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Abstract - In recent years, there have been more and more recreational scuba diving in Taiwan. Many famous diving sites, 
such as Kenting, Lambay Island, and Northeast Coast, have developed vigorously, which has caused high competition in the 
local diving industry, therefore lead to scuba diving industry vicious competition. In addition, water safety education is 
generally lacking, tourists themselves lack of safety awareness, coupled with the lack of restrictions and weaknesses on 
Taiwan's diving regulations, and some unscrupulous people ignore the regulations, resulting in frequent water accidents. 
Therefore, it is necessary to understand the operational risks of Taiwandiving operators and assist the public sector in 

formulating effective policies. Through the Analytic Hierarchy Process (AHP), this study analyzes the safe environment, 
tourists’ cognition, operator attitude, government administration over and above of criteria. It is most important to find the 
level of “tourists’ cognition”, which means the operator can only protect the safety of tourists through the equipment and 
environment, tourists can only assess their own situation from the safety assessment of their own. From the minimum weight 
from the “government management”, it is known that public institutions can only provide assistance through the policy 
formulation, or providing safety education training. This study sorts the results of the dimension index to identify important 
dimension indexthat affect the risk of diving operator, and givingsuggestion to the diving operators and government. Hoping 
this study can be helpful for the operation and management of the diving operators in the future. 

 

Keywords - Recreational Scuba Diving, Diving Industry, Operational Risks, AHP. 

 

I. INTRODUCTION 

 

Taiwan surrounded by sea, it enjoys all years of 

pleasant weather with the influence of maritime 

monsoon climate. Therefore, Taiwan is a spring-like 

place for all seasons without cold winter and hot 

summer. Coral reefs provide vital habitats for fish 

and protect shoreline areas during storms, as well as 

develop a thriving snorkeling and scuba diving 
industry. With this regard, Taiwan has about 1/3 coral 

reefs species in the world due to its rich marine 

resources, with almost 1567 kilometers of coastlines, 

where is the best area for developing scuba diving 

industry. With the increasing of marine activities on 

seaside, among which scuba diving is one of the fast-

growing programs, it is important to lower the risk of 

participating in scuba diving for tourists and diving 

operators.  

Long, Wen-Lin (2017) argues that, the inadequate of 

management and maintenance in diving sites, the lack 
of diving skills of tourists and the fact that tourists do 

not know how to judge the safety of waters, are all 

the causes of drowning accidents. Even  tourist can 

help themselves with instinctive reaction when 

drowning, there still have deadly risks during and 

after a breath-hold dive, such as Taravana, which 

literally means “to fall crazily”, describing the diver’s 

symptoms of dizziness or visual troubles(Ferretti and 

Coata,2003). Therefore, it is necessary for diving 

operators to strengthen the system of internal control 

and improve the standard of risk management. The 

attitude towards safety of diving operators and the 

government’s interest toward the diving industry 

development, thereare important dimensions of risk 

management. 

 

The purpose of risk management is to make sure 

adequate measures are taken to protect people and 

environment, and activities of possible harmful 

consequences are ordered to stop, as well as to 

balance different concerns, particularly the risks and 
costs (Terje Aven, 2010). 

 

Based on the above analysis, we summarize that a 

complete operational risk management evaluation of 

safe diving issue is composed of four dimensions--

safety environment, tourists’ cognition, 

operatorsattitude, and governmentadministration , to 

face the current various risk factors of water activity 

to creatingcriteria framework, through questionnaire 

by expert to give advice and related reference 

materials to appraise and elect.  
 

Analytic Hierarchy Process (AHP)utilize to calculate 

the dimensions of the weight value and analyze the 

criteria, we hope this study can be used for reference 

in the measure of the relevant manufacturers and 

participant. Based on above description, the specific 

purposes are as follows: 

1.  To discuss the risk factors of diving operations. 

2.  To build the criteria for measuring the 

operational risk of diving operators. 

3.  To provide diving operators and governments 

with references for making decisions. 
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II. STUDY MATERIAL  

 
This study was discuss the potential risk factorsfor 

operational risk management assessment in diving 

industry.The Analytic Hierarchy Process(AHP) is a 

structured technique for helping people deal with 

complex decisions. Rather than prescribing a 

“correct” decision, the AHP helps people to 

determine one that suits their needs and wants. AHP 

used to solve the problem of complex decision-

making tools. 

 

Analytical Hierarchy Process, a decision-making 

methodology developed by Saaty (1987) is an attempt 
in this direction. AHP can be used in any situation 

where the presence of multiple influencing factors 

and decision criteria make it difficult to understand 

the interactions among them intuitively. In such cases 

AHP offers a structured approach to reduce the 

complexity and help us in making a decision 

objectively (Ishizaka A, Labib A, 2014).AHP is 

widely used in countries around the world, has been 

used for many decisions by many people, and we are 

no exception. 

According the description of Saaty(1985),has five 
advantages of hierarchy: 

1. The use of individual elements to form a 

hierarchical form, easier to achieve the work. 

2. It is helpful to describe the influence of high-

level elements on low-level elements. 

3. The structure and function of the whole system 
can be described in detail. 

4. Natural systems are organized in a hierarchical 

way also an efficient way. 

5. The hierarchy has the stability and flexibility, the 

miniature change can form the miniature 

influence. 

