NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE AS MUCH
INFORMATION AS POSSIBLE



(NASA-CR=-160167) FATLIGUL AL ASSOCIATLD N81-220906

PERFORMANCE DECKEMENTS IN ALK TRANSPCLT

OPERATIONS (Battelle Cosuwuus Labs.) 3o p

HC AQ3/MF AU1 CSCL 05k Uuclas
G3/53 21793

N Dk e B e NN




FATIGUE AND ASSOCIATED PERFORMANCE DECREMENTS
IN AIR TRANSPORT OPERATIONS

By E. Gene Lyman and Capt. Harry W. Orlady

March 31, 1981

Distribution of this report is provided in the interest of
information exchange. Responsibility for the contents
resides in the author or organization that prepared it.

Prepared under Contract No. NAS2-10060 by
BATTELLE COLUMBUS LABORATORIES
ASRS OFFICE
625 Ellis Street, Suite 305
Mountain View, California 94043

for

AMES RESEARCH CENTER
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION



Sownd Qe e S

L )

Bk §

4
3
H
H
H

TABLE OF CONTENTS

SITMRY @ ¢ ¢ 6 ¢ ¢ o ¢ o o 6 4 o s 4 0 s e s e e
INTRODUCTION & ¢ & v ¢ o ¢ ¢ o o o o o o ¢ o o o o
APPROACH . . v v v 4 ¢ v v e s o s o o s o o o a s
NASA Aviation Safety Reporting System . . .
Study Procedure . . . « . « ¢« v v ¢ 0 4 .
RESULTS AND DISCUSSION . . . & & 4 4 4 v o s « o o
Operativnal Factors . . . « « v + & « « « &
Enabling Factors . . . + « ¢« s & o &« » & &
Fatigue FAactors « « « « s o o o o o o o « o
FINDINGS AND CONCLUSIONS . . & v v 4 o v 4 s o o o
REFERENCES . . . « . « . . o + & R
APPENDIX A. ASRS REPORT FORM . . . . . . + . . .
APPENDIX B. SUMMARY OF FATIGUE RELATED REPORTS . . .

APPENDIX C. SUMMARY OF COMPARISON REPORTS SET . . .

ORECEDING PAGE RIANY NOT FILMED

iii

Page

11
14
20
21
23
27

31



[ tem——

[rE—

FATIGUE AND ASSOCIATED PERFORMANCE DECREMENTS
IN AIR TRANSPORT OPERATIONS

by

E. Gene Lyman and Captain Harry W. Orlady

SUMMARY

A study of safety reports submitted to the NASA Aviation Safety Report-
ing System (ASRS) was conducted to examine the hypothesis that fatigue and
asgociated performance decrements occur in air transport operations, and that
these are associated with some combination of the factors: circadian desyn-
chronosis, duty time, pre-duty activity, sleep, work scheduling, workload,
and environmental deprivation. The findings of the study are based on a
selected sample of reported incidents 1in which the reporter associated

fatigue with the occurrence.

~

In comparing the fatigue reports with a control set, significant perfor-
mance decrements were found to exist related to time-of-day, awareness and
attention to duty, and - less significaatly - final phases of flights. The
majority of the fatigue incidents involved such unsafe events as altitude
deviations, takeoffs and landings without clearance, and the 1like. Perfor-
mance decrements explicitly associated with fatigue are reported infrequently
to the Aviation Safety Reporting System and are of a kind differing only 1in
frequency from reports of those occurring in the absence of fatigue.
Nevertheless, these fatigue-associated decrements resulted in substant.ve
potentially unsafe aviation conditions. Considerations of duty and sleep are

the major factors in the reported fatigue conditions.

INTRODUCTION

This report describes a study to assess the effects of fatigue on air

crew performance in transport operations where information from the Aviation



Safety Reporting System (ASRS) data fiiles comprised the principal study
resource. NASA requested the study in connection with {ts larger effort to
identify and investigate factors contributing to human error 1in aviation
operations. One facet of that effort is the investigation of the effects of
fatigue on flight deck operations. The present study is supportive of that
effort.

Aviation operational management has always recognized fatigue as a fac-
tor that can adversely affect human performance, Fatigue, however, has eluded
rigorous, quantitative definftion; as a consequence, the nature of Iits
effects are not completely known (1)*, The minimization of unwanted fatigue
effects in organized industry has largely been accomplished by means of work
rules. In aviation, these work rules a‘e reviewed frequently and from time
to time new ones are postulated (2,3). Consideration is given in the formu-
lation of these rules to new evidence, either operational sr scientific, that
suggests changes are justifind. Such new evidence may be contained 1in ASRS

occurrence files.

Consequently, the purpose of the study described here was to review and
analyze incident and occurrence reports submitted to the NASA Aviation Safety
Remorting System (ASRS) relating to fatigue. Specifically, the study was to
examine the hypothescs that skill fatigue** and associated performance decre-
ments occur, and are associated with some combination of the following fac-
tors: (a) circadian desynchronosis, (b) duty time, (c) pre-duty activity, (d)
sleep deficit, (e) work scheduling, (f) workload, (g) environmental depriva-
tion, and (h) other factors found pertinent. The examination was to find
what sort of confirmation of these hypotheses might exist in ASRS reports and
to discover any relationships that might exist between fatigue factors and

performance decrements. This report presents the findings of the study.

*References are listed at the end of the text of the report.,

**Gkill fatigue = a form of fatigue, as distinguished from mental fatigue,
occurring when a contiruing task, such as piloting an alrcraft, requires com-
plex, coordinated, and accurately timed actions and resulting in a decrement
fn the skill with which those actions are performed (4).
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APPROACH

The data to perform the fatigue study were obtained from the NASA ASRS.

A brief description of this program and the analytic procedure follaow.

NASA Aviation Safety Reporting System

In response to concerns expressed by the aviation community about iden-
tifyin; and revealing unknown, or not widely known, safety hazards, the
Federal Aviation Administration (FAA) implemented a safety reporting program
in 1975 (5). To increase the flow of Iinformation into the program NASA was
asked to manage and operate the safety reporting system. They began opera-
tions in April 1976.

The NASA ASRS is a voluntary, confidential reporting system available to
pilots, controllers, and others 1in the National aviation system. Safety
reports may be submitted by these persons about situations, occurrences or
other matters that they believe may affect air safety. As an inducement to
report, FAA offers a limited waiver of . disciplinary action to participants

who may have Inadvertantly violated a Federal Air Regulation.

