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Abstract

Health institutions are adopting new technologies for their processes through automation by
means of the concept of "Internet of Things" (IoT). Hence, offering innovative tools, applications and
technology for the collection of key data and information, which is then integrated and consolidated,
covering the different systems and their collaborators. The necessity of receiving quality medical
services is essential in the public Policy of any country. The increasing demand for having an
adequate number of medical specialists, pharmacies and medications stock, dental and mental
health coverage and other, together with the minimization of the waiting list and patient care time
have been a crucial concern. Under this context, it is valuable to redesign the processes planning
and its coordination through the use of Information & Communications Technology (ICT) and
IoT that unifies the systems. Based on previous research, the general purpose is to generate a
system model to examine healthcare quality of service and corroborate its effectiveness in a real
environment. The aim of this paper focus on the development of a decision support model to define
key areas where the inclusion of IoT would sustain the efficiency in health care service. The research
methodology is based on case study, integrating planning processes, data analysis, scoring method
that interacts with multicriteria approach. A pilot case study is pursued in health institutions in
Chile, determining critical factors and the current automation level system appraisal to generate
actions of improvement in processes that show poor service quality. The results give rise to the
development of an investment plan that can be converted into action plans for a health institution.
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1 Introduction

Today almost all organizations are digitized to a greater or lesser extent. The digitization requires
a digital transformation that will force the organization to a great change to face this need. Health
institutions are not unaware to this transformation since they feel pressure to improve the quality of
service. Hospitals are focused on how to find new strategies to improve service, to allocate resources
for the health professional sand to meet the needs of citizens. It is essential to improve process. The
contribution of the technological incorporation and ICT system with in hospital infrastructure, has
played a great role in the health service, decreasing waiting times and others, thus much remains to be
done. It is hoped that the implementation of IoT will improve the efficiency of processes in hospitals
[6].

The fact that the Internet is present at the same time everywhere, allows the integration of sensors
and devices into everyday objects, to be connected to the Internet through fixed and wireless networks.
This leads to having the possibility of an innumerable applications such as small sensors that let to
measure the temperature of a room or surveillance cameras, gaining communication capacity and to
decrease the barriers that separate the real world from the virtual. Then more objects are being
integrated with sensors, we can also find what’s called smart health and automation. Therefore, there
is interest in finding a method to determine the possible level of automation in health institutions and
generate actions to make improvements in those processes that show poor quality of service. From
previous author’s research, this document focuses on developing a decision model by identifying levels
and processes involved within a health institution, collecting, managing and interpreting the available
information. The research methodology is based on case study, employing multi-criteria approach and
by the use of the Analytical Hierarchy Process (AHP) [1, 15, 23, 25].

The output is a framework for defining priority areas for inclusion of the IoT, to improve and/or
support the quality of health service according to user’s requirements. Such as: improvement in the
access of patient information by health professionals, in-corporation of medical devices, applications
to improve the quality of life of chronic patients, improve efficiency in healthcare services, improve
climate control infrastructure, and others.

A pilot study has been carried out at health institution in a region of Chile, with the aim of
determining the desired degree of automation. These results lead to the development of an investment
plan that can be turned into action plans for a health institution. Next section provides literature
review, section 3 the system description, the following sections present the model development, its
results and conclusions.

2 Literature review

Unique challenges have been faced, by the health area, to adapt to new technologies since the
environment for health care organizations contains many forces that demand unprecedented levels of
change such as demographic changes, higher user’s expectations, greater competition and intensifica-
tion of government pressure. In this perspective the decision support systems in the health sector has
had a positive impact in the service provided.

Ciprin Candea et al. 2019 [5] emphasizes the importance of this systems and prepared an archi-
tecture for them. Also, the health care relationships and quality of service are important attributes
of hospital performance that can be difficult to measure, interpret, and compare with other organi-
zations. Several authors have contributed to emphasize the significance of the support provided by
the management of ICT, Mobile technology (MT)&IoT [8] in the health and the need to improve the
technological level.

