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I. Introduction

This report covers the first nine months of research on genmeral
aviation pilot error under Technical Task Directive #2, DTRS contract
#57-85L-C-00101. It constitutes Phase I of the contraci ané embraces four
subtasks:

1. Selection of Pilot Error Types for Modeling

2. Pilot Error Modeling

3. Model support: The design of an instrument to study response of

pilots to weather scemarios.

4, Protocol analysis of pilot weather forecasting strategies.

In addition this report will discuss plans for Phase II, "Defining
the Limits of General Aviation Pilots' Understanding of Weather,” as
identified by the CAWT (Computer Aidéd Weather Test) and the protocol
analysis tests of high and low time pilots. Phase III, which depends

upon the Phase II findings, will be concerned with developing methods

for improving the pilots' understanding of weather.



II. Justification for Selected Pilot Errors For Project Focus

This research examines pilot error through the mechanism of a "model” or
representation of pilot error. A model in this context begins essentially
with a conceptualization of pilot error. From this conéePCualization flows a
requirement for specific data inputs to allow the model to be enriched and to
provide construct validity. Indeed the value of a model lies both in its
generality, that is its ability to account for a wide variety of known pilot
error situations, and in terms of its ability to spell out specific research
studies to provide data inputs for model credibility. 1In addition the
elements of a model should lend themselves to generating specific
countermeasures, that is intervention strategies to break the chain of events
leading to an accident.

In tha c;se of pilot error, a model can involve process or time based
events leading up to an accident or it can address those characteristics of
pilots who are overrepresented in a class of accidents. The latter models
emphasize pilot attributes or personality factors such as attitudes, feelings
of invinecibility, risky proclivities, macho pretensions, etc. These models not
only involve difficulties in measurement objectivity but also involve
countermeasures which require changing of attitudes. Those same attributes,
as "coantrol ome's own destiny”, a "lack of fear”, and “self confidence”, which
lead to accidents, are also essential attributes of successful pilots.

A process model focuses on events in the causal chain leading to an
accident. Typically it does not assume an accldent prone pilot, but rather
emphasizes failures of detection, interpretation and decision méking.
Decisional error is a primary focus in this research. Generally as models
embrace a wider scope they must of necessity become very general. The .
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ultimate case then becomes one of arguing for such generalities as

carelessness, which explains both everything and nothing and gives little hint

to countermeasure design. In contrast the emphasis of this research task 15 

on process models for'specific types-of common pilot er}ors. Models developed

will be tested against several criteria:

1.

2.

3.

Their ability to explain a large percentage of accidents of a
specific type.

Their ability to spell out specific research to understand and to
verify elements in the models.

Their ability to specify implementable countermeasures to reduce the
probability of pilot error.

Selection of error types for this project should meet the following criteria:

l.

2.

3.

4o

Pilot errors involve detection, diagnosis and/or decision making
A high frequency of accidents with these errors
A high severity of accidents with these errors

Error countermeasures which can be impleménted

Using these criteria the research team proposed to initially focus on three

types of error:

l.
2.

3.

VFR flight into IMC
Pilot fuel mismanagement (exhaustion or starvation)

Pilot response to critical inflight events, for example power plant

‘failure

In terms of the top ten causes for general aviation accidents (NTSB, 1981) as

shown in Table 1, the three proposed errors rank tenth, fourth, and third,

respectively. VFR into IMC is first in accident severity. The number omne

cause, in Table 1 'inadequate preflight', is an essential element in all three

selecteq errors above. 1In addition pilot difficulties with these three

situations can lead to the second, fifth, seventh and ninth causes, that is

3



fuel exhaustion, failure to maintain flying speed, selection of suitable
terrain, and misjudgment of speed and distance. Hence, modeling the three
proposed errors should account for a significant percentage of pilos accident
causes.

Support for the three selected errors comes from tWwo other sources. An
inquiry with the FAA Accident/Incident Data System (AIDS) data for general
aviation has revealed 1600 critical inflight events over the 1980-1985 period
--almost one failure per day. A second inquiry revealed over two thousand
fuel mismanagement cases based on a sample from 3380 cases over the period
1980-1985. A third inquiry from this data set révealed 1106 cases of flight
into adverse weather.

Jensen & Benel (1977) report that from 1970 through 1974, 5700
fatalities were recorded of which 12.5% involved VFR into adverse weather.
See Tables 2, 3, & 4., This is the iargest single cause of thé 54 errors
reported. The next major cause is spatial disorientation (9.282) which is
often the consequence of VFR pilots in IMC. In terms of frequency, fuel
mismanagement was the fourth highest feported error. !

An inquiry of the NASA Aviation Satety Reporting System (ASRS) data base
revealed over 400 cases in the first half of 1986 involving the three related
pilot errors. This suggests that these types of pilot error continue to
occur today.

While accident statistics provide ample evidence for the importance of

the three error types, the selection of these error types 1s also based upon

the nature of the errors. All three could be categorized as knowledge based

——

l Jensen, R. & Benel, R. A., Judgment evaluation and instruction in
civil pilot training, Springfield, VA, NTIS Final Report FAA-RD-78-24.
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Table 1

Top Ten Causes
For All General Aviation Accidents'- 1981

Accident Cause
Pilot-Inadequate preflight preparation and/or planning.
Pilot-Failed to obtain/maintain flying speed.
Powerplant-Failure for undetermined reasons.
Pilot-Mismanagement of fuel.
Fuel exhaustion.
Material failure.
Pilot-Selected unsuitable terrain.
Pilot-Improper leivel off.
Pilot-Misjudged distance and speed.
Pilot-Continued VFR into adverse weather conditions.



Table 2. Number of fatal and nonfatal civil aviation accidents in which the
pilot in command is listed as the cause or a factor for all
accidents occurring between 1970 and 1974 for skill based activities
(Jensen and Benel, 1977).