Reports are submitted to ASRS on a structured form that provides infor-
mation about aircraft characteristics, weather, experience, tvpe of opera-
tion, alrspace and air traffic control, etc. Also space {s provided for the
reporter to describe - in his or her own words - the circumstances of the
{ncident, what happened and why., A copy of the standard report form 1is in

Appendix A,

Upon receipt of a safety report, NASA safety analysts review the report
for completeness and criticalitv of the reported incident. TIf the analyst
believes it appropriate, he may contact the reporter for additional IiInforma-
tion. When satisfied that the report is as complete as possible, the analyst
removes from it the names of the reporter and any other persons or organiza-
tions who may have been identified. The analvst then processes the report
preparing it for entry inio the ASRS data  base, After the safety report

leaves the analvst’s possession there {s no opportunity to obtain additional



inforration about the incident. The analyst - to assure the confidentiality
of the reporter =~ never attempts to corroborate the circumstances of the

reported i{ncident by contacting other parties.

The computer entry for each safety report contains the fixcd field
information, the complete text of the reporter’s comments, and observations
of the analyst. Also, the processed safety report is prepared in such a
manner that 1t may be retrieved from the computer data base by searching on
various descriptors or keywords that the analyst has assigned to the report.
For example in this study "fatigue" was used as a search term and a number of
fixed data fields were screened for the presence of the term. NASA reports

(6) present a more complete description of the ASRS data base.

At the time of the study some 20,000 ASRS reports wevre available for

analysis. The next section describes how the "fatigue" set was obtained.
Study Procedure

Figure 1 illustrates the strategv, adopted to determine which of the
reports should be withdrawn from the ASRS database for review. The study’s
scope was restricted to consideration of only reports Involving air carrier

crewmembers.

General

Problem Tyvpe of Kevwords or
Category Reporter Operation Descriptors
FLIGHT F‘:\T{GUFI. "
CREW CREW AIR &):;ﬁ:({ ;N(,\
FUNCT1ON sort MEMBER CARRIER | _sor oy

—ert 5, ; HER L Sovt s puTy/SCHEDULING

————— e e e n TIME OF DAY

FIGURE 1. SEARCH STRATECY
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Reports resident in the general problem category "flight crew function"
contain reports of a deficiency in flight crew performance. The selection of
only "crewmember" reports assures that the report describes a pilot, or
human, error as witnessed or engaged in; however, reports of performance
deficiencies in other aircraft crewmembers may be obtained. The "air car-
rier" selection assured that the air transport operation criteria would be
met. The reports drawn from the database at this point made up the primary

test set for the study. The set contained 2006 reports.

The purpose of selecting reports in keyword/descriptor catezories other
than fatigue was to assure that every reascnable effort had been made to
locate all reports involving recognized fatigue, whether or not it was con-
sidered the primary factor in the occurrence. The keyword or descriptor
categories selected were perceived as having the most direct bearing or the
independent variables present 1n the problem statement. The reports thus

obtained were reviewed and a fatigue set established.

To test for operational or behavioral differences that might be nore-
or-less uniquely associated with fatigue, a comparison set was also selected.
This set was taken randomly from the primary test set less the reports iden-

tified as the fatigue set.

RESULTS AND DISCUSSION

The test set of 2006 ASRS safety reports represented the population of
air transport flight crew error reports. Applying the screening terms
fatigue, workload, complacency, duty/scheduling, and time-of-day {(midnight to
6:00 a.m.) reduced the test set to 426 reports which were selected for
further evaluation. The distribution of reports by screening category is

shown in Table 1. Some reports were retrieved under more than one categery.

Bartley and Chute (1) suggest that fatigue 1is a personal experience,
i.e., what {s fatigue to one may not be to another. Two examples show such
to be the case. These are reports of the same incident by two crewmembers.

They shared the same bid sequence, but only one suggests fatigue as a factor.



TABLE 1. DISTRIBUTION OF REPORTS
BY SCREENING CATEGORY

Screening Number
Category of Reports
Fatigue 71
Workload 225
Complacency 125
Duty/Scheduling 42
Time-of-Day (midnight-0600) 38

"We were as Flight 123-ATL-XYZ 6-FR-79, scheduled to
depart ATL at =-- ==, Clearance was obtained (for Flt
123) by F/0 from clearance delivery, i.,e., ‘Common &4 as
filed, squawk 6331°. When we started to taxi we inadver-
tently reverted to the flight number we had just flown
into ATL, Flt 890. We were cleared to 9L as Flt 890. I
heard the F/O use Flt 890 in his transmissions but it
didn‘t register at that time. We departed as Flt 890 and
departure gave us a new transponder code. When we
changed frequencies again the $/0 heard us say 890. He
said we were 123 and I informed ATL center of the Flt
call sign change. They had some problem in identifying
our flizht but contact was eventually established and we
maintained VFR until contact was made. We feel that
there are too many flt number changes in a bid sequence
reriod. Use of the alrcraft N number could be a solu-
tion."

“"From ATL to XYZ the proper clearance for Flt 123 was
received and copied by the 1st officer. (As filed, Com-
mon 4, squawk 6331). Prior to Flt 123, we had flown from
ABC to ATL as Flt B890. When the lst officer contacted
ground control he inadvertantly reverted to our previous
vlt 890 instead of using Flt 123. We received taxi, tak-
eoff and climb instructions as Flt 890. During climbout,
the controller gave us a change of squawk and a change of
frequency., I (2nd officer) had just called our company
with the out and off times of Flt 123, so when T heard
the captaln respond to a call for Flt 890 I told him we
were 123, The captain then told the center that we were
Flt 123 and asked if they had a strip on wus which they
did. There was some confusion reestablishing radar con-
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tact, so we maintained VFR until radar contact was esta-
blished. A bid sequence with many flt no. changes and
two early morning checkins probably contributed to the
confusion over the two flight numbers."

Within the fatigue set seven of the incidents were reported by two or
more crewmembers. In four of these fatigue was cited by only one crew
menmber. The fact that crewmembers working wunder {dentical conditions and
involved in the same incident do not report fatigue as a factor in their per-
formance decrement with consistency reinforces the concept that fatigue fre-
quently is a personal experience and that caution must be ex:rcised in making
any generalizations about the presence or absence of fatigue under a given

set of conditions.

Accordingly the only reports evaluated in the fatigue set used in this
study were those in which fatigue was explicitly stated or implied by the
individual reporting. Applying this critericn reduced the set to the 77

unique incidents whose salient features are listed In Appendix B.

