be able to make suggestions and assess functionalities’ usefulness when they start using the

application on a real-time basis.
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The chosen percentage for badge access (which was 70%, as already mentioned) was approved,

because other metrics make it evident that this is the ideal compliance value.

6.2.3. First Field Study

Right after the instantiation was completed, we deployed beacons in all the desired positions in the
three rooms of the ICU, with a total of 26 beacons. One screen was placed in the nurses’ room,
connected to one of ICU computers, presenting the dashboard component of the gamification solution
to provide real-time feedback regarding their HH compliance (illustrated in Figure 24). Despite

deploying all equipment, during this 4 days study we only got to test the IPS.

Figure 24 — Screen positioned in the nurses’ room, presenting the dashboard component of the gamification
solution and providing feedback in real time

On the first day, we could not make any tests because we noticed that, due to hospital restrictions, we
did not have access to the Wi-Fi network thus we were not able to refine the tool (hosted on the cloud)
in real time, which was needed. Additionally, GSM coverage is very weak (except for one Portuguese
operator), which not only does not allow us to use a personal internet hotspot to solve the previously
stated problem, but could also interfere with the correct IPS functioning. However, Sensefinity aware
us that the startup uses telecommunication cards from this operator, so this would not be a problem to
us. In the following days, some hardware problems were spotted and solved, but in the end the
system was still not functioning properly: it was sending an inappropriate number of messages. As an
example, one test was made where three beacons and one tag were put on the top of a table. By
turning the tag on, three approaching messages should be registered (since nor the beacons nor the
tag were moved), but during one minute 52 messages were received, and it would keep on sending

them if the tag was not turned off.

Nurses did not have a chance to experience the solution during this period, but we were able to meet
and collect more feedback from them. They aware us that beacons placed in beds often fall from their
places, especially when beds are being cleaned. They also reported one case when a beacon fallen

during a surgery.

At the end of the study, all the equipment was removed from the ICU for further refinements.
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6.2.4. Second Simulation

Because of the spotted problems, Sensefinity applied some refinements on the IPS an, four months
after the first field study, we conducted a simulation outside the hospital. Besides the hardware being
frequently malfunctioning (in which cases we had to deliver it to Sensefinity, so they could fix the
problems), we also noticed that the signal was too unstable for us to extract positioning information
(we received far more messages that those expected). When confronted with this, Sensefinity pointed

it out as a technological limitation (which, as we have seen, was pointed out before as an issue).
6.2.5. Second Field Study

Even though simulation’s results were far from expected, we decided to test the IPS performance at
the hospital. A total of 12 beacons were deployed on only two rooms of the ICU (one two-bed and one
four-bed rooms) due to some restrictions Sensefinity had concerning the available equipment. In
Figure 25 one can see examples of beacons placed in the areas of interest.

Figure 25 — Beacons placed in the ICU ward (A) Near an ABHR dispenser placed on a bed; (B) Near a bed; (C)
Near a sink

Because in the four-bed room ABHR dispensers are not usually fixed at the bottom of the beds
(instead, they are fixed in a table, which is positioned near the bottom of beds), the chief nurse

changed their position and aware all the nurses not to change it back.

To check whether or not the IPS worked correctly, a nurse was handed a tag for her to carry during
two hours. She was the most of the time in one room (approximately 1 hour and 45 minutes), and after
that went to the nurses’ room (where the IPS was not installed). Only three location messages were
received, being one of them from a beacon placed in a room the nurse never entered. Sensefinity
aware us that this could be due to a bad GSM coverage because, despite what was told before, they

do not use telecommunication cards from the only operator with good coverage.

The nurse feedback was that she barely noticed the location tag she carried on her pocket. Another

important thing to highlight was that, few days after deploying the system, ABHR dispensers placed in

53



the beds of the four-bed room were placed back on the tables (as illustrated in Figure 26), despite the

chief nurse aware for the nurses not to change them back.

Figure 26 — This ABHR dispenser was placed in the bed. Despite the chief nurse aware the team not to move it
back to its normal position (in a table at the bottom of the bed, as in the picture), a few days after the system’s
deployment it was there.

