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29 

9. The Evaluation of New Index: Saliva Nitric Acid (NO
3

-

)

We confirmed the salivary NO
3

-

 responses for a ship handling as a new index. The simulator-based 

experiment is also the most important because the simulator makes it easy to control the experimental 

conditions; temperature, humidity, sound, brightness, and etc.; we can confirm the response, and 

develop the index for evaluating the mental workload. 

Subjects’ data is shown in Table 7. In Table 7, ‘A’ is a veteran navigator who has been a captain. ‘B’ 

has one year on-board experience and a seamanship license. ‘C’ and ‘D’ have a seamanship license, 

too. ‘E’ and ‘F’ don’t have a license, and we consider they are representatives who have poor on-board 

experiments. 

Table 7. Subjects 

9.1 Scenario 

We choose the entering a port and a narrow passage to keep the stressful condition in order to confirm 

the response of the saliva NO
3

-

. The stressful condition is useful to get the response. The simulator 

experiment is also fine to easy control the experimental conditions. 

9.2 How to evaluation 

We evaluate the mental workload of navigator for entering a port and a narrow passage using the 

saliva NO
3

-

. The saliva NO
3

-

 is available to evaluate the mental workload on the spot. This index is 

able to check the point of the events for the scenario. We also compare saliva NO
3

-

 with HRV (R-R 

interval) for the scenario of narrow passage route. 

9.3 Results 

We show the results of entering a port experiments for subject C in Figures 24 and 25. Subject C did 

an entering a port simulation twice. The scenario has no events except using a tag boat; however, 

subject C salivary NO
3

-

reveals the same mental workload variability in both of experiments.  

The general mental workload of first experiment is higher than second because of subject C 

inexperienced in a simulator experiment because I think tension felt by subject C is alleviated. 

In Figure 24, dots of a ship shape show the ship’s position every minute. Something white at the back 

of a ship is a tug boat. It can find ships start to use a tug boat 8 minutes after starting each experiment 

in Figure 24. 

In Figure 25, at 8 minutes, both of the results reveal mental workload’s rising. You know the trend of 

mental workload corresponds to the event of using a tug boat. 

Subject Gender Age On-board experiment [year]

A M 59 more than18

B F 25 1

C M 23 1

D F 23 1

E M 19 0.25

F M 19 0.25

－ 29 －
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2014 Research Project [Human Element]
Evaluation of Bridge Teammates’ Mental Workload

for simulator based training
Using Physiological Indices

AGA15 research report

Koji Murai
(Kobe University, JPN)

Tadatsugi Okazaki 
(Tokyo University of Marine Science and Technology, JPN)

Victor J. Schisler
(California Maritime Academy, USA)

Outline
1/13

Background
2/13

• It is a subjective, only performance (outside).

• Simulator training is a popular worldwide.

• Master / Senior evaluate them.

• Mental (inside) response is Important.

Goal
3/13

The purpose is; 

- To develop a evaluation method (index) of simulator-
based training using physiological index.

- To read a characteristics of a navigator’s common /  
individual skills.

- To evaluate a team work and their mental workload   
for ship handling.

Experiment: Scenario
4/13

Scenario: 
3 Kinds- Basic, Advance, Berthing

Experiment: Subject
5/13

• Subject:
Senior student
Pilot candidate

• Team:
Mate (Navigator), Helmsman
*Pilot, Captain *real ship

Attachment
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2

Experiment: How to get data

6/13

Chest belt
(sensor)

Wrist watch
(memory)

