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COCKPIT TASK PRIORITIZATION: 

JUMPSEAT OBSERVATIONS

Introduction

Poor task management has been implicated in several accidents and incidents and has stimulated interest in how pilots manage tasks (Funk, 1991; Funk & McCoy, 1996; Latorella, 1996, 1998; Schutte & Trujillo, 1996).  One of the major components of effective task management is appropriate task prioritization (Chou, Madhavan, & Funk, 1996; Rogers, 1996). Despite the interest in task prioritization, little research exists on how experienced pilots actually prioritize tasks.  This lack of data may be attributed to the nature of the environment in a two-person, automated aircraft.  This environment is dynamic, and task assignments between pilots may change depending on the circumstances.  Various constraints may dictate that some tasks be rescheduled, interleaved with other tasks, or omitted entirely.

This study examines the priority of various cockpit tasks and the factors that may affect their relative priority.  The dynamic nature of the flight environment makes it difficult to identify the relative priority of tasks at any given point in time using direct methods, such as questioning the pilots.  The study described in this report uses an indirect method based on interruptions to infer relative task priorities and rests on the assumption that a new task can interrupt an on-going task only if the new task has a higher priority.  This report determines if common events, such as communications from air traffic control (ATC), are more likely to interrupt certain tasks than others. 

For the purposes of this study, an interruption was defined to occur only when an external event (stimulus) caused at least one pilot to stop performing (interrupt) an ongoing task. Additionally, the event needed a distinct beginning and had to be unanticipated.  For example, if a pilot contacted ATC for information and was told to standby, the subsequent call from ATC was anticipated and was assumed not to interrupt any of that pilot’s ongoing activities.  

The study described in this report is one of three that examines task prioritization by examining patterns of interruptions.  Each of these studies used a different data source to examine interruptions. Damos (1997, 1998) described the analysis of videotapes of Line Oriented Flight Training (LOFT)-type simulator sessions.  The study presented in this report analyzed jumpseat data obtained during commercial, revenue flying.  An article summarizing related incidents reported to the Aviation Safety Reporting System (ASRS) is planned for the very near future.  

Methods

Data Collection


One observer collected the data between March 1999 and January 2000 on four different air carriers.  The first carrier operated under Federal Aviation Regulations (FAR) Part 91.  All data were obtained during daytime flights on turboprop aircraft between two smaller airports in the Los Angeles Basin.  The second carrier operated under FAR Part 135. The data obtained from this carrier were collected during nighttime flights on jet aircraft between Los Angeles and one of the company’s major hubs in the Southwest.  Neither of these companies employed any flight attendants, and all of the flights on which data were taken were relatively short, ranging from approximately 30 to 60 min.   

Data were also obtained on two major U.S. carriers operating under FAR Part 121.  Both of these carriers employed flight attendants.  Data were obtained only on daytime flights on jet aircraft over the contiguous 48 states.  Trips ranged from 1 to 3 hours in length. 

The observer used the same event-based recording system on all flights: The observer waited for an event to occur and then recorded information about the event itself and the activities of the pilot at the time of the event. Thus, the number of events is equal to the number of observations (one exception will be noted later). Because the cockpit configurations of the Part 91 and Part 135 carriers made it difficult to see both pilots simultaneously, observations were collected only on one pilot, the pilot not flying.  This crew member was selected because the pilot not flying is usually responsible for responding to many of the events of interest, such as ATC communications.  All data were recorded on paper forms.

Data could not be collected during ground operations (preflight) because of safety and security concerns. To ensure that the data were comparable to those collected during the LOFT-type scenarios, data were only collected from the time the aircraft reached the critical engine failure speed (V1) to touch down.  No abnormalities, emergencies, FAR violations, or crew errors were observed during any of the flights.

Coding

As noted in the Introduction, the study presented in this report is one of three that examine data from LOFT-type simulator sessions, revenue flight operations, and ASRS reports.  The type of information that could be recorded differed somewhat between these three data sources. For example, the data recorder could not observe both pilots simultaneously in this study, whereas in the study of Loft-type simulator sessions (Damos 1997, 1998), the observer could replay the video tape as often as necessary to make detailed observations of both pilots.  The following information was obtained for all three studies: level of cockpit automation, number of flight crew members, the FAR (Part 91, Part 135, or Part 121) under which the aircraft was operating, and the source of the event.  For this study, several other variables were recorded: the altitude and attitude (climbing, descending, or level) of the aircraft at the time of the event, the activity the pilot not flying was performing at the time of the event, and if the activity was interrupted.  For interrupted events, another variable indicating whether the activity was resumed was recorded. These data were subsequently entered into an Excel spreadsheet.

The criteria used by the ASRS analysts to categorize aircraft type and cockpit automation levels were used in this study. Aircraft type was coded using the categories supplied by the ASRS reports for civilian aircraft.  Civilian aircraft types are based on maximum gross takeoff weight ranges.  Data were obtained from three of the seven possible aircraft types:  light transport (14, 501 to 30,000 lbs.), medium large transport (60,001 to 150,000 lbs.), and wide body (over 300,000 lbs.).   The ASRS coding system recognizes four levels of cockpit automation: 1) no advanced automation (traditional), 2) integrated/automated navigation and control (i.e. aircraft equipped with FMC or FMS), 3) cathode ray tube displays of both  flight and navigation data (‘glass” displays), and 4) both integrated/automated navigation and control  and cathode ray tube displays of both  flight and navigation data (advanced).   

When an event occurred, the altitude and attitude of the aircraft was recorded.  This information was used subsequently in conjunction with a generic task analysis developed by the FAA for automated aircraft (T.M. Longridge, personal communication, 1995) to identify the phase of flight in which the event occurred.  The task analysis defined six major phases of normal flight as shown in Table 1. As noted in the Data Collection Section, no data were collected during Phase 1, which consisted of ground operations.

Table 1: Phase of Flight Descriptions

	Phase
	Description 

	1
	Acquire flight planning documentation to align aircraft for takeoff

	2
	Brake release to 1000 ft AGL

	3
	1000 ft AGL to cruise altitude

	4
	Cruise

	5
	Descent from cruise altitude to approach

	6
	Approach to 100 ft AGL or missed approach point


To identify the pilot’s activities at the time of the event, the same task analysis described in the preceding paragraph was used.  This task analysis provided a comprehensive description of the pilot’s activities and was sufficiently general to be used for both jet and turbo prop aircraft and for all four air carriers.  Its main shortcoming was its failure to describe periods of inactivity.  These were coded as either “monitoring” or “listening” when a conversation was in progress.

Results

General Description


Frequency of Events

A total of 738 events were observed during 33 flights. Table 2 shows the number of events as a function of the number of flights, aircraft type, crew size, level of cockpit automation, and the FAR part number under which the flight was operated. In this study, most of the data obtained from aircraft with traditional displays were collected in the Beech 1900 and the DC-9.  The majority of data from aircraft with integrated/automated navigation and control systems were obtained from the MD-80 and DC-10.   No data were obtained from any aircraft with “glass” displays but without the integrated/automated navigation and control systems.  Flights on the B737-400 and -700 provided the most data from aircraft in the advanced cockpit automation category.  

Table 2: Observations as a Function of Aircraft and Air Carrier Characteristics

	Number of Events 
	Number of Flights
	Aircraft Type
	Crew Size
	Cockpit Automation Level
	FAR Part

	111
	11
	Light Transport
	2
	Traditional
	91

	98
	6
	Light Transport
	2
	Traditional
	135

	240
	6
	Medium Large Transport
	2
	Advanced 
	121

	38
	2
	Medium Large Transport
	2
	Traditional
	121

	147
	6
	Medium Large Transport
	2
	Integrated Nav/Control
	121

	104
	2
	Wide Body
	3
	Integrated Nav/Control
	121


The data in Table 2 show that aircraft type and crew size are completely confounded; only widebody aircraft had a crew of three. Thus, the effect of aircraft type on performance cannot be isolated from the effects of crew size.  Additionally, FAR Part number, crew size, aircraft type, and the level of cockpit automation are all partially confounded with each other, which again prohibits isolating the effect of any one of these four variables from the effects of the others.   

Figure 1 shows the frequency of events by the phase of flight.  As noted earlier, no data were collected before the critical engine failure speed (V1) call, which occurred in Phase 2. 
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Category of Events

For the purposes of analysis, the events were classified into four major categories according to the source that generated the event: ATC (85.4% of the events), flight attendants (3.8% of the events), TCAS (0.7% of the events), and automatic warnings (9.6% of the events). Two of these categories, flight attendants and automatic warnings, were actually composed of several related types of events, each of which was relatively infrequent.  These related but infrequent events were combined into larger categories to aid in the statistical analyses.  Thus, the automatic warnings category consisted of events generated by the altitude alerter, landing gear warning, autopilot disconnect warning, and master caution light. Similarly, the flight attendant category consisted of events pertaining to entering the cockpit, calling the cockpit, and knocking on the cockpit door.  Two other events, crewmember commands (“stop performing the checklist”) and communications from dispatch, each only occurred twice and represented less than 0.3% of the events.  Table 3 shows the frequency of each major category of event as a function of the phase of flight. Table 4 shows the same data as a function of the level of cockpit automation.

