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Abstract. As life expectancy grows and the population requirements for satisfac-

tory health and wellness levels increases, there is a clear opportunity for the in-

corporation of alternative techniques and tools for promoting health and prevent-

ing disease. One of these tools, is the use of thermal water-based treatments, com-

monly known as thermalism, as tools to trigger patients’ overall wellness. Despite 

the collective assumption of the effects of thermalism, there is little to no scien-

tific evidence of these treatments, thus impairing the potential of this activity to 

become more widespread in society. Thus, with this paper, we present a concep-

tual model for a non-invasive sensing system based on wearables that can moni-

tor a set of patients’ biomarkers which will serve as the basis for the validation 

of the effects of thermalism. This system will also serve as a management and 

operation control tool for thermal SPA managers and technical directors. 

Keywords: Thermalism; Wearables; Non-invasive Sensing System; Sensing 

Systems; Wellness. 

1 Introduction 

In recent years, as global population average life expectancy registered a constant ten-

dency to grow, an increased number of potential health pathologies and concerns have 

arisen, thus adding extra pressure for enduring efforts to further advance novel ap-

proaches for ensuring population wellness, the promotion of health and the prevention 

of disease [1]. 

Despite being considered a challenge of extreme relevancy and which has thus been 

the focus of multiple stakeholders (e.g.: researchers, healthcare organizations, govern-

mental entities, etc.), promoting health and, particularly, wellness to a given population 

as a means to prevent disease and live longer, it is clearly a challenge of significant 

wingspan to which there is still no clear answer [2].  
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By calling on Martins, et al. [3] and Lupton [4], one can acknowledge that by merg-

ing the previously mentioned efforts with Information and Communication Technolo-

gies (ICT) we will be drawing innovative and disruptive solutions that will serve the 

purpose of promoting health and wellness in a more effective manner. 

As argued by Araujo, et al. [5], the physical-chemical properties of thermal waters 

make them a valuable therapeutical asset that has the ability to not only trigger the 

curing process, but also to foster patients’ wellness. The use of thermal waters for health 

and wellness purposes, typically known as thermalism, has a historic timeline that goes 

back to the ancient Roman civilization and currently has a significant impact on the 

economic and social development of multiple (more rural) regions [6][7].  

Even though thermalism is considered an extremely relevant option for those willing 

to promote their own wellness and health, little research has been made on the effects 

of thermal water-based treatments [8][9]. With this in mind, an effort has been made to 

develop a conceptual model of an information system that is capable of monitoring, in 

a non-invasive manner, a series of personal indicators (capable of demonstrating ther-

malism effects), and in parallel feature an information visualization platform that, draw-

ing on self-service business analytics capabilities, is able to give its users the overall 

impacts that each thermalism treatment has on each pathology, thus allowing for a full 

perception of the real opportunities that might exist associated with thermal water us-

age. 

2 Non-Invasive and Wearable Health and Wellness Sensing 

Systems 

Since the dawn of medicine, it has been fundamental to collect and analyse data from 

patients to study the behaviour of certain diseases, to find a cure and even to monitor 

their health status during their hospital stay or during recovery/treatment outside the 

hospital environment. E.g., in order to study a disease that affects a specific region, it 

is necessary to obtain information from the affected patients and keep the entire popu-

lation of that region under surveillance. From a conceptual perspective, public health 

surveillance refers to the collection, analysis and continuous dissemination of health-

related data to provide information that can be used to monitor and improve the health 

and wellness of populations [10]. The data collected during the observation period can 

be used to estimate the magnitude of a problem (disease) and to identify risk groups. 

Through the continuous monitoring of these patients, it is possible to evaluate the ef-

fectiveness of treatments to combat the disease under study [11].  

With the current development of technology, new ways of collecting all types of data 

have emerged as well as improved tools for their treatment and analysis, which signif-

icantly increased the amount of data available for research and analysis purposes. This 

brings with it an increase in the amount of information available which is very positive  

for studies and research [12].  
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2.1 Data Collection Principles 

The increase in the amount of data available also increases the amount of redundant 

and unnecessary data, so it is necessary to follow a series of principles regarding the 

selection and manipulation of data strictly necessary for the problem under study [13].  

