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SUl¥但¥lARY

百首sresearch focuses attention on safety challenges in mari出leaccidents，鎚

basic of conditions unsafe actions ofthe human factor. Analyzing data is based on repo託

金'omJTSB (Jap佃 TransportS品 tyBoard) during 1991ァ2008.Unsafe actions 

conditions is condition也atoccurred because of two possible events， i.e. sub民組dard

practices of human aIld substandard working of human or combination of both. lt will 

be leading to deviations， undesired result. lt means human error.τ'he deviations of 

human error will be∞me as hazard or risk. Any kinds of risk have∞nsequences to 
incident or accident. 

There are two major subdivisions of unsaた conditions(preconditions): 

substandard conditions of the operators and也esubstand訂dpractices也，ey∞mmit.
Substandard conditions are broken down from at凶，butionof causes interacting with 

adverse mental 由 tes，adverse physiological states， and physical/mentall加itations.τ'he

H回itationsare un路島 actionsor unsafe condition.乃p凶 ofsubstandard practices are 

making decisions. The start of every decision is making a procedure for the final choice 

output and that depends on也，etime limit， and information. GeneraU弘 adynamic 

situation be∞mes quite difficult for making decisions and takIng action. Anal戸ing也e
subject matter will be helped comprehensively when investiga也guses classifica士ion

system or包xonomyerror as a way of organizing performance.τ'he個別nomies也at

emphasize observable behaviors紅eprim況ilyofpractical value. 

Each of these subcategories is discussing in the model of the characteristic of 

the human element in analyzing data. Percep世onslogic (AND/OR) is using in也is

research to help combination ofbo也willhappen that is developed by the au也.orin this 

research (as showed in fig.l.3) which is integrat~d into a model called a PINσersonal 

ldentification) Safe model. Reliability of safety critical sy.批 mis implemented in risks 

for human beings in its environment， such as unsafe actions in maritime accident. These 

p閃 'plemay interact with也，esystem or not. In ~ばetycri世calsystem， people need to be 

aware of these risks and know what to do Irl也eωseof problems. Based on these 

reason， Personal ldentification (PIN) Safe model is done in logic pぽceptionofhuman 

beings. 
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SUMMARY 

This research focuses attention on safety challenges in maritime accidents, as 

basic of conditions unsafe actions of the human factor. Analyzing data is based on report 

from JTSB (Japan Transport Safety Board) during 1991:-2008. Unsafe actions 

conditions is condition that occurred because of two possible events, i.e. substandard 

practices of human and substandard working of human or combination of both. It will 

be leading to deviations, undesired result. It means human error. The deviations of 

human error will become as hazard or risk. Any kinds of risk have consequences to 

incident or accident. 

There are two major subdivisions of unsafe conditions (preconditions): 

substandard conditions of the operators and the substandard practices they commit. 

Substandard conditions are broken down from attribution of causes interacting with 

adverse mental states, adverse physiological states, and physical/mental limitations. The 

limitations are unsafe actions or unsafe condition. Types of substandard practices are 

making decisions. The start of every decision is making a procedure for the final choice 

output and that depends on the time limit. and information. Generally, a dynamic 

situation becomes quite difficult for making decisions and taking action. Analyzing the 

subject matter will be helped comprehensively when investigating uses classification 

system or taxonomy error as a way of organizing performance. The taxonomies that 

emphasize observable behaviors are primarily of practical value. 

Each of these subcategories is discussing in the model of the characteristic of 

the human element in analyzing data. Perceptions logic (AND/OR) is using in this 

research to help combination of both will happen that is developed by the author in this 

research (as showed in figJ.3) which is integrat~d into a model called a PIN (personal 

Identification) Safe model. Reliability of safety critical system is implemented in risks 

for human beings in its environment, such as unsafe actions in maritime accident. These 

people may interact with the system or not. In safety critical system, people need to be 

aware of these risks and know what to do in the case of problems. Based on these 

reason, Personal Identification (PIN) Safe model is done in logic perception of human 

beings. 
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In the resuIt of也isres伺rchto fmd out: 

a. Identifying human elements in risk. 