Skill Based Errors

Fatal Nonfatal
1. Delayed action in aborting takeoff 5 236
2. Delayed in initiating go-around 32 380
3. Failed to see and avoid other aircraft 128 196
4. Failed to see and avoid object 166 75
5. Misjudged distance, speed, altitude, 351 2864
clearance
6. Failed to maintain adequate rotor RPM 16 153
7. Improper operation of powerplant coatrols 53 685
8. Improper operation of brakes/flight comtrols 1 688
9. Improper operation of flight controls 164 569
10. Improper liftoff 10 1596
11, Improper compensation for wind 12 550
12. Control interference 0 1
13. Improper recovery from bounced landing : 5 811
l4. Spatial disorientation 528 60
15. Failure to maintain directional control 13 . 1978
16, Premature liftoff . 11 302
17. Failure to abort takeoff 26 257
18. PFailed to initiate go around 8 637
19. Exceeded design stress limit of aircraft 121 16
Total for Perceptual-Motor Activities 2496 14561
Percent of total pilot caused accidents 43.8 56.3



Table 3. Number of fatal and nonfatal civil aviation accident in which the
pilot in command is listed as the cause of a factor for all
accidents occurring between 1970 and 1974 for rule based activities
(Jensen and Benel, 1977).

RULE BASED ACTIVITIES (Procedural)

Fatal Nonfatal

1. Failed to extend landing gear 1 255
2. Failed to retract landing gear 4 14
3. Incorrectly used miscellaneous equipment 14 62
4. Improper IFR operation 110 66
Se Improper fuel management 105 1231
6. Improper starting procedure 1 30
Tie Failed to assure gear down and locked 1 207
8. Misused or failed to use flaps 27 235
9. Inadvertently retracted landing gear 0 104
10. Retracted gear prematurely 1 2
Total for Procedural Activities 164 2230
Percent of total pilot caused accidents 4.6 8.6



Table 4., Number of fatal and nonfatal civil aviation accidents in which the
pilot in command is listed as the cause or factor for all accidents
occurring between 1970 and 1974 for knowledge based activities
(Jensen and Benel, 1977).

KNOWLEDGE BASED ACTIVITIES (Decisional)

Fatal Nonfatal

l. Operation of aircraft with known deficiencies 84 201
2. Operation beyond experience/ability 170 368
3. Continued VFR into known adverse weather 717 343
4. Continued flight into known severe turbulence 18 7
Se Improper inflight decisions/planning 236 597
6. Exercised poor judgment 235 767
7. Operated carelessly 7 38
8. Selected unsuitable terrain 22 1230
9. Initiated flight into adverse weather 124 61
10. Psychological coundition 11 4
ll. Selected wrong ruaway 11 341
12. Failled to follow approved procedures 145 425
13. 1Inadequate preflight planning or preparation 511 2341
l4. Lack of familiarity with aircraft 121 611
15. Started without proper assistance 6 89
16. Became lost/disoriented 68 248
17. Taxied, parked without proper assistance 0 67
18. Left aircraft unattended 1 8
19. Diverted attention from operation of aircraft 111 501
20. Inadequate supervision of flight 62 610
2l. Spontaneous improper action 15 119
22. Misunderstood orders/instructions 3 20
23. 1Inadequate training 0 5
24. Direct entry 9 _14

Total for Decisional Activities 2940 9087

Percent of total pilot caused accidents 51.6 35.1



pilot activities, i.e. decisional errors rather than skill or rule based
errors. ‘This is consistent with the emphasis in this research project on
information and its effect on pilot decisional errors. For example, seeking,
recelving, interpreting and forecasting weather is essential for minimizing

VFR penetration into IMC,
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III. Results from Analysis of General Aviation AIDS DATA

é; Introduction

In order to develop valid conceptual models of pilot error, it is essential to
examine the contribution of the accident data base. With the cooperation of the FAA

office at Oklahoma City the project team was able to secure printouts of 1600 cases

of critical inflight errors, 2100 cases of fuel mismanagement and 1100 cases of flight
into adverse weather for the perigd 1980-1985. To be reportable in this data base, an
incident or accident must have involved either a fatality, an injury or substantial
damage.

A sample of data entries is shown, Figure 1. An explanation of the codes used
in this data base is provided in Appendix A.

It 1s evident that the reported description of the accident is not conclusive.
Often certain data are not available, e.g. pilot ratings, weather etc. Perhaps the
. greatest weakness of this accident data base as with most accident data bases is the
lack of "why" information. We can often infer what happened in the given instant,
but not the reasons behind the behavior of the pilot. Also, exposure metrics are
not available, i.e. what percent of pilots in the population have less than 500 hours.
This 1is necessary to interpret a finding that some percent of injured pilots have
less than 500 hours. Nonetheless such data can be useful in understanding the nature
and conditions of a class of pilot error. This is not to suggest that pilot error ‘is
always present in a given accident. Each data set will be briefly described and
summarized by means of random samples of 100 cases.

E; Fuel Mismanagement Cases

In this paper fuel mismanagement is a general term which embraces fuel starva~
tion, i.e. the plane had an emergency landing with fuel on board in one of its tanks,

fuel exhaustion, i.e., all the fuel was consumed before the aircraft made an emergency

10



landing and "low fuel” which means the pilot recognized imminent exhaustion
and elected an emergency landing while power was still available.

Appendix B-] depicts the yreakdown of the fuel mismanagement data by
various accident characteristics. Examination of primary causes behind the
fuel mismanagement cases in the AIDS data base provides further support for
relating knowledge based systems and pilot errors. Some of the major errors
were:

1. poor preflight habits in fuel assessment

2. failure to note cap & vent status

3. improper fuel consumption estimation

4, improper power setting during flight

5. no schedule for tank selection

6. lack of knowledge of aircraft tank size, consumption rates, etc.