Table 3: Frequency of Event Category by Phase of Flight

	Phase
	Categories of Event

	
	ATC
	Flight Attendant
	TCAS
	Automatic Warning

	2
	7
	0
	0
	0

	3
	184
	71
	3
	21

	4
	160
	17
	0
	3

	5
	167
	41
	1
	16

	6
	112
	0
	1
	31

	Total
	630
	28
	5
	71


Note: Crew member commands and dispatch communications are not included in Table 3 because of their low frequency of occurrence. 

1None of the observations involved a violation of the sterile cockpit rule.  


The relation between the level of cockpit automation and category of event shown in Table 4 was evaluated using a chi-square analysis.    The TCAS events were combined with automatic warnings because of their small cell sizes.  There was a statistically significant relation between automation and category of event, (2 (4, N = 734) = 52.22, p < .001. The frequency of ATC communications was not very different for the three levels of cockpit automation: 28.6% (180/630), 34.9% (220/630), and 36.5% (230/630) for the advanced, traditional, and integrated navigation/control systems, respectively.  However, TCAS/automatic warnings were more common in aircraft with advanced cockpit automation (60.5%; 46/76) than in aircraft with traditional (31.6%; 24/76) or integrated navigation/control (7.8%; 6/76) systems, and flight attendant interruptions were equally divided between aircraft with advanced and integrated navigation/control systems (50%, 14/28 each) but were nonexistent in aircraft with the traditional level of cockpit automation.  This data pattern cannot be attributed to differences in the number of events at each level of cockpit automation since the total was approximately the same for all three levels of cockpit automation.  

Table 4: Frequency of Event Category by Level of Cockpit Automation

	Cockpit Characteristics
	Categories of Events
	Total

	
	ATC
	Flight Attendant
	TCAS
	Automatic Warning
	

	Advanced
	180
	14
	4
	42
	240

	Traditional
	220
	0
	1
	23
	244

	Integrated Nav/Control
	230
	14
	0
	6
	250

	Total
	630
	28
	5
	71
	


Note: Crew member commands and dispatch communications are not included in Table 4 because of their low frequency of occurrence. 


Table 5 shows the frequency of the major event categories as a function of the rules under which the air carrier operated. A chi-square analysis was used to evaluate the relation between the event categories and operating rules.  Because TCAS warnings were infrequent, they were combined with automatic warning events.  Flight attendant events were omitted from the analysis because neither the Part 91 nor the Part 135 carrier employed flight attendants.  There was a statistically significant relation between events and operating rules, (2(N = 706) = 28.59, p < .001.  TCAS/automatic warnings were more likely in aircraft operating under Part 135 (24.0%, 23/96) than in aircraft operating under Part 121 (10.4%, 52/500) or Part 91 (0.9%, 1/110).

Table 5: Frequency of Event Category by Company’s Operating Rules

	Operating Rules
	Categories of Events

	
	ATC
	Flight Attendant
	TCAS
	Automatic Warning

	Part 91
	109
	NA
	1
	0

	Part 135
	73
	NA
	0
	23

	Part 121
	448
	28
	4
	48

	Total
	630
	28
	5
	71


Note: Crew member commands and dispatch communications are not included in Table 5 because of their low frequency of occurrence.

 Interruptions

On-going Activities

The main goal of this study was to determine if specific events differentially interrupted certain activities and if the likelihood of interruption was affected by factors such as the level of cockpit automation and the crew size.  The cockpit activities were divided into seven major categories: briefing, performing a checklist, activities related to personal comfort, housekeeping, communication, monitoring, and programming.  Three of these categories—personal comfort, housekeeping, and communication—actually consisted of several related activities, each of which was relatively infrequent.  These related but infrequent activities were combined into larger categories to allow meaningful statistical analysis.   Thus, the personal category consisted of eating and drinking.  Communication included talking, giving announcements on the public address system, and listening.  Finally, any activities involving adjusting or manipulating the displays or controls were combined with reading and writing to make the “housekeeping” category.  Programming involved programming any of the flight deck computers.


The data associated with three events had to be excluded from Tables 6, 7, 8, and 9.  For two events, the observer could not identify the activity the pilot not flying was performing at the time of the event.   Data associated with one ATC event were excluded from the analyses because the observer could not determine if the activity had been interrupted.  During one observation of an advanced cockpit aircraft, the pilot not flying performed two tasks concurrently, which was counted as two events. Thus, the data in Tables 7, 8, and 9 are based on 736 activities.  Data from four events associated with crewmember commands and dispatch communications are not included in Table 6 because of their low frequency of occurrence. Thus, Table 6 is based on 732 activities.  

Table 6 shows the frequency of interruption of each of the categories of activities as a function of the event source.  Chi-square goodness-of-fit tests were used to determine the relative priority of each member of an activity-event pair.  These analyses assume that if an event has a higher priority than an activity, it will have a high likelihood of interrupting the activity. If it has a low priority relative to the activity, it will rarely interrupt the activity; and, if the tasks have about the same priority, then the event will interrupt the activity about half of the time.  

All of the analyses were constructed to determine if the frequency of interruption for a given event was statistically greater than 50%.  Again, TCAS events were combined with automatic warnings because of their small cell sizes. Both “monitoring” and “listening” involved inferences about what the pilot was doing during periods of physical inactivity.  For this reason, neither of these two activities was analyzed for interruptions.  Four of the combinations occurred often enough (frequency > 10) to perform the analyses:  ATC communications versus checklist, ATC communications versus housekeeping tasks; ATC communications versus cockpit communications, and TCAS/automatic warnings versus housekeeping tasks.  For all four analyses the alpha level was set to 0.01 to avoid capitalizing on an increased chance of spurious false positive results caused by multiple analyses.  In only one of these was a statistically significant priority observed: ATC was more likely than not to interrupt a checklist, (2(1, N = 21) = 21.00, p < .001.  Indeed, as seen in Table 6, all ATC communications that occurred during a checklist interrupted that activity.

Table 6: The Frequency of Occurrence, Interruption, and Resumption of Activities by Event Category

	Activity
	Categories of Events

	
	ATC
	Flight Attendant
	TCAS
	Automatic Warning

	
	Freq 1
	Int2
	Freq
	Int
	Freq
	Int
	Freq
	Int

	Briefing
	2
	2
	1
	1
	0
	0
	0
	0

	Checklist
	21
	21
	0
	0
	1
	1
	4
	1

	Personal
	7
	7
	2
	2
	0
	0
	0
	0

	Housekeeping
	120
	62
	4
	0
	1
	0
	11
	2

	Communication
	533 (51)4
	30

na
	1

(10)
	1

na
	1

0
	0

na
	8

(5)
	2

na

	Monitor
	371
	na
	9
	na
	2
	na
	43
	na

	Program
	3
	2
	1
	1
	0
	0
	0
	0

	Total
	628
	124
	28
	5
	5
	1
	71
	5


1 The number of observations

2The number of observations that were interrupted

3The number of observations in which the pilot not flying was talking or making an announcement to the cabin 

4 The number of observations in which the pilot not flying was listening. 

The frequency of interruption of the seven major categories of activities as a function of the level of cockpit automation is shown in Table 7. Again, because of the small frequencies associated with most of the activities in Table 7, only the housekeeping, cockpit communication (without “listening”), and checklist activities could be analyzed.   Monitoring and the “listening” portion of the communications activity were omitted because they cannot be interrupted.  The relations among level of cockpit automation, interruptions, and activity were analyzed through multiway frequency analysis.  The two-way association, activity by interruption, was statistically significant, partial (2 (2, N = 228) = 18.28, p < .001.   Most of the checklists (88.9%, 24/27) were interrupted, but only about half of the housekeeping (47.8%, 66/138) and cockpit communication activities (55.6%, 35/63) were interrupted. Neither the three-way association nor the other two-way associations (level of cockpit automation by interruption or level of cockpit automation by activity) was statistically reliable, p > .05. Because ATC was the primary source of interruptions, these results are reflected in the analyses of Table 6.  