Identi今inghuman elements is based on unsafe actions by root cause to 

determine血 ykind of maritime accident in risk. Any unsafe actions have different 

characteristics也atlead to kind maritime accidents. The assessment step is applying in 

weight va1ue鎚 measuresto determine the level of risk associated wi也aspecific hazむd.

Res叫tproblems白紙therisk have reported in ∞nsequences leveI. Minimizing decrease 
of quality human performanceωimpac凶 unsafeac託onsis implemented 3A 

(aw.釘宮:ness，action回 datti卸de)behavior in part ofPIN Safe model. 

b. Improving qua1ity of decisions in response unsafe actions 

Qua1ity of decisions is implemented actions that how to !imitations of human 

element interacts with others system， particularly in maritime仕組sportsystem. Th凶e

elem組 tsare embedded in very complex， interdependent，阻ddynamic relationships. 

τne m副time紅姐sportsystem is a very complex and large-sca1e socio・technica1

environment sy批:mconsisting of human actions也atinteract wi命館ch0也.erand 

operate in a physica1 environment in termman-machine-media and management. 

Knowing ofworking environment is one p紅tto decr鎚sethe risk va1ue of an individua1 

ship. Every risk will reach to a'∞ident. Considering it has the probability accident which 
the ship determined首me姐 dlocation too. Ana1yzing e:ffective and practice is counter 

measured for reducing the human elements involvement by studying the pa偽msthat 

have the same va1ue in error taxonomy也athave been developed in order to get也e

perforrnance shaping factors by P町 Safemodelωanticipationof engineering∞附ols.

c.Conなolling也.epa抗emsofunsafe action in risk 

Risk is the probability阻 dseverity of loss企omexposure to也ehazぽd.τne

accident probab出tyfor an individua1 ship is determined using soωlled“exposures" 

and a casua1ty rate.τ"he expos町.esare the number of potentia1 cas1llUty sensitive 

situations in which the ship can be involved也at∞uldlead to姐 a∞ident.τ五isprocess 
de:fine will be 側 ierto reco伊ize飽xonomyerrors in performance of seafarer.百le

probability of e立ors也.enseverity of accident也atcould result pa世em企omthe hazard 

based upon也.eexpos町esof persona1 wi也inunsafe actions to haz釘d也atanticipate 

about navigation problems as highest collision accident.τ"here are expected of exposure 

鎚 akey to develop hum阻 performance.During operationa1 of workers will be a:ffected 

by a given event or over time by repeated event. 

(氏名 HARYANTIRIVAI NO.3) 

d. Monitoring the pattems ofunsafe action 

Repeated event as unsafe actions is needed eva1uation. Regarding也e，se
situation，也eau也orhas been researched method in con位。llingof匂xonomyerrors of 

unsafe actions凶 wi幽 14M factorsぉ comprehensivemonitoring information 

processing in P酎 Safemodel. Those紅.eneeded for也.erole ofmanagement to eva1uate. 

Strong management to eva1uate event every characteristic of unsafe ac託onsis impo式加t

ine由 :blishingthe eva1uation s回，tegies.Monitoring a11 factors， sho叫dbe done to avoid 

critica1 situations aims to minimize hum姐 casua1ty.In chapter 5， got result about 

highestωses of humanωsua1ty come from unsafe ac丘onssuch as improper 

management for ship operation， management .of electrica1 equipment， improper 

handling and other task， improper of fishing w:ork， poor management and passenger 
cargo loading， others， so keep ∞ntinuous for specific凶 ningin limited泊me.Knowing 
kind' of monitoring in unsafe actions can help to mapping features of limitations of 

hu血血toget unique approach to improve human performance. 

τ"he飢illlmぽydissertation hぉ柑ucture∞nsistof:
In chapter 1，也ebackground consisting of the reasons of the research issues is 

explained. 

In chapter 2， the terms of safety in maritime sy臨臨むeexplained， a10ng wi也

也.esafety responsibilities w抽in也.eindus位yofthe internationa1， regiona1， nationa1組d

宜agstate regu1ations， and Port State Control (PSC).τ"he emphasis is placed on也e

Internationa1 Safety Management 償問 Code，which provides the minimum standards 

and giIidelines for operationa1 safety management as related to the m紅itimesystem. 