In order to examine possible differences between fatigue reports and
others, a comparison or "control" set of 100 reports was drawn at random from
crewmember reports of flight crew functional problems in air carrier opera-
tions, the population from which the fatigue set had been selected. Fatigue
reports were, of course, excluded from the comparison set. After screening
of these reports to exclude reports in which flight crew behavior was not a
part of the problem, and reports that had been submitted by other than an air
carrier crew member, 56 reports remained. These were analyzed using the same
criteria for the reports as in the fatigue set. Appendix C describes these

reports.,

Operational Factors

The fatigue and comparison sets were compared to 1identify operational
differences. Recovery factors, for example, were examined from the stand-
point of who detected and responded to the flight crew’s error. The possi~-
bilities are: the flight crew itself, air traffic control (ATC), or no

recoverv., Examples of no recovery include landing or taking off below



minimums or with no ATC c¢learance. Table 2 shows the results of this
analysis.

No significant difference is observed between the fatigue and control
sets by chi~-square analysis in these categories nor among independent, mutu-
ally exclusive sets of data involving weather, flight time during 1last 90
days, and types of deviations,

TABLE 2. RECOVERY FACTORS COMPARISON

Flight
Crew ATC None Total
Fatigue set 14 36 27 o7
Comparison set 12 29 15 56

The types of deviations reported are presented in Table 3. Although
many of these terms are self-explanatory and are consistent with ASRS data
base coding procedures, several are not. For example, an altitude deviation

could occur based strictly on flight crew action.

‘wee Afrcraft cleared over Cash intersection direct Bluf
maintaln 11,000, Cleared for 9L profile descent shortly
after passing Bluf. Descent began to 8000. At 9200
realized chart had been misread."

Or an altitude deviation could occur due to crew misunderstanding of a clear-
ance,

=== Qur aircraft had been cleared by Oakland Center to
descend to and maintain FL240 at Modesto VORTAC. Subse-
quently we were given an instruction to expect to cross
Locke 1intersection at 10000 ft. Upon reaching FL240 we
continued to descend anticipating~---"

The former example was classed as an altitude deviatlion, the latter a

clcaraggg deviation.
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TABLE 3. TYPES OF DEVIATIONS

Deviation Category Fatigue Set Comparison Set
1. Altitude 25 19
2. Clearance 27 18
Take-off without (2) (0)
Landing without an (3)
Other (14) (15)
3. Course, Route or Heading 8 4
4, Runway, Taxi Excursions k) 5
or Incursions
5. Operational ' 7 5
6. Technical S 2
7. Near Mid-air Collision 1 2
8. Speed 1 1
Toral 77 56

A number of reports were classified as operational deviations. These
reports include approaches to the wrong runway or airport and landings or

take-offs below minimunms.

There were five reports in the fatigue set classified as technical devi-
ations. These include the declaration of an emergency to avoid a diversion
to load additional fuel, a report of sleeping crewmembers, landing gross
welght above certificated levels, operating an aircraft overlooking an MEL
restriction, and flying without having flown a required proficiency check
ride.

The distribution of deviations by flight phase are shown in Table 4.

The catepory OTHER includes pre-taxi and taxiing incidents.



TABLE 4. COMPARISON OF DEVIATIONS BY FLIGHT PHASE

Flight Phase
scent/
Test Take-of £/ Apnroach/
Set Climdb Cruise Landing Othet Total
Fatigue 11 ) 56 5 77
Comparison® 11 10 28 6 5%

X2 = 7,48 10> p > .05

*0One report not coded as to flight phase

Although the differences are not significant®, the deviations within the
fatigue set show a tendency to occur more frequently during the descent,
approach, and landing flight phases. To be noted is that in 14 of the 16
occurrences during the takecff, climb, and cruise phises, the reporter com-
mented that the deviations took place towards the end of the duty period.

The time of day of the deviations was considered. The 1information (is
coded for six hour Intervals, {.e., 0000-0600, 0601-1200, 1201-1800,
1801=2400 where this information was coded. The time represents locai time
of the incident, not necessaril~ "body time" of the reporter. The results

are shown {n Table 5.

The reported deviations occur significantly more frequently between mid-
nizht and 0600 hours. Moreover there were only 38 midnight to 0600 hours
reports in the study set of 2006 reports. Thirty one percent of these were

in the fatigue set.

*The difference might be significant {f the reports in the "Other" category
are associated with pre-takecoff and post landing phases.

10



TABLE

5. COMPARISON OF DEVIATIONS BY TIME OF DAY

Quarter of Occurrence--Hours Inclusive
Test - 0001~ 1- 1201~ 1801-
Set 0600 1200 1800 2400 Total
Fatigue* 12 14 17 14 57
Compar{son** 0 11 29 14 54
X2 = 12,44 p < .01

*20 reports not coded as to time of day.

*%2 reports not coded as to time of day.

Overall, the results obtained from the analysis of operational factors
are not surprising. One would expect a higher proportion of fatigue reports
within the time period midnight to 6:00 a.m. "Back-of-the-clock" flying* has
been alleged to be more fatiguing than operations flown during other hours of
the day. The finding that deviations occur somewhat more frequently during
the descent, approach, and landing flight phases should also be expected., If
fatigue effects do exist, they should be more often observed at the end of a

flight or end of a work day rather than the beginning.
Enabling Factors

Though it is not possible to state with certainty the causes of each of
these deviations, it is often possible to list, for a given incident, one or
more "enabling factors": elements in the history of the occurrence without
which the occurrence probably would not have happened. In particular, it is
often possible to state whether a pilot or crew’s deviation involved a

failure of perception, cognition, or action.

The working definitions used in this study in categorizing these reports

are as follows:

*Flying during the hours conventionally considered to be devoted to sleep.

11
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1. Perceptual tasks are activities that involve awareness
of: the actual and desired state and position of the air-
plane, the flight duties associated with that perception,
and implementing those duties.