Table 7: The Frequency of Occurrence, Interruption, and Resumption of Activities by Level of Cockpit Automation

	Activity
	Level of Cockpit Automation

	
	Advanced
	Traditional 
	Integrated Navigation/Control

	
	Freq1
	Inter2
	Freq
	Inter
	Freq
	Inter

	Briefing
	1
	1
	0
	0
	2
	2

	Checklist
	7
	6
	12
	11
	8
	7

	Personal 
	6
	6
	0
	0
	3
	3

	House-

keeping
	38
	14
	47
	21
	53
	31

	Communi-

cation
	173 

(43) 4


	11

na
	23 

(2)
	11

na
	23 

(22)
	13

na

	Monitor
	127
	NA
	162
	NA
	136
	NA

	Program
	2
	1
	NA
	NA
	2
	2

	Total
	241
	39
	246
	43
	249
	58


1 The number of observations

2The number of observations that were interrupted

3The number of observations in which the pilot not flying was talking or making an announcement to the cabin 

4The number of observations in which the pilot not flying was listening.


The crew size (2-person versus 3-person), like the level of cockpit automation, might influence the likelihood of interruption for a specific activity.  Table 8 shows the frequency of interruption for each of the seven categories of activity as a function of crew size.  The relations among crew size, interruptions, and activity were analyzed through multiway frequency analysis.  The briefing, personal, and programming activities were omitted because of small cell sizes.  Monitoring and the “listening” portion of the cockpit communications activity were omitted because they cannot be interrupted.  The two-way association, activity by interruption, was statistically significant as described for Table 7 above and reflects the same pattern of interruptions. Neither the three-way association nor the other two-way associations (crew size by interruption or activity by crew size) was statistically reliable, p > .05.

Table 8: The Frequency of Occurrence, Interruption, and Resumption of Activities by Crew Size

	Activity
	Crew Size

	
	2-Person Crew
	3-Person Crew

	
	Frequency1
	Interrupt2
	Frequency
	Interrupt

	Briefing
	3
	3
	0
	0

	Checklist
	24
	21
	3
	3

	Personal 
	8
	8
	1
	1

	Housekeeping
	117
	56
	21
	10

	Communication
	593 

(55)4
	34

na
	4 

(12)
	1

na

	Monitor
	365
	NA
	60
	NA

	Program
	2
	1
	2
	2

	Total
	633
	123
	103
	17


1 The number of observations

2The number of observations that were interrupted

3The number of observations in which the pilot not flying was talking or making an announcement to the cabin 

4 The number of observations in which the pilot not flying was listening.


Table 9 presents the data according to the rules under which the air carrier operated.  A multiway frequency analysis was used to evaluate relations among activities, FAR operating rule, and interruptions.  The briefing, checklist, personal, and programming activities were omitted because of the low cell sizes; monitoring and the “listening” portion of the cockpit communications activities were omitted because they cannot be interrupted.  With checklist omitted from the analysis, none of the two-way relations were statistically reliable (not even activity by interruption), nor was the three-way relation statistically reliable, p > .05.  
Table 9: The Frequency of Occurrence, Interruption, and Resumption of Activities by FAR Operating Rule

	Activity
	FAR Operating Rule

	
	Part 91
	Part 135
	Part 121

	
	Freq1
	Inter2
	Freq
	Inter
	Freq
	Inter

	Briefing
	0
	0
	0
	0
	3
	3

	Checklist
	9
	9
	2
	1
	16
	14

	Personal 
	0
	0
	0
	0
	9
	9

	Housekeeping
	16
	5
	22
	8
	100
	51

	Communication
	103
(1) 4
	5

na
	10

(1)
	6

na
	43

(65)
	24

na

	Monitor
	75
	NA
	63
	NA
	287
	NA

	Program
	NA
	NA
	NA
	NA
	4
	3

	Total
	111
	19
	98
	15
	527
	104


1 The number of observations

2The number of observations that were interrupted

3The number of observations in which the pilot not flying was talking or making an announcement to the cabin 

4 The number of observations in which the pilot not flying was listening.

Repeated Observations


The observer flew the same route in the same type of aircraft on several occasions.  These repeated observations provided an unusual opportunity to determine how the number and source of events varied across similar flights.  All of these flights were parts of round trips that began and ended in the Los Angeles basin.  The data, therefore, can be described in terms of an outbound and an inbound flight from the Los Angeles area. 


The data obtained from these repeated observations of the same route are shown in three tables.  Table 10 presents the data from the Part 91 air carrier. These data were obtained during 40-minute flights.  The data shown in Table 11 were collected on 60-minute flights on a Part 135 air carrier.  Table 12 shows the raw data collected during 140-minute flights on a Part 121 air carrier. Because the observer only flew the same route twice in each direction, summary statistics based on two cases would not be meaningful.


One goal of this study is to provide data that will aid trainers to develop more realistic simulator scenarios.  As shown in Table 4, ATC communications were the most frequently observed event. They are also one of the more easily generated events in modern simulators.   To aid trainers in developing realistic scenarios, the percentage of events that were ATC communications are shown for each phase and flight in Tables 10, 11, and 12.  

Table 10: Descriptive Data for the Number of Events by Phase and Flight Direction for a Part 91 Air Carrier

	
	Outbound Flight
	Inbound Flight

	Phase
	Mean Number of Events
	Range
	Mean Number of Events 
	Range

	2
	0.4 (100%)
	0-1
	0
	NA

	3
	5.2 (100%)
	0-9
	1.8 (88.8%)
	0-4

	4
	1.0 (100%)
	0-2
	3.0 (100%)
	1-4

	5
	0.4 (100%)
	0-1
	5.4 (100%)
	1-10

	6
	0.6 (66.7%)
	0-2
	4.6 (100%)
	0-11


Note: Cell entries for outbound flights are based on five flights. Cell entries for inbound flights are based on six flights. The number in parentheses is the percentage of events that were ATC communications. 

Table 11: Descriptive Data for the Number of Events by Phase and Flight Direction for a Part 135 Air Carrier

	
	Outbound Flight
	Inbound Flight

	Phase
	Mean Number of Events
	Range
	Mean Number of Events
	Range

	2
	0
	NA
	0
	NA

	3
	7(90.5%)
	5-8
	3.6(72.7%)
	3-5

	4
	1.3 (100%)
	0-2
	4.3(100%)
	2-8

	5
	5(66.7%)
	1-10
	5.3(62.5%)
	5-6

	6
	3.3(50.0%)
	2-6
	2.6(62.5%) 
	1-5


Note: All cell entries are based on three flights in each direction. The number in parentheses is the percentage of events that were ATC communications. 

Table 12: The Number of Events by Phase and Flight Direction for a Part 121 Air Carrier

	
	Outbound Flight
	Inbound Flight

	Phase
	Flight 1
	Flight 2
	Flight 1
	Flight 2

	2
	1 (100%)
	1(100%)
	0
	1(100%)

	3
	21(85.7%)
	4 (75%)
	11(63.6%)
	6(66.7%)

	4
	13(76.9%)
	13(92.3%)
	17(76.4%)
	11(81.8%)

	5
	7(100%)
	5 (80.0%)
	17 (82.3%)
	2(100%)

	6
	11(54.5%)
	11 (54.5%)
	5(40.0%)
	10(70.0%)


Note: The number in parentheses is the percentage of events that were ATC communications. 

Tables 10, 11, and 12 tables reveal substantial differences in the number of events for the inbound and outbound flights during Phases 3, 5, and 6.  These differences probably reflect the traffic density and complexity of the arrival and departure procedures in the Los Angeles Basin as compared to those of less busy areas. Differences in the number of events in Phase 4 (enroute) reflect differences in the length of this phase; the flights represented in Table 10 had the shortest enroute segments, whereas those in Table 12 had the longest.  

Discussion 

Events

The frequency of events was not a major focus of this study. Indeed, a priori, there was little reason to assume that any factors other than weather, route, and traffic density at the departure and arrival airports would affect the number of events the crew experienced.  Nevertheless, two factors, the level of cockpit automation and the FARs under which the carrier operated, were examined to determine if they affected the frequency of events.   An analysis of the data in Table 4 using three event categories—ATC communications, flight attendants, and TCAS/automatic warnings—demonstrated that TCAS/automatic warnings were more frequent in cockpits with the advanced level of automation than in cockpits with the integrated navigation/control system or in traditional (no advanced automation) cockpits.  This finding cannot be attributed to differences in instrumentation; all of the aircraft observed had all four types of automatic warnings (landing gear, altitude alerter, autopilot disconnect, and master caution light) that comprised this category.  Similarly, the significant difference cannot be caused by differences in the routes; some of the aircraft with the integrated navigation/control systems flew the same routes as aircraft with the advanced cockpit automation.  Table 2 shows that only Part 121 carriers were observed flying aircraft with the advanced level of cockpit automation.  Similarly, only Part 121 carriers were observed flying the aircraft with the integrated navigation/control system. Thus, differences in aircrew training, experience, or procedures are unlikely to be the source of the significant effect.  At this point, no explanation can be offered for the observed difference in the frequency of automatic warnings across the three levels of cockpit automation.  