Initially, the objectives of the problem must be precisely defined, in order to avoid 

redundant and/or unnecessary data. If there are measurement standards, it is possible to 

do an automatic cleaning, discarding of erroneous or inconsistent data and, at the same 

time, creating alerts for measurements that present “dangers” to the user. In order to be 

able to catalogue the data and create a “trustworthy” database, there must be a minimum 

quantity, so that a correct analysis can also be made and that truly reflects the situation 

under study. 

When we are using data collection tools that are too complex, this can negatively 

affect the quantity and quality of the data, so we must keep these tools as simple and 

concise as possible. After all the data has been collected, it must be kept safe and peri-

odic analyses must be carried out on the consistency and accuracy of the database. 

There should also be a system for the protection of the integrity of the database and for 

security against possible computer attacks, natural disasters, and other threats.  

 

2.2 Wearable Sensing Systems 

The concept of the Internet of Things (IoT) encompasses situations in which network 

connectivity and computing capacity expand to everyday objects, sensors and items, 

and exchange data without the need for "handling" by the user [14]. Of these devices, 

those that can be used as accessories or that can be worn are called wearables [15]. 

Wearable technology has benefited from advances in mobile technology; however, 

they remain extremely limited in terms of functionality when compared to smartphones. 

While wearables must follow several restrictions regarding the size, weight and comfort 

of the device during use, smartphones do not have these restrictions. However, weara-

bles allow for the opportunity to collect physiological and kinesiological data on an 

ongoing basis, translating into self-knowledge for users. This knowledge can be espe-

cially useful in the areas of health and fitness, by obtaining data during physical activity. 

These can also be used for the autonomous monitoring and prevention of diseases such 

as stress and hypertension [16][17].  

According to Metcalf, et al. [14], as incentives are lining up and value-based 

healthcare (health delivery model in which hospitals and doctors are paid based on the 

patient's health outcomes) increases, the future will be the IoT that joins wearable de-

vices, applications and intelligent data analysis. This is so that the medical and the care 

teams get the right insights from the data, at the right time, and are not overwhelmed. 

Smart preventive decisions can be made for more proactive individualized care and 

therapy. 

Wearables can measure physiological signals such as electrocardiogram (ECG), 

heart rate (BPM), body temperature, electrodermal activity (property of the human 

body that causes continuous variation in the electrical characteristics of the skin), res-

piration rate, among many other signals. The continuous monitoring of these signals 

can help in the detection and diagnosis of various diseases, whether cardiovascular, 
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neurological, or pulmonary in an early form. In addition, monitoring the individual's 

activities in real time, allows for the detecting of falls, posture analysis, or even an 

assessment of the hours of sleep [18]. 

Non-invasive sensors are suitable for the human user because they can take painless 

measurements and have no risk of infection. However, they are complex from the con-

cept and design point of view. The choice of the system's location has limitations be-

cause it must obtain a good ratio between signal, noise, fixation, ergonomics, and dis-

cretion [19]. 

In order not to negatively affect the user's daily routine, the wearable system must 

be comfortable, have flexible components, reduced dimensions, be chemically inert, 

non-toxic, and hypoallergenic. To obtain a greater acceptance by the possible users of 

the system, it must be accessible, easy to use, non-intrusive and interoperable between 

the various computing platforms. Increasing the research and development of this type 

of systems, can improve the ease of use [20]. 

The choice of sensors is extremely important as they must be able to collect/read 

data accurately. They must also be able to connect to the processing unit so that data 

can be transmitted [21].  

3 The Evolution of Health and Wellness 

Since early times, human beings have been using thermal waters in a medicinal manner 

as a means to fight diseases, improve overall health conditions, extend life expectan-

cies, and increase wellness levels [6]. In fact, inseparable from the concept of well-

being, health is revealed as one of the unavoidable themes of the new millennium, and 

the tendency for people to have an increasing concern regarding their bodies and phys-

ical fitness, translates into the need to feel healthier, and even younger, in a permanent 

search for a better quality of life [22].  

