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Abstract 

百lIspaper describes some patterns of a ship's bridge resource team's performance using a 

work-sampling method in on-board smart education. If we can fmd out performance patterns for 

attempting safe navigationラ exceptingknowledge-based shiphandling methods which we can get from 

textbooks， it is possible to give an outline of出enavigators' and quartermasters'訂 tand skiU on a ship. 

This pattern also guides血epractical implementation of on-board smart education. We aimed to find the 

lookout pattern which is the basic and most important work in navigational watch keeping. The 

observation of the navigational watch keeping was carried out during同rentynavigational situations: three 

enteringlleaving ports;何 oanchorages; five passage routes including伽 ees仕組s;and five open sea areas. 

We identified two lookout patterns among bridge teammates from血isobservation. 

(Received March 14， 2006) 

1. INTRODUCTION 

In Japan， education for a merchant ship's 

navigator is con仕olledby a university or a maritime 

technology collegβ， not a navy or a coast guard. 

Practical on-board education is conducted on a 

training ship， such as a power vessel or ta11 ship. 

Specialis臼 whohave a lot of experience educate 

students on the ship. Howeverラ曲。 conten包 ofthe

practical on-board education are not always clear to 

the students， because real situations include all 

thingsヲ notjust simple linear knowledge. Real lifeラ

complex situations are difficult ~ぽ them to 

understand it. We need some patterns of 

navigational art which can form批 basisof the 

shiphandling in on-board smart education. The 

research on shipラsbridge旬副nmatebehavior/action 

(performance) is not clear yet. Only research 伽 a

duty officぽ iscleall]， [2]. ，協 S個目edresearch on由is

subject a few years ago[2]-[4]. In earliぽラ completed

researchヲ we白ldthe res叫臼 fぽ由eperform組問 of

airline pilo随時ardinghuman町 orI5l，I6l，buteach 

vessel di宜ers.In particular， the ship's navigator加 d

噂MainMaritime Academy 

榊 Ta1姐razukaUniversity of Art釦dDesi伊

出equartermaster usually walk around on the bridge. 

They never sit continuously in a seat出eway an 

airline pilot does. We observe the bridge teammates 

組 danalyze the lookout method of the navigator and 

the quartermast町 inorder to make a framework for 

on-board smart education， with the aim to discover 

the lookout pa抗ernof the bridge teammates. 

百le experiment is conducted in twenty 

navigational situations: three enteringlleaving ports; 

two anchorages; five passage routes including three 

s紅白紙 andfive open sea areas. We analyze the 

performance of the bridge teammates using a 

work-sampling method.百lesul羽ec胞 arecrews of 

由e甘'ainingship of the F ac叫句TofMaritime Sciences 

at Kobe University. 

百leresults show that the 1∞kout pa枇ernfor由e

navigator and the q閥 抗 ぽm錨町 differswhethぽ the

sea町四 isopen or not. Moreover，也.es佐eamofthe 

l∞kout method among bridge teammates has some 

rules which require nonverbal teamwork in ordぽ to

achieve safe navigation. 
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2. EXPERIMENT 

In the experimentラ weobserved the perfonnance 

of the ship司sbridge teammates出 conducぉdin 

twenty navigational situations to detennine the 

lookout pa杭erns of the navigator and the 

quartennas旬:rusing a work-sampling method[7]. The 

subjec臼 arefive crews consisting of Captain (Capt)ラ

two Duty Officers (DO) and two Quartennasters 

(QM) (see Table 1) aboard the凶 iningship Fukae 

Maru belonging to Kobe University. Hぽ lengthis 

49.95 meters; breadth 10.00 met町民 andgross 

tonnage 449.00 tons (see Figure 1). 

Table 1 Five subjects， c陀'Wsof training ship Fukae 

Maru 

Subject Gender Experience [year] I 

S) Captain M 19 

S2 Chief Officer 恥f 30 

S] Otlicer M 8 

S4 Q岡武田m出 terA M 22 

S5 Q田 rtenn出 terB M 3 

Fig. 1 Training ship Fukae Maru of Kobe 

University， Fac叫tyofMal悩meSciences 

We observed the bridge teammatesラ perfonnance

every secondラ andspecialists tota1ed up each event 

after the experiment. Moreov民 werecorded the 

bridge teammateピ vOlcesラ出eweathぽ andsea 

conditionsラ etc. 百】.e relationship between the 

observer and出esubject is 1 vs.l， where the 

obsぽvernever observes multiple su対ec臼剖白e

same time. We show the infonnation企omthe five 

subjects designated 'S1ラ ωιS5ヲ inTable 1.百le
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out1ine of the experimental sea areas is shown from 

γto '13ラ in Figure 2. Table 2 shows the 

relationship between the sea areas γto '13' and the 

twenty navigational situations. 

