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Abstract

Internet of Things (IoT) can be a solution for hospitals to improve the efficiency and quality of operational services,
however with technical and non-technical barriers such as costs, organization, and experience of users when using
0T, it cannot be implemented directly in all parts of the hospital. The aim of this study is to establish a framework to
prioritize which hospital units to be implemented the Internet of Things (IoT) technology based on their current
performance. This research used DEMATEL (Decision-Making Trial and Evaluation Laboratory) based ANP
(Analytical Network Process) method to calculate the influence weight between factors. VIKORRUG
(VlseKriterijumska Optimizacija I Kompromisno Resenje for Ranking Unimproved Gap) method was used to analyze
the performance gaps in 9 units at a private hospital in Jakarta. Based on the results of calculations, the Emergency
Room (UR3) has the highest priority to be implemented with IoT. After doing four scenarios of extreme circumstances,
it was found that the One-Day-Care has the highest priority to be implemented with IoT instead.
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1. Introduction

Population growth in Indonesia is growing rapidly. It is estimated that by 2034 the population will reach more than
303 million. As population continues to grow, the needs for health services are also increasing. The number of
hospitals in Indonesia in 2018 already reached a total of 2,841, which increased by 5,2% since 2012. The comparison
between the number of private and government hospitals is 66.7% and 33.3%.

IoT can be used as a solution to improve services in hospital. Globally, about 60% of hospitals have implemented IoT
in their service systems (Aruba Networks, 2017). IoT is a technological innovation that can help hospitals to easily
process a variety of information in order to treat patients appropriately and reduce treatment errors. By 2020 there will
be as many as 26 billion units of devices connected to the Internet of Things (Falcone & Sapienza, 2018). Prior to
implementation of IoT technology in the system, hospitals have to consider the barriers such as organizational
problems, financing, and user experience (Moore, 2018). The aim of this study is to establish a framework to prioritize
which hospital units to be implemented the Internet of Things (IoT) technology based on their current performance.

2. Literature Review

IoT is introduced by Ashton in 1999 (Gubbi, Buyya, Marusic, & Palaniswami, 2013) which stated that computers can
observe, identify, and understand anything in the world without human intervention by using IoT technology (Ashton,
2009). IoT concept has the purpose to increase the benefits of internet connectivity in human life (Dachyar & Risky,
2014).

IoT has entered various industries including logistics, manufacturing, maritime, transportation, and healthcare (Gubbi
et al., 2013). Some of the benefits from IoT have been experienced in many hospitals in the world. Most IoT systems
that currently exist are used for patient and device monitoring, energy use scanners, and location-based services (Aruba
Networks, 2017).
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DEMATEL-Based ANP (DANP) is a decision-making model that is designed to solve performance evaluation
problems (Chen, Hsu, & Tzeng, 2011). DANP method can be described as a complex relationship between criteria’s
and give a weight to the relative influence of these criteria’s. In DEMATEL, a Network Relations Map (NRM) can be
formed to see the influence between factors in detail, and with ANP the importance weight of each factor can be
calculated.

Opricovic & Tzeng (2007) introduced VIKOR method to solve a problem that has conflicting criteria. VIKOR is a
multi-criteria decision making tool that created to address situations where decision makers do not know how to
express their preferences (Opricovic & Tzeng, 2007). Unlike the usual VIKOR method, VIKORRUG uses ideal values
with ranges Aspiration - Worst as a benchmark to replace the value of Max - Min (Hsu, Tsai, & Tzeng, 2017).
VIKORRUG is used to measure proximity of performance to its positive ideal point by modifying the level of
aspiration (Hu, Jianguo, & Tzeng, 2017). This new concept can help to improve the performance of existing condition
gaps (Opricovic & Tzeng, 2007). VIKORRUG avoid choosing the best alternatives from a bunch of bad alternatives
(Peng & Tzeng, 2017).

3. Methods

3.1 Criteria Assessment

Researcher distributed questionnaires containing 37 factors and 5 dimensions to 7 expert respondents in hospitals in
Jakarta with experience of 5 — 20 years to identify what factors were considered important in [oT implementation and
could be used in this study. It is found that 29 factors and 5 dimensions will be further processed in this research. The
selected factors are shown in Table 1.