2. Cognitive tasks involve the acquisition, understanding,
and effective utilization of informationm.

3. Manual tasks involve the manipulation of aircraft con-
trols and aircraft systems,

Table 6 shows the comparison of enabling factor distributions between
the two sets of reports. The distributions shown between the sets in the
table are significantly different. Decrements on monitoring performance
occurred considerably more frequently in the fatigue set. Examples of moni-

toring failures are:

TABLE 6. COMPARISON OF ENABLING FACTORS

Comparison
Category Fatigue Set Set
1. Perception 40 15
a. Monitoring 34 7
b. Distraction 6 8
2. Cognition 28 26
a. ATC Communication 6 7
b. Charts, Publications 6 6
c. Instrument Readings 3 1
d. Expectations 11 6
e. Misunderstanding 2 6
3. Manual 7 15
a. Handling Aircraft 3 9
b. Setting Instruments 4 6
4., Other 2
Total 77 56

"Enroute from BMS to CLE, we

X2 = 11.84, p < .01

were instructed to maintain
airspeed of 300K. We were radar vectored off course of

12
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V=218 south of Windsor VOR. We were further vectored to
intercept V-218 and cross Sheff Intersection at 10,000 ft
250K. The first officer was flying, and began the des-
cent at 300K. I was calculating our situation in regards
to the crossing restriction and did not notice that the
airspeed increased to 320K. Cleveland Center noticed the
increase in speed, and asked if we had received the 300K
restriction. I replied that we had not. We immediately
slowed to 300K and the Center gave us a further airspeed
reduction. I informed ATC that with the new airspeed
restriction we could not cross Sheff at 10,000 ft. He
replied that he could take care of it. 1 estimate that
we were at 320K for no more than one minute. Notice that
although we had been maintaining 300K before the descent,
1 told ATC that we had not received the instructions.
Several seconds later, I realized that I had experienced
a lapse of attention, but did not wish to further aggra-
vate the situation with a long explanation. I bdelieve
that pilot fatigue was directly the cause of my lapse for
the one minute, combined with my being pre-occupied with
figuring whether or not we were going to be able to com-
ply with the 10,000 ft 250K restriction. The cause of
the fatigue was as follows: the trip originated the pre-
vious morning at 0617, requiring me to arise at 0330. I
estimate that I slept 4 hours. The layover was at the
XYZ--- Hotel in St. Paul, Minnesota. The hotel was full
of teen-aged hockey players attending a championship
playoff. The teen-agers were extremely noisy, requiring
many calls from the crew to the front desk, requesting
security people to put an end to the noise. The arising
time for the return trip was 0500. 1 estimate that I
slept 3 or 4 hours."

"On this series of flights, we were approaching New Orle-
ans Airport (Meisant), which would be our last landing,
and number 10 for the day. Approach vectored us to fol-
low acft B in the pattern also being vectored to land.
We had the acft B 1in sight, and reported this to
approach, but were still given vectors after reporting.
As we were vectored to base, the distance between my A/C
and the acft B began to close, we started to slow and
began approaching 160 Kts and also the localizer, 1 asked
the first officer to query the controller about going
through the localizer, to which the controller responded,
takeover the localizer, cleared visual approach. Things
were very busy from this point on, to get the A/C ready
to land and the X/list complete. A we cleared the runway
and called ground control, (who responded cleared to the
gate), the F/0, vwho was not flying, stated, I don’t
believe we ever talked to the tower. I called the tower
by phone and asked to confirm i{f we had called. He said
we did not., but that there was no problem. I don’t

13




remember approach turning us over at the outer, as is the
normal procedure. Another case of too much to cover in
too little time. Also I realize this is my responsibil-
1tyo"

The enabling factor "Cognition (expectations)" also occurs relatively
more frequently in the fatigue set. An example follows:

"Acft A descending for landing was cleared to cross Sicky
at 8,000, then descend to and maintain 6,000, by New York
ATC. The first officer was flying the aircraft and the
captain handling the communications. I observed the
first officer descending below 8,000 prior to Sicky and
thought perhaps I misunderstood the clearance or he heard
something I might have missed. The controller picked up
the error with his altitude read out and called it to our
attention. The error made in VFR flight conditions. We
continued to 6,000, I had not flown over this route in
the last 3 or 4 months but had flown it many times previ-
ously. As I recall, previous clearances had been cross
Sicky 8,000 or below to maintain 6000, It was this
clearance for many years. Probably 1 was mentally pro-
grammed for a similar clearance and accepted the first
officers departure from the clearance. This was the last
leg (15th) of an arduous three day sequence and fatigue
was a factor."

Fatigue Factors

A variety of factors were presented as being responsible for the
crewmember’s perception that fatigue was associated with the reported devia-

tion. These factors are summarized in Table 7.

As stated previously, incidents were included within the fatigue set
only {f fatigue was either explicitly or fmplicitly cited. A limitation of
the ASRS concept is that the absence of explicit data does not preclude the
possibility that a phenomenon of interest existed within the incident
reported. For example, within the fatigue set .. :re are reports that involve
both long duty perinds and long flight times. The possibility certainly
exists that time zone traversal or transmeridian flight, occured, In only
one report, however, was that information provided explicitly, and insuffi-

cient information was provided in tne report to permit an appreciation of the

14
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TABLE 7. FATIGUE FACTORS

Number of
Category Citations
1. Pre-duty Activity 3
2. Sleep and Rest 23
a. Adequacy of Rest 7
b. Disturbed Sleep 16
3. Duty Period 55
a. No. of Duty Days 8
b. No. of Duty Hours 26
c. Flight Hours 8
d. End of duty period 13
4. Duty Environment 33
a. Night Operation 11
b. Weather 6
¢. Workload Low, or From High to Low
(Low Stimulus) 12
d. Discomfort 4
5. Human Factors (Subjective) 5
a. Tired, Exhausted . 5
6. Workload 18
a. Workload High 4
b. number of Segments 14
Total 137

reporter’s physioiugic state, or the direction of flight. For this reason, a
rigorous transformation of the reported fatigue factors Into the fatigue fac-
tors selected at the initiation of the study (circadian desynchronosis, duty
time, pre~duty activity, sleep deficit, work scheduling, workload, and

environmental deprivation) is not always possible.