6.2.6. Workshops

At the end of the iteration, we conducted two workshops (with three presentations each), aiming at
collecting feedback from a relevant audience of experts. At the end of each workshop, we discussed

the presentations and wrote down the most relevant comments.

The first workshop gathered specialists from the healthcare area, like hospital managers and nurses.
Three presentations were made regarding both the development of strategies aiming at managing and

controlling HAIs and the specific study where this research was included.

For the second workshop, we invited gamification, IT and entrepreneurship professionals. Like in the
former workshop, three presentations were conducted to discuss digital transformation in general and

digital transformation in healthcare services, being this research an example of such practice.

6.3. Evaluation

In this subsection we will analyze and evaluate the results achieved in each of the demonstration

activities performed in the course of this iteration.

6.3.1. First Simulation

Accuracy

It was evident that fingerprinting technique was not suitable at all for our needs, presenting an
accuracy of few meters, unfeasible for our work. It was decided to use a proximity-based technique in
the IPS’s implementation, since we were able to confirm our path by analyzing the messages stored
on the server, which were generated during the simulation.
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6.3.2. Feedback from Nurses

Ease of Use/ Utility

Regarding refinements in the gamification application, nurses believe that this instantiation is more
easy to use, in particular because of the email functionality, which allows them to choose whether or
not to explore the application outside their labor hours, but always receiving the desired feedback

concerning their HH performance.
6.3.3. First Field Study

Accuracy

Due to the problems that have arisen during this field study, we were not able to test the accuracy of
the whole system. But it was evident that Sensefinity’s technologies needed refinements, both in

hardware and software terms.
Side Effects

The fact that beacons are often falling from their places is a major consideration, since it does interfere

not only with the system correct functioning, but also with HCWs’ regular practices.

6.3.4. Second Simulation

Accuracy

Even though Sensefinity had been working on the system, it came back with the exact same problems
it had during the first field study. The accuracy of the IPS remains the same, while we are still unable
to test the solution as a whole.

6.3.5. Second Field Study

Accuracy

Despite the solution being deployed, it was not possible to test it with the gamification application
because the IPS either did not work at all (which we believe could be due to problems in the hardware
and/or the weak GSM coverage at the hospital) or did not work well. However, it was evident that
Sensefinity’s solution still needs considerable and deep refinements before it can work properly and be

applied in a healthcare context.

Ease of Use

From the participant nurse’s feedback, we believe we have validated the choice of asking nurses to

carry the tag on the pocket, since it was transparent for the nurse and did not affect her practices.
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Side Effects

Following the results from the first field study, we believe that a less invasive IPS should be used,
since beacons placed in the nurses’ field of action can interfere with their regular practices (by falling

off frequently or by implying a change of configuration in the ward).
6.3.6. Workshops

In these workshops we were able not only to validate some of our assumptions, but also to collect new
ideas and be more aware of a few challenges that might cross our path.

The measure was approved as being of great importance to the role of managing and controlling HH
practices, providing hospitals with a wider range of improvement opportunities. With a continuous
monitoring system, hospitals can individually and equally evaluate their HCWSs. Nevertheless, because
this method does not evaluate technique, it is important to continue to perform direct observation and

combine both results.

This tool can also turn audits into a clearer and simpler process, since HCWs do not feel comfortable
in such initiatives and do not believe its outputs reflect the truth regarding HH performance.
Information provided by this tool can be helpful for HCWs to spot their failures and improve.
Management’s decision-making process can also be enhanced: by benchmarking hospitals in real-
time, failure spots can be identified and corrected before the end of the year. However, this information

should be kept internal (hospital’s management will only have knowledge regarding their data).

In order to prove hospital management that this initiative can be beneficial, we need to identify cause-
effect events and present numbers (e.g., by showing how much money can be saved from the
infections the system helps to avoid). To increase units’ motivation into achieving certain management
goals, a proper budget could be created and applied into infection control improvement initiatives. As
an example, if one unit reduced their infections rate by 10% on one year, they would be awarded a

slice of that budget to acquire some asset.