Several mathematical aspects of IoT devices signals processing are presented in [20, 21]. The
incorporation of IoT manages to improve efficiency in energy consumption we can see in the [3, 6, 7, 17].

Even though, Biet al. [4], proposes to incorporate technology gradually, since the incorporation of
information technology (IT) infrastructure impacts performance.

Other applications that benefit from IoT are the identification of the status of the different sensors
in the home by big data analysis pointed out by Jung et al. 2010 [11]. Also, Kashef et al. (2016) [12]
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who mention the use of IoT to determine the lowest cost of hosting information in the cloud. However,
is still pending to improve the data checking [16].

Another use of IoT systems is what Kovacs & Csizmas (2018) [13] describes, stating that these sys-
tems, support decision-making at operational or tactical levels and increase flexibility and productivity
[14, 24] mean that IoT is enabled by the latest developments in RFID, smart sensors, communication
technologies and Internet protocols.

The basic premise is that smart sensors collaborate directly without human involvement to deliver
a new class of applications. In the coming years, IoT is expected to connect various technologies to
enable new applications by connecting physical objects in support of intelligent decision-making [29].

Giménez et al. (2019)[10] analyses the performance of 602 Colombian hospitals for the period 2009-
2013. The analysis is performed from both static and temporal perspectives to assess the evolution
of total factor productivity (change in hospital performance) and their components over the period.
The results speak of improvements in efficiency through ICT. One particular case of application was
the improvement in the rate of waiting for care in the area of traumatology noted in the study of
Pinnarelli et al. (2012) [22], applying IoT, managing to increase the number of attentions by 46% and
34% respectively.

Meanwhile, the authors in [26], suggests that hospital evaluations create competition among health
care providers. A multi criteria decision-making (MCDM) method is used to assess criteria that affect
the quality of hospital service. AHP and other tools are applied are used for evaluating quality of
service at hospitals. In Torkzad & Beheshtinia work (2019) [27] presents an IoT application, indicating
that the automated health care system is the necessity and future of health care in India. In this regard,
Wang et al.[28] will mention that improving technology generates a substantive impact in rural areas,
as is the case with reality in China. This is how Zois [30] states that IoT technology and infrastructure
have the potential to revolutionize the delivery of health services.

Networked body detection devices along with sensors in our living environment enable continuous,
real-time collection of information related to an individual’s physical and mental health and related
behaviors. Captured continuously and aggregated, such information needs to be exploited effectively to
enable real-time, continuous and personalized monitoring, treatment and interventions. But, medical
decisions are often sequential and uncertain in nature.

Ajami & Ketabi[l] proposes in its study to evaluate the performance of the Medical Records
Department (MRD) of selected hospitals in Iran through the use AHP. The results showed that the
archive unit received the greatest importance with regard to information management. However, in
respect to the user, the admission unit has received the greatest weight. This information allows
managers to allocate and prioritize resources according to AHP’s technique for classification in the
MRDs.

3 System description

Considering the context expressed in previous section, this study concerns the development of a de-
cision model with the aim to determine the degree of automation that would contribute to strengthen
the service offered in hospitals, where the results will allow decision makers(DM)to develop an invest-
ment plan that can be turned into action plans for each health institution. Taking into account that
health service users wishes to have different ICT and IoT applications to support operations and the
health activities services and due to limited resources the health institution’s ICT system applications
do not always meet the user’s requirements (quality level, performance, cost and others)there will be
the omission of some with preference over others. In view of that, it is possible to distinguish critical
representative users involved, as per, patients who demand fast medical assistance, with accurate,
secure and confidential information about their health status. Doctors who require information about
their patients, including that of other professionals, for complementary tests, instantly and at the site
of care. The administrative staff who need information and tools that allows them to evaluate effec-
tiveness and practice, to review and process data and costs and others. We put forward a multicriteria
approach since it allows to face conflicting objectives through the use of AHP [2, 18, 19] that helps
to establish criteria and classify user preferences. Then, for this study, potential and current ICT
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and IoT users are classified into three groups: The patients, the doctors including clinical care staff
(doctor, nurses, paramedics, etc.), and third group users performing administrative activities, billing,
product distribution and inventory control. Empirical data is collected from three type of hospitals,
public, private and regional to investigate infrastructure and needs. A pilot case study is developed
involving a regional health institution.