More generally, however, varfous of the fatigue factor categories may be

related to the study postulate. For example, reports within the categories,

15
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‘disturbed sleep,’ and ‘night operations’ might well be categorized circadian

desynchronosis. Exemplary of reports in these categories are:

"I was captain on flight from SFO to PHL. We had
reported for duty at 0445 pdt. (This was the third day
of a four day schedule, 1in which we have to get up
between 3 and 4 a.m.) We flew a ferry to RNO and the
flight back to SFO. We departed SFO at 0840. The flight
proceeded normally until descent into PHL. We had been
cleared to 27,000 feet, direct Lancaster. We then
received a clearance to 13,000 feet and were asked to
increase our speed as there was traffic behind us. The
first officer was flying the airplane and 1 was working
the radio., The first officer levelled off at 23,000
feet, thinking he was at 13,000 feet and I reported level
at 13,000 feet,---"

"Copilot was flying the aircraft on night freighter
flight making the Blue Ridge six arrival to DFW, after
passing Blue Ridge VOR he turned to an incorrect heading
or did not properly select his outbound course of 230
deg. This placed the aircraft off to the left
(southeast) of the 1intended course. Approach control
queried if we showed on the correct radial. We replied
negative. We show slightly off to the left to which he
said you are eight miles off centerline turn right to 250
deg. Although no other aircraft were in the area, situa-
tion could have been potentially dangerous during heavy
traffic periods. Factors contributing: copilot was rela-
tively new and was not thoroughly familiar with STAR.
Captain had switched his VOR to DFW 117.0 in order to
have DME to help plan a visual approach and did not prop-
erly monitor copilots progress on the 230 deg radial.
Fatigue was a big factor. Crew had reported at midnight
for a 0130 local dept and had been delayed until 0215 L
because of the lack of an alrcraft. At the time of
occurrence had been on duty seven hours (all night).
Fighting sleep was difficult on last 1leg, 80 alertness
was greatly decreased. As for fatigue - I wish I knew.
I took a 3- hour nap the evening prior to departure, but
since it {s {mpossible to store up sleep, it is !ifficult
to prepare your body for these cccasional all night
trips. Crew rest regulatfons are of no help because the
crew rest comes after the fact."

Workload phenomena were revealed in three ways: (1) high workload, (2)
low workload, and (3) high workload followed by low workload., These relate
back to the original postulates of ‘workload’ and ‘environmental deprivation’

(low stimulus). Examples of the thre: cuategories follow:

16
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High workload. Flt started approach and proceeded beyond
outer marker for R-4R while RVR was reported below 4000
ft, with a ship reported to be 1in the channel. (FAR
121-650).  Approach was broken off about 100 ft above
minimums, as RVR was still below 4000 ft and ship was
still in the channel, though the ground was visible below
the acft and the end of the runway was in sight. Exe-
cuted missed approach and landed on second approach using
lower minimums as the ship was no longer reported to be
in the channel. This inadvertent, but not in any way
dangerous technical violation was caused by crew fatigue,
extremely cluttered up approach plate for this rwy (fine
print notes, etc.) and conditions of moderate to hvy tur-
bulence and wind shears. Crew was unexpectedly called up
for this trip at 0030, departure time was to be 0700.
Between being awakened, packing bag, setting alarm
clocks, short sleep time was avail. Mgmt refuses to ack
that pilots are not computers with a sleep and awake call
out. Appeals to FAA have not helped in any way. Small
print and cluttered approach plate are fine when you are
sitting at a desk, but are not satisfactory under such
adverse conditions as changing 1ight conditions, turbu=-
lence, having to listen to and ack multiple clearances,
and most importantly, fly the airplane. I sincerely
believe that we received at least 20 messages (wx and
clearances) in about 30 min."

High workload to low. "After landing on rwy 5 at BUF, we
cleared the runway and began taxiing southwest toward the
terminal. A tailwind and light airplane caused speed to
pick wup rapidly approaching rwy 14~32. By the time the
F/0 contacted ground control I was about to enter 14-32
at too high a speed to stop. I remembered that about the
time we received our landing clearance on rwy 5 the tower
also cleared a 1light plane to land on rwy 32 (I was
greatly relieved to see the absence of an aircraft in the
approach area of rwy 32). The F/0 made contact with
ground as we began to cross the runway and with resigna-
tion he cleared us to the gate. I think fatigue caused a
lapse in procedures and awareness on the part of both of
us. It had been a long day and it was almost over, with
only one more leg to go. Also, BUF is not as busy an
airport as ORD, from where we departed. Our senses were
Just not as sharp in a more quiet environment than the
busy ones we encounter more frequently.

Low workload. 'Landed without tower clearance, Stapleton
Int’l; Airport, Denver Co., Fairly new first officer.
Approach control cleared flt in and down unusually smooth
and efficient for Denver approach, probably due to late
hour and light traffic. One aircraft ahead was on, and
clear of runway by the time we were over the OM.

17



Approach had cleared us direct to the FAF and then for a
visual approach to 26L at Stapleton with the normal call
hours and checks. I mistakenly thought the F/0 had
called the tower at the FAF or on final. As we touched
down, Approach asked are you still here? I called the
tower by phone and he assured me thare was no problem due
to no other traffic involved and the late hour. I sure
felt dumb letting this get by me."

Of interest is that, {n the fatigue set, situations wherein the workload
is low occur relatively more frequently than when workload is high. From
Table 7 we see that an estimate of the workload level was made in only 16
reports. If we assume that in the remaining 61 reports workload was nominal,
then one could infer that fatigue related performance decrements are more
frequently associated with situations of nominal or low workload. The notion
must rest, unresolved, at this time, since these data do not permit explicit

quantification of workload.

An examination of the fatigue reports suggested that further insight
might be gained by analyzing along the more r.strictive lines of only dhty,
sleep, or rest and pre-duty considerations., This classification resulted in
the assignment of 45, 26, and 6 incidents to these categories, respectively.

The individual classifications are noted in Appendix A.

The most notable feature of the six incidents in the rest and pre-duty
activity category 1is that five occurred within the time period 0601 to 1200

hours. The sixth was not coded as to time of occurrence.

The reports in the duty and sleep categories were compared independently
with the factors previously described in the control set. The only differ-
ence found related to time of day of occurrence. Table 8 shows the distribu-

tion of sleep and duty incidents by time of day.

We found that when duty and sleep occurrences were combhined significant
differences were observed between the fatigue and control sets. When con-
sidered separately, the duty subset is not significantly different (X2 =
5.56, p < .2).

18
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TABLE 8.

TIME OF DAY COMPARISON BY SLEEP
AND DUTY FATIGUE FACTORS

Test : Quarter of Occurrence~Hours Inclusive
_ Set 0000-0600 | 0601-1200 | 1201-1800 | 1801~-2400
- Duty* 4 2 14 13
3 Sleeph* 3 1
- Controlkaw 0 11 29 14
* 12 reports not coded as to time of day
~ AR

7 reports not coded as to iim2 of day
®%% 2 reports not coded as to time of day

This finding suggests that a fatigue state may be associated indepen-
dently with either sleep or duty factors. The manifestation of the fatigue

state in a crew’s behavior remains the same,

The category most frequently cited by crewmembers relates to duty

period. About half of these were duty times of 12 hours or more. The fol-

lowing is exemplary of duty period reports.