Fig. 2 Outline of the 位 perimentalsea areas for 

twenty navigational si伽ations(west side of Jap細)

In Figure 2ラ anumber from '1' to '13、anda line 

show the sea area numb町 andan out1ine of由e

shipちsroute.百leweather and sea conditions were 

fine during all navigational situations. 

Table 2 Relationship between experimental sea 

areas and twenty navigational si加ations

Sea area Navigational Sea area Navigational 

No. situation No. situation 

EP，LP，A， WA 8 O 

2 O 9 PS 

3 O 10 A，WA 

4 O 11 P，P 

5 EP，LP 12 EP.LP 

6 O 13 PS 

7 PS ー . 

In Table 2ラ 官Pララ 'LP'， 'T:， 'WT:， 'P'， ‘PSラ and

'0ラ mean “Entering Portラララ “Leaving Porf'， 

“Anchoring" ， “Weighing Anchorラララ “P出 sagerout七

“Passage route at S仕ait"，加d “Open sea" 

resp∞，tively. In血isstudy， we define two sea areasラ

'Lsea' and‘S湖 " to analyze the observed da旬 for

geographical featuresヲ not甘afficdensity. We show 

the relationship between Lsea， Ssea and sea area 
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number in Figure 2 below. 

1) Large sea area (L凶):Lsea is the open sea. Sea 

訂'eanumbers are 2~ 3ラ4う 6ラand8. 

2) Small sea area (Ssea): Ssea is every area ex∞:pt 

the open sea. Sea area numbers are 1， 5ラ 7ラ and

9 to 13. 

3.ANALYSIS 

We code the bridge teammates、performanceby 

using the event table which consists of fifteen 

categories ιA、to‘O‘includingeighty-nine events[旬、

[9] (see Table 3). We also show a de同ilof the lookout 

events inc1uding radar in Table 4. The specialistsラ

¥vho have a lot of on-board experien∞ヲ madethis 

table. In Table 3、acode for the event is '1角 to'89¥ 

and in Table 4ラー-Eye"andι-B‘ofthe “A) lookout" 

event means observation using the naked eye and 

binoculars respectively. In this studyう wedefine 

three types of lookout methods by ，らNakedeye 

(EyeY'，“Binoc叫ars(B)て“Radarヘanddivide the 

eight lookout sea areas by the naked eye and 

binoculars: whole (bow)， right side aheadラ rightヲ left

side aheadラleftラrightside behindラleftside behindう

andstem. 

We describe the analysis process of the bridge 

teammates‘performance below. 

1. 羽田 observerrecords the subj∞t‘s perfonnance 

every one second. 

2. The observぽ records the navigational 

informationラsuchas ship's speed and co町田ラ

wind speed and directionラ weatherand sea 

conditionsラ targetinformation using radar and 

other important information， which we need to 

analyze the bridge teammatesラperformance.

3. We count the time for each category and 

calculate the ratio of each category to all. 

4. We count frequency of the code numbers '1' to 

， 1 T to ascertain the lookout method. 

5. We check the s仕切mof the lookout to ascぽ旬m
the lookout pa恥 m.

6. This pr∞ess is carried out for 同 enty

navigational si卸ations.The bridge teammates 

are Captヲ DOand QM for eleven situations and 

DO and QM for nine si加ations.