7. failure to account for weather caused route deviatons.

Of interest is the fact that in 90% of the cases the weather was VFR and
83% took place in the daytime._ Two thirds occurred in cruise conditions.

Ninety five percent were nonfatals and 782 did not involve injury.

The potential for injury is considerable when one realizes there were
2200 cases over a 5 year period or 440 cases/year reported. How many
unreported cases resulted in successful emergency landings can only be
estimated. The incredible aspect of this pilot error is that it is completely
preventable with proper preflight checks of fuel status and a reasonable
calculation of fuel requirements. This is clearly the case since 532 were
assigned "improper preflight.” This is a good example of how "Back to Basics"
should apply.

Experience does not'appeat to be a factor since over half the pilots

i
involved had over 500 hours total flying time, suggesting the possibility of

—

complacency with regard to fuel management. Fifty percent of the pilots

12



involved had less than 100 hours in the plane's make and model which accounted
for 547 of the fuel starvation cases. It appears that lack of familiarity of
tank selection procedures is a causal element.

C. Critical Inflight Events (CIFE)

Examination of a random sample of 100 of the 1500 ca;es of inflight
emergency reveals an overwhelming percentage associated with engine failure or
alleged engine failure (code 7200) (~ 75%). See Appendix B-2. Electrical
failure occurred in 6% of cases and vacuum failure in about 1%.

Most failures occurred duriné cruise (44%), 907 were in daylight, 98%
were in VFR conditions. Analysis of pilot experience levels revealed only 27%
of the pilots had less than 500 hours total experience, but 41% had less than
100 hours in the plane's make and model. This suggest that CIFEs are much
more common for pilots flying aircraft with which they have limited
experience.

The consequence of CIFE's were that 392 involved injury and 6% resulted

in fatalities.

D. Accidents & Incidents of Fligg; into Adverse Weather

A sample of 100 of the 1100 cases of flight into weather reveals that
nearly twice as many of these accidents occurred in daylight vs. nighttime
conditions (60Z vs. 34Z). Without exposure data this is difficult to
interpret. It would seem obvious that weather is more difficult’to evaluate
in night flying. See Appendix B-3. The most frequent visibility restriction
was fog (502) followed by rain (197). Almost 24% of the pilots in these cases
had received a weather briefing. This suggests the possibility that either
the briefing's format or content or the pilots' comprehension of the briefing
was inadequate. There was no way to infer from the data the possibility of a

"busted forecast."

13



When a second sample of 100 cases of VFR into IMC was examined, it was

found thaE‘ZZELigxgiyed night flying (see Appendix B-4). This appears to be a
signifié;;c finding in light of ghe problems of weather evaluation at night.
As reported above for the original data set a significant percentage of VFR
into IMC cases (35Z) received a weather briefing. Twenty-six percent of the

e

cases involved mountainous terrain. Like night flying, mountainous terrain

clearly complicates the VFR into IMC problem. These incidents are oot

experience related.

Only 27X of these accidents involved inexperienced (less than 200 hours'
total flying time) pilots. (Forty-three percent of these accidents were by
pilots with an excess of 500 hours total flying time.) It should be noted
that the data are not related to weather exposure hours.

Finally, 612 of accidents associated with flight into weather
involved at least ome fatality. This points out the need for effective

countermeasures.

14



IV. Development of Pilot Error Models

For the three accident types above, conceptual "process" models Qéte
developed which encompassed a wide variety of scenarios under this pilot error
type. The models emphasize pilot information acquisition and decision-making.
These models were conceptualized in view of our perceptions of a typical
Pilot's mental processes prior to and during a flight. At the same time, the
models highlight those processes which are reported as being causal in the
AIDS data base. The three models are shown in Figures 2, 3, and 4. They
depict the decisional process, list typical errors, contributing factors and
propose needed research.

For example, in the CIFE model, Figure 2, the decision of the pilot to
abort or not abort his flight following the detection of a flight emergency
represents a logical consequence of inflight surveillance. Since the AIDS
data reveals that 44% of CIFEs occur during cruise conditions, it suggests
that. better surveillance reflects a potentially key intervention point.
Similarly, the model asks if the pllot considers whether or not an immediate
landing is required. The data base reports that over 65% of reported flight
emergencies involve engine failure or alleged engine failure which force
landing decisions.

Likewise for the fuel management error model, Figure 3, the pilot errors
in ascertaining the preflight fuel system status and fuel requirements are
reflected in the AIDS data which reveal that 53% of the causes of fuel
mismanagement were assigned the cause of "improper preflight.” The model also
highlights the possibility of 'inappropriate enroute fuel transfer procedures'
such as tank selection, the AIDs data suggest that these errors account for

22% of accidents of this type.

15



In the VFR into IMC model, Pigure 4, the process starts with the question
of prefliéht weather briefing. The AIDS data demonstrate that 16% of GA
pilots fail to perform this activity. The model also addresses whether or oot
the pilot was able to maintain aircraft control in IMC. The AIDS data indicate
that 16X of GA pilots were unable to demonstrate this control. In addition to
mapping our conceptualization of the logical sequence of events in these pilot
error scenarios, Figure 4 also enumerates possible procedural errors which
pilots might commit, such as faiiing to understand weaéher information., 1In-
this error type knowledge of enroute weather sources is a contributing
factor.

