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Abstract 

The Philippine governmental structure is divided into four levels such as national, provincial, municipal and barangay. 
Being the basic political unit in the country, the assessment of disaster preparedness and mitigation at barangay level 
is vital in the performance management of the local government. Disasters are also health emergencies and the role of 
the healthcare system is very crucial.   This paper aims to provide an emphasis on the design of survey to evaluate 
healthcare resiliency of barangays using the Fuzzy Analytic Hierarchy methodology. The survey design is tested in 
one of the barangays in the country and serves as a model to determine the factors that need to be prioritized for 
establishing health resilient programs in other barangays. 
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1. Introduction

The Philippine archipelago ranked 4th in the list of countries that are most prone to natural disasters based on a 20-
year evaluation of the United Nations Office for Disaster Risk Reduction (UNISDR) (Foreign Service Institute, 2016). 
This is evident in the 565 natural disasters that have struck the country leaving an estimate of $23 billion damages and 
70, 000 Filipino lives lost (Global Facility for Disaster Reduction and Recovery, 2017). The country’s vulnerability 
and its countrymen’s history of grief led to the authorship of the Republic Act of 10121 of 2010. RA 10121 provides 
the legal basis for policies, plans and programs to deal with disasters resulting to the establishment of disaster key 
agency, the National Disaster Risk Reduction and Management Council (NDRRMC). The healthcare system resilience 
of the Local Government Unit (LGU) is one of NDRRMC’s tasks. As the forefront of disaster preparedness and 
response, Barangay DRRMC resilience should be known and strengthened. A survey design to evaluate healthcare 
system resilience at barangay level of the Philippines is the focus of this study.  

As per RA 10121, NDRRMC provisions have to be evaluated every 5 years. Following its establishment in 2010, 
among the 2015 evaluation critical issue is the full-implementation of the law in local levels in order to address the 
non-functionality of current local DRRM system (Rappler, 2015). As a vital part of the Local DRRMC, BDRRMCs 
resilience is lacking based on the 2015 NDRRMC evaluation. However, it is not known how the lack of resilience is 
concerned with the healthcare system in the barangay level. 

The BDRRMC is the unit responsible for materializing the national level’s plans before, during, and after disasters. 
Composed of the barangay captain, the council, a congressman, and non-government organizations, the BDRRMCs 
are tasked to come up with plantillas that will contribute to LGUs’ resilience to disaster that involves training, 
planning, warning, and operations (RA 10121, 2010). However, the presence of government officials alone and 
reliance on the NDRRM Framework cannot fully realize the tasks the BDRRMC are given. Disasters are also health 
emergencies. The key responsibilities of BDRRMC require knowledge in healthcare. The absence of healthcare 
integration can result to its inaccessibility in times of emergency that can cause ill-health or mortality. This makes the 
role of healthcare system in times of disaster very crucial especially with the increasing frequency that disaster strikes 
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(Swathi, Gonzalez, & Delgado, 2017). Moreover, World Health Organization (WHO, 2011) does not only emphasize 
the importance of healthcare during disasters but also its capacity to withstand the shock of disasters so it will be able 
to function in crisis. 
 
The current NDRRMC structure neglects the importance of healthcare system resilience when facing disasters. While 
the progressive view of the government’s policies leaning towards prevention rather than response (Rey, 2015) (LSE, 
2010), it is reflected in the NDRRMC structure that healthcare is not fully integrated into DRRM. The Department of 
Health’s (DOH) role in the NDRRMC is relegated only to disaster response, recovery and rehabilitation. The thematic 
area of NDRRMC in disaster prevention and mitigation and disaster preparedness does not include the presence of 
healthcare system or even a healthcare department (NDRRMP 2011-2028). This kind of view in the national level 
confines the barangay level to basic disaster drills, evacuation location, and basic operation in rescue. The presence 
of active medical training, stockpiles, and other medical needs are nonexistent; hence, the absence of a healthcare 
system that is proactive in preparation and mitigating risks. 
 
Resilience enables systems to sustain its functions under unforeseen disturbances and robustly adapt in response to 
disruptions in operations. Resilient systems are also able to quickly revert and operate normally after a disturbance 
while only suffering from minimum diminution on the system’s performance (Cook & Nemeth, 2006). Instances of 
adversities and its probability do not tie directly to resilience; thus, resources can be allocated to proactively response 
to risk (Nemeth, Wears, Woods, Hollnagel, & Cook, 2008).In the context of healthcare systems, it is important to 
properly allocate resources to provide seamless care to patients and for the system to respond when gaps occur in the 
flow of service (Cook, Render, & Woods, 2000). As the forefront of disaster response, barangay healthcare system 
resilience in the BDRRM Framework is therefore important. 
 
