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Development of Methods for CRM Skills Measurement*

Hiroka TSUDA *1,  Tomoko IIJIMA*1 and Fumio NODA*1

ABSTRACT
     Crew Resource Management (CRM) training is currently considered as one of the most effective methods for avoiding 

human errors or minimizing their effects. Measurement the level of flight crews’ CRM Skills is necessary in order to evaluate 

objectively which Skills have been adequately learned by crews or which Skills are lacking. The Japan Aerospace Exploration 

Agency (JAXA) has developed CRM Skills Behavioral Markers, and has also developed CRM Skills Measurement Methods that 

can identify the level of crew CRM Skills by which human errors and threats are managed. A series of simulated-LOFT (line 

oriented flight simulation training) were conducted to examine the applicability of the method. 

Keywords: Crew Resource Management, Skills Indicators, Behavioral Markers, Line Oriented Flight Training, Rating Sheet 
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の
乗
員
の
パ
フ
ォ
ー
マ
ン
ス
を
モ

ニ
タ
ー
す
る
こ
と

(3
)ワ
ー
ク
ロ
ー
ド
を
適
切
に
配
分
す
る
手
段
と
し
て
、

自
動
操
縦
シ
ス
テ
ム
を
有
効
に
利
用
す
る
こ
と

状
況
の
把
握
・
認
識
の
共
有
(M
on
ito
r)

(1
)コ
ッ
ク
ピ
ッ
ト
内
外
の
状
況
を
モ
ニ
タ
ー
し
、
情
報

を
共
有
化
す
る
こ
と

(2
) A
/P
や
FM
Sへ
の
初
期
の
入
力
と
そ
の
後
の
変
更

に
つ
い
て
口
頭
で
伝
え
る
こ
と

警
戒
(V
ig
ila
nc
e)

(1
)一
点
集
中
に
陥
ら
な
い
よ
う
に
注
意
す
る
こ
と

(2
)問
題
意
識
を
持
っ
て
、
充
分
に
確
認
す
る
こ
と

(3
)何
か
お
か
し
い
と
思
っ
た
ら
、
一
度
A
/P
を
き
っ
て

況
認
識
を
リ
セ
ッ
ト
す
る
こ
と

(4
)不
適
切
な
と
こ
ろ
で
FM
Sの
プ
ロ
グ
ラ
ミ
ン
グ
に
集

中
し
な
い
こ
と

予
測
(A
nt
ic
ip
at
io
n)

(1
)現
在
の
状
況
か
ら
今
後
状
況
が
ど
う
変
化
す
る
か
予

測
す
る
こ
と

(2
)何
か
起
き
た
ら
、
潜
在
的
な
危
険
性
が
あ
る
か
予
測

す
る
こ
と

問
題
点
の
分
析
(A
na
ly
si
s)

(1
)あ
ら
ゆ
る
リ
ソ
ー
ス
を
活
用
し
て
情
報
を
集
め
る
こ

と (2
)得
ら
れ
た
情
報
を
基
に
、
客
観
的
に
分
析
す
る
こ
と

情
報
の
伝
達
と
確
認
(2
 W
ay
 C
om
m
un
ic
at
io
n)

(1
)情
報
は
省
略
せ
ず
に
正
確
に
伝
え
る
こ
と

(2
)情
報
が
相
手
に
正
し
く
伝
わ
っ
て
い
る
か
確
認
す
る

こ
と

(3
)標
準
的
な
用
語
を
用
い
る
こ
と

(4
)情
報
は
大
き
な
声
で
・
は
っ
き
り
と
・
適
切
な
速
さ

で
伝
え
る
こ
と

(5
)情
報
は
タ
イ
ミ
ン
グ
良
く
伝
え
る
こ
と

(6
)ボ
デ
ィ
ラ
ン
グ
エ
ッ
ジ
は
誤
解
さ
れ
な
い
よ
う
に
使

う
こ
と

(7
)相
手
の
話
を
積
極
的
に
聴
く
こ
と

(8
)情
報
の
確
認
を
行
う
こ
と

ブ
リ
ー
フ
ィ
ン
グ
(B
rie
fin
g)