4 Research methodology

The key research is related to the effect of the incorporation of new ICT and Hospital 4.0 in the
health sector to strengthen service. The study is conducted in three parts. Initially it seeks to identify
the critical factors and attributes that the user of health sys-tem considers important in meeting a
service requirement and to define a set of criteria that will help DMs to evaluate the support of ICT
and/or IoT alternatives. Through questionnaires, interviews and field observation, data and statistics
is collected from hospital representatives and patients .Thus, many factors emerge and the critical
effects of the implementation of some service activities need to be recognized. This practice allows
for the next step to be taken, to structure the problem situation, integrating the main elements and
generating a hierarchy structure that have to be validated by an expert group. Then, representatives
from each type of user in the hospital form a team of experts. The last stage involves an assessment
procedure through a pair comparison process.

Through the AHP method the different factors and elements considered in the hierarchy are clas-
sified and evaluated. The experts’ judgment is based on their own experience and knowledge. The
weighting of the measured attributes of each activity is then recorded to obtain a rating on the value
of the IoT support for each activity that would lead to an improvement of the service.

5 Case study

The case study takes place in a regional public hospital of high complexity in Chile. Following the
methodology, with the information obtained previously, it was possible to design a hierarchy structure
that was validated by an expert panel made up of representatives of each considered cluster named
as Doctors group (Physician, nurse, para-medics etc.), Patients and Administrative Staff. This group
totals 24 experts.

5.1 AHP hierarchy model

The hierarchy structure model is displayed in Figure 1. The overall goal states the importance
of IoT and ICT support in healthcare-related activities. Clusters at level 1, refers to user crite-

Level 0: Goal
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* Trcking Tr " : E::’:::n
* Diiagnovtics « Emergency Iscome " ’
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Figure 1: Initial hierarchy model
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ria/perspective, named agents. Level 2 to the activities/applications, where users are involved in and
would need ICT and /or IoT support. The third level represent the alternatives to provide these
requirement.

AHP utilizes pairwise comparison procedure, to estimate the importance or priority of the factors
involved. To put into action the model, we use the software Expert Choice TM.

5.2 Pairwise evaluation

Considering the current situation, applying AHP, the expert panel followed the pairwise evaluation
process, along the hierarchy, based on their judgment and experience.

A first result is shown in Figure 2 indicating the relative importance of the alternative support for
agents. Additionally, it can be seen that in relative terms the greatest importance is for the group of
Doctors to have ICT and/or IoT support to develop their tasks.
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Figure 2: Experts panel overall relative priorities

Where, the clusters representing the use of Data Network and the use of Artificial Intelligence, tell
to have more importance to support activities to all participants, with a priority of 43.3% and 37.9%
respectively.

6 Result discussion

With regard to the requirements of IoT applications, from the Doctors group perspective, the
results point out a slight preference for Artificial Intelligence over the Data Network to develop their
healthcare service activities. As seen in Figure 3.
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Figure 3: Priority results from doctor’s perspective

This relative importance lies in the usefulness of having access to the patient’s Medical History.
(33,1%).

On the other hand , in the comparison between Data Network versus Artificial Intelligence to meet
Doctors support necessities, in this case, Artificial Intelligence has priority to support the provision
for Emergency Access and disease Diagnosis follow by Tracking Treatments according to the initial
results.
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From Patients perspective, the results indicated that the importance of Data Network for patient
health-related activities is mainly related to an Emergency Service requirement as shown in Figure 4.
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Figure 4: Priority results from patients’ perspective

However, in the comparison between Data Network versus Artificial Intelligence to meet Patients
necessities, Artificial Intelligence has priority to support the provision of Virtual Medical Care, Medical
History and/or Waiting Time, according to the results.