Table 1. Selected Factors from Expert Judgement

Dimension Factor Dimension Factor Dimension Factor
o Top Management Authentication
Compatibility (C1) Support (C11) (C20)
Adyantages of Interna}l . Accountability
Using Technology Organization (C21)
(C2) (C12)
External Non-
Efficiency (C3) Organization | Organization Repudiation
(D2) (C13) . (C22)
Effectivity (C4) Organization Sea:)ugty Confidentiality
Y Readiness (C14) (C23)
Technology | Ease of Use (C5) g f;;p ability fglzlzt)Tolerance
(D1) Usefulness (C6) Technical Data Security
Knowledge (C16) (C25)
Patient System Securit
Reliability (C7) Expectation ( gz 6 Y
Environment ((i)lv?rnment Decreasing Cost
Usability (C8) (D3) Regulation (C18) (C27)
o ey Competitiveness Cost Available
Availability (C9) (C19) (D5) Budget (C28)
Maintainability Implementation
(C10) Cost (C29)
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3.2 Weight Calculation

The questionnaire was distributed to get the average influence of each factor with a scale of 0 (not influential at all)
to 4 (very influential). After getting an average value, we create a 29 x 29 matrix as an average matrix (A). Then, we
make a direct influence matrix (X) with the following equation,

Error! Bookmark not defined. z = min ! , ! (D)

max., _: n .. max., _. n ..
1<ikn Ej=1a1] 151<n2j=1al]

Error! Bookmark not defined. X = z. A 2)
After obtaining the X matrix, we calculate the total influence matrix for factor (T.) with the following equation,
T.=X(I-X)"! 3)

Where X is the direct influence matrix and I is the identity matrix. After obtaining the total influence matrix for factor
(T¢), we create the total influence matrix for dimensions (Tp) by calculating the average value from the factors in T..
Then, unweighted super matrix was created to obtain the local weight with the following equation,

Error! Bookmark not defined. We = (T2°")’ @)

nor

Then, we calculate the weighted super matrix (W) by multiplying Wc with the Tp°" matrix. After obtaining the W
matrix, limit super matrix can be created with equation lim (W)Y to obtain the global weight.
g—)OO

By using the Tp matrix, we built Network Relations Map (NRM) to analyze the relationships between dimensions.
Figure 1 shows that the Environment Dimension (D3), Technology Dimension (D1), and Security Dimension (D4)
are the most influential dimensions. The Cost Dimension (D5) is the most affected dimension.
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Figure 1 Network Relation Map in Dimensions
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3.3 Performance Gap Assessment

Once we obtain a global weight, we can calculate the performance gap value of each unit. The gaps are obtained by
using VIKORRUG method, where the first step was to deploy the performance questionnaire to 9 units in the hospital
with a scale of 0 (very unsatisfying) to 10 (very satisfying). The units that were included in this research are Pharmacy
(UR1), Drugstore (UR2), Emergency Room (UR3), Polyclinics (UR4), Babies Room (URS5), Mothers Room (UR6),
Surgery Room (UR7), Delivery Room (URS), and One-Day-Care (UR9). We determine the aspiration value (f*) and
the worst value (f ), where f* is 10 and f - is 0. We calculate the r;; matrix with the following equation,

fl. fl.]
fi—f7

The next step is multiplying r; matrix with the weight obtained in DANP method to get the rj; x wj matrix. We
calculate the S; (Total Gap), Qi (Maximum Gap), and R; (Compromise Value) to calculate priority of units in the
hospital selection in order to implement IoT. The equation used is as follows,

)

Z 1(|f1 qu ©)
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Where S* = §¥Pi = (, Q" = Q*P* = () and 0 indicates the desired level of gap, S =S¥t =1, Q"= Q"' =1 and 1
indicates the level of undesirable gap, and value v=0.5.

4. Result and Discussion

4.1 The Result of Weight Calculation and Unit Selection

The results of weight calculation using the DANP method can be seen in Table 2. This weight is obtained from the
results of the limit super matrix calculation.

Table 2 Global Weight of Factors

Dimension | Factor Weight | Dimension | Factor | Weight | Dimension | Factor | Weight
Cl 0,0184 Cl1 0,0362 C20 0,0287

C2 0,0196 Cl2 0,0332 C21 0,0281

C3 0,0202 C13 0,0317 C22 0,0257

C4 0,0199 bz Cl4 0,0329 D4 C23 0,0279

C5 0,0204 C15 0,0338 C24 0,0260

Pl C6 0,0196 Cl6 0,0334 C25 0,0313
Cc7 0,0194 C17 0,0644 C26 0,0312

C8 0,0199 D3 C18 0,0604 C27 0,0708

C9 0,0195 C19 0,0647 D5 C28 0,0722

C10 0,0197 C29 0,0710

In Table 2, the weights in the Cost Dimension (D5) have the highest weight values which are all ranked in the top
three largest. Costs are very important to be considered in the selection of implementing IoT technology in hospitals.
We can see in Figure 1 that the cost dimension tends to be influenced by other dimensions, so the hospital must also
consider other aspects.