(1
)ブ
リ
ー
フ
ィ
ン
グ
の
場
を
設
定
す
る
こ
と

(2
)ブ
リ
ー
フ
ィ
ン
グ
に
は
充
分
時
間
を
と
る
こ
と

(3
)ブ
リ
ー
フ
ィ
ン
グ
で
は
、
質
問
や
情
報
提
供
の
重
要

性
を
強
調
し
て
お
く
こ
と

(4
)S
O
Pに
な
い
操
作
を
す
る
場
合
に
は
ブ
リ
ー
フ
ィ
ン

グ
の
中
で
説
明
し
て
お
く
こ
と

(5
)客
室
乗
務
員
と
の
ブ
リ
ー
フ
ィ
ン
グ
で
は
、
運
航
の

概
要
と
相
互
連
絡
方
法
に
つ
い
て
確
認
を
行
う
こ
と

(6
)客
室
乗
務
員
の
知
識
を
考
慮
し
て
運
航
上
特
に
注
意

す
る
こ
と
を
説
明
す
る

(7
)ブ
リ
ー
フ
ィ
ン
グ
に
積
極
的
に
参
加
す
る
こ
と

安
全
へ
の
主
張
(A
ss
er
tio
n)

(1
)疑
問
に
思
っ
た
こ
と
は
躊
躇
せ
ず
に
口
に
出
す
こ
と

(In
qu
iry
)

(2
)自
分
の
考
え
、
意
見
を
率
直
に
伝
え
る
こ
と

(A
dv
oc
ac
y)

(3
)危
険
で
あ
る
と
感
じ
た
時
は
自
己
主
張
の
程
度
を
強

め
る
こ
と
(A
ss
er
tio
n)

(4
)意
思
の
表
明
を
受
け
た
場
合
は
、
そ
の
乗
員
の
疑
問
・

意
見
・
ア
ド
バ
イ
ス
・
質
問
に
積
極
的
に
応
え
る
こ
と
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Predeparture / Taxi-out 
1 2 3 4

Poor
Observed performance 
has safety implications 

Marginal 
Observed performance 
was barely adequate 

Good
Observed performance 
was effective 

Outstanding 
Observed performance 
was truly noteworthy 

Planning Rat
ing 

BRIEFING 
The required briefing was 
interactive and operationally 
through

-Concise, not rushed, and met SOP 
requirements 
-Bottom lines were established 

PLANS STATED 

Operational plans and 
decisions were 
communicated and 
acknowledged

-Shared understanding about plans – 
‘Everybody on the same page’ 

WORKLOAD 
ASSIGNMENT 

Roles and responsibilities 
were defined for normal and 
non-normal situations 

-Workload assignments were 
communicated and acknowledged 

CONTINGENCY 
MANAGEMENT 

Crew members developed 
effective strategies to 
manage threats to safety 

-Threats and their consequences were 
anticipated
-Used all available resources to manage 
threats 

Execution Rat
ing

MONITOR / 
CROSS-CHECK 

Crew members actively 
monitored and cross-checked 
systems and other crew 
members 

-Aircraft position, settings, and crew 
actions were verified 

WORKLOAD 
MANAGEMENT 

Operational tasks were 
prioritized and properly 
managed to handle primary 
flight duties 

-Avoided task fixation 
-Did not allow work overload 

VIGILANCE 
Crew members remained 
alert of the environment and 
position of the aircraft 

-Crew members maintained situational 
awareness

AUTOMATION 
MANAGEMENT 

Automation was properly 
managed to balance 
situational and/or workload 
requirements 

-Automation setup was briefed to other 
members 
-Effective recovery techniques from 
automation anomalies 

TAXIWAY / 
RUNWAY 
MANAGEMENT 

Crew members effectively 
navigated taxiways and 
runways

-Crew used caution and kept watch 
outside
-Airport and taxiway charts were used 
when needed 

Review / Modify Rat
ing

EVALUATION 
OF PLANS 

Existing plans were reviewed 
and modified if necessary 

-Crew decisions and actions were openly 
analyzed to make sure the existing plan 
was the best plan 

INQUIRY 

Crew members asked 
questions to investigate and / 
or clarify current plans of 
action

-Crew members not afraid to express a 
lack of knowledge – ‘Nothing taken for 
granted’ attitude 

ASSERTIVENES
S

Crew members stated critical 
information and/or solutions 
with appropriate persistence 