There are some interesting commonalities of these three process models.
In each the critical role of the preflight planning state offers an
opportunity for error commission or failure to detect subsystem problems.,

Each error conceptualized also recognizes the value of subsystem and/or
weather change detection a;ring flight. Good mbnitoring performance can often
provide early detection and time for safe recovery. Finally, the three models

point out the need for crisis management on the part of the pilot when he has

to deal with weather or subsystem changes in the face of emergency action.
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Critical Inflight Event Model -- 9/15/86 Subsystem Failurea RF 717989

ERRORS

CONTRIBUTING FACTORS

Characterfze CIFE by 1.

whether warning precede failures

2. whether fallure 18 sudden or gradual
3. whether A/C controllable after
failure
START
———.———,, 0
YES

CIFE Detected with
preflight?

Dectsion to
fly

NO

YES

CIFE detected at
engine check?

YES

NO

| TAKE OFF |

CIFE detectable
before faflure?

Decision to
Abort

NO

NO

System
Failure
Occurs
Diagnosis &

— 3 - YES

Percefved \
CIFE

Corrective
Action

occurs

Immediate
Landing Required?

4441#0

YES

Landing

OFF A/P I

Pilot capable of
crisis management?

YES

SAFE
END

FIGURE 2
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1. 1Inadequate Preflight

2. Fails to recognize early
warninge of problems

3. Falls to do sequence check

4, Decldes to fly despite system
descrepancies

5. Falls to recognize early

warnings
6. Fails to monitor {mstrument
readings
7. Fails to notice small
discrepancies in flight
seneatione
8. Fatls to notice lack of

sgreement of related instrumente
9. Diagnostic Error
10. Error in estimation of urgency
I11. Improper corrective action ¢

12. Poor emergency flying skille

1.
2.
3.
4.

No checkliet

Poor preflight habits

In & hurry - distracted

Lack of knowledge of A/C systems
Unfamiliar with A/C

Willing to accept riskas

Unfamiliar with A/C

Overloaded with stick and rudder
Doesn't understand A/C system
Paor scanning discipline

Information overload

Poor stick and rudder skills
Pilot health (fatigue)

No emergency checklist

RESEARCH NEEDS

Where are errors most likely to occur in the causal sequence?

Which errore sre most severe?l

How fimportant are stick & rudder skills in earlyCIFE detection and

diagnosis?

How to better perform preflights with CIFE's in mind?

How to prepare pilote for crisis managesent?
How to use available resources in flight?
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PILOT FUEL MISMANACEMENT MODE)L. - 9/15/86 RF 717989 ERRORS CONTRIBUTINC FACTORS
' 1. No visual check of fuel status
| _START | 2. Fatlure to drain tanks A. ). Poor preflight hablts
B 3. Faillure to check caps & vents 2. 1In a hurry
a5 4. PFailure to select proper tank 3. Willing to make assumpt {ons
A. PUEL SYSTEM STATUS B. PUEL REQUIREMENTS 4. Distracted
1. Asount l. Flight distance B. 1. Mtacalculate route miles 5. Not using checklist
& Type 2. Power Setting 2. Miscalculate fuel coneumption/
2. Contaminante 3. Consumption data power setting B. 1. Ignorance of burn rates
3. Cap Status 4. Winds aloft 3. Faflure to get winde aloft 2. Ignorance of enroute weather
4. Vent Status 5. Reserve at alternate 4. Fatlure to plan an alternate 3. Ignorance of fuel calculations
5. Tank(s) in Use 6. Related Notams 5. Fallure to account for traffic 4. Willing to make sasumptions
) 7. ATC Holdalloutlngl delays 5. 1gnorance of potential ATC
8. Altitude Selection C. i. Faflure to observe refueling delays
FUEL C. 1. Assusptions on alrport hours
ADEQUATE? C. FUEL ADDED of operatfon
NO l. Type 2. Assumptions of fuel type
I 2. Amount avallable
YES 3. Tank(s) _
| 'r»‘.leon |
= =8 [ =l Thal B D Pl [l b. 1. Poor leaning procedure D. 1. 1Information overload
5 D. ENROUTE 2. 1Improper tenk selection echedule 2. Preoccupation with afrcraft
PROCEDURES 3. Fatlure to use proper control
l. Leaning Technlques suitching procedures 3. Unfamillar with atrcrafe
2, Tank Selection Schedule 4. Fatlure to update ground speed 4. Lack of discipline tn power
3. Tank switch procedures ° 5. Tlmproper power mansgement mansgesent
4. Ground speed checks 6. Poor selection of refueling
5. Weather tinduced airporg
route changes 7. Fatlure to have notams
6. Power manageament
7. ATC Delays I - e
! E. I. Poor emergency flying E. l. Lack of emergency tralning
| FUEL_ADEQUATE? | YES  |SAFE END| | |Atreort selected okille i 2. ATC assistance
. For Refueling 2, Falls to use ATC assistance. 3. Pilot health (fatigue)
NO YES | 4. No emergency checklist
— L m oy = s = — N L PN -
E.{Can It be Compensated For - NEEDED RESEARCH
By Power or Altitude Changes? YE
. Pilot sisunderstanding of enroute weather and changes.
2. Why pilote assume fuel system status?
PILOT CAPABLE OF 3.  Why pllote make tank selectfon errora?
NO OFF A/P LANDING? 4. How to avoid mismatching errors In fuel type?
L 5. Why pilote fail to know fuel related aircraft charactertstica.
Fuel Sufficient for €. g. consusption vs. power settings?
Atrport Diversion? NO NO 6. Relative frequency & severity of errors
7. How to prepare pilots for crisfs managesent.?
|CRAS"| 8. How to prepare pilots for off A/P landings.
YES
FIGURE 3




CONTRIBUTING FACTORS

A MODEL FOR VFR FLIGHT INTO IMC 9/15/86 RF717989 TYPICAL ERRORS
Appropriate source of NO l. Feiled to get NOTAMS big
weather avallable for veather picture and weather
planned flighe forecast, (used wrong source).