Scenarios where HCWs are forced by hospital’s management to use this system need to be carefully
handed, otherwise HCWs intrinsic motivation will disappear, thus wasting the gamification potential. It

is of importance to show HCWs that they have much more to win than to lose with this initiative.

Participants advised us to take special care on the “gaming the game” effect, since HCWs might try to
force a low compliance rate in order to prove management that there is a high workload. Because of

the system’s limitations, we need to come up with ways of compensating the associated errors.

Before implementing the tool in other hospitals, we need to beware that acceptance will vary among
hospitals and settings and think about how we are going to scale the tool. One suggestion was to
create a general leaderboard based on player’s evolution instead on their punctuation. This way, both

old and new players have an equal opportunity to achieve the top in the ranking.
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It is important to reflect on how we are going to keep HCWs engaged, once the motivation into using
the system starts to decrease. One way of doing this is planning new releases based on things we
know they want (for example, more information available).

One must be cautious about the different generations of HCWs. Even though younger generations are
more likely to play games and accept the digital transformation of health services, they are the ones
with more expectations. If the game is not engaging enough, they will be deceived. They also might try
to use it against hospital management (“If | do my work well, why is my salary lower than other people

one’s?”), while older players might create resistance (they do not want management to monitor them).

Finally, participants agreed that academic projects make HCWs’ more willing to participate and accept
new initiatives. They also believe that the used bottom-up approach (working directly with nurses
before getting to work with management) is the correct one, and we should keep basing our work in
rewards instead of punishments.
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Chapter 7

Conclusion

This chapter provides a summary of the work performed during this thesis. Communication activities
are detailed. Lessons learned from this research and its contributions are highlighted. Artifacts’

limitations are presented along with future work suggestions.

This thesis main conductor was the problem of HAIs’ increasing number, which can compromise
patients’ safety (who can even die), direct losses for both health systems and patients and an
increasing resistance to antibiotics. HCWs can help to control this problem by performing HH regularly
and at specific times, but several studies show that their compliance is still suboptimal. Direct
observation is a standard way of monitoring and giving feedback regarding HH practices, but besides
being costly and time-consuming it does not provide individual feedback to HCWs. Therefore, there is

a need for hospitals to come up with innovative ways of doing this.

Moved by the problem of HCWs’ poor adherence to HH compliance, which in turn leads to HAIs
propagation, we conducted a research process aiming at promoting self-awareness and action
towards a better HH compliance. To achieve this, we proposed the development of a gamification
system that provides HCWs with feedback based on data automatically collected regarding
their HH habits.

A DSRM process was followed through two iterations of design, development, demonstration and
evaluation activities. At the beginning of each iteration, we tested a solution to build our IPS on and
gathered feedback from the nurses. Next, we developed the IPS and the gamification solution. At the
end, we tested the solution by means of a simulation and/or a field study, where more feedback was

received.

On the first iteration we developed the first instantiation, having an IPS based on Estimote beacons.
The dashboard screen of the gamification solution was developed and integrated with the IPS. A

simulation was performed to test the solution, but it was not deployed on the hospital.

Sensefinity’s solution was used to build the IPS during the second iteration and the gamification
solution was subject to major refinements. The dashboard screen was complemented with an e-mail
functionality and an application to be explored outside labor hours. Two field studies were conducted
and, at the end of the iteration, we brought together experts from relevant areas to discuss this project

in two workshops.
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The evaluation process was based on a framework designed to help researchers perform evaluation
activities on their projects. It was composed by unstructured interviews, simulations, preliminary
experiments, workshops and field studies, which allowed us to match the demonstrations’ results
against our goals. Although we were not able to deploy, test and the full solution on work, we aimed

some important conclusions, which will be presented in following subsections.

7.1. Lessons Learned

It is important to highlight some of the most important lessons that were learned during this research.

Since the first iteration, results showed that the IS was promising in improving nurses’ awareness
regarding HH compliance. Although we were not able to fully deploy the solution in the unit, feedback
gathered from evaluation activities and conferences attended suggests that it would have a positive

impact on their daily routine.

