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2Flightcrew “mind the gap” between 10E9 hazard and 10E5 automation

Sherry, L., Mauro, R. (2014) Design of Cockpit Displays to Explicitly Support Flightcrew Intervention Tasks.
In Proceedings IEEE/AIAA 33rd Digital Avionics Systems Conference (DASC), Colorado Springs, Co. Oct, 2014. 

We expect people to…



How do we approach the design of 
procedures?

• By understanding the complexity of the 
operation.

• By creating a clear, coherent, consistent, and 
comprehensive guidance throughout.

• THE Model, the 4C’s and the 4P’s.
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Figure 1.  Mean Number of Problems on Target 
Items per Flight
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Figure 1.  Mean Number of Problems on Target Items per Flight
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Target Items

		Before Push

		PCONSIST														Line Crews
Original Procedures		Test Crews
Original Procedures		Test Crews
New Procedures
Week 1		Test Crews
New Procedures
Week 3		Line Crews
New Procedures 
4 Months		Line Crews
New Procedures
8 Months

		group		Mean		N		Std. Deviation						Before Push		0.1463874733		0.0966230986		0.0300623585		0.0257560648		0.0209087908		0.0098095066

		I1		0.0209087908		145		0.0404328527						Pushback		0.1329902802		0.1374672652		0.0557184751		0.0435397935		0.0354085068		0.0237183152

		I2		0.0098095066		159		0.0265265367						Taxi Out		0.2660562561		0.2727367502		0.1138862377		0.1298462631		0.1020408163		0.0240530737

		O		0.1463874733		107		0.1377824472						Takeoff		0.2158667656		0.2814801282		0.0960064168		0.0930417701		0.0589145685		0.0332806024

		S		0.0291283492		45		0.0449100083						Cruise		0.2216218792		0.2598720895		0.127970054		0.127263213		0.0823541185		0.0434644821

		T1		0.0966230986		83		0.0920486533						TOD-10000		0.2311192701		0.2607142857		0.143838539		0.1529805038		0.0861111111		0.0576104539

		T2		0.0300623585		96		0.0657999949						Approach/Landing		0.3592187408		0.3087942579		0.1347621614		0.1415203673		0.0927793858		0.0300726167

		T3		0.0257560648		93		0.0598399948						Taxi In/Shut Down		0.2387088683		0.1374672652		0.0557184751		0.0435397935		0.0354085068		0.0237183152