- "I was flying as first officer aboard 1lgt acr air lines

flight A enroute from Salt Lake City to San Francisco

Int’l Airport. Approx XX30 local, a 1gt acr B was
- observed to pass from right to left 90 degrees to our
3 flight path at the same altitude. The distance from us
to him at the moment we passed through his jet was
estimated by me to be two miles = certainly no nearer
than one mile. The other aircraft was acquired visually
and no evasive action was judged necessary to avoid col-
lision. Prior to the incident noted above, our aircraft,
A, had been cleared by Oakland Center to descend to and
maintain FL240 at Modesto VORTAC. Subsequently we were
given an instruction to expect to cross Locke Intersec-
tion (on the transition to rwy at SFO) at 10000 ft. Upon
reaching FL240 during our descent we continued to descend
anticipating crossing Locke Intersection at 10000 ft. We
had both (captain and first officer) misinterpreted the
instruction by center as constituting further clearance
to descend to 10000 ft by Locke when 1in fact, we were

A
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v
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only cleared to 240. At FL230 the above mentioned clear-
ance {incident with acft B occurred. Acr B was maintain-
ing FL230 as per ARTC clearance. By the time we had ver-
ified our own altitude clearance limit and realized the
situation, the two aircraft had passed one another safely
with both crews, I assume, swearing among themselves at
the crew of the other aircraft and also at ARTC. The
weather was broken clouds but clear at flight level. The
crew of Acr A had already exceeded the limit of 8 hours
of hard flying time in a 24 hour period and had been on
duty for approx 12 hours due to actual instrument
approaches and holding delays earlier in the day. I, for
one, was very fatigued mentally and physically and am
sure this contributed to the less than sharp execution of
my dutfes."

FINDINGS AND CONCLUSIONS

Performance decrements which we believe to be related to fatigue have
been reported to the Aviation Safety Reporting System. They have resulted in
errors and unwanted occurrences in air transport operations. The fatigue-
related performance decrements are, however, infrequently reported in rela-
tion to the total number of reported air transport crewmember performance

decrements.,

The factors mest frequently cited as being responsible for the fatigue
state were duty period and duty environment factors. These were followed by
sleep and rest factors. The information presently within the ASRS database
uoyes not permit an analysis in depth of the effect of such factors as sleep

deprivation, transmeridian flight or circadian desynchronosis.

The types of aircrew deviations that were reported 1in the fatigue-
associated =set do not differ from those occurring in a comparison set. How-
ever, these deviations appear with somewhat greater frequency during the des-
cent, approach and landing flight ptascs, and are reported with significently

greater frequency during the first quarter of the day.

Performance decrements assoclated with awareness and attention were

ohserved significaatly more frequently in the fatigue-associated set.
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Basaed on these findings, we conclude:

1. That fatigue-associated performance decrements occur;

2. That fatigue-associated performance decrements can pro-
duce potentially hazardous conditions;

3. That only a small fraction of performance decrements
reported to ASRS are assoclated with fatigue by their
reporters;

4. That the performance decrements associated with fatigue
differ 1in frequency, but not in kind, from those occur-
ring in its absence;

5. That failures in monitoring tasks are described fre-
quently in fatigue-associated performance decrements
reports;

6. That long duty periods, large numbers of flight segments,
and disturbed sleep are frequently reported as the rea-
sons for fatigue associated with performance decrements;

7. That the ASRS data do not permit a conclusion as to the
effect of circadian desynchronosis on flying performance.

REFERENCES

1. Bartley, S. H., and E. Chute: Fatigue and Impairment in Man. New York,
McGraw=Hill Book Company, 1947.

2., Badar, Douglas, Chairman, Repert of the Committee on Flight Time Limita-
tions, Civii Aviation Authority, London, 1973.

3. Federal Aviation Administration, Notice No. 78-3, Flight Crewmenmber
Flight and Duty Time Limitations and Rest Requirements, Fed, Reg. V43IN39,
February 27, 1978.

4. Gartner, W, B.,, and M. R. Murphy: Pilot Workload and Fatigue: A Criti-
cal Survey of Concepts and Assessment Techniques. NASA TN D-83635, 1976.

5. National Aeronautics and Space Administration, Aviation Safety Reporting
System, NASA Fact Sheet, No 76-52, 1976.

6. NASA Aviation Safety Reporting Systenm: Third Quarterly Report, NASA
T™MX~3546, 1977.




APPENDIX A

ASRS REPORT FORM

POECEDING PAGE Ri ANK NOT Fi.MED

23




L 2 R - R, i

gt

APPENDIX A

Sorn Agprovas  GVD N 00.A0008

OLNTIICATION STRIP Piagse A o aff Blunke 1At 10enen wdl B9 OIS 10 Jou Srampily. #0 rovard will B6 hapy

THEPHONE NUMBE RS whers we tby Hoch vou
90 further SOLEN B e BCtutrance

AEA . NO “ouns TYPE OF OCCURRENCE /INCIDENT
ARLA o _NO wouns
DAY O
NN rlocel M M oeeld
nAME
ADDALSS
(700 spose rovorved foe NASA
e revonpt srampl
Cozape for reports of and o ” CHRteNud ™ Wen report witt
[ ? 1 Stowrs coparter

Fad o 2 aprrie $18 B P12 criw & PRI 81 RIS whR N ARy B ) SCCUTIINY IV N AT
1 ABcaten [Coprmphu imchaling Siotei repict oty ATC Gty sl i, ARvgeuen odd relerenes, vt )

3 Tyme ol sgmeston

Y FOND weng
i

SOMMALS 08 ¢ shten TN A et o0y Mt
O S TN MI”I‘- CHARIEA SFYSa AV A5 WK
it OFN R TY DERA LOn A O
ax TaAm A R V8 R aingd
) Ty ot prerett
1010 wans LW Imirea tamt aras PR AT AT WY . B A ok
Shibpdie e e .
i TNt $RMID PP AT ol 60 -0 e ‘80 ol
e - — i
SO A8y Wins el Tt “‘-’7“ "“ﬂﬂf .
§ o W atath | O e g0y 4 1200 I8 &% Ovie 1 an
mg & Secend aecratt TYPL [ Non Ay oft wiriived i
$ Meparedy PHOT  CREWMEMBER  CONTROLLIA  OTHER (gwriiy!
Maict T0TAL HOURS MRS LAST 83 01AVS
S e tttan | DARN  DAVLIGHT  DUBa  WIGNT | 7 Aitue Y ML
3 Fogmean UR VIR DVIR 7 NONE | 9 tigmenndiam VIR WA
10 F1 ght phere PREFLIGHT AR TAREUN Y cLive CRuUIsE [ I