From Administrative Staff perspective, managerial activities such as to generate doctors agenda
and patients schedule, the tests delivery and test results within institution or externally, the Data
Network is a higher priority supporting their activities.(Figure 5)
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Figure 5: Priority results from Administrative perspective

Summing up, Table 1; gives an outline of the main results. These outcomes provide information
regarding the priority requirements for ICT and/or IoT support for each user group.

For the case studied, it was possible to define the most influential factors in the use of IoT, which
are related to the requirements of the user group and to the ICT system infrastructure provision
available, in order to carry out its main activity. The results allow elaborating actions plan and
generating an investment plan.

To apply the results, it is necessary to create an Information System (IS) that considers the main
influence factors, following the recommendations suggested by Filip (2012) [9], to design and implement
a decision support system (DSS).

The people involved in the process are:

i)the users, identified in Table 1, who will be the beneficiaries,

ii) the senior managers from the health institution, who will have to make the implementation
decision, and

iii) the designers, who will have to create the system.
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Table 1: Local and Global priority results

. . Local IoT Global
Users clusters | Rank Priority Activities % Alternatives %
Medical history 33,1
Tracking Treatments 20,3
Emergency access 16,5
Doctors 46,9 | Remote assistance 10,2 Data Network | 43,3
Agenda Managment 11,7
Diagnosis 5,4
Infrastructure 2.8
Emergency access 34,8
Waiting time, no emergency 25,7
. Virtual medical care 13,2 | Artificial
Patients 29,7 Medical history 10,3 | Intelligence 37,9
Infrastructure 94
Chronic Patient Entertain 6,6
Medical agenda managment | 45,1
.. . Patient agenda management 21,7
Administrative 23,4 | Result samples 20,3 Rebotics 18,8
Staff
Inventory 8,9
Finance 4.4

7 Conclusions

This document proposes a methodology using multi-criteria approach applying AHP, to develop a
decision model based on a real case study. The AHP model helps to understand the selection process
in a conflictive environment and to know the main technological requirements to adapt to the changing
needs of healthcare provision.

The ranking obtained helps to recognize activities that need to reach technological standard and
to contribute to improve the quality of service and adapt to healthcare necessities change. This will
allow to initiate implementation actions, and to generate investment plans.

The support of incorporating new ICT and IoT plays an important potential role. Since, popula-
tion growth requiring health services, especially in rural areas increases every day. Remotely located
patients are patients who are far from the doctor and need constant monitoring and support. The
problem also lies in updating doctors on monitoring parameters and patient history. Health system
challenges in developing countries include technology, infrastructure, trained physicians and connec-
tivity among all stake-holders.

Author contributions

The authors contributed equally to this work.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgment

Special thanks from the authors of the “Direccion de Investigacion Cientifica y Tecnologica” (DI-
CYT) N°0618170H and the Department of Industrial Engineering of the University of Santiago de
Chile for support during the development of the study.



https://doi.org/10.15837 /ijccc.2020.4.3878 8

References

1]

[12]

[13]

[14]

Ajami, S.; Ketabi, S. (2012). Performance Evaluation of Medical Records Departments by Analyt-
ical Hierarchy Process (AHP) Approach in the Selected Hospitals in Isfahan, Journal of Medical
Systems, 36 (3), 1165-1171.

Akdag, H.; Kalayci, T.; Karagoz, S. et al. (2014). The evaluation of hospital service quality by
fuzzy MCDM, Applied Soft Computing, 23, 239-248.

Ashouri, M.; Davidsson, P.; Spalazzese, R. (2018). Cloud, Edge, or Both? Towards Decision
Support for Designing IoT Applications. In 2018 Fifth International Conference on Internet of
Things: Systems, Management and Security, IEEE, 155-162, 2018.

Bi, Z.; Da Xu, L.; Wang, C. (2014). Internet of things for enterprise systems of modern manufac-
turing. IEEE Transactions on industrial informatics, 10(2), 1537-1546, 2014.