Table 3 Event table， 15 categories 

Ca舵goηy Event (code numbe吋

A) Lookout 1-16 

B) fustnunent 17-23 

C) Steering order 24-32 

D)S胞ぽing 33-42 

E) Maneuvering order 43-47 

F) Engine ordぽ 48-58 

G) Telegraph 59-69 

H)Thrustぽorder 70 

1) Chart/Catalog 71-73 

J)VHF 74， 75 

K)Viぽbalconunurrication 76-84 

L)Bell book 85 

M) Watch memo 86ラ 87

N) Taking over duty 88 

0)0血ぽS 89 

Table 4 Event table of lookout 

Code Event 

1ラ9 Whole (bow) -Eyeヲ-B

2，10 Right side ah伺 d-Eye，-B 

3，11 Right-EyeラーB

4， 12 Left sideah伺 d-Eye，-B 

5，13 Left -Eye， -B 

6. 14 Right side behind -Eye，ーB

7. 15 Left side behind -Eye，・B

8. 16 Stem-Eyeラ-B

17 Radar 

4.RESULTS 

We show three resul飴:1) the event ratio of the 

navigator and the quartermaster using Table 3 for 

investigating the bridge teammates' performance; 2) 

the企'equencyof the lookout code including the 

radar ‘1司 to ' 1 T of the navigator and the 
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quartenn倒terfor detennining the lookout method; 

and 3)由epa抗ernof the lookout obsぽvationof the 

navigator and the qu訂tennastぽ forascertaining the 

framework of the lookout. As the typical results of 

Lsea and S悶ラ weselect sea area numbぽ 6企omLsea 

and 13企omSsea・

4.1 Performance of Bridge Teammates 

We show the event ratio of the bridge teammates 

in Figures 3 (L鎚 a)and 4 (SseふInFigure 3， about 

80% (A+B)， the event ratio ofDO and QM， is based 

on the lookout including radar observation (B)， DO 

79.2%ラ QM78.0%ラ and4 to 6% fixed position (1). 

This tendency also shows in Figure 4ラ DO82.3% 

(A+B+C)ラ QM76.60/0 (A+B). We出11ホthesteering 

order (C) includes the lookoutラ becausewhat the 

navigator judges as a ship's course and speed for 

safe navigation under the navigational infonnationラ

which he gets企omthe lookoutラisa matter of co町民.

Moreover， the fixed position ofDO and QM  is 4.4% 

and 7.1%. 
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Fig. 4 Event ratio of the bridge teammates (S醐)

The event ratios of the bridge teammates for all 

sea areas were about 80% lookout and 4 to 70/0 fixed 

position.百usresult shows one of the guidelines of 

the shipヲsbridge teammateぜ perfonnancewhen 

perfonning navigational watch keeping. We also 

guess that the importance of the lookoutラ basedon 

the ratio of 80%ラ isthe same for those of other 

transport systems such as an airline pilotラ atrain 

operator and a car合iver.Perhapsラ weagain realize 

the importance of human abilityラ evenif a lot of 

navigationa1 systems have been developing toward 

non-human systems. Additiona11y， we can confmn 

the bridge teammates do the lookout under the 

assumption th副知rge臼 arealways around their own 

ship based on the result of 80010企omthe lookout 

pa肘 :rns.

4.2 Lookout Method 

We counted the frequency of codes '1ラto'17' by 

dividing three lookout methods: Radar (3)， 

Binoculars (2)ラNakedeye (1)， Other (0); and show 

the relationship betw民 nthe time [second] and the 

incidence of the lookout methods '0ラ toγm

Figures 5 and 6. In Figures 5 and 6ラ asqu訂e

represents the results of DO and a diamond 

represen飴 theresults ofQM. 
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Fig. 5 F陀 quencyof the lookout method (L醐)

We can detennine the lookout method. In白eL制ラ

DO and QM  sometimes use radar and sometimes 

use binoculars for detecting旬rge'臼.百le企'equencyIS 

more than the situations of the Ssea. The navigators 

detect targe胞 bymoving eye points to a wide range 
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QM second. QM assists 00 to fix the position and 

to get accurate information about the targets丘om

the radar in the small sea area. We show the 

in the direction of血eship、smovement. Their 

observation area becomes smaller when they fmd 

relationship between the sea area number， including 

the navigational situations of Table 2ヲ andthe main 

pat胞:ffiSwhich we found in this study， in Table 5. 