τ"he mぽitimesy嗣:m is interconnected wi也 4M(Man， Machine， Media and 

Management) factors which covered the four pillars ofbasic safety of critica1 situations. 

Clearly， the human elements are identified in m訂itimesystem as p回'pleabilities姐 d

limi~tions，也e influenωs ofman， machine media， and mljl1agement:'by the IMO and 

Ani飽Rothblum.Taking into account the. characteristic of marine accidents，也.ehUDlan 

elements that紅.eexplored in也isdissertation mainly focus on the unsafe actions of 

seafarers， and their underlying contributors such as the operators' personality that have a 

deep泊f1uenceon也e<!perator's performance. The extema1 elements伽 t蹴 included

訂e也.een吋ronment，也.esociety and ship itself， a11 of which也athas direct contacts 

which are a1so deemed to be aspects ofthe human elements. 

In the result of this research to fmd out: 

a. Identifying human elements in risk. 

(~~: HARYANTI RIVAl NO.2) 

Identifying human elements is based on unsafe actions by root cause to 

determine any kind of maritime accident in risk. Any unsafe actions have different 

characteristics that lead to kind maritime accidents. The assessment step is applying in 

weight value as measures to determine the level of risk associated with a specific hazard. 

Result problems that the risk have reported in consequences level. Minimizing decrease 

of quality human performance as impacted unsafe actions is implemented 3A 

(awareness, action and attitude) behavior in part of PIN Safe model. 

b. Improving quality of decisions in response unsafe actions 

Quality of decisions is implemented actions that how to limitations of human 

element interacts with others system, particularly in maritime transport system. These 

elements are embedded in very complex, interdependent, and dynamic relationshlps. 

The maritime transport system is a very complex and large-scale socio-technical 

environment system consisting of human actions that interact with each other and 

operate in a physical environment in term "man-machine-media and management. 

Kno~g of working environment is one part to decrease the risk value of an individual 

ship. Every" risk will reach t~ accident. Considering it has the probability accident which 

the ship determined time and location too. Analyzing effective and practice is counter 

measured for reducing the human elements involvement by studying the patterns that 

have the same value in error taxonomy that have been developed in order to get the 

performance shaping factors by PIN Safe model as anticipation of engineering controls. 

c. Controlling the patterns of unsafe action in risk 

Risk is the probability and severity of loss from exposure to the hazard. The 

accident probability for an individual ship is determined using so called "exposures" 

and a casualty rate. The exposures are the number of potential casualty sensitive 

situations in which the ship can be involved that could lead to an accident. This process 

define will be easier to recognize taxonomy errors in performance of seafarer. The 

probability of errors then severity of accident that could result pattern from the hazard 

based upon the exposures of personal within unsafe actions to hazard that anticipate 

about navigation problems as highest collision accident. There are expected of exposure 

as a key to develop human performance. During operational of workers will be affected 

by a given event or over time by repeated event. 

(~~: HARYANTI RIVAl NO.3) 

d. Monitoring the patterns of unsafe action 

Repeated event as unsafe actions is needed evaluation. Regarding th~se 

situation, the author has been researched method in controlling of taxonomy errors of 

unsafe actions till Within 4M factors" as" comprehensive monitoring information 

processing in PINSafe model. Those are needed for the role of management to evaluate. 

Strong management to evaluate event every characteristic of unsafe actions is important 

in establishing the evaluation strategies. Monitoring all factors, should be done to avoid 

critical situations aims to minimize human" casualty. :rn chapter 5, got result about 

highest cases of human casualty come from unsafe actions such as improper 

management ~or ship operation, management ·of electrical equipment, improper" 

handling and other task, improper of fishing w:ork, poor management and passenger 

cargo loading, others, so keep continuous for specific training in limited time. Knowing 

kind" of monitoring in unsafe actions can help to mapping features of limitations of 

human to get unique approach to improve human performance. 

The summary dissertation has structure consist of: 

In chapter 1, the background consisting of the reasons of the research issues is 

explained. 

In chapter 2, the terms of safety in maritime systems are explained, along with 

the safety responsibilities within the industry of the international, regional, national and 

flag state regulations, and Port State Control (PSC). The emphasis is placed on the 

International Safety Management (ISM) Code, which provides the minimum standards 

and giIidelines for operational safety management as related to the maritime system. 