Candea, C.; Candea, G.; Constantin, Z.B. (2019). ArdoCare - a collaborative medical decision
support system. In 7th International Conference on Information Technology and Quantitative
Management (ITQM2019), Procedia Computer Science, 162, 762-769, 2019.

Casado Mansilla, D.; Moschos, 1.; Kamara-Esteban, O. et al. (2018). A human-centric & context-
aware loT framework for enhancing energy efficiency in buildings of public use. IEEE Access, 6,
31444-31456, 2018.

Dewantara, B. S. B.; Ardilla, F. (2018, July). Self-Monitoring, Failure-Detection and Deci-sion-
Making System to Support E-TrashBot (EEPIS Trash Bin Robot) Operations: Preliminary Re-
port. In 2018 10th International Conference on Information Technology and FElectrical Engi-
neering (ICITEE), IEEE, 1-6, 2018..

Fanti, M. P.; Mangini, A. M.; Dotoli, M.; Ukovich, W. (2013). A Three-Level Strategy for the
Design and Performance Evaluation of Hospital Departments, IEEE Transactions on Systems,
Man, and Cybernetics: Systems, 43 (4), 742-756, 2013.

Filip F.G. (2012). A Decision-Making Perspective for Designing and Building Information Sys-
tems. International Journal of Computers Communications & Control, 7(2), 264-272, 2012.

Giménez, V.; Prieto, W.; Prior, D.; Tortosa-Ausina, E. (2019). Evaluation of efficiency in Colom-
bian hospitals: An analysis for the post-reform period, Socio-Economic Planning Sciences, 65,
20-35, 2019.

Jung, J. J.; Kim, K.; Park, J. (2019). Framework of Big data Analysis about IoT-Home-device for
supporting a decision making an effective strategy about new product design. In 2019 Interna-
tional Conference on Artificial Intelligence in Information and Communication (ICAIIC), IEEE,
582-584, 2019.

Kashef, M. M.; Yoon, H.; Keshavarz, M.; Hwang, J. (2016). Decision support tool for IoT service
providers for utilization of multi clouds. In 2016 18th International Conference on Advanced
Communication Technology (ICACT), IEEE, 91-96, 2016

Kovécs, L.; Csizmas, E. (2018). Lightweight ontology in IoT architecture. In 2018 IEEE Interna-
tional Conference on Future IoT Technologies (Future IoT), IEEE, 1-6, 2018.

Kumar, R. P.; Smys, S. (2018). A novel report on architecture, protocols and appli-cations in
Internet of Things (IoT). In 2018 2nd International Conference on Inventive Systems and Control
(ICISC), IEEE, 1156-1161, 2018.

Lai, V.S.; Wong, B.K.; Cheung, W. (2002). Group decision making in a multiple criteria envi-
ronment: A case using the AHP in software solution. European Journal of Operational Research,
137(1), 134-144, 2002.



https://doi.org/10.15837 /ijccc.2020.4.3878 9

[16]

[17]

[18]

[21]

22]

[23]

[24]

[28]

Liu, X.; Tamminen, S.; Su, X. et al. (2018). Enhancing Veracity of IoT Generated Big Data in
Decision Making. In 2018 IEEFE In-ternational Conference on Pervasive Computing and Com-
munications Workshops (PerCom Workshops), IEEE, 149-154, 2018.

Lunardi, W. T.; Amaral, L.; Marczak, S. et al. (2016). Automated decision support IoT frame-
work. In 2016 IEEE 21st International Conference on Emerging Technologies and Factory Au-
tomation (ETFA), IEEE, 1-8, 2016.

Nabeeh, N. A.; Abdel-Basset, M.; El-Ghareeb, H. A.; Aboelfetouh, A. (2019). Neutrosophic
multi-criteria decision making approach for IoT-based enterprises. IEEE Access, 7, 59559-59574,
2019.