The concept of health has effectively evolved, and is no longer considered as the 

absence of disease (an empty notion of health), but rather as a life objective that, ac-

cording to the World Health Organization (WHO) translates into a “state of complete 

physical, mental and social wellness” and not just, as was mentioned, the absence of 

disease or illness [23]. On the other hand, the Global Wellness Institute, stresses that 

the state of our health results from complex interactions between genetic factors and 

interrelated external variables, such as socioeconomic factors, the physical environment 

where we live and access to health care. These external factors form a complex "well-

ness ecosystem", which can influence, increasing or reducing, the impacts of genetic 

factors [24]. 

We are, therefore, facing a new health paradigm, based on new societal configura-

tions, centred on a self-concern for well-being, on self-esteem, on the search for happi-

ness, on personal and bodily fulfilment, on an increased sensitivity towards the risks 

and greater demand for services and health care that are aligned with a paradigm based 

on disease prevention and the promotion of balanced lifestyles, less focused on curing 

the disease and more focused on the active role and responsibility that citizens them-

selves can have in relation to their health [1].  
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According to the World Tourism Organization, thermalism will observe sustained 

growth over the next 20 years, mainly due to the emergence of new consumption pat-

terns and motivations. Assuming the importance that thermal activity has for the terri-

tories where it is available, typically low-density territories and with low economic de-

velopment rates, thermalism and the inherent tourist activity are decisive elements. In 

line with this reality are, for example, the regions of Alto Tâmega (in Portugal) and 

Galicia (in Spain) that have in their natural mineral waters (thermal and bottled) a solid 

pillar of tourist and economic development, as well as one of the strongest reasons for 

differentiation [25].  

Although, historically, the practice of thermal treatments is associated with an im-

provement in the living conditions of users, this association is not sufficiently proven 

from a scientific point of view. Therefore, in the light of our knowledge, there is no 

exact scientific validation of the effects of thermalism, which makes the task of doctors 

even more difficult regarding the prescription of thermal water-based prescriptions. 

4 An Architecture for Monitor Thermal Treatment Effects 

The growing interest in the health sector on the one hand and on the other hand in the 

activities of SPAs, justify the attention given to the topic of incorporating information 

systems and technologies that allow not only the interoperability of data and infor-

mation (decisive decision-making), but also to encourage the establishment of close 

and loyal relationships. In fact, we are talking about a sector of activity that, in recent 

years, has shown marked growth rates and in which any technological advances have 

direct implications for the quality of the services provided and, consequently, for the 

quality of life of citizens.  

In Figure 1, we present the proposed architecture to monitor the effects of thermal 

water-based treatments on thermalists. Its description is set forth in this section.  

 

4.1 Interface Layer 

The Interface Layer aims to provide a set of applications that support daily management 

activities, at the strategic, tactical and operational levels. Operations Management is 

permanently focused on improving services, aiming to increase their quality while guar-

anteeing an alignment with the needs of strict cost control. The creation and develop-

ment of services and their efficient management make up most of the activities inherent 

to this functional component. Operations personnel are responsible for ensuring that 

employees responsible for applying treatments have access to the necessary resources 

to be successful and, cumulatively, allow the organization to compete effectively in a 

highly competitive market. 

Data Visualization is critical for building dashboards rich in Key Performance Indi-

cators (KPI), aligned with business metrics to bring the organization's data to life 

through graphical representations that, desirably, provide a 360-degree view of the data, 

updated in real time and available on any device (e.g., tablet, mobile phone, or com-

puter), and the more intuitive the report, the faster the decisions can be made.  
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Fig. 1. Architecture for Monitoring Thermal Treatment 

 
 

In order to ensure that both the medical and the technical teams have access to valid 

and accurate data that allows them to be aligned with each other, a Patient/Treatment 

Management App has been defined. Here, medical doctors and thermalism technicians 

can have access and manipulate patients’ data (health, wellness and operational), and 

make decisions based on it. This component represents the main point of interface of 

the previously referred profiles with the information system. 