From both the literature review and meetings with the nurses, it was possible to understand that
nurses are strongly interested in knowing their individual HH performance, which nowadays is not

measured at all.

By involving nurses in the project since the beginning, it was possible to align the IS with their needs,
which was confirmed by the results and their feedback. In projects like these, where a solution is being
designed for the benefit of someone, is important to involve them since the very beginning in order to

enable a higher sense of ownership in the process and better understand our end users’ requirements.

One important conclusion is that, although indoor location technologies strongly evolved during the
last few years and have been successfully applied in areas like retail, their precision is still not enough
to be applied in the healthcare field, where the areas of interest are much smaller (down to

centimeters). There is a need to test and improve indoor technologies.

7.2. Contributions

To begin with, the model which translates WHO'’s framework into rules that state when a moment
arises and when to validate it is a major contribution, since it eases the implementation of algorithms
to combine with automated monitoring systems. As far as we know, no other published work has

contributed with a similar artifact.

The IS developed is an innovative contribution because it combines two recent yet successful
approaches (gamification and automated monitoring systems) into a brand new solution. This way, we

are able to combine the advantages of both methods and augment compliance with HH practices.

In the literature review, a comparative analysis was performed on of the most relevant indoor
positioning technologies based on several sources, which can be reused in other researches that rely

on IPS technologies, in particular those related with healthcare.
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This research has confirmed, as we have already stated, that there is a huge difficulty of finding an
accurate and adequate IPS solution to be applied on a healthcare context. No evidence was found
regarding this conclusion, thus we believe this work has been pioneer into testing different

technologies in a hospital context.

7.3. Limitations

First of all, the instantiation artifact suffers from the typical limitations associated with automated
monitoring systems (which were described in section 3.1.3 of this report). It is only able to detect
compliance with moments 1, 4 and 5 of WHO’s framework that, as we have seen, correspond to the
majority of the moments occurred. There is also some potential to observation bias: although there is
no presence of a physical observer, nurses may have the sense of being observed, which can lead to

higher (thus, unreal) HH compliance rates.

Results achieved were collected in an ICU, where the majority of the patients require full care for all
daily activities like eating, bathing, dressing, etc. The same system deployed on units following
different care models might present different results. Also, they can also vary depending on the

hospitals, which have different cultures.

To simplify the research and focus on one HCWSs class, only nurses’ HH performance was monitored,

but it would be of importance to include, at least, physicians in further trials.

Last of all, if we were able to collect quantitative results regarding nurses’ HH compliance, we would
look at them such as the only difference between the baseline study and demonstration activities was
the presence of the gamified system. However, there are other factors that can influence HH

compliance (such as the type of patients), which we would not consider.

7.4. Communication

Communication activities that present to relevant audiences the importance of the problem we are
trying to solve, along with the achieved results while using our main artifact to try to cope with the

already mentioned problem, are of uncalculated importance.

Throughout the course of this research, we have submitted some abstracts and papers that have been
accepted, presented and published. The paper submitted to Health — Exploring Complexity (HEC2016)
is more oriented towards the technological limitations we faced: it presents the IPSs we tested and
discusses the difficulty to implement internet of things technologies in healthcare. All the other articles
converge in the sense they presented the work performed and discuss the results achieved during the

DSRM iteration running at that time.

Additionally, a paper was submitted to the BMC Medical Informatics and Decision Making journal,
which is still awaiting acceptance. This paper presents and discusses the work performed throughout
the whole research.
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Nurses self-improvement hand-hygiene compliance in a hospital ward: combining indoor location

with gamification data presentation [57]

Authors Luis V. Lap&o, Rita Marques, Jo&do Greg6rio and Miguel Mira da Silva

Event 3" International Conference on Prevention and Infection Control (ICPIC) Innovation
Academy Pitch, Geneva, June 2015

Published Supplement of ARIC Journal (Antimicrobial Resistance & Infection Control)

Comments Abstract.