2. Failed to understand weather.
YES 3. PFelled to use weather in
Weather forecast sought NO flight planning.
inflight planning? 4. Failed to prepare navigation
alternatives for weather
IYES contingencies.
Y NO
Weather understood?
JYES
Contingencies made for | NO
possible weather changes|
YES
e | 10
| TAKEOFF|
Weather changes detected 5. Failed to get correct
, NO i weather.
JYES 6. Poor fuel mansgement in face
Enroute weather sought? , of weather changes.
NO ’ 7. Failed to note changes in
YES weather enroute.
— T ¥y - T - = — — — — = — = 7 71 ~1ls. Fratled to note forecast
Able to manuever to avoid would not hold.
IMC? (180° or Altitude Penetration | 9. Failed to get weather
Change or Route Diversion) NO into IMC i updates.
YES YES 10. Failed to let ATC know of
Iym a ) pending weather induced
Safe | | Contact problems.
End YES |ATC Save? YES | arc? ||} Failed to consider 180° or
- NO NO diversion before IMC.
{{12. Failed to note weather trendr—
Ability to 13. Failed to uase arrival ‘
____t NO maintain i weather sources. |
| atrcrafe ) \
Crash I;\ control T T mEe . = TS
NO YES 14, Failed to keep aircraft
\\\\\\\\\ under control.
i YES Able to return {115. Failed to contact ATC for
N to VMC sssistance

. How to pinpoint weather interpretation confusions in pilot?

2. Why pilots scud run?

3. How to find early indicators of busted forecset?

4, How to prepare pilots for crisis management?

5. Are differing mental modele of weather by FSS, meterologists
and pilots the source of weather comsunication problems?

6. Why do pllote take chances with weather penetration?

7. How to help pilots get enroute weather?

8. Hiow to help pilots get better pre-flight weather?

9. How to help pllots amssess thefir weather flying capabilicy?

FIGURE 4

14.
15.

16.
17.

19.

Inadequate weather
knowledge

Lack of weather experience
Difficulty in obtaining
veather briefing?

In & hurry

Fuel status

Disbelieves forecast
Inexperience in make &
model of A/C

Lack of recent experience
Operatfon in mountains
Operation st night

Busted forecassts

ATC availabilfty
Knowledge of enroute
weather asources

Presence of auto pilot
Stick and rudder

skills 13

Poor cosmunication ekills
Mission or passenager
induced etress

Radar cosmunications
limitations

ATC Radar

NEEDED RESEARCH

10.

through the windshield?
.
12.
'3.

(preflight & emroute)
14,

flight decisfons?
15.

How to improve pilot interpretation of weather observed
What are ptlots perception of weather forecast accuracy?
How accurate is weather information given to pilots?

What sources of weather do pilots uee to base decistons

What 1s the process pilots use to make weather related

How are pilot weather information seeking and weather

based declsions relasted to their knowledge of aviation

westher?



v. Research Methodology for the VFR into IMC Problem

The VFR into IMC scenario constitutes a particularly important ;roblem in
general aviation safety. As previously reported, for the period 1980-1985 we
estimate that 1100 such accidents occurred, making it one .of the more frequent
cases of GA pilot mishaps. Even more striking is that of these 1100 cases, a

full 612 involved at least ome fatality, making it far and away the most

severe f ilot accidents (see Appendix B-4). The frequency and

severity of these weather related crashes are nothing new, as indicated by the

Jensen and Benel study (1977).

Clearly this has been and remains a problem which requires immediate
research aimed at reducing these unfortunate events. As suggested earlier, the
available data collected thus far om this problem are insufficient to ascertain
the true causes of this type of accident. Certainly this type of accident
represents an inadequacy in pilot information seeking and decision-making
behavior. But more specifically, what information are these pilots failing to
acquire? Conversely, what information do they rely on and how does that relate
to their subsequent flying decisions? Do they seek too little informatiom to
make good decisions? Are they confused in their understanding of weather
situations? What type of understanding do GA pilots have of weather conditions?

In order to discover some answers to such questions, we initiated an effort
to refine the VFR into IMC model through two weather-related experiments. The
first experiment involves testing pilots through a computer-aided weather test
(CAWT) scenario. A second experiment to be described in the next section
utilizes protocol analysis to help understand how pilots make weather

forecasts.
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A. The Computer Aided Weather Test

The computer aided weather test lnvolves three elements:
a. A simulation of a VFR flight from Greensboro, NC to Athens, OH,
including inflight weather changes which call for pilot
decision making. .
b. A computer aided debriefing of the weather flight.
Ce A computer presentation of a quiz on pilot knowledge and
judgment of weather.
The weather flight route was chosen so as to require flight over
mountainous terrain (which AIDS data determined to be a causal factor in
16% of weather-related crashes). See Table 5. The weather used in this
scenario was actual past weather for that route during stationary frontal
conditions which produced VFR and marginal VFR weather flight conditions.
The pilot was allowed to seek various forms of weather-related information
through the Interim Voice System (IVRS). He is requesfed to seek
any and all information he desires in order to decide if he will make this
trip. This includes aircraft characteristics, flight plan, charts and
weather. The types of information he seeks, the stations from which he
seeks it, the order with which he seeks the various weather relevant data,
and the piloting decisions he makes are all computer recorded and
available for subsequent analysis. It is anticipated that this analysis
will provide a better understanding of the various approaches that pilots
of different experience levels might make which engender potentially
unsafe flying decisions in problematic weather conditions. The subject is
then debriefed to help the experimenter understand the basis for his
information seeking and decisions. Finally the subject is given a weather
quiz, which includes an assessment of both weather knowledée and judgment
in order to better estimate this pilot's understanding of weather

related information.
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' TABLE 5

Crosstabulated percentages for aircraft accident causals.