		Total		0.0478938725		728		0.087345221

		Push Back

		PCONSIST

		group		Mean		N		Std. Deviation

				0.0333333333		5		0.0745355992

		I1		0.0354085068		147		0.0604787166

		I2		0.0237183152		159		0.0522989148

		O		0.1329902802		106		0.1202514752

		S		0.0286400591		41		0.0402839509

		T1		0.1374672652		81		0.1148118526

		T2		0.0557184751		93		0.0687707434

		T3		0.0435397935		91		0.0588074159

		Total		0.0618159465		723		0.089546578

		Taxi Out

		PCONSIST

		group		Mean		N		Std. Deviation

				0.1171984805		6		0.1133651158

		I1		0.1020408163		147		0.0672242085

		I2		0.0240530737		159		0.0381925643

		O		0.2660562561		107		0.1323153574

		S		0.0327362392		44		0.0493840818

		T1		0.2727367502		81		0.0845225929

		T2		0.1138862377		93		0.0869294251

		T3		0.1298462631		92		0.0874172647

		Total		0.1290329172		729		0.122073686

		Take Off

		PCONSIST

		group		Mean		N		Std. Deviation

		I1		0.0589145685		147		0.0694674805

		I2		0.0332806024		158		0.058682368

		O		0.2158667656		107		0.1476831718

		S		0.0563748751		44		0.0823835008

		T1		0.2814801282		81		0.1473244717

		T2		0.0960064168		94		0.0812320125

		T3		0.0930417701		93		0.0922347092

		Total		0.1104618693		724		0.1290878501

		Cruise

		PCONSIST

		group		Mean		N		Std. Deviation

				0.3571428571		2		0.5050762723

		I1		0.0823541185		146		0.1288120895

		I2		0.0434644821		158		0.0755733931

		O		0.2216218792		106		0.2085437963

		S		0.0604970156		44		0.0977626071

		T1		0.2598720895		81		0.1991918689

		T2		0.127970054		97		0.1365780808

		T3		0.127263213		91		0.135253764

		Total		0.1252453102		725		0.1629222223

		TOD

		PCONSIST

		group		Mean		N		Std. Deviation

				0.2222222222		5		0.2832788619

		I1		0.0861111111		147		0.1212338753

		I2		0.0576104539		157		0.1044428767

		O		0.2311192701		107		0.1655152295

		S		0.0815836941		44		0.0978558996

		T1		0.2607142857		81		0.1655672235

		T2		0.143838539		93		0.1504396747

		T3		0.1529805038		92		0.1562399897

		Total		0.1373316498		726		0.1564155953

		Landing

		PCONSIST

		group		Mean		N		Std. Deviation

				0.1452380952		5		0.1705333769

		I1		0.0927793858		146		0.0922273701

		I2		0.0300726167		157		0.062736568

		O		0.3592187408		107		0.1535305906

		S		0.1122178327		44		0.1140203037

		T1		0.3087942579		81		0.1252721215

		T2		0.1347621614		93		0.0987599515

		T3		0.1415203673		93		0.1142345948

		Total		0.1557492859		726		0.1571472128

		Taxi In

		PCONSIST

		group		Mean		N		Std. Deviation

				0.1762032086		5		0.0650315533

		I1		0.0736594744		145		0.0759405562

		I2		0.0339012888		156		0.0484224144

		O		0.2387088683		106		0.1366930165

		S		0.0484837633		44		0.0583937161

		T1		0.2482998362		81		0.1103710541

		T2		0.1507302219		93		0.1003785159

		T3		0.165816233		93		0.0977247103

		Total		0.1297894517		723		0.1225814454
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		Before Push														Line Crews
Original Procedures		Test Crews
Original Procedures		Test Crews
New Procedures
Week 1		Test Crews
New Procedures
Week 3		Line Crews
New Procedures 
4 Months		Line Crews
New Procedures
8 Months

		number of ones for all events (includes those not consistent across forms)												Before Push		0.0373831776		0		0.0208333333		0		0.0272108844		0.0251572327

		group		Mean		N		Std. Deviation						Pushback		0.046728972		0		0.0107526882		0		0.0816326531		0.0188679245

		I1		0.0272108844		147		0.2008740569						Taxi Out		0.046728972		0.012345679		0		0		0.0612244898		0.0377358491

		I2		0.0251572327		159		0.1570973066						Takeoff		0.0841121495		0.024691358		0		0.0107526882		0.0544217687		0

		O		0.0373831776		107		0.1905916134						Cruise		0.0373831776		0.012345679		0		0		0.0544217687		0.0253164557

		S		0		45		0						TOD-10000		0.0841121495		0		0		0		0.0068027211		0.0189873418

		T1		0		83		0						Approach/Landing		0.1214953271		0.037037037		0.064516129		0.0322580645		0.0612244898		0.0253164557

		T2		0.0208333333		96		0.1435758862						Taxi In/Shut Down		0.0934579439		0		0.0107526882		0		0.0816326531		0.0188679245

		T3		0		93		0

		Total		0.0191780822		730		0.1468998653

		Pushback

		number of ones for all events (even those not consistent across forms)

		group		Mean		N		Std. Deviation

				0		5		0

		I1		0.0816326531		147		0.3207483561

		I2		0.0188679245		159		0.1364884246

		O		0.046728972		107		0.2120509715

		S		0		44		0

		T1		0		81		0

		T2		0.0107526882		93		0.1036951695

		T3		0		93		0

		Total		0.0288065844		729		0.1830565491

		Taxi Out

		number of ones for all events (includes those not coded 0/1 and those not consistent across forms)

		group		Mean		N		Std. Deviation

				0		6		0

		I1		0.0612244898		147		0.2675226222

		I2		0.0377358491		159		0.1911587733

		O		0.046728972		107		0.2526530013

		S		0		44		0

		T1		0.012345679		81		0.1111111111

		T2		0		93		0

		T3		0		92		0

		Total		0.0288065844		729		0.1830565491

		Takeoff

		number of ones for all events (includes those not coded 0/1 and those not consistent across forms)

		group		Mean		N		Std. Deviation

		I1		0.0544217687		147		0.2814422962

		I2		0		158		0

		O		0.0841121495		107		0.3398527796

		S		0.0227272727		44		0.1507556723

		T1		0.024691358		81		0.1561496591

		T2		0		94		0

		T3		0.0107526882		93		0.1036951695

		Total		0.0290055249		724		0.198161969

		Cruise

		number of ones for all events (includes those not coded 0/1 and those not consistent across forms)