Table 4 also shows that flight attendants did not interrupt any activities in aircraft with traditional cockpits. This finding may be attributed to the fact that most of the events (209/247) recorded in aircraft with traditional cockpits were observed on the Part 91 or the Part 135 carrier.  Neither of these carriers employed flight attendants.  The remaining data from aircraft with the traditional level of cockpit automation were obtained on short flights.  On these flights the flight attendants were busy in the cabin and little opportunity to contact the flight deck.


The analyses conducted on the data in Table 5 show a significant difference in the frequency of TCAS/automatic warnings as a function of the regulations under which the air carrier operated.  The results indicate that the Part 135 carrier was more likely to experience a TCAS/automatic warning event than the Part 121 carriers or the Part 91 carrier.  However, the observer collected data from only one Part 135 carrier and on only one route.  Thus, some unusual feature of the route or something unique to the training and procedures of the air carrier may have cause the observed difference.  More data must be collected to determine if this difference can be replicated.  

Interruptions


All of the inferences drawn concerning interruptions rest on the assumption that an event could interrupt an ongoing activity only if the event had a higher priority than the activity.  That is, if an event and an activity had approximately the same priority, the event had about a 50% chance of interrupting the activity. All of the analyses were constructed to determine if the frequency of interruption for a given activity was statistically greater than 50%.   Of the four statistical tests, only the one examining ATC communications versus checklists was significant.  Table 6 shows that an ATC communication had a probability of 1.0 of interrupting a checklist.  Thus, ATC communications had a higher priority than checklists.  

More importantly, perhaps, the tests examining ATC communications versus housekeeping tasks, ATC communications versus cockpit communications, and TCAS/automatic warnings versus housekeeping tasks were all non-significant.  Non-significant results always raise issues of statistical power.  Of these three tests, only the TCAS/automatic warnings versus housekeeping tasks had low power because of the low frequency of occurrence of TCAS/automatic warnings.  Had the cell sizes been larger, the data suggest that TCAS/automatic warnings may have had lower priorities than housekeeping tasks.  The remaining two tests had sufficient power to detect substantive differences in priority had they been observed.  These results imply that the priorities associated with each member of the ATC communications versus housekeeping tasks pair  and ATC communications versus cockpit communications pair did not differ significantly and raise some interesting questions concerning the factors that determine the priority of an event relative to an ongoing activity. 

Certainly, many factors can be hypothesized to influence the probability that an event will interrupt an activity. An event that is encountered frequently, conveys little safety-critical information, is repeated or continuous in nature, contains little time-critical information, or is anticipated may have a low probability of interrupting an ongoing activity.  Although these factors should be explored systematically in subsequent research, the lack of significant results for the tests examining ATC communications versus housekeeping tasks and ATC communications versus cockpit communications may have different origins.  A priori, ATC communications may be assumed to have a high priority and should interrupt ongoing activities: they often contain safety-critical information, are not repeated (unless missed), and are usually time critical.  Why didn’t they interrupt housekeeping tasks and cockpit communications? 

 The answer to this question may lie in the nature of the ongoing activity.  Table 6 indicates that checklists, briefings, personal activities, and programming all had high probabilities of being interrupted.  These activities were all relatively long and all were composed of easily identified subunits, such as the steps of a checklist.   In contrast, housekeeping activities, which had low probabilities of interruption, were relatively short.   At least some of these activities, such as tuning the radio frequency, could not be broken down easily into smaller units.  The fact that housekeeping tasks were short and not easily segmented could explain the counterintuitive  (though non-significant) tendency for TCAS/automatic warnings to have a lower priority than housekeeping tasks.  Thus, the length and structure of the ongoing activity may affect its likelihood of being interrupted.  

The probability that cockpit communication activities will be interrupted may be affected by different factors. Of the 63 communication activities shown in Table 6, 57 reflect talking between crewmembers.  Of these, only 33 (57.9%) were interrupted by the arrival of the event, a relatively low percentage.  The observer noted the same phenomenon in LOFT-type videotapes (Damos, 1997, 1998): Some pilots talk “through” ATC communications.  To date, no explanation for this continued talking has been given.  The tendency to continue talking may represent a communication style or the pilots simply may not hear the communication.  Latorella (1998) also noted a similar phenomenon.  She found that pilots were much slower to acknowledge an event when the ongoing activity was auditory as compared to visual.  

Three other points about interruptions need to be discussed.  First, approximately 57% of the events actually interrupted the ongoing activity. Neither crew size nor level of cockpit automation had any effect on how often an activity was interrupted. Second, activity allocation is flexible.  On several occasions, the pilot flying responded to an event that was not part of his/her assigned duties because the pilot not flying was performing another activity.  Thus, the pilot not flying (who was being observed) was not interrupted.  Task trading may complicate data recording and analysis but demonstrates that few events may be missed in a flight and that the pilots trade activities to keep the workload low.  Third, interruptions had a benign effect on crew performance: No crew errors or FAR violations were observed.  Additionally, the observer did not detect any errors of omission or commission.  Thus, the observed interruptions had none of the effects observed in the LOFT-type scenarios (Damos, 1997, 1998) or described in ASRS reports. The LOFT scenarios may have been challenging enough to generate errors and, as (Chappell, 1994) points out, only the most serious outcomes of interruptions may be represented in ASRS reports.  That is, incidents that do not require regulatory immunity are less likely to be reported than those that may require immunity from FAA enforcement actions.  

In summary, this study examined interruptions to determine relative task priorities in commercial flying.  ATC communications were found to have a probability of 1.0 of interrupting checklists, which indicates that ATC communications had a significantly higher priority than checklist. Each member of two other event/task pairs—ATC communications versus cockpit communications and ATC communications versus housekeeping tasks—had approximately the same priorities.  More importantly, however, the results of this study suggest that the length and structure of the ongoing activity may play a decisive role in its likelihood of interruption, with longer activities with natural subunits having a higher likelihood of interruption than shorter activities with no natural breaks.  A future report will compare the results of this study with data obtained in a previous study on LOFT-type scenarios and with ASRS reports.  
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		210		2		5.3		ATC		PNF FO				mlg		737-300		nav								121		checklist				y		y

		210		2		5.3		ATC		PNF FO				mlg		737-300		nav								121		manipulate charts				y		y								0

		210		2		5.3		ATC		PNF FO				mlg		737-300		nav								121		tune radio				n										7

		210		2		5.3		ATC		PNF FO				mlg		737-300		nav								121		manipulate				y		y								215

		210		2		5.3		ATC		PNF FO				mlg		737-300		nav								121		monitor				n										183

		210		2		5.3		ATC		PNF FO				mlg		737-300		nav								121		monitor				n										188

		210		2		5.3		ATC		PNF FO				mlg		737-300		nav								121		monitor				n										145

		221		2		5.3		ATC		PNF FO				mlg		737-700		g								121		write				n

		221		2		5.3		alt alert		PNF FO				mlg		737-700		g								121		monitor				n

		221		2		5.3		ATC		PNF FO				mlg		737-700		g								121		manipulate approach plate				n

		221		2		5.3		ATC		PNF FO				mlg		737-700		g								121		read				y		y

		221		2		5.3		ATC		PNF FO				mlg		737-700		g								121		monitor				n

		241		2		5.3		ATC		PNF FO				mlg		737-400		g								121		checklist				y		y

		242		2		5.3		ATC		PNF FO				mlg		737-400		g								121		monitor				n

		243		2		5.3		alt alert		PNF FO				mlg		737-400		g								121		monitor				n

		243		2		5.3		ATC		PNF FO				mlg		737-400		g								121		monitor				n

		243		2		5.3		ATC		PNF FO				mlg		737-400		g								121		monitor				n

		243		2		5.3		ATC		PNF FO				mlg		737-400		g								121		tune radio				y		y

		243		2		5.3		alt alert		PNF FO				mlg		737-400		g								121		monitor				n

		243		2		5.3		ATC		PNF FO				mlg		737-400		g								121		monitor				n

		243		2		5.3		ATC		PNF FO				mlg		737-400		g								121		monitor				n

		243		2		5.3		ATC		PNF FO				mlg		737-400		g								121		monitor				n

		243		2		5.3		ATC		PNF FO				mlg		737-400		g								121		monitor				n

		243		2		5.3		ATC		PNF FO				mlg		737-400		g								121		monitor				n

		243		2		5.3		landing gear warning		PNF FO				mlg		737-400		g								121		monitor				n