WEATHER PLAN/WX  WX/VFR UNK  GRND/WTR FUEL/LOW ENRT/TERRAIN

CAUSALS 372 262 8% 3% 32 32
WX/VRF 24% 2 o 5 2 1 3
ENRT/TERRAIN 23% 7 16 0 0 0 o
CNTL/WX 162 10 6 0 0 0 0
PLAN/WX 7% v 2 1 0 0 0
PLAN/FUELOT 5% 1 0 2 1 0 0
FUEL/LLOW 5% 1 0 0 0 o 0
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Appendix C describes the experimental protocol.
Appendix D depicts the computer screens shown to the pilot.

Appendix E shows the weather quiz. Note: For the quiz the pilot can
request a feedback mode which scores each question and, if wrong,
provides the correct answer.

In order to provide feedback to the test subjects on what information
an experienced pilot would have sought for this flight scenario, a weather
savvy pilot description is provided. See Appendix F.

B. The Pilot Forecasting Strategies Study (PFSS)

The second experiment seeks to determine the differences in high and
low time pilot understanding of weather information in a somewhat
different manner. A description of the experimental method and the
weather information materials the subject receives 15 this experiment are
provided in Appendix G.

In this study the subject is also provided wit@ a flight scenario but
is asked to give his best estimate as to the weather forecast at his
destination. (No forecast is available.) The weather used in this
scenario was taken from IVRS in October 14, 1986. Briefly, the weather
pattern that day for this chosen region consisted of a cold front moving
through the Charleston, WV area in a generally west to east flow during
the scenario period. This weather system produced some IFR conditions for
some WV stations but only marginal VFR conditions for Charleston. The
rationale for choosing this particular weather scenario was to alert the
subject to the possibility that IFR flight conditions might exist for
his destination. It was hoped that this weather scenario would (1)

motivate him to exlore the weather information to ascertain the general
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quality of this weather system and (2) would provide weather that could
not be easily forecasted. The subject is permitted to request weather
information in an IVRS-}ike format, seeking as much information as he
desires within available limits. However, in this experiment the subject
is requested to think aloud as he reasons his way toward arriving at his
subjective weather forecast. His spoken thoughts are tape recorded and
subsequently analyzed.

As with the CAWT eiperiment, the subject's protocols are analyzed to
determine the weather parameters sought and terminals used. The
methodology and subsequent analysis here will hopefully allow for a more
complete understanding of the reasoning behind the pilot's weather search
pattern, his general weather comprehension, and the factors involved in
the derivation of his ultimate weather forecast. In this way we hope to
determine if similarities in procedures and comprehension of weather
issues exist among those pilots who are better able to anticipate the
weather forecast and who have done so in a methodical manner.

Such identified processes might be suggestive of training elements to
use in teaching pilots better weather comprehension skills. Likewise,
perhaps we can identify common but troubling procedures which lead pilots
to miss the forecast. The identification of common cognitive errors might
also lead to suggestive recommendations for corrective actions to be taken

with pilots in their training in understanding weather issues.
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VI.

Plans for Phase II Research.

A. Research Objectives and Proposed Schedule

Phase II research which will begin in January 1987 wil} identify the
limits in the understanding and application of aviation weather by the
general aviation pilot based on the research methodology developed in
Phase I described in the previous sections.

The specific objectives for these tests will be to not only identify
pilot weather understanding problems but to contrast high and low time
pllots in this regard. Subject populations for the the two studies are
based on the AIDS data which showed low time pilots were overrepresented
in VFR into IMC accidents and the spectrum of pilot experience available
in the Columbus, Ohio area. The CAWT study will include.30 pilots with a

e —

total hours less than 500 hours contrasted with 30 pilots with above 500

—— ~——

hours of experience. The PFS study will include 15 pilots with a total of
PR A s~

less than 400 hours experience contrasted with 15 pilots with over 900

hours experience. See Appendix H for a breakdown of relevant blographical

variables of the present subject pool for the two studies. It is expected

these tests will be completed by March 30, 1987. Initial data analysis u}f;
(section B below) is expected to take 2 months (March and April)., A ‘)3& U*Jb
preliminary experiment to test methods of improving pilot weather Aﬂqu

understanding and application will be conducted on a sample of 20 pilots JN” \

M .
\

of low and high time background. These tests over May and June 1987 will Nwiﬁﬂij
complete Phase II testing. The final report will be prepared in July and “$$k¢“w

S ———
August 1987 leaving 30 days for sponsor review.

25



B. Proposed Analysis Strategies

1. The Computer Aided Weather Test (CAWT)

The CAWT data analysis is in its initial stages. The input includes
a master computer record (see Table 6) which includes

a. Subject biographical data

b. Order of weather information sought

c. Preflight and flight decisions

d. Debriefing reponses

e. Scored weather g psponses.,

A general analys
Figure 6 depicts a time—bdsed graphical representation of weather
information seeking for the preflight stage for a test subject. The
three-letter codes are the station ide;:ifiers of airports from which
weather information can be obtained. At each station seven pieces of -
information are available, and these are color coded so that trends in the
weather section pattern may be more easily discerned. For example, green
represents forecast weather, and the subject consistently asked for tﬁis
information. Winds aloft is coded yellow, and the subject asked for this
information at only two statiouns. Note that weather information was not
available at PSU, HNN, or PUB. However, the request for information at
these stations was still recorded. Also indicated is the order in which
the subject asked for weather information.

The information requests were converted to weighted scores and
displayed as ratios of information requested to information available at
the bottom of the chart. Responses to key debrief questions and quiz
questions are also presented. Subscores and components score; for weather
inquires are tabulated based on proposed weighted values for weather

inquiries at various stations.
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A correlation analysis involving the measured variables will be
conducted. (See Figure 7).