		group		Mean		N		Std. Deviation

				0		2		0

		I1		0.0544217687		147		0.5072395468

		I2		0.0253164557		158		0.3182229137

		O		0.0373831776		107		0.1905916134

		S		0		44		0

		T1		0.012345679		81		0.1111111111

		T2		0		97		0

		T3		0		92		0

		Total		0.0233516484		728		0.2839179173

		TOD

		number of ones for all events (includes those not coded 0/1 and those not consistent across forms)

		group		Mean		N		Std. Deviation

				0		5		0

		I1		0.0068027211		147		0.0824786099

		I2		0.0189873418		158		0.1369140782

		O		0.0841121495		107		0.3665621862

		S		0.0909090909		44		0.2908033635

		T1		0		81		0

		T2		0		93		0

		T3		0		93		0

		Total		0.0233516484		728		0.1763258752

		Approach

		number of ones for all events (includes those not coded 0/1 and those not consistent across forms)

		group		Mean		N		Std. Deviation

				0		5		0

		I1		0.0612244898		147		0.3145880062

		I2		0.0253164557		158		0.1575839515

		O		0.1214953271		107		0.355821674

		S		0.0454545455		44		0.3015113446

		T1		0.037037037		81		0.2472066162

		T2		0.064516129		93		0.2470016552

		T3		0.0322580645		93		0.2308591187

		Total		0.0549450549		728		0.2669358397

		Taxi In

		number of ones for all events (even those not consistent across forms)

		group		Mean		N		Std. Deviation

				0		5		0

		I1		0.0204081633		147		0.1418752952

		I2		0		156		0

		O		0.0934579439		107		0.376996829

		S		0.0227272727		44		0.1507556723

		T1		0		81		0

		T2		0.0107526882		93		0.1036951695

		T3		0		93		0

		Total		0.020661157		726		0.1689320722
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Mean Number of Problems

Figure 1.  Mean Number of Problems on Target Items per Flight





Figure 2.  Average standard deviation in proportion of 
problems
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Figure 3.  Problems on Target Items by Phase of Flight
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Table 1.  Pilots’ perceptions of flight under the new procedures as compared to flight under the old 
procedures 4 and 8 months following adoption of the new procedures. 

Question Response 

Compared to legs flown under the old 
procedures, on this leg: 

Worse Same or Better 

How well did things go overall?      4 Months 

8 Months 

10.0 % (12) 

2.2% (2) 

90.0%   [26.9 (32); 63.1 (75)] 

97.8%   [18.7 (17); 79.1 (72)] 

How well did you and the other 
pilot communicate? 

4 Months 

8 Months 

3.3 % (4) 

2.2% (2) 

96.6%   [26.1 (31); 70.5 (84)] 

97.8%   [23.1 (21); 74.7 (68)] 

How well did you and the other 
pilot check / monitor each other? 

4 Months 

8 Months 

2.5 % (3) 

3.3% (3) 

96.6%   [22.7 (27); 73.9 (88)] 

96.7%   [17.6 (16); 79.1 (72)] 

How well did you and the other 
pilot check / monitor the aircraft 
systems? 

4 Months 

8 Months 

2.5 % (3) 

0.0% (0) 

97.6%   [38.7 (46); 58.9 (70)] 

100.0%   [31.9 (29); 68.1 (62)] 

How tired were you? 4 Months 

8 Months 

10.9 %  (13) 

4.4% (4) 

89.1%   [66.4 (79); 22.7 (27)] 

95.6%   [69.2 (63); 26.4 (24)] 

How stressed did you feel? 4 Months 

8 Months 

12.5 % (15) 

2.2% (2) 

87.4%   [53.8 (64); 33.6 (40)] 

97.8%   [58.2 (53); 39.6 (36)] 

How much effort did you 
expend? 

4 Months 

8 Months 

15.0 % (18) 

5.6% (5) 

84.8%   [44.5 (53); 40.3 (48)] 

94.4%   [42.2 (38); 52.2 (47)] 

How rushed were you? 4 Months 

8 Months 

13.4 % (16) 

5.5% (5) 

86.5%   [21.0 (25); 65.5 (78)] 

94.5%   [22.0 (20); 72.5 (66)] 

Note.  Reported percentages are based on the total number of responses.  Numbers in () parentheses are 
the actual number of responses.  Values in [] brackets are: [percent responding “same” (number); percent 
responding “better” (number). 

 



Additional Information:

Or contact me at: Immanuel.Barshi@nasa.gov



Thank you!
FSF Safety Forum

June 2023

Immanuel.Barshi@nasa.gov
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