 

4.2 Data Management Layer 

The key tool of any Information System is data. The data can be considered as raw 

stored information, or in a more basic form. The reason why information is stored in 

this way is that only the information that is needed for specific functions is effectively 

used. The data represent elementary descriptions of facts, objects, activities or transac-

tions that are recorded, classified and subsequently saved. When these data are orga-
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nized to provide meaning and value, it is information. Information thus plays an espe-

cially important role in information systems, as it is through it that the organization's 

operations are based. It is also important that there is no information overload or a da-

tabase with too much information, as this can lead the organization to misinformation. 

The decisions that are made within an organization are based on a set of information 

that is available in the decision-making process, something that makes the final decision 

dependent on the characteristics of the information that the decision maker received. 

Information whose quality is insufficient will not produce an adequate decision, and 

when applied in the organization, it will not produce the expected result. 

This makes the Data Storage module and the Data Collection & Normalization mod-

ules critical elements for the management of data supporting the upper layer and, in 

particular, the Operations Control & Management and Business Analytics modules. 

Massive data collection requires the use of adequate data storage and transformation 

technology, since exponential data growth has a direct relationship in terms of redun-

dancy and deviations from acceptable value ranges, so it is necessary to follow a series 

of principles with regard to the selection of data strictly necessary to meet the analysis 

needs. 

Therefore, it is critical in the Operations Control & Management module to define 

the objectives of the problem precisely, to avoid redundant and/or unnecessary data. If 

there are measurement standards, it is possible to do an automatic cleaning and discard-

ing of erroneous or inconsistent data while, at the same time, creating alerts for meas-

urements that represent a “danger”. In order to be able to catalogue the data and create 

a “trustworthy” database, there must be a minimum quantity, so that a correct analysis 

can also be made and one that truly reflects the situation under study.  

When we are using data collection tools that are too complex, this can negatively 

affect the quantity and quality of the data, so we must keep these tools as simple and 

concise as possible. After all the data has been collected, it must be kept safe and a 

periodic analysis must be carried out on the consistency and accuracy of the database. 

There should also be a system for the protection of the integrity of the database and for 

security against possible computer attacks, natural disasters and other threats.  

An important issue is the ability for different actors in organizations to make deci-

sions based on quality data. The Business Analytics (BA) module aims to provide the 

orchestration of business concepts that will support the various players in the organiza-

tion in making better decisions based on data and evidence. Decision-making will be 

more supported on certainties and done with tranquility and based on real and accurate 

data for organizational processes. The module should combine a large set of data anal-

ysis technologies, which allow for ad hoc analysis and consultation, online analytical 

processing (OLAP), mobile BA, real-time BA, operational BA, cloud BA and Software 

as a Service (SaaS), open-source BA and collaborative BA. 

 

4.3 Sensing Layer 

Regarding innovation accelerating technologies, the Internet of Things (IoT) offers a 

unique opportunity to transform many industries, including the thermalism and spa sec-

tor. The IoT comprises the expansion to a diversified range of objects and sensors with 
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computing capacity and network connectivity without the need for user intervention in 

an extended period of use. Of these devices, those that can be used as accessories or 

that can be worn, are called wearables. In the IoT it is possible to include sensors, ac-

tuators, navigation systems, cloud-based data services, among others, that provide a 

wide variety of data to "feed" decision support tools.  

The Mobile Sensing Devices component is essentially based on the use of wearables. 

Non-invasive sensors are suitable for the human user because they can make painless 

measurements and have no risk of infection. However, they are complex from the con-

cept and design point of view. The choice of the system's location has limitations be-

cause it must obtain a good ratio between signal, noise, fixation, ergonomics and dis-

cretion. 

In order not to negatively affect the user's daily routine, the wearable system must 

be comfortable, have flexible components, reduced dimensions, be chemically inert, 

non-toxic and hypoallergenic. In order to obtain greater acceptance by the possible us-

ers of the system, it must be accessible, easy to use, non-intrusive and interoperable 

between the various computing platforms. 