Following this analysis the CAWT results will be related to pilot
response to specific quiz responses. For example, do responses on
questions on “"scattered clouds as a ceiling” or "clouds AGL versus clouds
MSL" relate to CAWT performance?

The above analysis will allow the research team to characteristize
weather seeking performance. Potential classifications might include:

a. Route tunnel vision (weather sought on route-of-flight only)

b. Testing of forecast accuracy.

¢. Making use of Pireps

d. Establishing the "big weather picture”.

2. Pilot Forecasting Stategies Study (PFSS)
The PFSS data analysis is also in its initial stages. Input
includes |
a.” Subject biographical data
b. Order of weather information sought
c. Protocol of subject's spoken thoughts during a forecasting
task which may include his weather information related:
1. Subgoals
2. Stategies
3. Conceptual errors

4. Deductions
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Figure 8 depicts a graphical representation of the weather
iuform#tion gought and basic summary statistics of the subject's
information selections. The wheels represent the pool of weather
information available at various IVRS reporting stations. The legend in
the lower left describes the type of information.at each station. The
connecting legs represent various Transcribed waatﬁer Broadcast (TWEB)
routes. Weather infwrdpation not obtainable from IVRS is represented by
cross-hatching on the wheels. Subject inquiries are color highlighted. A
summary of the type of inquiries made by the subject is tabulated in the
right hand margin as well as his estimate for the given weather forecast.

Figure 9 depicts a condensed view of a subject's information search
and related cognitions. The 'order of requests' column represents the
actual time-ordered weather inquiries made by the subject. These requests
are assumed to be motivated by.items in the 'racionalé' column which
summarize the subject's explanation as to why hé had made such an inquiry.
"Operating assumptions' are considered to represent assumpcioﬁs upon which
the subject relies to guide his rationale. These_ﬁssumptions are
themselves sometimes the product of obtained weather information. These
constructs and their interplay are then mapped out in a fashion which
reflects the subject's reasoning process at the forecasting task.

Results from these two types of analysis will be used to characterize
weather searching strategies. Proposed questions to be addressed include:
l. How large a picture of the weather system does the pilot try to

draw?
2. How does he attempt to characterize air masses?
3. Does he search for weather fronts? What parameters does he rely on to

accomplish this?
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6.

Is the pilot concerned only with route of flight weather?

Does the pilot rely on assumptions to make the forecast? What are
these assumptions? Does he attempt to validate these assumptions?
What deductions does the pilot make? Are certain sources of weather
information implicated in erroneous deductions? Does the pilot seek
to test deductions?

How specific is the pilot in determining his forecast? Does this
level of specificity relate in any way to the pllot's accuracy in his
forecast? Does it relate to his weather information collection

procedures?
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TABLE 6

ID NUMBER: 113

LAST NAME:

PILOT CERTIFICATION: PRIVATE PILOT

AIRMAN RATINGS:

TOTAL FLYING EXPERIENCE:L 51-100 HOURS

SINGLE ENGINE FLYING EXPERIENCE: 90-1002
INSTRUMENT FLYING EXPERIENCE: LESS THAN 102
BIENNIAL FLIGHT TEST: LAST 180 DAYS

PILOT IN COMMAND HOURS: LAST 30 DAYS

CURRENT FLYING ACTIVITIES: GA (PERSONAL PLEASURE)
AGE: 20-30

PILOT RATED OR CERTIFICATION RECEIVED:L AFTER 1980
MOUNTAINOUS TERRAIN EXPERIENCE: 0-2%

% HOURS OF CROSS COUNTRY: 0-10%

DECISION MAKING:
PRE-FLIGHT: CANCEL FLY
PRE-FLIGHT: FLY WITH ALTITUDE 1500

AFTER UPDATE#1: RETURN TO GREENSBORO
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TABLE 6 (continued)

WEATHER INFORMATION ASKING:

. PRE-FLIGHT: GSO, CURRENT WEATHER, FORECAST WEATHER, AREA FORECAST FOR #1, A
DVISORIES, WINDS ALOFT, PIREPS

PRE-FLIGHT: BKW, CURRENT WEATHER, FORECAST WEATHER, AREA FORECAST FOR #2, A
DVISORIES, PIREPS

PRE-FLIGHT: PSK
PRE-FLIGHT: CRW, CURRENT WEATHER, FORECAST WEATHER
PRE-FLIGHT: HNN

PRE-FLIGHT: ROA, CURRENT WEATHER, FORECAST WEATHER, CURRENT WEATHER, FORECAST
WEATHER, ADVISORIES, PIREPS, WINDS ALOFT \

PRE-FLIGHT: BLF, CURRENT WEATHER, FORECAST WEATHER ADVISORIES, PIREPS

PRE-FLIGHT: HTS, CURRENT WEATHER, FORECAST WEATHER, ADVISORIES, PIREPS
PRE-FLIGHT: CMH, CURRENT WEATHER, FORECAST WEATHER, ADVISORIES, PIREPS
PRE-FLIGHT: TRI, CURRENT WEATHER, FORECAST WEATHER, ADVISORIES, PIREPS
PRE-FLIGHT: CVG, CURRENT WEATHER, FORECAST WEATHER, ADVISORIES, PIREPS

PRE-FLIGHT: PRE-FLIGHT: CVG, CURRENT WEATHER, FORECAST WEATHER, ADVISORIES,
PIREPS

CANCEL FLY
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STRATEGY

DATA ANALY SIS

Q§P§NQ§NT ME ASURES 0§P€NO§NT ME ASURES
EATHER SEEKING DEBRIEF RESPONSES

PREFLIGHT W

Qngm_F,NT ME ASURES
12 SCORE

Qu

¥
‘ LOOK FOR COMMONALITIES \
23

"ofsv:\.op SCORING scnsn_:ﬂ

\A‘ SEVELOP DESCRIPTIVE STATIST |cs‘_\

PERFORM STATISTICAL

ANALYSES FOR DIFFERENCES

N DEPENDENT MEASURES BASED
ON INDEPENDENT MEASURES

DEVELOP CORRELATION MATRIXOF .
INOEPENDENT ANO DEPENOENT ME ASURES:

|

PREDICT PILOT PERFORMANCE ON DEPENOENT
ME ASURES B ASED ON INDEPENDENT VARIABLES
(REGRESS)