Existing frameworks for resilient health systems are general and encompassing. Kruk, et al. (2017) does not prescribe 
their index as the national benchmark because of heterogeneity to contextual application. Moreover, the 
conceptualization of health resilience is deemed not to be prescriptive, but rather dynamic and flexible that can adapt 
to complexity of response to disasters . This heralded to very few literature measuring factors of healthcare system 
resilience against each other, and gave rise to general frameworks. These general frameworks are conducted 
independent of each other, but will be used and integrated in this study to create a more comprehensive framework 
used for the survey design that is exact to the context of the level of a Philippine barangay.  
 
Identification of key domains of a resilient health system commonly applies meta-synthesis using cross-sectional 
surveys, case studies, and organizational literatures (Gilson, et al., 2016). Through the methods stated, the healthcare 
system is deeply understood through historical context, definitions, and elements. This allows for a deep interpretation 
of the current system for the proposal of the key domains of a resilient health system. 
 
Using the healthcare system resilience framework and its key domains of existing literatures, the survey is designed 
in the Philippine context. The literatures will provide the justification for each domain of the survey. The survey design 
will map the gaps in the current system of barangay DRRM and help in the integration of healthcare system in the 
current framework of NDRRMC. 
 
2. Research Methodology and Design 
 
This research focused on developing a survey design for the resilience of the barangay healthcare systems in the 
Philippines. The survey design will be based on a Fuzzy AHP framework consisting of identified factors and 
subfactors of healthcare resilience. The methodology used to conduct this research is shown in Figure 1. 
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Figure 1.  Research Methodology 
 
 
The identification of factors and subfactors to be composed by the framework is the initial step of this research. 
Literature review is conducted to determine the factors and respective subfactors that are contributory to the resilience 
of barangay health systems. Studies that are related to healthcare resilience factors were reviewed and scrutinized to 
develop the Fuzzy AHP framework and its consisting factors and subfactors. 
 
The survey design allows prioritization of factors and subfactors that constitute a resilient barangay healthcare system 
by determining its respective weights. This is done through Fuzzy AHP. Though the traditional AHP is a prominent 
decision-making methodology in the healthcare sector, it is insufficient with regards to the fuzziness of decisions. 
Fuzzy AHP will address the fuzziness through applying Fuzzy Triangular Numbers (TFN) in determining the 
respective weights of the factors. The model methodology and the Fuzzy AHP model used in this study is shown in 
Figure 2. 
 
The method of evaluation used for the survey is Fuzzy AHP, wherein the row elements will be compared against the 
column elements. These elements are the identified factors and subfactors of healthcare resilience. Similar to AHP, 
Fuzzy AHP begins with the comparison of the factors among each other and the comparisons of subfactors with each 
other under one given factor. The design of the survey applied pairwise comparisons which determine the weights of 
each respective factor and subfactor with respect to healthcare resilience. 
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Figure 2. Model Methodology 
 
Saaty’s pairwise comparison scale was used to assign importance for each factor: 1, 3, 5, 7, and 9. The values were 
then converted into its corresponding TFN which implies a fuzzy event through the three real numbers (l, m, and u) 
consisted by the TFNs. The verbal representations of AHP’s fundamental 9-point scale are defined by triangular fuzzy 
numbers (l, m, and u) for comparison of dominance in importance of factor i over factor j as presented in Table 1. 
 
             Table 1. Linguistic Rating Scale with Triangular Fuzzy Numbers (Promentilla, Aviso, & Tan, 2015) 

Value Linguistic Scale Description Triangular Fuzzy Number 
(TFN) 

1 Equally Important Factors i and j are of equal importance (⅓, 1, 3) 

3 Moderately More 
Important Factor i is slightly more important than j (1, 3, 5) 

5 Strongly More Important Factor i is strongly more important than 
j (3, 5, 7) 

7 Very Strongly More 
Important 

Factor i is very strongly more important 
than j (5, 7, 9) 

9 Extremely More Important Factor i is extremely more important 
than j (7, 9, 11) 

 
The Fuzzy AHP model was developed through literature review and identification of factors and subfactors. Figure 3 
illustrates the Fuzzy AHP model. There are five key factors or priorities derived from the Fuzzy AHP model, each 
having sub-factors that define more clearly what the priority means. Each sub-factor is compared to the rest of the 
sub-factor under the key priority in order to see if there are any relationships that can be observed as well as to 
determine the level of importance of each on the perspective of the respondents. This helps in identifying not only the 
resilience of the healthcare system but also the capacity and amount of need for the healthcare system to be resilient.  
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Figure 3.  Fuzzy AHP Model 
 
Figure 4 shows the survey form for Safety and Vulnerability as supported by the Fuzzy AHP model; Safety covers the 
safety within the healthcare facility as well as the safety of standard procedures (Kohn, Corrigan, Donaldson, 2000) 
while Vulnerability is the awareness of the incapacities of the healthcare facility especially in attending to patients 
during emergency situations (WHO, 2010). Moreover, Safety and Vulnerability has three sub-factors. Each sub-factor 
is compared, on both sides, to the other two sub-factors with Saaty’s pairwise comparison scale 1, 3, 5, 7, 9. This is to 
distinguish the level of importance of the sub-factor compared to the other sub-factors and perceive the dominating 
sub-factor.  
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Figure 4.  Survey Form for Safety and Vulnerability 

 
Figure 5 shows the survey form for Disaster Preparedness which means the level of preparedness of healthcare system 
when responding to shocks caused by disasters. Disaster preparedness require a lot of effort for the healthcare system 
such as leadership in the organization, community cooperation and communication, established strategic disaster 
plans, and trainings and drills that simulate disaster situations; hence, these are also the sub-factors for this key factor. 