The maritime system is interconnected with 4M (Man, Machine, Media and 

Management) factors which covered the four pillars of basic safety of critical situations. 

Clearly, the human elements are identified in maritime system as people abilities and 

limi~tions, the influences of man, machine media, and mljDagement:"by the IMO and 

Anita Rothblum. Taking into account the. characteristic of marine accidents, the human 

elements that are explored in this dissertation mainly focus on the unsafe actions of 

seafarers, and their underlying contributors such as the operators' personality that have a" 

deep influence on the Qperator's performance. The external elements that are included 

are the environment, the society and ship itself, all of which that has direct contacts 

which are also deemed to be aspects of the human elements. 
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In chapter 3， the theories .of accident causati.on descripti.ons are preven旬dby 

iden姐今ingthe r.o.ot causes .of maritime accidents. These are derived fr.om pers.ons wh.o 

紅efamiliar with accident investigati.on techniques. These me也.odsare based .on也e

management m.odel但enrich'sM.odel) and .of behavi.or m.odels (human err.or， human 

facωrs， and human elements). Col1ab.oration activities are directed t.o c.on位'.01of unsafe 
pers.ona1 perf.orrn組 .ce.on 印刷nkn.owledge， attitudes組 dabilitieiJ.τ"he chapter 

describes ab.out the accident causati.on theories， The importance .of unders匂nding也e

accident causati.on theories is illus回 tedin the maritime system by apprecia出.ghow 

unsafe actions泊也E ∞m回 cti.onworkplaces model cause losses出roughsafety 
response. 

'In chapter 4，也.enewly created Persona1 Identifica世onσIN)Safe meth.od 

model， which integrates unsafe actions in the design of s此 tycritica1 systems， is shown. 

S仕ongmanagement ωidentify every characteristic of unsafe acti.ons is requiredω 

establish the eva1uation s回旬以es.TheP町 Safemodel is a counter measure t.o devise a 

systematic identification of subs包凶紅d，unsafヒacti.o凶姐dcritica1 events associated 

wi也 characteristicaccidents on the ship. The P町 Safem.odel in anticip岨onof 

engineering controls inc1udes anticipati.on .of al1 human factors. Initiating events as. 

unsafe acti.ons willlead t.o process deviati.ons. Measurement parameters in a11 operations 

by approaching logic perspective can help to suggest improved motivation .of self姐 d

censoring of equipment by ergonomics design it is use.ful to help ωreach g.ood 

perforrnance in the working enviromnent. 

In chapter 5，也.eidentification .of unsafe actions in risk management is 

m∞gnizedωunsafe ac世onsin features of human elements.τ"hereぽ'emany unsafe 
actions that lead t.o due failures， such as inlpr.oper l.o.ok-.out， fatigue， no泊dicati.on.of 
navigation lights組 dshapes， signa1ing failures， improper ship's speed， ign.oring of 

COLREGS， main engine制lur鳥 etc.The itiitia1 investigation is begun ωstudy unsafe 

actions (as seen in fig 1.1担d1.2) in .order t.o know the risk .of every unsafe acti.o乱All

unsafe acti.ons have different characteristics wi由也.eres叫出.gconsequence也at

mari討meaccidents occur. 

In chapter 6， the human perforrnance of the seafarer's behavi.or is arla1yzed in 

reference decisions making. Using logic percep首onin weight va1ue， there are ana1yzed 

the interacti.ons of unsafe actions by taxonomy .of err.or modes， such as conな'01failure， 

omission or repe世話on，reversa1， tO.oおs1，t.oO s10刊匂oearl弘t

(氏名 HARYANττRIVAI NO.5) 

human elements factors found by p甜emsof unsafe actions in maritime accidents 

present也.ecauses and probabilities offuture accident. 

In chapter 7， the c.onsideration and c.onclusion are implemented to show the 

results of research in a11 previ.ous chapters.τ"he results show how the human elements' 

U邸 afeactions interact wi也equipmentand .other systems. They show that in decision 

m法泊ganyone hぉ limitationsaccording ωtheir own characteristics which ωa 

introduce un路島 actions.τ"heyshow that a s位ongmanagement is needed as well鎚

go.od monitoring and control of也eopぽation.in breakdowns of both. equipment and of 

也巴safetyc叫旬rereq凶redofa11 p釘ties.The eva1uation assessment也atwill be reached 

to improve safety culture at sea and the fur出erresearches is shown. 