Nikjoo, R. G., Beyrami, H. J., Jannati, A., Jaafarabadi, M. A. (2013). Selecting hospital’s key
performance indicators, using analytic hierarchy process technique, Journal of Community Health
Research, 2 (1), 30-38, 2013.

Noje, D.; Tarca, R.; Dzitac, I.; Pop, N. (2019). IoT Devices Signals Processing based on Multi-
dimensional Shepard Local Approximation Operators in Riesz MV-algebras, International Jour-
nal of Computers Communications & Control, 14(1), 56-62, 2019.

Noje, D.; Dzitac, I.; Pop, N.; Tarca, R.(2020). IoT Devices Signals Processing Based on Shepard
Local Approximation Operators Defined in Riesz MV-Algebras, Informatica, 31(1), 131-142, 2020.

Pinnarelli, L.; Nuti, S.; Sorge, C. et al. (2012). What drives hospital performance? The impact

of comparative outcome evaluation of patients admitted for hip fracture in two Italian regions,
BMJ Quality & Safety, 21(2), 127-134, 2012.

Sahin, T.; Ocak, S.; Top, M. (2019). Analytic hierarchy process for hospital site selection, Health
Policy and Technology, 8(2), 42-50, 2019.

Shekhar, S.; Gokhale, A. (2017). Enabling IoT Applications via Dynamic Cloud-Edge Resource
Management. In 2017 IEEE/ACM Second International Conference on Internet-of-Things Design
and Implementation (IoTDI), IEEE, 331-332, 2017.

Sloane, E.; Liberatore, M.; Nydick, R.; Luo, W.; Chung, Q. (2003). Using the analytic hierarchy
process as a clinical engineering tool to facilitate an iterative, multidisciplinary, microeconomic
health technology assessment, Computers & Operations Research, 3(10), 1447-1465, 2003.

Torkzad, A.; Beheshtinia. M. A. (2019). Evaluating and prioritizing hospital service quality,
International Journal of Health Care Quality Assurance, 32(2), 332-346, 2019.

Utekar, R. G.; Umale, J. S. (2018). Automated IoT Based Healthcare System for Monitoring of
Remotely Located Patients. In 2018 Fourth International Conference on Compu-ting Communi-
cation Control and Automation (ICCUBEA), IEEE, 1-5, 2018.

Wang, X.; Luo, H.; Qin, X. et al. (2016). Evaluation of performance and impacts of maternal and
child health hospital services using data envelopment analysis in Guangxi Zhuang Autonomous
Region, China: a comparison study among poverty and non-poverty county level hospitals, In-
ternational Journal Equity in Health, 15(1), 131, 2016.

Zimmermann, A.; Schmidt, R.; Sandkuhl, K. et al. (2017). Decision management for micro-
granular digital architecture. In 2017 IEEE 21st In-ternational Enterprise Distributed Object
Computing Workshop (EDOCW), IEEE, 29-38, 2017.

Zois, D. S. (2016). Sequential decision-making in healthcare IoT: Real-time health monitoring,
treatments and interventions. In 2016 IEEE 3rd World Forum on Internet of Things (WF-IoT),
IEEE, 24-29, 2016.



https://doi.org/10.15837 /ijccc.2020.4.3878 10

Copyright (©2020 by the authors. Licensee Agora University, Oradea, Romania.

This is an open access article distributed under the terms and conditions of the Creative Commons
Attribution-NonCommercial 4.0 International License.

Journal’s webpage: http://univagora.ro/jour/index.php/ijccc/

C/OP|E

Member since 2012
JM08090

This journal is a member of, and subscribes to the principles of,
the Committee on Publication Ethics (COPE).
https://publicationethics.org/members/international-journal-computers-communications-and-control

Clite this paper as:
Oddershede, A.; Macuada, C.; Quezada, L.; Montt, C. (2020). Automation Factors Influencing the
Operation of IoT in Health Institutions: A Decision Support Methodology, International Journal of
Computers Communications & Control, 15(4), 3878, 2020.

https://doi.org/10.15837 /ijccc.2020.4.3878