WOLDING TRAFIC PAT TG AN APPROACH LANDING W3BED APPROACH

T Anipes | PUMEIVL CONTROL AMLA (oA} TERMINAL CONTROL AREA (TCAT  ONAINWAYS
MRPORT TRAPHIC ARGA UNCONTROLLED AINSFACE  OYMEN COMTROLLED AMSPACE

-

A Toan et GROUND  TOWER  DEPARIURE  CENTER  APPROACH  #53  NOWE

T veare berere | WESTRICTED VISIBILITY  TURRULINGE | THUNLLRSTORM  AMCRATT ICING
CROSSAIRG  PRECIMTATION  NONE  OTMER vty !

e 1L S 4 SRy O Priget iy T IR G OCcu e

ARPUAY AR TRAFFIF CONTROL AR RAVIGATION FACILITY AHRCRAEY

FLIHT O JAROMAUTICAL MUBLICATHN CHARTS OTIER wom Sy rwrw

b e e mae ek k. o ——— e,
13 NMAREATIVE DY IPTHIPE,  Piruar im0 0y Friond 84 vl § St B s M B % n i e gt

o mAad Sateea B oma R e T et W g fits waTE FAR AN W P A B
S mBal ta Bed e AT R P bR A Ry N i O er PN S e i
P S e R e

A SOTH IR0 Tl 208 AT REQURED

el
Whraam, 7 mey A I FRL. Lsal T

PRE CEDING PAGE Bt Asjy sjnee

M lﬂov

25




L LS ITP A4 Eou s Dupmrtonm Sotrsun owe by du
PR

Stme Sl ey Brnng Saacn ars o :
oy Conmpe
R AT AR LRI EN

i}

B Sowmn
Pongn wp Prue ves 4 300

PMST Oy ASS
AvatiOon $atEty DATA - 0O WOT DFLAY

NASA Aviston Soluty Reportng Brewpm

NASA

" PAR Bdvaney Catwttd §0 468 Your Stnsionts = inlgmung !nwawmam«mmmm

o $500:m An A uittums Vow SoRisty HED whllll -
P10008 ol Gwl Hhed BRsEPS e TorR 54 SOMPISIly 00 SOOI rED! TREU Jou ROTE RIS § FERET 18 he Avitgn Setery
W A ol Wd o Sttty b8 vE Bepursng Sritem We 0 anly ohsh IR S 55 viu. RORSVEr.

Ayou »” g faveny -osan

ThE MIgrmottn vauw (*vei Bn the riehidy 31 wdl Do s00d  GReA G010 SIBREND wtdhn! ARHIIUEA d G s9iely BANTIE
B0y 1 RASE Boterm.nes Hhat A PEEEIIIN B TRttt You TN S8R 197 wrih you SStuily By Wiaphane For i HOWSA o hive
Sursngn snteem Mion THEIDENTITY STRIP Wil BERETURNED  reguetiad HEPRene nu/MBsi whote e Mav ribeh pow Thoaa
DHECTLY 110 YOU TRhE 1one 8F the untity Sing S0Iver  viu 09 your S00Nonse.
Pout gapnyih ty

NOIE AMCHALY ACTIDINTS SO D NOT BT RIFONTIS ON TG FORM BUCH BEPORTE RIBtD 8 RID
Wi Pt NAYIONGL TRANSPORIATION BAFETY BOARD AR REQUALID BY 49CFRRIE

NATIONAL AERONAUTICS AND AVIATION SAFETY
SPACE ADMINISTRATION REPORTING SYSTEM
M“MM.\MW‘MWI Sserondt §7 00 A CrR gt o
e Srohtine reperth Mol with NASA N bing wied it A4 on
TRe pragrom of wiegh Hhd v IlOMm 1 § port LY. 1 thmmhmwnm

1% RARPATIVE DESCRIPTION (contimend! (Use oitane shvete f Micosdly i

MLOND 'O i 0

okt 00 du atud 1omas Bt wopid & Mut ol mod Thash you @ 3out SOAE pHBR L LR TER TS

26

BICCUD Y OuD WEoe

!



gy e peeq b

APPENDIX B

SUMMARY OF FATIGUE RELATED REPORTS

27




i
H

APPEXDIX 3

LERATT

.