(~45: HARYANTI RIVAl NO.4) 

In chapter 3, the theories of accident causation descriptions are prevented by 

identifying the root causes of maritime accidents. These are derived from persons who 

are familiar with accident investigation techniques. These methods are based on the 

management model (Henrich's Model) and of behavior models (human error, hinnan 

factors, and human elements). Collaboration activities ar~ directed to control of unsafe 

personal performance on certain knowledge, attitudes and abilitieS. The chapter 

describes about the accident causation theories, The importance of understanding the 

accident causation theories is illustrated in the maritime system by appreciating how 

unsafe actions in the construction workplaces model cause losses through safety 

response. 

'In chapter 4, the newly created Personal Identification (PIN) Safe method 

model, which integrates unsafe actions in the design of safety critical systems, is shown. 

Strong management to identify every characteristic of unsafe actions is required to 

establish the evaluation strategies. The PIN Safe model is a counter measure to devise a 

systematic identification of substandard, unsafe actions and critical events associated 

with characteristic accidents on the ship. The PIN Safe model in anticipation of 

. engineering controls includes anticipation of all human factors. Initiating events as, 

unsafe actions will lead to process deviations. Measurement parameters in all operations 

by approaching logic perspective can help to suggest improved motivation of self and 

censoring of equipment by ergonomics design it is use,ful to help to reach good 

performance in the working enviromnent. 

In chapter 5, the identification of unsafe actions in risk management is 

recognized as unsafe actions in features of human elements. There are many unsafe 

actions that lead to due failures, such as improper look-out, fatigue, no indi~ation of . 

navigation lights and shapes, signaling failures, improper ship's speed, ignoring of 

COLREGS, main engine failure, etc. The itiitial investigation is begun to study unsafe 

actions (as seen in fig 1.1 and 1.2) in order to know the risk of every unsafe action. All 

unsafe actions have different characteristics with the resulting consequence that 

maritime accidents occur. 

In chapter 6, the human performance of the seafarer's behavior is analyzed in 

reference decisions making. Using logic perception in weight value, there are analyzed 

the interactions of unsafe actions by taxonomy of error modes, such as control failure, 

omission or repetition, reversal, too fast, too slow, too early, too little, too much, wrong 

input and miss-calibration associated with various scenarios within relations the 

relationships of the four factors of 4M (Man, Machine, Media and Management). The 

(~45: HARYANTI RIVAl NO.5) 

human elements factors found by pattems of unsafe actions in maritime accidents 

present the causes and probabilities offuture accident. 

In chapter 7, the consideration and conclusion are implemented to show the 

results of research in all previous chapters. The results show how the human elements' 

unsafe actions interact with equipment and other systems. They show that in decision 

making anyone has limitations according to their own characteristics which can 

introduce unsafe actions. They show that a strong management is needed as well as 

good monitoring and control of the operation in breakdowns of both· equipment and of 

the safety culture required of all parties. The evaluation assessment that will be reached 

to improve safety culture at sea and the further researches is shown. 
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本論文は、国土交通省の傘下であった海難審判庁(現:運輸安全委員会)が纏

めた海難統計資料をもとに、海難原因をヒューマンファクターの観点から分析

し、複雑な社会技術環境にある海事システム(船舶航行)の安全と海上災害の防

止を目的とした研究である。

論文構成とその概要は次のとおりである。

第 1章は、研究の背景及び目的を説明した後、研究方法及び各章の論文構成を
述べている。

第2章は、安全の概念、海事における安全志向、特に SOLAS(海上人命安全
条約)、 STCW(船舶職員資格証明訓練条約)、 MARPOL(海洋汚染防止条約)、
ISM-(国際安全管理コード)等の国際条約が採択された変遷を調査し、安全文化
における人的要因に係る責任と 4M要因に係る安全の考え方を確認している。
第3章は、事故原因を探るための事故発生理論について、人間行動を主眼とし
た人的要因の観点から論じている。身体的要因、生理的要因、心理的要因、社会