百leparts with an undぽlineshow the resul臼 ofLsea 

and others are S蜘
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Fig. 6 F陀 quencyof the lookout method (S醐)
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4.3 Lookout Pattern 

We show the lookout pat民msin Figures 7 and 8 

that are part of Figures 5 and 6.ι01' to '03ラ and

'Ql' toιQ3' of Fig眠 s7 and 8 are句rpicals民側S

ofthe lookout ofOO and QM. Alsoヲ ι01'to '03ラ IS

an order of the lookout performance for the 00 and 

In Figure 7，‘01' to '03ラ whichis the s出 amof 

00 is "1-3-1"， and QM have the same stream 

“1・3・1".Its timing is 00街stand QM second.百世S

tendency shows that QM confirms the pぽformance

ofOOラ andconsti句協 adouble check of the bridge 

teamwork. On the oth町 hand， in Figure 8， the 

different between 00 and QM.百le

pa'伽 nofOO is "1・2・1"and QM“1・3・0".Howeverラ

the timing shows the same tendency: DO first and 

Table 5 Lookout Pa'枇 m

Sea areaNo. Capt DO QM 

1-L 1-2-1 

2 . 1-3-1 1乏:1

3 . 1・3・1 1-3-1 

4 . 1・3・1 上達:1

5-E 1-2-1 1-2-1 

5-L 1-2-1 1-2-1 

6 . 1・2・Ll・，3-1 1・，3-1

7-PS 1-2-1 1-2-1 

8 . 1-3-1 1-3-1 

9-PS . 1-2-1 

10-A 1-2-1 1-2-1 1-2-1 

lO-WA 1-2-1 1-3-1 

l1-S.l1-S ' 1-2-1 1-2-1 

12-E 1-2-1 1-2-1 

1 I 12-L 1-2-1 1-2-1 

13-PS ー 1-2-1 

l-A 1-3-1 1-3-1 1-3-1 

l-WA， 1-E 1-2-1 1-2-1 
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In Table 5ラ thぽ eare two kinds of lookout pa抗ぽn

for the geographical conditions (L蜘 andSsea): 1 ) 

Lsea is “1・3・1"for DO and QM; 2) Ssea is“1・2・1ラヲ for

Capt and DO. Moreoverラ radarobservation time is 

different between Lsea (s∞Figure 7) and Ssea (see 

Figure 8). We show the relationship between the sea 

訂'eanumberラ includingthe navigational situations 

and the radar observation tim久 inTable 6.百lep紅白

which are underlined show the results of Lsea like 

Table 5. 

In Table 6ラ theradar observation time of Lsea is 

more than Ssea for DO and QM.百lIstendency 

shows the difference in how to use the radar on 

navigational information， because the targets are 

close in S制 forthe navigator who just gets the 

aimed同rget、sinformation. Howeverラ hesearches 

whether the target is or is not in Lsea. 

Table 6 Radar ob問、rationtime [蹴1

Sea areaNo. Capt DO QM  

l-L 0.0 61.0 0.0 

2 0.0 58.6 75.0 

3 0.0 76.1 73.6 

4 0.0 48.6 103.4 

5-E 0.0 16.5 27.0 

5-L 43.0 50.0 8.8 

6 0.0 60.5 84.1 

7-PS 0.0 38.5 14.0 I 

8 0.0 63.6 70.1 I 

9-PS 0.0 20.0 19.3 

lO-A 52.0 36.0 14.0 I 

lO-WA 35.0 42.2 21.0 

11・S，l1-S 0.0 27.0 32.0 

12-E 0.0 0.0 33.0 

12-L 29.5 0.0 24.7 

13-PS 0.0 34.0 14.3 

l-A 22.9 36.9 54.2 

l-WA， l-E 15.0 12.7 6.5 

5. CONCLUSIONS 

We observed shipラsbridge給amscomposed of a 
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captain， a du貯 officerand a quarterma錦町 inorder 

to fmd out their performance pa抗:erns; and 

specifically aimed at the lookout pa抗emin two 

kinds of geographical conditions divided by the sea 

紅白 stze.百leexperiment is carried out for thirteen 

kinds of sea area and twenty navigational si知ations

in Japan. 

According to the results， we confmned the 

importance of the lookout for safe navigation， and 

identified two types of the lookout pa抗em.

1) In large sea area: the duty officer and the 

qu紅白:rmぉterhave the lookout pattem:“Naked eye 

-Radar ・Naked eye".百lequartermast怠:rconfmns 

the performance of the duty officer. 

2) In the small sea areaラ theduty officer and the 

captain have the lookout pattern:“Naked eye -

Binoculars - Naked eye". The quartermaster 

supports the performance of the duty officer and the 

cap旬m.

O町白加reaims are 1) to find the performance 

pa伽 msof ev句 roneexcept the lookout; 2) to 

develop a 企amework of the ship今snavigator 

performance; and 3) to find a hybrid evaluation 

method using physiological indices. 
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