‘ool ard e 3,y

PRECEDIMA par

£

29

N ANK NOT FRMED

e
Foller  ETR WA EY e TIE

Lo 3 T FE s KT I TR = ey
o L3 L ] - =
T £ - - -
E e [ 544 L - R
b ot - Yes - 3t
Lar: [ - s - ki
4 ol R - - ne
R k3 arr - ne
? k: 33 s34 » - -
* 2 ] 4 g - x
LR L o] - - - -
1z [ oo - o3 - ki
¥ s ne hasd - b3
Tirae : [£14 - - e
Eoriy M Ay cTHES - » - e
Lar:y M Agmg 2% [ 314 ey - =
e 0 Siry, § L ad 4 x - =
Tires. % [ < AT - - nt
Lowt - ~ - ot
33w EZ 1284 e - t -
? orst 3 f 344 L] - F o
; $ o Fi - b4 T4 et 2 k] 4
Liw fa, 008 0m ¥ or Duty Bre Lep, Deg of lay 13 . L 3 =
Lo 27 Lo fgst Foring .t 24 L 4 i
(74 fesT Ferive 33 L34 e 2 0¢
[s 8 8 [ 319 Yot 4 »e
[ 51 3 [ 3¢9 *x 3 o
e 7 - * 2 =
gy e - ~ 3 12
1 2 349 =~ 4 =
Put 3 . Tes 2 .
e 3 L34 ~ . 1 3
f 54 [ § Z L L -] 1 187
ot Larg ey, WGt ey, Rowtite LK - o h X
L<8 4 ils #e Doty Lite nowr, Midset ArE - L ) 1 e
1434 44 % &FF - e 3 s
[ 22V 4 H A>S - L ) 3 n
k2 54 Ar? I )4 L ] L} tiH]
1845 Pom it 0y % - %o 1 ne
L3} Fomivieseg s e Tes 3 ”m
oL Pritnetes THF 1484 Ld 4 18
.87 LS AR f 314 Yoy 1 16
o) Fotwrta oTHER AT E 3 4 s
sat [V TRLE N ¥id (R4 Fe Yes i 135
L4 fact Settien 13 2 e yty, Ws 3 R Tes 1 2
L3 iest terting 2 Vit ey, 12 ve Dyt 1) 114 Yes 4 18¢
(384 Lrrorngt e 7 147 Gt 5 Lo ey L 344 L] 3 Je
%4 Prmitgr iy 3Lty Gaps, bn nf 4 feq, fariy Am (=X ] AT o 3 0
(7244 Coserrat ur Best Fericd, Mot Alery 68 - YES 2 210
(A4 Caritar om et Uuty Perite o7 ATC o . 158
Lhl Fesciiey, K1 ot e, 2 teg, Buyties, i AP . Yer 2 0
[ Crarr Tives, GTeriy &N hauy %5 FLC ] 2 218
LA worrtoring Loirome bitise, et 27 i1 Legs A% ATC Yes 3 00
L P 1050 0 § nr L.ty M AlC [ 3 1%
€, Py eritanging 2 Say Sty Fuired, Tag of Duty ] . Ye: 4 15
Lo Lest L2 of Say, Line . $] fLe ] 4 00
at 12 e by, Niget Guer, 6 Geg s - [ ] 2 -
L3 1 ore Laty, One Lo te W, Mot Alert o€ AT Yes 4 28
(4854 Rigne foer, Low Sttewiud s I\ o ] 10
G4 Monitoe iy Fariy b Aury o6 e [ b | 210
[F354 Vo100 0y Lorly i Aess, Lleepy 4 ATC Ro i x
Lrte [T Line 30 iomstus, Fuuline e . L ] %
% T e Duty. Mgt Goer, Sieesy [ %) ATC [ 3 2 100
(£33 Y farty AP fusy, Lovt Leg, Temp Tréd AXC [ 3 ”
(15 4 P oattertag 12 e uty, Eariy AWM bassg, Llave ArR - e 4 -
1233 Vamitneing A Guty Capy, Eag Buty, 6 ehy L/L [4}) ATC "o 4 100
QL W1 turing Tieed, imiared e - o 2 135
him R Guty Time Gl Trip 106 - L 2 29
[ Pan1tnriag & Guty Cags, Ho4tine PR ne Tes 3 00
< mrtoring Jhew Fitom tariy MM Tl ATC Yes ] -
- ity “rmedyte 23 - [ i -
B tisem Nigat cer s ATC [ N 185
Monityring Tiooes Duty, @ 3 ATC "o 4 100
[ 12 %00 Uuty, 4 onr Fltice [ - no 3} 2
Al e farl, A4 kavy 0T & AT Yes b 150
ot ang fsrty 4 bavg, Inattent Ky Al L5 2 %
- ey Cariy AM bua 1, wy Ava . Yes ] %
ity PerLity Retieity, (] - L) 2 138




APPENDIX C

SUMMARY OF COMPARISON REPORTS SET

| gy g pasay  BEEmy DR GEEY W

PRECEDING PAGE BLANK NOT FiLmep

31

-



Bl Moy ey RN BN

[ | » M’ L ] M

it

ricae iy

1

R

W i

[ |

a

APPENDIX C
FLIGHT
ACCession DEVIATION FLIGHT RECOVERY WEATHER Tim TiME,
NSER CATEGORY ENABLING FACTOR PHASE FACTOR INVOLVEMENT OF DAY 90 DAYS
8435 (3] Chart CRS ATC No 3 -
§346 orer Chart ToF . Yes 4 .
<N ALY Nandling A/C DEs ATC Ko - 200
%043 RMAC Distraction APR Lo Ne 4 -
913 [L3) Init Setting - ATC No 3 -
9237 TECK Risunderstanding APR ATC No 3 .
9i:2 AT Handling A/C CRS ATC Ko 2 10
9635 RdY Handling A/C LOG - Yes 3 -
9773 [¢¢ 14 Distraction DES Fte Yes ) -
993t [48.14 Inst Setting CRS ATC No - 200
19126 (4804 Misunderstanding 0€$ FLC NO 4 200
1G3al (4814 ATC Comm LB . No 3 230
10333 AMAC Monitoring CRS 1214 NO 2 235
11553 TAxt Expectation OTHER . NO k] n
11296 se Chart CRS . No 3 210
12018 ALY Distraction CLs ATC No 2 150
12171 ALY Inst Setting [v33 ATC Yes 4 150
12238 [<§.14 ATC Comm [4¢ ] - No 3 190
M3 ALT Momitoring 0ts ATC Yes 4 40
12823 LN AC Comm APR fLc Yes 3 180
12630 AT Iast Setting 0ES ATC Yes 2 150
12637 AT Eapectation 0Es fLe No k] 180
12347 Al Publication OTHER - No 4 .
112 11 Hendling A C OThiR - No 2 80
13281 TECH AT Coem CRS - Yes 3 100
131313 oPER Mandling A/C APR - Yes 3 150
13376 TN ATC Comm cLe ATC No 3 210
13583 AT Chart 0fS ATC No 3 65
11569 e Expectations APR - o 4 200
13383 ALY Distraction DES - Yes ) 325
139e4 QPER Monitoring OTHER FLC No 3 180
14243 AT Hardling A/C APR FLC Yes 2 200
13375 [$%.14 Distraction B - No 2 240
14%37 LNe Maonftoring e L1[M No 4 100
16933 [<%14 Inst Setting CRS ATC No k] 130
15733 OPER Misunderstanding APR - No 4 o
16051 QN Drstraction APR ATC No 3 175
16223 CPER Handiing A/C APR e Yes k] 210
1630 ALt Handling &,C [4¢) ATC Yes k) m
16431 ALT Misunderstanding 33 ATC No 4 100
VI0t8 ALY Kanating A/C ots FLC Yes 3 200
1727 L8 bstraction 33 ATC No b ] -
17223 (4814 Monitaring APR ATC Yes 2 125
17549 $F0 ATC Corm CL8 FLC No ? 180
12101 AT Inst Reading €S ATC Mo 3 120
17234 (4374 Kisunderstanding QTPLR fLC No 4 100
18073 ALt Mon1toring [ ATL N 4 120
1332 L] Misunderstanding ToF - Yes 4 130
18473 [4%:14 Expectation APR Al No 2 180
HLTNY AT Inst Setting s ATC No 2 203
12918 1384 Dittra:tion CRY ATC No 3 .
(FHAY C#S Expecration [} ATC Yoy 4 1o
19100 (139 Monttories CRS ATC No ] 165
13443 e Erpectation CRs ATC ho 4 1o
13541 an AIC Comm LG ATT No b ] 180
15823 1 Chart 0Fs ATC Ko k] 150
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