心理的要因、そして人的要因の制約がもたらす人的要因から事故原因に潜む要因

を探るための手法として、ハインリッヒ・ドミノ理論、スイスチーズモデル、事

故根本原因追跡モデル (ARCTM)を用いている。
第4章は、一つ一つの海難原因が海難の種類に応じて異なることに着目し、人
的要因が関係する海難ごとの特性を示している。そして、結果として生じる事態

をNegligible・Minor.Moderate • Serious • Disastrousという 5段階に区分し、
同じく 5段階に区分した海難の発生確率とのマトリクスを作成し、客観的なリス
ク判断の根拠を Negligible、Tolerable、Intolerableの3段階としている。その
結果、 ModerateとSeriousな事態では、その殆どが容認できる範囲 (Negligible
& Tolerable)であると結論付けている。
第5章は、 P&I，UK (英国船舶保険会社)が示したヒューマンエラー分類を発
展させて作成した 13個のコードと海難原因との組み合わせから、独自の海難デ
ータ解析手法を提示している。さらに、海難原因と 4Mとのマトリクスから、海
難審判庁が取り纏めた海難は、 “不適切な見張り"や“疲労"が極めて特徴的な

衝突海難原因であることを明らかにしている。

氏名 I HARYAN官 RIVAI

第6章は、海事システムの安全性を高めるための方法として、PINSafe (Personal 
Identification Safe)を提案している。これは、制御要因としてAwareness(認識)、
Action (行動)、 Attitude(態度)の3つを考えている。次に、海難規模から多数の
死傷者や被害を伴う大規模海難 (MajorAccident)、海難審判所が対応する通常海難
伽inorAccident)、そして海難に至らないヒヤリハット(ニアミス:Nearmiss)とい
う3つのリード要因を与え、海難の事実、 4M要因、コード化したヒューマンエラ
ー分類という 3つの監視項目を提示することにより海上における安全文化の醸成を
.目指している。

第7章は、研究結果、考察及び結論を示し全体を総括し、今後の課題について言
及している。

本研究の成果は、以下のとおりである。まず、 PINSafe(Personal Identification 
Safe)モデルを海事システムの安全性を高めるための方法として提案している。そ
して、海難資料の解析や海事社会の構成要素について、 4M (Man. Machine . 
Media • Management)という要因を基軸にしながら PINSafeモデルを開発し、導
入したこどは、独創性のある点として評価できる。また、海難原因に対する人的要

因の割合が約40%であるというインドネシアの海難発生状況から推察すると、今後、
PINSafe手法の導入による人的要因を主軸にした海難解析が必要と想定され、本研
究の意義が期待できる。
このように、本論文は、研究内容の新規性、独自性及び博士論文としての体裁等

の観点から博士(海事科学)の学位を得る資格を有すると認める。

本論文に関連する有審査論文は以下の2編(すべて第1著者、英文)であり、審
査の要件を満たしている。

1. Haryanti Rivむ， Masao Furusho， Strategic Identification of Unsafe Actions 
That Characterize Accidents on Ships， Korea Institute of Navigation Port 
and Research， Vol. 37， No. 5， pp. 499・509，(2013). 
2. Haryanti Rivai， Kohei 阻ronoand Masao Furusho， Quantitative Model of 
Collision Causes in Japan. The Journal of Japan Institute of 
Navigation.Vol. 127， pp.125・132，(2012). 

また、本論文の基礎となる参考論文には、以下のProceedingpapers (有審査)
が以下に示す2編があり、いずれも国際学会において口頭発表したものである。
• 1. Haryanti Rivai， Masao Furusho， Shoji Fujimoto， Masaki Fuchi， Model of 
HumanEle血entsfor Maintenance Engineer on Maritime Field， IAMU 11， 
Conference Gdynia， Poland， pp.263・275，(2010). 
2. Haryanti Rivai， Masaki Fuchi， Shoji Fujimoto， Masao Furusho， Analysis on 
Navigation Failures Being Causal to Maritime Disasters， ANC(Asian 
Navigation Conference)， Wuhan， China， pp.371・382，(2011). 
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