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Abstract. Under the context of maritime catastrophe, we revisit some previous work that contributed to build a design support sys-
tem to better optimize the decision chain. We overview some interesting literature and focus our work in Delphi method approach,
used in the collection of information about the tasks per team and to prioritize teams to enter in action. The study considered the
facilities and high qualified staff (experts) of Portuguese Navy. Taking into consideration that Delphi method, where the opinion of
each element of a team is considered an important information source to contribute to a decision, giving a certain specific weight
per expert profile, and it is developed in successive rounds and evaluating the partial or full consensus between experts, we can
refine some details, such as the way how the experts opinion contribute and how is verified the consensus. In the decision-making
process, the possible refinement can contribute to optimal decisions.

INTRODUCTION

In the context of naval operations, the project THEMIS, promoted by Portuguese Navy, aimed to build a DSS to han-
dle with disaster relief operations, where responders receive information about the incidents, the tasks to execute, the
guidelines about navigation to incidents and how to perform the tasks. We can find in literature some contributions to
the same problem, applying different techniques. For example, in [1, 2, 3] some applications using augmented reality
were built to support different types of naval operations. In [4, 5, 6, 7] is illustrated the use of augmented reality for
learning naval operations. An approach by user experience design in naval context can be found in [8]. To improve the
planning and execution efforts in disaster and crisis’ scenarios was built a system used to handle complex tasks like
emergency response operations’ coordination and execution. This system got the benefits of usability principles. Users
preferences and expectations were took into account during the steps of conceptualization, design and implementation
of this emergency management intelligent system, aiming to support disaster response operations. The authors of [9]
suggest to allow trainees to exploit augmented reality interaction and become quickly familiar with the mobile tech-
nology adopted today in emergency response activities. In this situation, the training efficacy is improved optimizing
on-site crisis preparedness activities. In [10] the authors focused in smart Innovation, systems and technologies un-
der the topics of of knowledge, intelligence, innovation and sustainability. The principal idea is embed systems with
knowledge and intelligence to solve world problems in industry, environment, naval environment innovation strate-
gies employed to make this happen effectively. The authors that contributed to [11] contemplate a wide number of
topics and challenges of dealing with disaster risk reduction. Between others we evidence the topics that consider big
data, cloud computing, the internet of things, natural disasters, mobile computing, emergency management, disaster
information processing, disaster risk assessment and management, and disaster management simulation. In [12] is
made an overview of the crisis intervention model. The task-centred model and crisis intervention share principles
and methods drawn from problem-solving theory.

Summarizing, the main objective of the present work is to evidence some details about how was built and imple-
mented a decision suport system (DSS) with the ability: (a) to prioritize certain teams for specific incidents taking into
account the importance of each team that acts in case of emergency; (b) to define the sequence of tasks that should
perform all possible orders to be given. To project and implement such system we have considered the facilities and
high qualified staff of Portuguese Navy. We have chosen a commonly used approach in forecasting studies, the Delphi
method (DM), adequate to get consensus between a group of experts [13, 14, 15, 16].



The summary of this work consists in an introduction and some final remarks Sects., Sect. 2 contains some
considerations about DM concept and algorithm. In Sect. 3. is explored the empirical application, namely the used
data is described and some numbers are displayed. The final remarks can be found in sect. 4.

METHODOLOGY

In this section we will focused about Delphi method, a method that is exceptionally useful where the judgments of
individuals, accordingly with [13], are needed to “address a lack of agreement or incomplete state of knowledge (... )
the Delphi is particularly valued for its ability to structure and organize group communication”.

The Delphi method application can be found in numerous distinct areas: Natural sciences [13, 17, 18, 19, 20, 21];
paper pulp production [22]; automotive supply chain [23, 24]; transportation [25]; education [21, 26, 15, 27]; envi-
ronmental science and policy [28, 29]; social sciences [30, 16, 31, 32]. The DM is a structured process for collecting
and summarizing knowledge of a group of experts from a given area through several phases of questionnaires, with
organized feedback [32]. It has the advantage of avoiding the problems associated with evaluation techniques based
on traditional group opinions, such as Focus Groups, that may create problems of bias in responses due to the presence
of opinion leaders [16].

It was built a survey about the existing emergency teams as well as all possible tasks (orders) in case of emer-
gency. Meetings with navy officers with large experience in emergency cases, some documents/memos were collected
and analyzed, some exercises were performed and all details registered. Direct observation of a simulation (DISTEX -
an exercise of a catastrophe in which humanitarian aid) was required. Subsequently, the data collected was organized
and validated by a Lieutenant Captain and Rear Admiral, with large experience in catastrophe situations.

EMPIRICAL APPLICATION

The potential group of experts were inquired about some individual characteristics of their profile: age, gender, profes-
sional rank, training class, type of experience in response to disasters (real versus train exercise), total ship boarding
time (less than 1 year, 1-3 years, 3-5 years, more than 5 years). The experts were all males, at least with 5 years on
board, aged between 35 and 54 years, Captain-lieutenant, Captain-of-sea-and-war and Captain-of-frigate (the most
common), 25% have real past experience of disaster response, 75% are training experienced. The first round of DM
required the identification the level of priority that each team should carry out each task. A Likert scale of importance
from 1 (Not Important) to 6 (Extremely Important) for all possible tasks to be carried out during a humanitarian dis-
aster operation for each existing team that can provide its service. The level of priority that each team should carry
out each task: questionnaire with a Likert scale of importance from 1 (Not Important) to 6 (Extremely Important) for
all possible tasks to be carried out was also required. A total of 572 questions considering 52 tasks and 11 teams were
filled. To identify the tasks that reached consensus, the inter quartile range (IQR) was chosen as measure of consensus:
when IQR less than 1 means that more than 50% of the responses are within 1 point of the Likert scale. For each task,
it was considered a weighted mean based on the experience of each expert. At the end of first round, between 572
questions there was no consensus on 290 questions (50.7%); 282 questions had IQR higher than 1; 8 questions did
not meet the requirements. At round 2, were considered 290 questions, 265 (91.4%) reached a consensus. At third
round were considered 25 questions. A simultaneous interview with two respondents (two experts in last round were
Commanders with the Captain-of-the-Frigate position used to coordinate and develop training and training actions,
such as the DISTEX exercise, a simulation of a natural catastrophe) was scheduled with the objective of defining the
final result of the tasks. The validation of all the answers obtained in previous rounds in order to identify possible
errors was also performed. In Fig. 1 is summarized the Delphi method approach. An extension of this work can be
found in [33] where some interesting details are explored ans displayed. In [34, 35] are proposed some refinements,
namely the weights of experts response are computed by similarity of the individuals using multidimensional scaling.

FINAL REMARKS

In the present manuscript we performed an overview about the construction of a DSS to use in anenvironment of a
maritime disaster. We have updated the state of art and illustrated how we could organize the teams and how to get
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FIGURE 1. Delphi method approach.

the prioritaire order of teams and actions. As future work, we intend to refine the DSS, studying the effect of other
dispersion measures than the inter quartile range to classify the consensus/no consensus. These idea is seen as an
extension of the work [33, 34, 35] that we expect successfully contribute to optimize the chain decision.
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