		401		2		5.3		ATC		PNF  CO				ltt		BE1900		t								91		monitor				n

		402		2		5.3		ATC		PNF  CO				ltt		BE1900		t								91		monitor				n

		402		2		5.3		ATC		PNF  CO				ltt		BE1900		t								91		talk				y		y

		402		2		5.3		ATC		PNF  CO				ltt		BE1900		t								91		monitor				n

		402		2		5.3		ATC		PNF  CO				ltt		BE1900		t								91		monitor				n

		402		2		5.3		ATC		PNF  CO				ltt		BE1900		t								91		tune weather radar				n

		402		2		5.3		ATC		PNF  CO				ltt		BE1900		t								91		monitor				n

		402		2		5.3		ATC		PNF  CO				ltt		BE1900		t								91		monitor				n

		402		2		5.3		ATC		PNF  CO				ltt		BE1900		t								91		tune weather radar				n

		402		2		5.3		ATC		PNF  CO				ltt		BE1900		t								91		monitor				n

		402		2		5.3		ATC		PNF  CO				ltt		BE1900		t								91		tune weather radar				n

		402		2		5.3		ATC		PNF  CO				ltt		BE1900		t								91		monitor				n

		403		2		5.3		ATC		PNF  CO				ltt		BE1900		t								91		monitor				n

		404		2		5.3		ATC		PNF CA				ltt		BE1900		t								91		monitor				n

		404		2		5.3		ATC		PNF CA				ltt		BE1900		t								91		talk				n

		404		2		5.3		ATC		PNF CA				ltt		BE1900		t								91		temp				n

		404		2		5.3		ATC		PNF CA				ltt		BE1900		t								91		manipulate approach plate				y		y

		404		2		5.3		ATC		PNF CA				ltt		BE1900		t								91		talk				n

		404		2		5.3		ATC		PNF CA				ltt		BE1900		t								91		monitor				n

		404		2		5.3		ATC		PNF CA				ltt		BE1900		t								91		monitor				n

		404		2		5.3		ATC		PNF CA				ltt		BE1900		t								91		checklist				y		y

		404		2		5.3		ATC		PNF CA				ltt		BE1900		t								91		monitor				n

		404		2		5.3		ATC		PNF CA				ltt		BE1900		t								91		monitor				n

		405		2		5.3		ATC		PNF CA				ltt		BE1900		t								91		talk				y		y

		405		2		5.3		ATC		PNF CA				ltt		BE1900		t								91		checklist				y		y

		405		2		5.3		ATC		PNF CA				ltt		BE1900		t								91		monitor				n

		405		2		5.3		ATC		PNF CA				ltt		BE1900		t								91		monitor				n

		405		2		5.3		ATC		PNF CA				ltt		BE1900		t								91		talk				n

		405		2		5.3		ATC		PNF CA				ltt		BE1900		t								91		monitor				n

		407		2		5.3		ATC		PNF CA				ltt		BE1900		t								91		checklist				y		?

		409		2		5.3		ATC		PNF FO				ltt		BE1900		t								91		monitor				n

		409		2		5.3		ATC		PNF FO				ltt		BE1900		t								91		monitor				n

		409		2		5.3		ATC		PNF FO				ltt		BE1900		t								91		monitor				n

		409		2		5.3		ATC		PNF FO				ltt		BE1900		t								91		monitor				n

		409		2		5.3		ATC		PNF FO				ltt		BE1900		t								91		monitor				n

		411		2		5.3		ATC		PNF FO				ltt		BE1900		t								91		talk				y		n not imp

		411		2		5.3		ATC		PNF FO				ltt		BE1900		t								91		monitor				n

		411		2		5.3		ATC		PNF FO				ltt		BE1900		t								91		monitor				n

		411		2		5.3		ATC		PNF FO				ltt		BE1900		t								91		manipulate flaps				n

		501		3		5.3		ATC		PNF FO				wdb		DC-10		nav								121		set bugs				n		n complete

		501		3		5.3		ATC		PNF FO				wdb		DC-10		nav								121		monitor				n

		501		3		5.3		ATC		PNF FO				wdb		DC-10		nav								121		monitor				n

		501		3		5.3		ATC		PNF FO				wdb		DC-10		nav								121		monitor				n

		501		3		5.3		ATC		PNF FO				wdb		DC-10		nav								121		manipulate charts				y		y

		502		3		5.3		ATC		PNF FO				wdb		DC-10		nav								121		monitor				n

		502		3		5.3		ATC		PNF FO				wdb		DC-10		nav								121		tune radio				n

		502		3		5.3		ATC		PNF FO				wdb		DC-10		nav								121		monitor				n

		502		3		5.3		ATC		PNF FO				wdb		DC-10		nav								121		monitor				n

		502		3		5.3		ATC		PNF FO				wdb		DC-10		nav								121		monitor				n

		502		3		5.3		ATC		PNF FO				wdb		DC-10		nav								121		checklist				y		y

		502		3		5.3		ATC		PNF FO				wdb		DC-10		nav								121		set bugs				?

		602		2		5.3		ATC		PNF FO				mlg		MD-80		nav								121		monitor				n

		602		2		5.3		ATC		PNF FO				mlg		MD-80		nav								121		briefing				y		y

		603		2		5.3		ATC		PNF FO				mlg		MD-80		nav								121		manipulate				n		n complete

		603		2		5.3		ATC		PNF FO				mlg		MD-80		nav								121		monitor				n

		603		2		5.3		ATC		PNF FO				mlg		MD-80		nav								121		talk				n		n complete

		603		2		5.3		ATC		PNF FO				mlg		MD-80		nav								121		monitor				n

		603		2		5.3		landing gear warning		PNF FO				mlg		MD-80		nav								121		monitor				n

		603		2		5.3		ATC		PNF FO				mlg		MD-80		nav								121		monitor				n

		603		2		5.3		ATC		PNF FO				mlg		MD-80		nav								121		monitor				n

		603		2		5.3		ATC		PNF FO				mlg		MD-80		nav								121		monitor				n

		603		2		5.3		ATC		PNF FO				mlg		MD-80		nav								121		monitor				n

		603		2		5.3		ATC		PNF FO				mlg		MD-80		nav								121		monitor				n

		603		2		5.3		ATC		PNF FO				mlg		MD-80		nav								121		monitor				n

		604		2		5.3		ATC		PNF FO				mlg		MD-80		nav								121		checklist				y		y

		604		2		5.3		ATC		PNF FO				mlg		MD-80		nav								121		manipulate				n

		604		2		5.3		ATC		PNF FO				mlg		MD-80		nav								121		monitor				n

		701		2		5.3		ATC		PNF FO				mlg		DC9		t								121		monitor				n

		701		2		5.3		ATC		PNF FO				mlg		DC9		t								121		monitor				n

		701		2		5.3		ATC		PNF FO				mlg		DC9		t								121		monitor				n

		701		2		5.3		ATC		PNF FO				mlg		DC9		t								121		read				y		y

		701		2		5.3		ATC		PNF FO				mlg		DC9		t								121		monitor				n

		701		2		5.3		ATC		PNF FO				mlg		DC9		t								121		manipulate				n		n complete

		701		2		5.3		ATC		PNF FO				mlg		DC9		t								121		monitor				n

		701		2		5.3		ATC		PNF FO				mlg		DC9		t								121		monitor				n

		702		2		5.3		ATC		PNF FO				mlg		DC9		t								121		talk				n

		702		2		5.3		ATC		PNF FO				mlg		DC9		t								121		talk				n

		702		2		5.3		ATC		PNF FO				mlg		DC9		t								121		monitor				n

		702		2		5.3		ATC		PNF FO				mlg		DC9		t								121		monitor				n

		702		2		5.3		ATC		PNF FO				mlg		DC9		t								121		monitor				n

		702		2		5.3		ATC		PNF FO				mlg		DC9		t								121		monitor				n

		801		2		5.3		ATC		PNF FO				mlg		737-500		g								121		monitor				n

		801		2		5.3		ATC		PNF FO				mlg		737-500		g								121		monitor				n

		801		2		5.3		ATC		PNF FO				mlg		737-500		g								121		monitor				n

		801		2		5.3		ATC		PNF FO				mlg		737-500		g								121		monitor				n

		801		2		5.3		TCAS		PNF FO				mlg		737-500		g								121		monitor				n

		801		2		5.3		ATC		PNF FO				mlg		737-500		g								121		monitor				n

		902		2		5.3		alt alert		PNF FO				ltt		Lear 35A		t								135		manipulate				n		n