This abstract was recognized as one of the 5 more innovative projects out of a set
of 60 international projects

‘ Improving Nurses’ Hand Hygiene Compliance using Gamification [58]

Authors Rita Marques, Jodo Gregorio, Fernando Pinheiro, Pedro Pévoa, Miguel Mira da
Silva and Luis Velez Lapéao

Event 3rd European Workshop on Practical Aspects of Health Informatics (PAHI 2015),
Elgin, October 2015

Published CEUR Workshop Proceedings

Comments Paper

Authors Rita Marques, Jodo Gregério, Miguel Mira da Silva, Luis Velez Lapéo

Event 2nd International Workshop on Gamification in Health (gHealth) 2015, Barcelona,
November 2015

Published CEUR Workshop Proceedings

Comments Paper

An innovative approach to improve nurses' hand hygiene compliance: combining indoor location

with gamification [60]

Authors Rita Marques. Jodo Gregoério, Fernando Pinheiro, Pedro Pévoa, Miguel Mira da
Silva and Luis Velez Lapéao

Event 16th Congress of the International Federation of Infection Control (IFIC) 2016,
Vienna, March 2016

Published International Journal of Infection Control

Comments Abstract

Using Gamification Combined with Indoor Location to Improve Nurses' Hand Hygiene Compliance

in an ICU Ward [61]

Authors Luis Velez Lapéo, Rita Marques, Jodo Gregoério, Fernando Pinheiro, Pedro Pévoa
and Miguel Mira da Silva
Event Special Topic Conference of European Federation for Medical Informatics -

Transforming Healthcare with the Internet of Things, Paris, April 2015
Published IOS Press

Comments Paper

Authors Rita Marques, Jodo Gregorio, Miguel Mira da Silva and Luis Velez Lapéo

Event Health - Exploring Complexity: An Interdisciplinary Systems Approach, Munich,
August 2016

Published To be published in IOS Press

Comments Paper.

To be presented on August 2016.

Table 17 — Articles submitted, presented and published under the scope of this thesis.
7.5. Future Work

We believe this thesis was a first step towards the implementation of an innovative approach. First,

there is an urgent and obligatory need of finding an accurate IPS that can track HCWSs inside the
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hospital. Without that, there is no way of knowing for sure if gamification complies with this research’s

goals.

At the end of this research, we partnered with Pozyx Lab’s, a startup whose commercial solution was
discussed in chapter 3, section 3.2.4. However, at the time of this thesis’ submission, we are still
waiting for the equipment to be delivered, which should have arrived one month ago. Since then, and
despite our regular requests, the startup does not give us any feedback regarding our order status.

Future work might include testing this promising technology, when and if it arrives.

After finding an adequate IPS, it is important to implement and test this solution in units with different
care models and different hospitals so we can have a greater and richer variety of results, which can

allow us to better understand how we can improve HH performance (thus, reduce HAIs propagation).

By working with nurses, we are leaving out other HCWs that interact with patients and whose poor HH
can be a source of infections, such as doctors. In further tests, they should be involved and integrated
in the system. Another interesting idea is to integrate patients’ relatives in this solution, which could not
be done in the same way as HCWs (because they do not spend as much time with patients as HCWs

do) but would be of importance to aware them about the need to perform HH.

If and when we get to the point where hospitals want to officially install the IS on their wards, some
HCWSs might be forced into using the system. By turning the game into something that is not voluntary,
we are losing one of the main characteristics of the game and the desired effects may vanish. One
way of dealing with this is by negotiating with the hospital about making the IS’s usage optional and
use game techniques to motivate HCWs into joining the game. An idea could be to reward HCWs that

convince other colleagues into joining the game.

We already started the development of some gamification functionalities, which need further
refinements and validation in the future.

Since one of the main problems HCWs reported as to negatively impact HH practices was the lack of
knowledge of guidelines, the application will provide HCWs with videos and documents explaining

guidelines and techniques for following HH practices.

Based on the idea of having group achievements, discussing during the workshops conducted in the
second iteration, we decided to implement a monthly unit achievement feature. At the beginning of the
month, hospital’s management can define (at the administration profile) a goal that all nurses assigned
to that unit will try to achieve by working together. Information regarding the current unit’s rate and goal
is presented at HCWs profile’s homepage. This way, nurses can feel like they are part of something
greater than themselves (inducing a sense of relatedness), doing their little part for the global success

of the unit.
Appendix C presents current screens related to these functionalities.