-Crew members spoke up without 
hesitation 

付録３

This document is provided by JAXA.
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Narrative
Your narrative should provide a context for your ratings. What did the crew do well? 
What did the crew do poorly? How did the crew perform when confronted with threats, 
errors, and / or significant events. This is also the place where you need to justify your 
ratings.
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Takeoff / Climb 
1 2 3 4

Poor
Observed performance 
has safety implications 

Marginal 
Observed performance 
was barely adequate 

Good
Observed performance 
was effective 

Outstanding 
Observed performance 
was truly noteworthy 

Planning Rat
ing 

BRIEFING 
The required briefing was 
interactive and operationally 
through

-Concise, not rushed, and met SOP 
requirements 
-Bottom lines were established 

PLANS STATED 

Operational plans and 
decisions were 
communicated and 
acknowledged

-Shared understanding about plans – 
‘Everybody on the same page’ 

WORKLOAD 
ASSIGNMENT 

Roles and responsibilities 
were defined for normal and 
non-normal situations 

-Workload assignments were 
communicated and acknowledged 

CONTINGENCY 
MANAGEMENT 

Crew members developed 
effective strategies to 
manage threats to safety 

-Threats and their consequences were 
anticipated
-Used all available resources to manage 
threats 

Execution Rat
ing

MONITOR / 
CROSS-CHECK 

Crew members actively 
monitored and cross-checked 
systems and other crew 
members 

-Aircraft position, settings, and crew 
actions were verified 

WORKLOAD 
MANAGEMENT 

Operational tasks were 
prioritized and properly 
managed to handle primary 
flight duties 

-Avoided task fixation 
-Did not allow work overload 

VIGILANCE 
Crew members remained 
alert of the environment and 
position of the aircraft 

-Crew members maintained situational 
awareness

AUTOMATION 
MANAGEMENT 

Automation was properly 
managed to balance 
situational and/or workload 
requirements 

-Automation setup was briefed to other 
members 
-Effective recovery techniques from 
automation anomalies 

TAXIWAY / 
RUNWAY 
MANAGEMENT 

Crew members effectively 
navigated taxiways and 
runways

-Crew used caution and kept watch 
outside
-Airport and taxiway charts were used 
when needed 

Review / Modify Rat
ing

EVALUATION 
OF PLANS 

Existing plans were reviewed 
and modified if necessary 

-Crew decisions and actions were openly 
analyzed to make sure the existing plan 
was the best plan 

INQUIRY 

Crew members asked 
questions to investigate and / 
or clarify current plans of 
action

-Crew members not afraid to express a 
lack of knowledge – ‘Nothing taken for 
granted’ attitude 

ASSERTIVENES
S

Crew members stated critical 
information and/or solutions 
with appropriate persistence 

-Crew members spoke up without 
hesitation 

付録３
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Narrative
Your narrative should provide a context for your ratings. What did the crew do well? 
What did the crew do poorly? How did the crew perform when confronted with threats, 
errors, and / or significant events. This is also the place where you need to justify your 
ratings.
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Cruise
1 2 3 4

Poor
Observed performance 
has safety implications 

Marginal 
Observed performance 
was barely adequate 

Good
Observed performance 
was effective 

Outstanding 
Observed performance 
was truly noteworthy 

Planning Rat
ing 

BRIEFING 
The required briefing was 
interactive and operationally 
through

-Concise, not rushed, and met SOP 
requirements 
-Bottom lines were established 

PLANS STATED 

Operational plans and 
decisions were 
communicated and 
acknowledged

-Shared understanding about plans – 
‘Everybody on the same page’ 

WORKLOAD 
ASSIGNMENT 

Roles and responsibilities 
were defined for normal and 
non-normal situations 

-Workload assignments were 
communicated and acknowledged 

CONTINGENCY 
MANAGEMENT 

Crew members developed 
effective strategies to 
manage threats to safety 

-Threats and their consequences were 
anticipated
-Used all available resources to manage 
threats 

Execution Rat
ing

MONITOR / 
CROSS-CHECK 

Crew members actively 
monitored and cross-checked 
systems and other crew 
members 