		902		2		5.3		ATC		PNF FO				ltt		Lear 35A		t								135		monitor				n		n

		902		2		5.3		alt alert		PNF FO				ltt		Lear 35A		t								135		talk				n		n

		902		2		5.3		ATC		PNF FO				ltt		Lear 35A		t								135		monitor				n		n

		903		2		5.3		ATC		PNF FO				ltt		Lear 35A		t								135		monitor				n		n

		903		2		5.3		ATC		PNF FO				ltt		Lear 35A		t								135		talk				n		n

		903		2		5.3		ATC		PNF FO				ltt		Lear 35A		t								135		monitor				n		n

		904		2		5.3		alt alert		PNF CA				ltt		Lear 35A		t								135		monitor				n		n

		904		2		5.3		ATC		PNF CA				ltt		Lear 35A		t								135		monitor				n		n

		904		2		5.3		ATC		PNF CA				ltt		Lear 35A		t								135		monitor				n		n

		904		2		5.3		ATC		PNF CA				ltt		Lear 35A		t								135		monitor				n		n

		905		2		5.3		ATC		PNF CA				ltt		Lear 35A		t								135		monitor				n

		905		2		5.3		landing gear warning		PNF CA				ltt		Lear 35A		t								135		monitor				n

		905		2		5.3		alt alert		PNF CA				ltt		Lear 35A		t								135		monitor				n

		905		2		5.3		ATC		PNF CA				ltt		Lear 35A		t								135		monitor				n

		906		2		5.3		ATC		PNF CA				ltt		Lear 35A		t								135		write				n		n

		906		2		5.3		ATC		PNF CA				ltt		Lear 35A		t								135		write				n		n

		906		2		5.3		ATC		PNF CA				ltt		Lear 35A		t								135		manipulate				n		n
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		report		crew		phase		phase detect		source		interrupted		detected		category		type		display		outcome		outweight		error		error2		contributing		part		activity		interrrpted		resume

		380970		2		1.1.6.2		3.3		ground personnel		b		ATC		wdb				g		track deviation		3.18								121		house proc		y						37.9		100

		384160		2		5.3		5.3		ATC		PNF CA		pnf ca		lrg				g		alt bust		3.73								121		monitor		y						45		30.8

		384732		2		1.2.5.4.1		3.3.2		ATC		b		?		mdt		ATR 42		dis		took off without released fuel		3.41		skipped checklist step						121		checklist		y						56.3		33.3

		385070		2		1.4.3.12		2.5		acars		b		b		lrg		B757		g		ls aborted take off		1.55		skipped checklist step						121		checklist		y

		389791		2		1.2.5		next day		FA enters		b		ca		mlg				g		non adherence legal procedures maintenance		x								?		house proc		y

		393039		2		8.2		8.2		animals		ca		fo		ltt		BA 41		g		runway incursion		3.64						airport power outage		121		monitor		y

		394139		3		5.3		5.3		tcas		all		pnf ca		lrg		B727-200		t		alt bust		3.73								121		monitor		y

		394580		2		3.3		4		FA call		b		ATC		wdb		MD-11		g		alt bust		3.73		skipped checklist						121		house proc		y

		385390		2		3.3		3.3		ATC		PNF FO		automatic system		smt		Citation 5		g		alt bust		3.73						ca stopped monitoring to help with programming		91		program		y

		394870		2		3.3		3.3		ATC		PF CA		PNF FO		ltt		Lear 60		g		alt bust		3.73						new in aircraft did not understand alt capture mode		91		monitor		y

		394900		2		5.2		5.3		equipment problem		b		flc		mlg		MD-88		g		alt bust		3.73		skipped checklist		did not reset altimeter		misprogrammed FMS		121		?		y

		395053		3		5.3		5.3		equipment problem		all		PNF FO		lrg		B727-200		t		alt bust		3.73								121		monitor		y

		395391		2		3.3		3.3		ATC		b		b		mdt				g		alt bust		3.73						TCAS		121		monitor		y

		395397		3		5.3		5.3		ATC		PF PNF		b		lrg		B737		t		alt bust		3.73								121		monitor		y

		395570		3		3.2		3.3		equipment problem		PF PNF		?		lrg		B727-200		t		track deviation		3.18								121		monitor		y

		395950		2		4		5.2		FA enters		PNF FO		ATC		mlg		MD-80		nav		crossing restriction		3.18		misset altitude window						121		house proc		y

		396310		2		5.3		5.3		automatic warning		PF CA		PF CA		mlg		DC-9		t		alt bust		3.73		bumped altitude knob						121		monitor		y

		396489		2		3.3		4		FA		b		ATC		lrg		B757		g		alt bust		3.73		skipped checklist step						121		monitor		y

		396329		2		6.4		6.4		tcas		b		jumpseater		wdb		b767		g		track deviation		3.18						map shift		121		monitor		y

		397243		2		5.2		5.2		FA enters		PF CA		PNF FO		lrg				g		crossing restriction		3.18						unanticipated FMS mode change		121		monitor		y

		397388		2		1.4		2.3		ATC		b		automatic system		lrg		B757		g		ls aborted take off		1.55		skipped checklist step				many interruptions by ground		121		checklist		y

		397516		2		3.2		3.3		ATC		b		automatic system		ltt				g		alt bust		3.73		missed "alt to go" call				scanning for traffic		121		monitor		y

		397857		3		4		4		ATC		all		ATC		lrg				t		track deviation		3.18								121		monitor		y

		398170		2		6.4		6.4		tcas		PF FO		PNF CA		mlg		md-80		nav		fly through localizer		3.23								121		monitor		y

		398470		2		3.2		3.3		master caution light		PF CA		PF CA		ltt		BE1900		dis		alt bust		3.73								135		monitor		y

		398800		2		3.3		3.3		ATC		PNF FO		PNF FO		mlg				t		alt bust		3.73								121		monitor		y

		398844		3		3.3		3.3		error annuciation on FE panel		PF CA		PF CA		lrg		B727		t		alt bust		3.73								121		monitor		y

		398960		2		5.3		5.3		FA enters		b		PF FO		lrg		B757		g		alt bust		3.73		misset altimeter				lightening strike				house proc		y

		398980		3		5.3		5.3		ATC		all		ATC		lrg		B727-200		t		alt bust		3.73		accepted wrong clearance				incomplete clearance		121		talk		y

		399029		3		3.3		3.3		ATC		?		flc		wdb				nav		alt bust		3.73								121		monitor		y

		399130		2		3.3		3.3		FA call		b		flc		mlg				g		alt bust		3.73		did not set altitude window						121		monitor		y

		399839		2		6.4		6.4		warning lights		b		b		mlg		MD-80		nav		ATC low altititude warning		3.68						flight guidance system lost capture		121		monitor		y

		399860		2		6		6		automatic warning		?		flc		ltt		Falcon 50		g		alt bust		3.73						autopilot did not capture altitude		91		monitor		y

		399890		2		5.3		5.3		FA enters		PF CA		?		wdb		b767-200		g		crossing restriction		3.18						misprogrammed FMS		121		house proc		y

		399958		2		3.3		3.3		tcas		PF CA		?		ltt		Do328		g		alt bust		3.73						hand flying aircraft		121		monitor		y

		400140		2		3.3		3.3		automatic warning		?		flc		mlg		B737		nav		alt bust		3.73								121		monitor		y

		400300		2		3.3		3.3		equipment problem		pf		?		mlg		b737-200		t		alt bust		3.73								121		monitor		y

		400495		2		6		6		automatic warning		b		ATC		mlg		md-83		g		alt bust		3.73						blocked transmission		121		listen		y

		400553		2		1.2.5		1.4.4		ground personnel		b		ATC		mlg				g		track deviation		3.18		did not program departure						121		checklist		y

		400770		2		1.2.5.4.1		1.4.3		ground personnel		ca		ca		mlg		fokker 100		g		non adherence legal requirements taxi w/o seatbelt sign		x		missed step						121		checklist		y

		401154		2		5.3		5.3		passenger		PNF CA		automatic system		ltt		BA3201		dis		crossing restriction		3.18		missed clearance						121		monitor		y

		401193		2		5.2		5.2		FA enters		PNF CA		PNF CA		mlg		B737		g		alt bust		3.73		a/c in wrong mode						121		monitor		y

		401389		2		3.3		3.3		FA enters		PNF CA		?		mlg				t		alt bust		3.73								121		monitor		y

		401846		2		4		4		ATC		pnf ca		pnf ca		lrg		a320		g		alt bust		3.73						Fo misunderstood ATC		121		monitor		y

		402029		3		5.2		5.2		ATC		?		flc		lrg		B727		t		alt bust		3.73								121		monitor		y

		402280		2		3.2		3.2		pf		pnf		ATC		smt		s-76		dis		alt bust		3.73		misread clearance						91		tune radio		y

		402337		2		1.4.3		2.3.6		dispatch		b		automatic system		lrg		B757		g		ls aborted take off		1.55		did not complete checklist						121		checklist		y

		402660		3		4		4		autopilot problem		PF PNF		PNF CA		lrg		B727		t		alt bust		3.73						habit		121		radio call		y