From the results of calculations using VIKORRUG, we can calculate the value of S;, Q;, and R; that can show which
unit that has the smallest gap. The unit with the smallest gap will be the first priority to be implemented with [oT

technology. The results of calculation of S;, Q;, and R; can be seen in Table 3.

Table 3 S;, Qi, and R; Value for 9 Units

UR1 UR2 UR3 UR4 URS UR6 UR7 URS UR9
Si 0,416 0,450 0,265 0,372 0,269 0,398 0,369 0,425 0,270
Qi 0,035 0,036 0,021 0,042 0,026 0,036 0,026 0,036 0,021
R; 0,226 0,243 0,143 0,207 0,148 0,217 0,197 0,230 0,146

Based on the results of calculations in Table 3, the Emergency Room (UR3) unit is ranked first on S;, Qi, and R;,
where this unit has a compromise value of 0.143.
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4.2 Analyses of Scenarios

This research calculates the priority results of unit selection with four scenarios of extreme circumstances. In the first
scenario, there is a global spread of viruses but those viruses have not attacked this hospital yet. The importance of
security dimension is increased to 100%. The result shows that the priority change from the Emergency Room unit to
the One-Day-Care unit as we can see in Table 4.

Table 4 Priority Change in First Scenario

Before After
Si Rank Qi Rank R; Rank Si Rank Qi Rank Ri Rank
UR1 (Pharmacy) 0,416 7 0,035 5 0,226 7 0,425 8 0,034 8 0,229 8
UR2 (Drugstore) 0,450 9 0,036 6 0,243 9 0,461 9 0,034 9 0,247 9
UR3 (Emergency Room) | 0,265 1" 0,021 1" 0,143 1" 0,267 2 0,023 2 0,145 2
UR4 (Polyclinic) 0,372 5 0,042 9 0,207 5 0,380 4 0,032 7 0,206 5
URS5 (Babies Room) 0,269 2 0,026 3 0,148 3 0,289 3 0,025 3 0,157 3
UR6 (Mothers Room) 0,398 6 0,036 7 0,217 6 0,396 6 0,031 5 0,214 6
UR7 (Surgery Room) 0,369 4 0,026 4 0,197 4 0,378 5 0,031 6 0,205 4
URS (Delivery Room) 0,425 8 0,036 8 0,230 8 0,405 7 0,027 4 0,216 7
UR9 (One-Day-Care) 0,270 3 0,021 2 0,146 2 0,265 I 0,019 1 0,142 1

In the second scenario, we examine the priority results of unit selection if the viruses had already attacked the hospital.
IT capability, organizational readiness, and good technical knowledge are needed in the organization to recover lost
data. The importance of the organizational dimension is increased to 100%. It was found that there was no change in
priority and the Emergency Room was still the first choice.

In the third scenario, we examine the priority results of unit selection if the internet network or system are shut down
globally. Technology possessed by each unit must be ready to be used and the organization must be prepared to deal
with this situation. The importance of the technology and organizational dimensions are increased to 75%. It was
found that there was a change in priority from the Emergency Room to the nursery.

In the final scenario, we examine the results of unit selection priorities if the hospital wants to obtain an accreditation
regarding technological innovation. A high level of competitiveness and superior technology are needed. The
importance of the environmental and technological dimensions are increased by 50%. It was found that there was a
change of priority from the Emergency Room to One Day Care. Summary of priority results before and after the
scenario can be seen in Table 5.

Table 5 Summary of Changes in Priority

Before After
1% Scenario One-Day-Care
2"d Scenario Emergency Emergency Room
3 Scenario Room Babies Room
4™ Scenario One-Day-Care

5. Conclusion

This research found 29 factors with 5 dimensions that can influence the implementation of IoT in hospitals. The
dimensions that have been used in this research are Technology, Organization, Environment, Security, and Cost. We
found that Environment, Technology, and Security dimensions have big influence on other dimensions. Hospitals
should focus on three units that had the smallest gap because these units had performance values that are close to the
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level of aspiration. These units include Emergency Room (UR3), One-Day-Care (UR9), and Babies Room (UR6).
After doing scenarios of extreme circumstances, it was found that the One-Day-Care unit was the first priority unit
for IoT implementation.
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