-Aircraft position, settings, and crew 
actions were verified 

WORKLOAD 
MANAGEMENT 

Operational tasks were 
prioritized and properly 
managed to handle primary 
flight duties 

-Avoided task fixation 
-Did not allow work overload 

VIGILANCE 
Crew members remained 
alert of the environment and 
position of the aircraft 

-Crew members maintained situational 
awareness

AUTOMATION 
MANAGEMENT 

Automation was properly 
managed to balance 
situational and/or workload 
requirements 

-Automation setup was briefed to other 
members 
-Effective recovery techniques from 
automation anomalies 

TAXIWAY / 
RUNWAY 
MANAGEMENT 

Crew members effectively 
navigated taxiways and 
runways

-Crew used caution and kept watch 
outside
-Airport and taxiway charts were used 
when needed 

Review / Modify Rat
ing

EVALUATION 
OF PLANS 

Existing plans were reviewed 
and modified if necessary 

-Crew decisions and actions were openly 
analyzed to make sure the existing plan 
was the best plan 

INQUIRY 

Crew members asked 
questions to investigate and / 
or clarify current plans of 
action

-Crew members not afraid to express a 
lack of knowledge – ‘Nothing taken for 
granted’ attitude 

ASSERTIVENES
S

Crew members stated critical 
information and/or solutions 
with appropriate persistence 

-Crew members spoke up without 
hesitation 

付録３

This document is provided by JAXA.
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Narrative
Your narrative should provide a context for your ratings. What did the crew do well? 
What did the crew do poorly? How did the crew perform when confronted with threats, 
errors, and / or significant events. This is also the place where you need to justify your 
ratings.
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Descent / Approach / Land 
1 2 3 4

Poor
Observed performance 
has safety implications 

Marginal 
Observed performance 
was barely adequate 

Good
Observed performance 
was effective 

Outstanding 
Observed performance 
was truly noteworthy 

Planning Rat
ing 

BRIEFING 
The required briefing was 
interactive and operationally 
through

-Concise, not rushed, and met SOP 
requirements 
-Bottom lines were established 

PLANS STATED 

Operational plans and 
decisions were 
communicated and 
acknowledged

-Shared understanding about plans – 
‘Everybody on the same page’ 

WORKLOAD 
ASSIGNMENT 

Roles and responsibilities 
were defined for normal and 
non-normal situations 

-Workload assignments were 
communicated and acknowledged 

CONTINGENCY 
MANAGEMENT 

Crew members developed 
effective strategies to 
manage threats to safety 

-Threats and their consequences were 
anticipated
-Used all available resources to manage 
threats 

Execution Rat
ing

MONITOR / 
CROSS-CHECK 

Crew members actively 
monitored and cross-checked 
systems and other crew 
members 

-Aircraft position, settings, and crew 
actions were verified 

WORKLOAD 
MANAGEMENT 

Operational tasks were 
prioritized and properly 
managed to handle primary 
flight duties 

-Avoided task fixation 
-Did not allow work overload 

VIGILANCE 
Crew members remained 
alert of the environment and 
position of the aircraft 

-Crew members maintained situational 
awareness

AUTOMATION 
MANAGEMENT 

Automation was properly 
managed to balance 
situational and/or workload 
requirements 

-Automation setup was briefed to other 
members 
-Effective recovery techniques from 
automation anomalies 

TAXIWAY / 
RUNWAY 
MANAGEMENT 

Crew members effectively 
navigated taxiways and 
runways

-Crew used caution and kept watch 
outside
-Airport and taxiway charts were used 
when needed 

Review / Modify Rat
ing

EVALUATION 
OF PLANS 

Existing plans were reviewed 
and modified if necessary 

-Crew decisions and actions were openly 
analyzed to make sure the existing plan 
was the best plan 

INQUIRY 

Crew members asked 
questions to investigate and / 
or clarify current plans of 
action

-Crew members not afraid to express a 
lack of knowledge – ‘Nothing taken for 
granted’ attitude 

ASSERTIVENES
S

Crew members stated critical 
information and/or solutions 
with appropriate persistence 

-Crew members spoke up without 
hesitation 

付録３

This document is provided by JAXA.
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Narrative
Your narrative should provide a context for your ratings. What did the crew do well? 
What did the crew do poorly? How did the crew perform when confronted with threats, 
errors, and / or significant events. This is also the place where you need to justify your 
ratings.