[1]
Get R-R data (HR) by HR monitor

[2]
Interpolate R-R data by Spline

[3]
Calculate LF and HF by MEM

HRV: CMA, Kobe, Tokyo
HR and LF/HF

Evaluation: LF and HF

7/13

Frequency component

LF: 0.04 0.15,  SNS and PNS
HF: 0.15 0.40, PNS

Index: LF/ HF
Increase: MW is high
Decrease: MW is low

Experiment: How to get data

8/13

[1]
Get Facial temperature by Thermo

[2]
Pick up the Nasal and Forehead 
temperature 

FT: Tokyo, Kobe
N-F: Nasal Temperature

Measured center of forehead temperature 

Measured center of nasal temperature 

Evaluation: NT
9/13

Index: N-F
> = 0, increase : MW is low
<0, decrease: MW is high

Experiment: How to get data

10/13

[1]
Get Saliva by metallic spoon

[2]
Measure nitrate ion 

NO: Kobe
NO3

-

Index: NO3
-

increase, large : MW is high
decrease, small: MW is low

11/13

Result: LF/HF, 3 Scenarios

A: Basic

B: Advance

C: Berthing

Attachment
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3

12/13

Result: Progressed research

•
•

Our research (Future work)
13/13

We were carried out the simulator and real
experiment, and confirmed the response of indices at
Kobe.
We were carried out the simulator experiment
(teammate: Mate and QM) at CMA on October.
We will be carried out the experiment at Tokyo.

----------
We had the research meeting at Kobe on July, and at
CMA on September-October.
We will be at Tokyo on January.

Thank you so much for IAMU research support!
This international research started by Kobe an MMA 

Thanks

Thank you for your attention.
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Koji-Victor-Tadatsugi Research Team 

MINUTES 

16-18 July 2014 
Kobe 

Present: Dr. K. Murai, Capt. S. Victor, Dr. T. Okazaki. 

1. The purpose and goals of the research were confirmed by Dr. Murai. 

PURPOSE: To try to improve maritime transportation education on a simulator 
        by determining the mental workload (stress) of navigators 

GOALS: 
       

o Measure the heart rate variability, the facial temperature, and saliva of a 
student (seniors only) and professional mariners. 

o Compare heart rate variability, facial temperature, saliva data. 
o The goal is to eventually develop a comprehensive analysis of 

physiological indices to aid in the improvement of education on a 
simulator.  These tests have already been done on car drivers. 

o Present the results. 

2. Dr. Murai explained the methods he will use to conduct the experiment and received  
several valuable suggestions. 

 Revise the Questionnaire  - Kobe and Tokyo is the same. CMA will be revised a 
little. 

 Check the outline of the scenario. 
 Discuss the assessment sheet for the performance. 
 Check to see if we can get some information about the performance of other 

fields during their simulator training. 
 Review the Fatigue Management research if there is any useful information. 

3. Questions were generally associated with needing more clarification about the goals and 
methods. 

4. Capt. Victor took the special lecture on the Pilot in the Kobe University. 
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Koji-Victor-Tadatsugi Research Team 

MINUTES 

29 September - 3 October 2014 
California 

Present: Dr. K. Murai, Capt. S. Victor, Dr. T. Okazaki. 

1. The assessment sheet and the scenario were confirmed by Capt. Victor. 

 Assessment sheet is to evaluate the performance of Fundamentals, Technique, 
BRM, Integration, Leadership 

 Performance is scored 
 Bridge teammates are evaluated 
 Scenario requests their judgments 
 Check and try the scenario 

2. The simulator equipment was checked by Capt. Victor. 

 Check the Video camera to record the performance 
 Confirm relation between the Video image and the Assessment sheet 

3. Director B. Veronica (CMA research project team) supported the research projects. 

 Discuss the next meeting 
 Review the other aspects 
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Koji-Victor-Tadatsugi Research Team 

MINUTES 

6-10 January 2015 
Tokyo and Kobe 

Present: Dr. K. Murai, Capt. S. Victor, Dr. T. Okazaki, Dir. Veronica. 

1. The measured data in CMA were checked by Capt. Victor. 

 Performance 
 Heart rate variability 
 Discuss the results 

2. The simulator experiment of Tokyo - equipment, scenario was confirmed by Dr. Okazaki. 

3. Director B. Veronica (CMA research project team) supported the research projects. 

 Discuss the next meeting 
 Confirm the simulator equipment 
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Koji-Victor-Tadatsugi Research Team 

MINUTES 

21 May 2015 
California 

Present: Dr. K. Murai, Capt. S. Victor, Dr. T. Okazaki, Dir. Veronica. 

1. The research project was concluded by all members. 

 Measured data of physiological indices 
 Evaluated assessment performance sheet 
 Attended subjects 

2. The final report was discussed by all members. 

3. The future research was discussed on the next IAMU research project. 
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