 

This study used AHP to collect the opinionof 

specialist in diving field, firstly, through the literature 

analysis to probeinto related potential risk factors, 

after that constructed the preliminary evaluate criteria 

of operational risk management in diving industry. 
Second,implement the two phase of the questionnaire 

survey, to assessment potential of risk factors and 

presented in quantitative results. The first phase set 

out important factor evaluation index of operational 

risks.Secondly, establish the influence factors to 

development become theexpert questionnaire of 

Analytic Hierarchy Process, and calculate the relative 

weight of each evaluation index. 

 

This study based on the literature of regulations and 

risk management, collected the expert opinions, 
selected appropriate evaluation criterion, and 

organized them into 4 dimensions and 18 criterion to 

construct a risk management evaluation framework 

for diving operators. 

 

 
Figure2-1 Framework of this study 

 

In short, first steps of AHP is description the problem, and then find out the influence factors and to build a 

hierarchy, find out relative significance of each hierarchy decision attribute. Then, according to the significance 
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build paired of comparison matrix, calculated the eigenvalue and eigenvector of matrix, and calculate the weight 

of eachattribute.The operation process flow is shown in the figure2-2 

 
Figure2-2AHP Analysis Procedure 

 
Table2-1 List of Professor 

 
 

III. RESEARCH RESULTS  

 

Questionnaire Results 

The results of the hierarchical analysis based on the 

expert questionnaire are shown in table 3-6. The 

results show that "tourists' cognition (0.379)" is the 

most important among the four dimensions, and 

tourists' own familiarity and cognition of diving 

activities are criteria. Among them, the most 

important criterion is "the measurement of tourists 

physical condition (0.520)", which is ranked as the 

first overall weight. The reason for this is that experts 

generally believe that tourists' understanding of their 

own physical conditions has a major factor, and 

tourists' understanding of their own conditions can 
significantly reduce the risk of business operation. If 

the tourists know that there is a phenomenon, sign or 

ability that is not suitable for diving at that time 

before diving, they can choose the suitable diving 

point or stop diving, which can reduce many 

subsequent problems. On the contrary, if tourists 

insist on diving, they may face serious problems in 

the water, such as can’t equalize, difficulty in 

breathing, dizziness and rapid rise in the water, which 

may cause serious harm to tourists. Therefore, the 

measurement of tourists' physical condition will bring 
considerable risks to divers. 

In the "operator attitude" with 0.262 aspect weight, 

the second highest priority is the criteria of 

"implementation of safety inspection procedures 

(0.398)".Accidents are often caused by human 

negligence. In addition to checking equipment and 

equipment regularly to confirm whether there is any 

damage or natural wear and tear, operators should 

also perform safety checks again before diving to 

ensure the safety of tourists. From diving equipment 

and other facility and the physical condition of the 
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visitors, operators must pay attention of tourists’ 

safety. 
In the dimension of "safety environment (0.190)", the 

criterion of "providing marine meteorological 

information of environment for tourist (0.483)" is an 

important factor. For both the operator and the visitor, 

knowing the weather information of the sea of the 

environment will enable them to make a decision on 

the suitability of diving. For example, if a typhoon is 

approaching, the operator can use this information to 
determine whether it is suitable for diving. Tourists 

can also use sea meteorological information to avoid 

risks, just like diving is not suitable for approaching a 

typhoon, so as not to be unfamiliar with the local 

environment or insufficient ability to improve their 

own risk. 

 
Table 3-1Comparison and ranking of the overallweight values of the criteria 

 
 

IV. CONCLUSIONS 

 

1. Summarize the four dimensions, the tourists 

cognition is most important of which "tourists’ 
physical condition (0.1971)", it is overall weight 

value the highest in the diving industry 

management risk. The safety of the tourists is 

closely related to operators, the tourists diving 

under the condition of safety, is a top priority for 

diving operators. The operator shall ensure the 

safety of the visitors by "implement safety 

inspection procedures exactly (0.1043)" 

(equipment) and "provide marine meteorological 

information of the environment to tourists 

(0.0918)" (environment). 

2. Through after AHP analysis, from the first place 

to the sixth generally falls on tourists cognition 

(3) and safe environment (2) , the reason tourists 

in diving must have the correct judgment, 

tourists alsobe responsible for their own safety 

and should be more cognitive on the certain 

environment , it could be decrease the chances of 

accident. 

3. In the operators attitude "implement safety 

inspection procedures exactly (0.1043)" is the 

second high overall weight value, Diving 

operators can according to the procedures and 

make inspection before diving. Diving 

equipment must be confirm there is no safety 

loophole, in this way can effectively reduce the 

risk of hardware facilities brings. 

 

SUGGESTIONS 

 

1. Diving operators to make sure their own security 

can diagnose the body state of tourists through 

machine, with an agreement for diving activities 

that tourists are responsible for their own body 

condition. So that improve awareness of tourists 

and avoid occurrence of incident. 

2. Diving operators should have a complete set of 

inspection procedures and perform safety 
inspection carefully before diving, so they can 

lower the risks of artificial. 

3. Diving operators or instructors should provide 

information about marine environment and 

weather in this area before diving. 

4. Establish a rescue center on the shore which can 

provide emergency response service to maintain 

the safety of tourists. 
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