付録３
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Overall Flight 

Narrative This narrative should include your overall impressions of the crew. 

1 2 3 4
Poor

Observed performance 
has safety implications 

Marginal 
Observed performance 
was barely adequate 

Good
Observed performance 
was effective 

Outstanding 
Observed performance 
was truly noteworthy 

Overall Rat
ing

COMMUNICATI
ON
ENVIRONMENT 

Environment for open 
communication was 
established maintained 

-Good cross talk – flow of information was 
fluid, clear, and direct 

LEADERSHIP 
Captain showed leadership 
and coordinated flight deck 
activities

-In command, decisive, and encouraged 
crew participation 

CAP FO Contribution to 
Crew 
Effectiveness 

Rating 
Overall Crew 
Effectiveness 

付録３
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CRM

- -

1.

2.

(1)

JAXA

(2)

JAL ANA JAS CRM

JAXA CRM

JAXA CRM TR-1465 CRM

(3)

(4)

LOFT LOFT

3.

(1) LOFT

CRM LOFT

(2) LOFT CRM

(2) 2

CRM

SOP

CRM

付録５
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4.

4

1 2 3 4 

1

2

3

CRM

4

CRM 3

CRM

Rating

CRM SOP

SOP CRM

(1)

a.

A/P FMS

1

2

3

4

付録５
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b. Threat

Hurry-Up Syndrome

Increase windshear Decrease windshear

windshear Go around

R/W change

Surface wind R/W change windshear

1

2 procedure

threat

3

4

c.

ACARS ATC

1

2

3

付録５
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4 3

(2)

a.

1

2

3

4

CB 10

ATC 10

付録５
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CB

5 CA

CA CB

CB

CA

1

2

3

4

(3)

a.

Non Normal

below

WX NOTAM

FMC Flight Management Computer

付録５
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1

2

3

4

b.

Non-Normal

Fly First

PA

Engine Fire Check 

List

1 Fly First

2 Fly First

3 Fly First

4

c.

A/P FMS A/T

ATC Direct

FMS

ATC

Company ATC

PF ATC

付録５
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FMS Missed 

Approach Procedure

HDGSEL

Weather Radar

1 FMS

2

3

4

(4)

a.

APU PF

1

2 Rater

3

4

a.

付録５
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1

2

3

4

b.

Run ay Change

RWY Slippery VIS Long Flare Go around

1

2

3

4

c.

G/A

1

2

3
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4

(5)

a.

4

Emergency

ATC

3

( 4)

1

2

3

4

b.
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METAR/TAF

2

2

1

2

3

4
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CRM スキル計測シート 
 

 

 

 

 

 

 

 

 

 

LOFT  実 施 日       年   月   日 

便名/シナリオ番号                 

 

計測シート 記入日       年   月   日 

計 測 者   氏 名                  
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Predeparture / Taxi-out

 
計測指標 計測ポイント 評点 
状況認識マネージメント 1 2 3 4 

意思決定 1 2 3 4 

ワークロードマネージメント 1 2 3 4 

       

コメント 

 

付録６
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Takeoff / Climb 

 
計測指標 計測ポイント 評点 
状況認識マネージメント 1 2 3 4 

意思決定 1 2 3 4 

ワークロードマネージメント 1 2 3 4 

       

コメント 

 

付録６
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Cruise 

 
計測指標 計測ポイント 評点 
状況認識マネージメント 1 2 3 4 

意思決定 1 2 3 4 

ワークロードマネージメント 1 2 3 4 

       

コメント 

 

付録６
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Descent / Approach / Land 

 
計測指標 計測ポイント 評点 
状況認識マネージメント 1 2 3 4 

意思決定 1 2 3 4 

ワークロードマネージメント 1 2 3 4 

       

コメント 

 

付録６
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全体コメント 

 

機長へのコメント 副操縦士へのコメント 

 
 
 

 

その他・SOP の遵守状況等に関するコメント 

コミュニケーション 1 2 3 4 

チーム形成・維持 1 2 3 4 

評点 
チームの総合点  
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A
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シ
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E
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E
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E
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ス
キ
ル
観
測
シ
ー
ト
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CRM

- -

2004/10/19 update
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