 
Figure 5.  Survey Form for Disaster Preparedness 
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In Figure 6, the Resources survey form is shown with three underlying sub-factors Disaster Stockpiles, Logistics 
Management, and Emergency Staff. In this factor, the demand when a disaster strikes is anticipated so as to become 
prepared when disaster comes and the barangay is still in recovery. Thus, healthcare facility becomes resilient if there 
is enough supply that can last until the barangay is recovered, and adequate number of staffs is present to accommodate 
the needs of the people.  

 
Figure 6.  Survey Form for Resources 

 
The next form constitutes the fourth prioritized factor, Service Continuity (see Figure 7). Cimellaro, et.al (2010) speaks 
of it as the ability of the healthcare system to remain on its standard procedures and stable performance even on a 
sudden change of healthcare demand. Furthermore, it brings with it three sub-factors which are Emergency Critical 
Care Capability, Surge Capacity, and Lifeline Availability.   
 

 
Figure 7.  Survey Form for Service Continuity 

559



Proceedings of the International Conference on Industrial Engineering and Operations Management 
Dubai, UAE, March 10-12, 2020 

© IEOM Society International 

 
Lastly, Figure 8 shows the survey form for Recovery and Adaptation. This factor is the last reserve of the healthcare 
systems in case the abovementioned factors are not met. It is crucial for healthcare facilities to be able to recover 
instantly from a disaster and adapt to what is present. Moreover, this factor has three sub-factors that determine the 
healthcare capability to recover and adapt: Reconstruction and recovery mechanisms, Capability assisting community 
recovery, and Adaptation strategies.  

 
Figure 8.  Survey Form for Recovery and Adaptation 

 
3. Discussion of Results 
 
Table 2 shows the rankings as a result of the survey being done. It shows that Service Continuity has the highest 
prioritization weight of 35.39% thus having a prioritization ranking of 1. Second in prioritization is Safety and 
Vulnerability with a prioritization weight of 28.43%. The third ranking factor is Resources having a prioritization 
quantifying to 16.63%. It is notable that Disaster Preparedness only has a slight difference of 1.23% in weight 
compared to Resources while Recovery and Adaptation has the smallest prioritization weight of 4.15% which has a 
difference of 11.25% than the fourth ranking factor. Considering limited resources, Barangay A should focus on 
Service Continuity and Safety and Vulnerability, which will see to the reinforcement of the barangay’s healthcare 
system resilience. However, the last three factors in the priority ranking should not be neglected when the pressing 
need for the first two factors has been addressed.  
 
Service Continuity refers to the ability to maintain the health system even through the spike of demand to provide the 
needed medical care for everyone who needs it in times of crises (Cimellaro et al., 2010). It entails that the surge 
capacity should be maintained to provide immediate response (Swathi, et al., 2017). The current situation in Barangay 
A has seen to increased population due to resettlement of people to the barangay. Service Continuity is an important 
factor of resilience for the barangay now as they lack the capacity to service the whole population of Barangay A. 
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Table 2. Ranking of Factors (Set A Experts) 

Factors Prioritization 
Weight 

Prioritization 
Ranking 

Safety and Vulnerability 28.43% 2 
Disaster Preparedness 15.40% 4 
Resources 16.63% 3 
Service Continuity 35.39% 1 
Recovery and Adaptation 4.15% 5 

 
The initial set of experts answered the survey form with series of pairwise comparisons. The test for consistency of 
the experts’ judgement for the main factors are summarized in Table 3.  
 

Table 3. Consistency Ratio for Main Factors (Set A Experts) 

Expert Consistency 
Ratio Limit Remarks 

1 3.34% 10% Consistent 
2 2.80% 10% Consistent 
3 4.15% 10% Consistent 

Group 3.86% 5% Consistent 
 
All expert judgements got a consistency ratio of below 10% thus passing the consistency tests. This proves that the 
judgements of each expert were consistent to be used as reliable basis of results. The group consistency ratio also 
passed the 5% limit. This suggests that the individual judgements of the experts have low enough differences to 
achieve a consensus in prioritization. 
 
4. Conclusion and Recommendations 
 
Resiliency of healthcare system plays a crucial role in maintaining the health and safety of a community especially 
when a disaster strikes. Developing a framework that can identify the gaps in the current healthcare system in 
barangays will surely help improve the system by integrating the need and capacity of the present systems and giving 
quality health care for the people. The survey developed using Fuzzy AHP can be validated by selecting another set 
of experts from other barangays. Conducting sensitivity analysis is also recommended to further investigate the 
validity of the results.   
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