I

DEVELOP SEPARA
MATRICES FOR KEY

st

PREDICT PLOT PERFORMANCE
BASED ON KEY VARIABLES AND
SPLITS (REGRESS)

|
| r RESULT SJ

TE CORRELATION
VARIABLE SPLITS

alysis strategy (CAWT)

FIGURE 5 = proposed Data An
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CMH
Cv Fw AD WA PR Al A2 AZ

293031 :}i PKB
d
ATH

CVvG
cvr\uovnn Al A2 AZ

HNN
O
> CRw
2526 27 28 CY FW AD WA PR Al A2 A3
2 L L T T 177

ROA
CW FW AD WA PR Al A2 AZ

BKWw
CY FW AD WA PR Al A2 A3

212223 24

«.
TRI
CVFVADVAPR Al A2 AZ
333435 36
TAKE OFF? v (v SUBJECT *
LANDED AT? S0 TEST DATE /7
SCATTERED CEILING MAX. VFR? N HRS looo =2 000
CEILINGS REPORTED AGL/MSL? v @ RATINGS _AsSEL
CEILINGS SCAT VS. BRKN.? OX] QUIZ SCORE 44 '4/32

CUI;PUSITE ON RrCJUTE OFF RQUTE ADV g_lgEPS WINDS
i 4 10 ! b {/ '}
e 'SR W ¥ L 45

FIGURE 6. Time-based graphical representation of weather information seeking
for the preflight stage of a CAWT subject.

Legend: CW=Current Weather Quiz Score is presented in two
FW=Forecast Weather forms:
AD=Advisories
WA=Winds Aloft 1. Total Score
PR=Pilot Reports (Pirups) 2. Ratio of Knowledge Score

Al=Area Forecast #1 to . Judgment Score
A2=Area Forecast {2 :

A3=Area Forecast #3
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Variable for Correlation Analysis (CAWT)

l. Total Hours

2. Quiz Score

3. composite Weather Score

4, On-Route Score

5. Off-Route Score

6 - Advisory Score

7. Pirep Score

8. Winds Aloft Scofe

9. Pilot Chronological Age

10. Pilot Years Since First Lesson

1l. Total Number of Weather Inquiries

Figure 7: A listing of the CAWT variables for the proposed correlation
analysis.
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OPERATING ASSUMPTIONS

RATIONALE ORDER OF QUESTIONS CONCLUSIONS, AND NOTES
S — N T S O TG L
get big weather picture Assume West to East flow

Weather parameters West / = :
of CRW Location abbrevl-tlons :

BKW = Beckley
determine if meet FARs BLF = Bluefield
CMH = Columbus
Current TOL C, V CRW = Charleston
CVG = Covington
HTS = Huntington
determine TOL pressure LOZ = London
system TOL = Toledo

Current TOL SW

weather abbreviations

develop weather picture
Waest of ROF

Current CVG C,V

WA = winds aloft
TD = temb/dewnoint

determine forecast along
ROF

PN

TWEB 067 forecast

improving conditions forecasted:;

TOL currently exceeds forecast

check current conditions
vs. TWEB forecast;

what is basis for TWEB
forecast?

/ Current CMH,HTS C,V

check current weather West
of CRW

Current LOZ C (continued)

Figure 9: Schematic of a PFSS subject's information search and related
cognitions,
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OPERATING ASSUMPTIONS
RATIONALE ORDER OF QUESTIONS CONCLUSIONS, AND NOTES

/

it's afternoon and LOZ
C is obscured;

wind flow seems from Southwest

over ROF
lends credence 0 West to East
flow of weather

determine SW pattern;

check SW over ROF area \

Current CMH,HTS,LOZ SW

possible frontal system in the

TRl and BLF areas;
possibly moving South;
check suspicions;

determine movement of
possibie frontal system

Current TRI, BLF, BKW C;
Current BLF, BKW V, SW

\ since TWEB says 'improving

conditions North; seems frontal system
is moving East or Southeast thru KE

and Southem WV

determine direction of

frontal movement \
/ Current CRW C,V,SW

determine if any turbulence

forecasted for CRW \

Any CRW sigmets?

TWEB says improving conditions;
things South of CRW are bad;

things back tow. CRW, CMH, TOL are
good;

TOL, CMH are better than TWEB
and slated to improve
(continued) =" |

(Figure 9 continued)
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OPERATING ASSUMPTIONS
RATIONALE ORDER OF QUESTIONS CONCLUSIONS, AND NOTES
L ] - e ——

deterrmine 1! any turbulence

in the region \
. Any convective sigmeis for region?

determine if really in improving
conditions;

check air flow in the TOL area \4‘

Forecast TOL WA

\ appears that we are in
impraving conditions in

TOL area

determine airflow over ROF

Forecast CMH, CRW WA

| TWEB 087 forecast is holding and

is improving;

conditions South of ROF are IFR;
seems like some sort of system is
moving East or Southeast from KE and
Southern WV qver to VA and NC

ESTIMATED ACTUAL
cellings 5000 bkn 3800 bkn
THEREFORE. CRW FORECAST IS FOR
visibility 10 12 VFR CONDITIONS
temp-dewpt 60-50 52-38
winds 290 @ 10 310 @ 8

(Figure 9 continued)
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Figure 8: Graphical representation and dgs t
subject's weather information inquiries.
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