		402870		2		5.2		5.2		FA enters		b		ATC		mlg		B737		t		crossing restriction		3.18								121		monitor		y

		403139		2		3.2		3.3		ATC		PNF FO		automatic system		mlg		B737		g		loss of cabin pressure		2.76		skipped checklist step						121		checklist		y

		402510		2		5.4		5.4		FA enters		b		ATC		mlg		B737		t		alt bust		3.73		did not complete checklist						121		checklist		y

		403225		2		3.3		3.3		ATC		b		flc		ltt		Lear 35		nav		alt bust		3.73										monitor		y

		403239		2		3.3		3.3		birdstrike		b		ATC		mlg		md-80		nav		track deviation		3.18								121		monitor		y

		403270		2		5.2		5.2		ATC		PF CA		?		mlg		B737		t		crossing restriction		3.18		misread altimeter						121		monitor		y

		403395		2		3.3		3.3		tcas		b		automatic system		mlg		fk10		g		alt bust		3.73										monitor		y

		403370		3		3.3		3.3		ATC		PF PNF		?		lrg				t		alt bust		3.73								121		monitor		y

		403670		2		6		6		ATC		b		ATC		mlg		MD-80		nav		alt bust		3.73								121		monitor		y

		404030		2		4		4		automatic warning		b		ATC		mlg		fokker 100		g		track deviation		3.18										program		y

		404175		2		4				FA enters		PF CA		ATC		mlg				g		alt bust		3.73						missed ATC call		121		monitor		y

		404420		3		5.3		5.3		tcas		all		flc		lrg		B727		t		alt bust		3.73										monitor		y

		404550		3		5.3		5.3		ATC		PNF FO		PNF FO		lrg		b727		g		alt bust		3.73										monitor		y

		404607		2		5.2		5.3		ATC		PF FO		PNF CA		mlg				t		alt bust		3.73										monitor		y

		405340		2		3.2		3.2		ATC		PNF CA		ATC		mdt						alt bust		3.73								91		monitor		y

		405600		2		5.2		5.2		FA enters		PNF CA		PNF CA		mlg		DC-9		t		crossing restriction		3.18								121		house proc		y

		405669		2		3.3		3.3		FA enters		b		ATC		mlg		DC-9		t		alt bust		3.73								121		monitor		y

		406210		2		8.2		8.2		FA call		PNF FO		PNF FO		mlg		md-80		nav		delayed contact with ground control		2.5						sterile cockpit FA				house proc		y

		406624		2		1.4.3		1.4.3		acars		PNF FO		ATC		mlg		DC-9		t		runway incursion		3.64								121		monitor		y

		407242		3		5.3		5.3		tcas		PF CA		PF CA		wdb		B767		g		alt bust		3.73										fly		y

		407930		2		5.2		5.2		ATC		PNF FO		PNF FO		lrg		a320		g		crossing restriction		3.18						programming error		121		monitor		y

		197777		2		5.3		5.3		tcas		b		?		mlg				g		alt bust		3.73										monitor		y

		202382		2		1.2.5.4		1.3		ground personnel		b		ca		mlg				t		minor a/c damage		1.55		skipped checklist step								checklist		y

		202839		2		5.3		5.3		tcas		b		automatic system		mlg				t		crossing restriction		3.18										monitor		y

		204534		2		1.2.5		3.3		passenger		b		b		lrg				g		track deviation		3.18		did not program departure								program		y

		215423		3		3.3		3.3		tcas		all		ATC		lrg				t		track deviation		3.18										monitor		y

		218530		2		1.4		3.2		PF CA		PNF FO		b		mlg				t		no flap takeoff		4.91		skipped checklist step								checklist		y

		222178		2		5.3		5.3		tcas		b		flc		mlg				t		alt bust		3.73										monitor		y

		224886		2		4		4		warning lights		b		flc		mlg				t		track deviation		3.18										monitor		y

		225715		2		4		4		fa		b		atc		mlg				t		alt bust		3.73						possible emergency				monitor		y

		236833		3		5.3		5.3		ATC		all		Pnf FO		wdb				nav		alt bust		3.73										checklist		y

		245915		2		3.3		3.3		PNF FO		PF CA		automatic system		wdb				g		alt bust		3.73						FO could not program route				monitor		y

		250021		2		3.3		3.3		ATC		b		automatic system		lrg				g		alt bust		3.73										monitor		y

		263405		3		1.2.5		1.4.3		ATC		all		flc		lrg				t		pushback without released fuel		1.41		skipped checklist step						121		checklist		y

		263691		3		6.5.6		6.5.6		tcas		all		flc		lrg				t		late performance of landing checklist at or below 500 ft		2.91								121		checklist		y		y

		263941		2		1.2.4		2.5.3		passenger		?		flc		ltt		falcon 50		g		a/c takes off with pitot covers installed		4.32								91		preflight inspection		y

		265484		2		9.2		9.2		equipment problem		b		b		mdt				t		alt bust		3.73						possible emergency		121		monitor		y

		275063		2		1.2		2.3		FAA inspector		PF CA		automatic system		mlg		b737-500		g		ls aborted take off		1.55		missed briefing						121		briefing		y

		276129		2		4		4		automatic warning		b		flc		ltt				g		alt bust		3.73						autopilot did not engage		91		monitor		y

		276170		2		5.2				FA call		PNF CA		ATC		mlg		b737-300		g		crossing restriction		3.18						programming error		121		monitor		y

		290122		2		5.3		6		equipment problem		b		automatic system		wdb				t		potential CFIT		3.59		misset altimeter						121		?		y

		291634		2		3.3		3.3		ATC		PNF CA		b		mlg				g		loss of cabin pressure		2.76		skipped checklist step						121		checklist		y

		292242		3		3.2		3.3		equipment problem		all		ATC		lrg				t		track deviation		3.18								121		monitor		y

		294628		2		3.3		3.3		equipment problem		b		ATC		ltt				t		alt bust		3.73								135		monitor		y

		294694		2		5.2		5.2		FA enters		PF FO		PF FO		lrg				g		alt bust		3.73								121		listen		y

		294801		2		3.3		4		automatic warning		b		ATC		wdb				g		alt bust		3.73		skipped checklist						121		checklist		y

		294867		2		4		4		FA enters		b		ATC		mlg		B727-200		t		track deviation		3.18								121		monitor		y

		295560		2		5.2		5.3		fa		b		ATC		mlg		MD-80		nav		crossing restriction		3.18		did not reset altimeter						121		?		y

		298315		2		6		6		passenger		b		b		smt				t		near mid-air collision		3.55								135		monitor		y

		299070		2		3.3		4		ATC		b		b		mdt		Challenger		g		alt bust		3.73		skipped checklist		did not reset altimeter				91		?		y		n

		299477		2		1.4		3.3		FAA inspector		b		ATC		mlg		b737				track deviation		3.18		incomplet briefing						121		briefing		y

		299856		2		8.2		8.2		automatic warning		PNF CA		PNF CA		ltt		falcon 50		t		runway incursion		3.64								91		monitor		y

		300333		2		3.3		3.3		ATC		PF CA		PF CA		smt				nav		alt bust		3.73								91		monitor		y

		300685		2		6.4		8.2		autopilot problem		PF FO		PF FO		ltt				t		land no clearance		3.41		missed freq. Change						135		house proc		y

		301239		3		1.2.5		4		ground personnel		PF CA		all		wdb				g		track deviation		3.18		skipped verification of waypoints				misprogrammed FMS		121		house proc		y

		301471		2		5.3		5.3		autopilot problem		b		flc		lrg		B757		g		crossing restriction		3.18								121		monitor		y

		302250		2		5.2		5.2		acars		PNF CA		PNF CA		mlg		md-80		g		crossing restriction		3.18		late checklist		misset altimeter				121		?		y

		304005		2		3.2		3.2		automatic warning		PNF FO		PF CA		ltt				g		engine auto-feather		4.15		skipped checklist step						121		checklist		y

		306074		2		3.2		3.2		wake turbulence		PF FO		PNF CA		ltt		BAE 4100		nav		alt bust		3.73								121		monitor		y

		307950		3		4		4		autopilot problem		PF CA		?		lrg		B727-200		t		alt bust		3.73								121		house proc		y

		310220		2		3.3		3.3		automatic warning		?		ATC		lrg		B757		g		alt bust		3.73		did not reset altimeter						121		monitor		y

		310730		2		5.2		5.2		FA enters		PF FO		flc		mlg		MD-80		nav		crossing restriction		3.18								121		monitor		y

		313900		2		5.3		5.3		equipment problem		PF CA		PF CA		mlg		B737		t		alt bust		3.73								121		monitor		y