The choice of sensors is extremely important as they must be able to collect/read 

data accurately. They must also be able to connect to the processing unit so that data 

can be transmitted. The low cost of these sensors can facilitate their adoption and mas-

sification (to eventually become mainstream).  

5 Conclusions 

5.1 Limitations 

This paper represents the initial results of a research project focused on validating the 

health and wellness effects of thermalism, and on delivering digital solutions that allow 

for thermal SPA and healthcare managers to perceive the overall value and impact of 

thermalism to their organizations and regional/national healthcare systems. 

Despite arising from a focused and extensive analysis of the existing scientific and 

technical literature that was merged with the knowledge and experience of healthcare 

and wellness experts and thermal SPA managers and technical directors, to create the 

proposed conceptual model, for a monitoring system that is able to monitor the effects 

of thermalism, to be considered a fully validated artifact it needs to serve as the basis 

for a real (Information) System based on wearable devices which allow for non-inva-

sive monitoring of wellness and health biomarkers on their users. 

 

5.2 Future Implications for Thermalism 

As argued by both academics and healthcare and wellness experts, thermalism is glob-

ally perceived as a valuable treatment or adjuvant for the symptoms associated with a 

set of impairments and diseases. However, the real effects of thermal water-based treat-

ments on patients are yet to be scientifically proven, which diminishes the potential 

impact that thermalism might have on patients’ lives and regarding the social and eco-

nomic development of the regions where the referred natural resources exist.  
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The implementation of the proposed conceptual model might allow for the appear-

ance of technology-based solutions that are not only able to monitor the health and 

wellness effects of thermalism, but also to acknowledge the social and economic im-

pacts that this activity has on regional development and on national health systems. 

The emergence of digital systems and platforms that allow a validation of the effects 

of thermalism, a consequent evolution of this activity and, ultimately, a change to a 

healthier lifestyle on the part of citizens, is something that should be considered as re-

markably interesting and relevant. Considering the current health and well-being needs, 

the referred evolution may not only benefit the thermal spa (currently in Portugal, for 

example, there are already more than 1.2M thermal treatments per year), but also spa 

and national health services, since the inclusion of thermal treatments (duly validated) 

in national plans for disease prevention and health promotion may lead to a decrease in 

the effort required to provide health care and well-being to the entire population.  

Another potential future implication of implementing systems that validate the ef-

fects of thermalism and, consequently, allow the development of thermal activity and 

the thermal SPAs themselves, is the attraction and fixation of people to the regions 

where these services exist. From a social and economic point of view, these territories 

are typically rural and considered to be of extremely low development and low popu-

lation density. Therefore, the population fixation, typically highly specialized, focused 

on the provision of thermal treatments, the development of systems and technological 

platforms related to thermalism, and the provision of services adjacent to thermalism 

(e.g., tourism), can serve as an engine for territorial growth and development.  

 

5.3 Conclusions 

Thermalism is currently considered one of the most valuable assets for ensuring rele-

vant wellness levels to a fringe of the population typically known for having physical 

impairments or issues. Nevertheless, despite this social perception, little to no scientific 

evidence has been reached nor presented that could validate the real effects of thermal-

ism on patients’ impairments or health/wellness issues. 

By acknowledging the abovementioned argument, an effort has been made to model 

an information system that should be able to, not only monitor the individual effects 

that thermal water-based treatments have on patients’ pathologies, but also to assist 

thermal SPA managers and technical directors to better manage their organizations and 

improve the services they provide for their patients. This conceptual model proposal 

contemplates three combined layers (Sensing, Data Management, and Interface) that 

are composed of multiple functional modules responsible for the execution of the entire 

set of functional requirements. 

By providing a straightforward approach, drawn on the incorporation of ICT, to the 

validation of the effects of thermalism, we believe that we are not only delivering a 

valid contribution to science, but that we are also creating tools that will trigger (re-

gional) social and economic development. 
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