Finally, an important consideration to have regarding future work is how to keep HCWs engaged when

the novelty feeling disappear. As discussed in the workshops’ evaluation (section 6.3.6), one way of
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doing this could be planning new features releases. This would require several meetings with HCWs to

understand what they want to have available in the IS.
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Appendixes
Appendix A — List of Badges

Complete list of badges implemented in the system. Images presented here correspond to the first

level of each badge (with one star; subsequent levels add one star each).

ZIGOTO
A curiosidade nasceu assim que descobriu 0 OSYRISH, e néo resistiu a conhecer o
jogo.

LEUCOCITO
A sua percentagem de higienizacao foi superior a 90%! Parabéns por combater
exaustivamente as infeccbes hospitalares!

VEDETA DO TURNO
Foi o maior cumpridor de oportunidades do seu turno!

ENFERMARIA UNIDA
Todos os enfermeiros do seu turno tiveram uma percentagem de higienizagao
superior a 85%! Juntos, combateram eficazmente as infec¢gbes hospitalares!

GUARDA-CROSTAS
Protegeu o seu organismo e o dos outros, ndo deixando entrar nenhum virus ou
bactéria. Ndo ha oportunidade que escape de si!

ACUMULA-CARICAS
Pouco a pouco, tem vindo a juntar varias distingdes. O objectivo? Agarra-las TODAS!

PENSO-RAPIDO
Ajudou-nos a melhorar o OSYRISH com as suas sugestoes.

NEUROZANO
Estimulou o cérebro vendo os materiais didaticos disponibilizados pelo OSYRISH.

ANTI-CEPTICO
Venceu o cepticismo e, quando deu por si, ja foram vérias as vezes em que utilizou o
OSYRISH desde que se juntou ao jogo.
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Appendix B — Application Screens

Page with the game rules, for players to consult whenever they need or want to.

OSYRISH = §  JosoSita

Jodo Silva

Bem-vindo/aq, Jodo Silva # ko - # Regras doJog

P sl em Ascencio

OSYRISH - O jogo da higienizagaol

O OSYRISH permite-lhe conhecer o seu noc

Para isso, apenas precisa de fazer uma coisa:

0 SEU TRABALHO

Durante o tumo, 0 seu dos seus colegas & tempo real

No final, saberd o valor da sua percentagem de ades3o 3 higienizaclo.

lhor a sua higienizagao das maos,
Existem outras maneiras de progredir no jogo. Explore esta pagina para as descobrir!

€, claro, interaja com os seus colegas...um de vocés serd o melhorl

Objectivos + Progredir no jogo '
Pégina Inicial + Sola dos Enfermeiros +
Ranking ‘ Distingdes '
Resultados dos Exames + Lojo +
Este jogo é SEU + Sobre o projecto +

Page to consult badges available and achieved.

OSYRISH = $  JodoSiva

Jodio Silva

Bem-vindo/a, Jodo Silva # lico @

Vedeta do Turno - Distintivos Alcangados

Zigoto

Acuriosidade nasceu assim que descobriu 0 OSYRISH, e ndo resistiu a conhecer o jogo,

NIVEL L NIVEL 2 NIVEL3

Leucécito

; Faltam-the 8 dia(s) para ganhar o préximo distintivo desta categorial
Asua percentagem de higienizago foi superior 3 90%! Parabéns por combater exaustivamente 35
infecgbes hospitalares!

‘1. Vedeta do Turno

Foi o maior cumpridor de oportunidades do seu turno!

eQe Enfermaria Unida
P Tod i s do seu tumno tagem de higienizagsa superior a 85%! Juntos,
sinfeccd i
= .

Guarda-Crostas
Protegeuo odos outs nenhum virus ou bactéria. Nio hi
oportunidade que escape de sit
\ :
@ Acumula-Caricas
NA Pouco 2 pouco, tem vindo 3 juntar varias distinges. O objectivo? Agarrs-las TODAS!
* %

A8 Penso-Répido
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Page with public profiles, so that players can check each other status and communicate.