		315945		2		6		6		tcas		b		flc		wdb		A300		g		s turn final		2.23								121		fly		y

		316235		2		3.2		3.2		tcas		b		PNF CA		ltt				g		alt bust		3.73								91		house proc		y

		319059		2		3.3		3.3		warning lights		b		automatic system		mlg				t		emergency descent caused by loss of pressurization		4.09						other interruptions earlier		121		monitor		y

		319542		3		3.2		3.3		equipment problem		PF CA		PNF FO		wdb				g		alt bust		3.73								121		monitor		y

		320583		2		4		4		FA enters		b		flc		mlg				t		crossing restriction		3.18								121		monitor		y

		320940		2		5.3		5.3		ATC		b		atc		wdb		A300		g		speed deviation		1.95						sterile cockpit FA		121		monitor		y

		322039		2		3.3		4		FA enters		b		ATC		lrg				g		alt bust		3.73		did not reset altimeter		skipped checklist				121		?		y

		322210		2		5.3		8		ATC		b		fa		mlg				t		fa not prepared landing		3.14		skipped checklist step						121		checklist		y

		324210		2		5.3		5.3		ATC		b		flc		mlg		MD-90		g		alt bust		3.73						unanticipated mode change		121		monitor		y

		325890		2		3.3		3.3		passenger		PF CA		ATC		smt		King Air		t		alt bust		3.73								91		monitor		y

		327575		3		5.3		5.3		ATC		all		ATC		wdb		DC-10		t		alt bust		3.73		did not complete checklist						121		checklist		y

		328550		3		3.3		3.3		equipment problem		PF fo		so		wdb		DC-10		t		alt bust		3.73								121		monitor		y

		329003		2		4		4		FA enters		PF CA		PNF FO		lrg		a320		g		crossing restriction		3.18										monitor		y

		329160		2		6		6		tcas		PF CA		automatic system		lrg				g		alt bust		3.73										fly		y

		329600		2		3.3		3.3		equipment problem		PF CA		ATC		mlg				t		alt bust		3.73										monitor		y

		330282		2		6		6		ATC		b		automatic system		lrg		B757		g		late performance of landing checklist at or below 500 ft		2.91								121		house proc		y

		330349		2		3.3		3.3		ATC		b		automatic system		ltt		SF340B		dis		alt bust		3.73								121		monitor		y

		332958		3		6		6		automatic warning		all		?		lrg				t		alt bust		3.73								121		fly		y

		333770		2		6.4		8		tcas		b		PF CA		mlg		b737-300		g		land no clearance		3.41								121		monitor		y

		334710		2		5.3		5.3		ATC		b		flc		mlg		fokker 100		g		speed deviation		1.95								121		monitor		y

		335059		2		1.2.5.4.1		3.3		ground personnel		PNF CA		PNF CA		ltt				t		took off without released fuel		3.41								121		checklist		y

		340751		2		5.2		5.2		FA enters		PF CA		ATC		mlg		DC-9		nav		crossing restriction		3.18								121		monitor		y

		342382		3		5.2		5.2		ATC		PF PNF		ATC		lrg		B727-200		t		alt bust		3.73								121		monitor		y

		342486		2		5.3		5.3		FA call		b		ATC		mlg		B727		t		crossing restriction		3.18								121		monitor		y

		348510		2		5.3		5.3		tcas		b		automatic system		mlg		MD-80		nav		alt bust		3.73						autopilot did not engage alt hold		121		monitor		y

		350869		2		4		4		FA enters		PNF CA		PNF CA		lrg				g		stick shaker		3.77						turbulence		121		monitor		y

		357202		2		3.3		3.3		automatic warning		?		ATC		mlg		Fokker 100		g		alt bust		3.73		did not reset altimeter						121		?		y

		357581		2		6		6.6		automatic warning		b		flc		mdt		RJ cl65		g		alt bust		3.73								121		monitor		y

		358123		2		5.2		6		ATC		b		flc		lrg		B757		g		fly through localizer		3.23		entered wrong course						121		briefing		y

		363444		2		2.5		3.2		equipment problem		b		flc		mlg		DC-9		t		track deviation		3.18								121		monitor		y

		363900		2		5.3		5.3		ATC		PNF FO		ATC		mlg		B737-200		t		crossing restriction		3.18		tuned wrong frequency						121		tune radio		y

		364766		2		1.4.3		1.4.3		ATC		fo		ATC		mlg		MD-88		g		taxi deviation		3.82								121		monitor		y

		365600		2		3.3		3.3		automatic warning		b		ATC		mlg		Gulfstream IV		g		alt bust		3.73						alt alert re-selected		91		monitor		y

		367110		2		3.3		3.3		ATC		b		automatic system		mlg		B737-200		t		alt bust		3.73								121		monitor		y

		371340		2		3.3		3.3		automatic warning		PF CA		automatic system		mlg		MD-80		nav		alt bust		3.73								121		monitor		y

		377590		2		3.3		3.3		ATC		PNF CA		flc		mlg		MD-80		nav		alt bust		3.73								121		monitor		y

		378800		3		1.1.5		8.4		equipment problem		fo		flc		lrg		B727		t		non adherence legal requirements aircraft logbook		1.36								121		house proc		y

		382450		2		5.2		5.2		FA enters		PF FO		PF FO		mlg		A320		g		crossing restriction		3.18								121		monitor		y

		389001		2		6		6		ATC		PF FO		automatic system		ltt		jetstream 32		t		late performance of landing checklist at or below 500 ft		2.91						runway change		121		house proc		y

		402765		2		5.4		5.4		passenger		pf		ATC		ltt		Astra		t		track deviation		3.18								91		monitor		y

		404150		3		4		4		equipment problem		all		ATC		lrg		B727		t		alt bust		3.73						autopilot failed to hold altitude		121		monitor		y

		404330		2		1.3.2		1.3.5		automatic warning		b		flc		wdb		b767		g		aircraft moves after pushback with parking break set		3.62		unpressurized hydrolics						121		monitor		y

		409160		3		5.2		5.2		ATC		?		flc		wdb		dc-10		t		alt bust		3.73						autopilot failure		121		monitor		y

		409414		2		6		8		warning lights		b		flc		lgt				g		land no clearance		3.41						equipment problem		121		monitor		y

		410219		3		5.3		5.3		FA enters		PF CA		ATC		lrg		b727		t		alt bust		3.73								121		monitor		y

		410220		2		6.4		8		traffic balloons		b		ATC		mlg				dis		land wrong runway		4.23								121		monitor		y

		410999		3		4		4		equipment problem		pf fo		ATC		lrg		b727		t		track deviation		3.18								121		monitor		y

		414120		2		5.2		5.2		FA enters		b		ATC		mlg		md-88		g		crossing restriction		3.18						autopilot failure		121		monitor		y

		424486		3		4		4				pnf CA		pnf CA		wdb		dc-10		nav		track deviation		3.18		misprogrmmed FMS				turbulence				program		y

		424642		3		3.3		3.3		acars		all		automatic system		lrg		b727		t		alt bust		3.73		did not engage level off								monitor		y

		425160		3		5.2		5.2		ca		all		automatic system		wdb		L 10-11		nav		alt bust		3.73		wrong vnav mode								monitor		y

		427840		2		3.3		3.3		automatic warning		b		ATC		mdt		dh8		t		track deviation		3.18										monitor		y

		437375		2		3.2		3.2		ATC		b		flc		mlg		emb 145		g		exceed max flap speed		x		forgot to retract flaps						121		monitor		y

		438090		2		5.3		5.3		ATC		b		ca		lrg		b757		g		speed deviation		1.95								121		monitor		y

		438220		2		6.5		6.5		ATC		b		pnf fo		mlg		B737-200		t		alt bust		3.73								121		monitor		y

		438620		2		5.4		5.4		acars		b		?		mlg		MD-80		nav		track deviation		3.18								121		monitor		y

		440779		3		5.3		5.3		ATC		?		automatic system		lrg		B727		t		alt bust		3.73								121		monitor		y

		440843		3		3.3		3.3		ATC		PF CA		PF CA		wdb		dc-10		t		near stall (use stick shaker)		3.77								121		monitor		y

		441250		3		1.2		2.3		ground personnel		so		all		wdb		b747		t		misset tk power		x		misread chart						121		monitor		y

		443110		2		1.2		1.2		jumpseater		b		flc		mlg		dc9-80		t		non adherence legal requirements aircraft logbook		1.36								121		preflight inspection		y

		464670		2		5.2		6		ATC		b		b		mlg		B737-300		g		alt bust		3.73		did not reset altimeter						121		briefing		y

		478362		2		1.1		1.3.2		management		b		ground personnel		ltt		emb 120		dis		no consequences--detected		0								121		preflight inspection		y
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