OSYRISH 3§ Jososilva

Bem-vindo/a, Jodo Silva ® Inico {4 Sala e Enfermei

Conhece os feus oponentes!

Rita Marques Ana Clementina Nunes Ana Filipa Ferreira Ana Maria Dias RS
HIGIENIZACOES

15/25
DISTINTIVOS

% Contactar jogador
Ana Rita Vieira Alberto Barros Dina Correia Dora Correia
Estibaliz Alday Fabio Manaia Fatima Figueiredo Fernando Faria
Horicio Cardoso Joana Pereira Joana Ferreira José Sempere
Page with statistical information regarding players’ performance.
OSYRISH = g JodoSiva
e Bem-vindo/a, Jodio Silva # lnicio - (8l Resultados dos Exames
e e
Tipe de informagao 100 ..
Percentagem de Higienizagio - J
Ver por.. /,——'\ —,
®Tumo O ias Omes o pr .__--/ \ \.
Periodo “
W S
B 201508729 10
ME ! ah sh 10h ith 12h 13h 14h 15h 16h 17h 18h 19h 200
B 2016/02/29
Ver
Copyright © 2015 Projecto OSYRISH. Todos os direitos reservados. 7 S e 8= EGT —




Page to edit profile settings. This particular image presents avatar edition.

Bem-vindo/a, Jodo Silva

Pré-visualizacsio Apresentacio Dados de Perfil Mvatar

TOM DE PELE

1256
HIGIENIZAOES
15/25
DISTIHTVOS

Copyright © 2015 Projecto OSYRISH. Todos os direitos reservados.

CABELO

¥ JodoSilva
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Appendix C - Application Screens (Ongoing

Functionalities)

Page with educational content. At this phase, only an informational message is presented.

OSYRISH

¥ JodoSilva
Bem-vindo/a, Joéic Silva

# Inico & Saln de Extudo
A sala de estudo estd temparariomente encerrada para remodelagses
Iremos abrir brevemente, para que possa adquiri novos conhecimentos no OSYRISH

Copyright © 2015 Projecto OSYRISH. Todos os direitos reserv

b}
&

3= FCT .

Virtual store, already with the categories presented.

OSYRISH

¥ JodoSilva
Bem-vindo/a, Jedic Silva

Tem 25 05Y's disponiveis. Use-as para tor

CATEGORIAS DESCRIGAO
e o
w
at
4 E lha g P ver os itens disponiveis!
Copyright © 2015 Projecta OSYRISH, Todos os dircitos reservados, B 3= FCT
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Unit achievements editing in administration profile (unit goal is still not defined for the current month)

OSYRISH = A\ ainel de Administragao
Bem-vindo/a, administrador # Inkcio - @ Adic
@ Defina o objective mensal para a sua unidade.
Hospitals 5. Francisco Kavier

Unidade: Unidade de Cuidados Intensivos Polivalente

Objectivo para o més de Margo

%

FCT

b}
=3

Capyright © 2015 Projecto OSYRISH, Todos os direitos reservadaos.

Unit achievements editing in administration profile (unit goal already defined for the current month)

OSYRISH H A\ painel de administragio

Objectivo para o més de Fevereiro: 75%

B B ) FCT

Copyright © 2015 Projecto OSYRISH. Todes os direit
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Unit achievements editing in player’s profile (in this example, unit performance is above its goal)

OSYRISH = 9 JedoSiva

sitva

ol em Ase

Posiggo no Ranking Objectivo Mensal da Unidade

Unidade de Cuidados Intensivos Polivalente do
Hospital Sao Francisco Xavier esta

ﬁ 925 Jodo Silva acima

do objectivo mensal de 1% de adesio &
higien mios! Continuem o bom trabalho

para manter este valor

Joao Silva
Profissional em Ascengao

Progresso actual

Jijuntou 2478 pontos!

Com as suas priticas de higienizagio ndo serd dificil g is 23 pontos p: um Sénior

Copyright © 2015 Projectn OSYRISH, Todos os direitos reservados, % SR ] FCT

Bem-vindo/a, Jodo Silva ko
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