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Time-Critical Air Traffic Control
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This article examines the time required for an airtrafficcontrol specialist losuccessfully
transmit amessage containing amaneuver required for traffic avoidance lo apilot in
the en route environment. Time required was measured from the beginning of the
controller's message to theend ofthe pilot's correct acknowledgement. Forty-six hours
ofvoice tapes from three Air RouteTraffic Control Centers were analyzed, yielding 80
maneuvers issued for traffic avoidance. The mean total time required for message
transmission was found lo be11 sec. In ihe analysis, this total was broken down into
its component pans: (a) duration ofthe controller's message, (b) time between the end
ofthe controller's message and the beginning ofthe pilot's response, and (c) duration
ofthe pilot's acknowledgment. Transmissions that relayed turn clearances for reasons
other than traffic avoidance and relayed traffic advisories were also examined. Trans-
missions that were successfully completed with asingle controller transmission were
compared to those that required more than one controller call.

Previous studies of pilot-controller communications have examined voluntary
reports ofproblems (e.g., Billings&Cheaney, 1981), the processorcommunication
(c g., Morrow, Lee, &Rodvold, this issue), and the time required to speak
individual messageelements, such asan altimetersettingorapilot's position report
(Hunter, Blumenfcld, &Hsu, 1974). However, the time required fox an air traffic
control (ATC) specialist lo successfully transmit aspecific type of time-critical
message lo a pilol has not been systematically examined. Although this time
parameter has important implications for many lime-critical warning systems, no
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Procedure

All instancesof pilotresponses lo ATC messageslhalrelayedmaneuversnecessary
for traffic avoidance wereexamined, including transmissions inwhichacontroller
issued amaneuver followed by lhewords "for traffic" oranexpression of urgency
(e.g., "immediately"). It also included calls that were known to be for traffic, based
on communications with lhe pilot or previous communications between control
lers. For comparison purposes, two other lypcs of transmissions were also exam
ined; controller transmissions relaying traffic information and those relaying aturn
for any reason other than traffic were analyzed inthe same way as lhe traffic-avoid-
ancc transmissions.

For each transmission, thefollowing data were recorded and thevalues rounded
to lhe nearest second:

1. The duration of theinitial controller's message, measured from thebeginning
of thecontroller's message (as determined by theonsetof controller speech) lothe
end of the message(offset of controller speech).

2. Lag times, measured from the endof the first controller's message to the
beginning of the pilot's response.

3. The duration of the pilot's initial response (usually an acknowledgment),
measured from the beginningto the end of the pilot's message.

4. The duration of lhe controller'ssecond message,where applicable (as with
a"sayagain"), measured from the beginning tolheendof lhe controller's message.

5. The duration of lhe pilot's secondresponse, whereapplicable.
6. The total time as measured from the beginning of the controller's first

message to theendof thepilot's last response for that transaction. In therare case
of three ormore components inatransaction (e.g., aswithapilot's third response),
the individual durations of thesecomponents werenotanalyzed, but theywereall
included in the total time.

Note that the only second controller transmissions that were counted as such
were those in whichthecontroller hadto repeat orclarifysome part of theoriginal
message. Second transmissions that were independent of the first ones (e.g., those
that contained new information or an additional clearance) were not counted as
such but were included in the total number of controller calls.

In addition, measures were taken of (a)numberof controller-lo-pilot transmis
sions per hour, (b) number of controllcr-lo-controller calls per hour, and (c) total
number of transmissions per hour (a +b).

These measures were obtained as indices of traffic load and controller verbal
workload. Theyarc not intended tobeacomplete measure of controller workload.
Itshould also benoted that theonlycontrollcr-to-controller transmissions recorded
herewere theonesthat wererecorded on the tape. Not included arc thecommuni
cations with orby lhe Data-side controllers orwith othercontrollers whenthe use
of the land lines was not necessary. The number of transmissions, therefore, does
not accurately reflect the full levelof communication among controllers.
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RESULTS

tTl °' 6'°82 ,rans1missions ^rc contained in the 46 hroftape. Fourteen percent
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Maneuvers for Traffic Avoidance
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TABLE 1

Total Time Required (or Transmission of Maneuvers Required for
Traffic Avoidance

Time (Sec)

Maximum M Median 90th

40 10.85 17

TABLE 2

Maneuvers for Traffic Avoidance

Percentile

95th

23

99th

40

n

Time (Sec)

Variable Minimum Maximum M SD

CITIME

LAG TIME

PITIME

C2TIME

P2TIME

Total*

80

80

76

13

IS

80

1

1

1

1

4

11

31

II

6

4

40

4.85

3.31

2.61

3.31

1.87

10.85

2.30

4.80

1.83

1.32

0.92

5.91

Time from beginning of controller's initial transmission to end of pilot's last response.

delay between lhe controller's message and the pilot's response was 31 sec. Only
84% of the controller transmissions were successfully completed on the first
attempt. On 16% of the calls, the controller had to repeat orclarify part orall of
the transmission. Thirty-one percentofthese repeats (5% of lhe total calls)occurred
because (he controller received noresponse from the pilot on lhe first attempt to
contact and had to try again. The mean duration of these second calls (C2TIME)
was 3.31 sec, and the mean duration of the pilot's final acknowledgment (P2TIME)
was 1.87 sec.4 These limes are included in the total time because the calls were
necessary for successful transmission of themessage

Forty-nine of these transmissions were from the high-workload tapes and 31
were from the moderate-workload tapes. The difference in total time for the
transmissions inthese twoconditions wasminimal and notstatistically significant,
r(78)= .23,p>.05.

Forty-three of these transmissions were from lhe high-altitude sectors and 37
were from low-altitude sectors. The difference in total time between high- and
low-altitude sectors was less than 1secand not statistically significant, r(78) =.69,
p > .05.

Tor all three categories ofcontroller transmissions, onlhe few occasions where more than twopilot
responses were required for a correct acknowledgement, P2 was measured aslhe length of theGnat
acknowledgment. The durations of the previous pilot responses and the lag limes were included inthe
total transmission times butnotanalyzed separately.
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Turns Not for Traffic

Turns not for traffic involved a turn for any reason other than traffic avoidance.
This included any changes in heading and turns when stated as such. It did not
include clearances direct toa fix,clearances lojoinairways, oranyother clearance
in which a turn may be implied but is not stated as a turn. It also did not include
transmissions involving a vertical clearance orothertypeof information.

There were 250such transmissions in the 46 hrof tape. As can be seen from
Table 3, the total time required for a successful transmission of a message of this
type varied from 4 to 52 sec (M = 10sec). When all data points that were 3 SD
above themean were removed for analysis, theremaining number of transmissions
was235andthemeantotal timechanged to9 sec (SD =3.6sec).The median total
time required for transmission of a turn notissued for traffic avoidance was8 sec,
and95%of the transmissions werecompleted within21sec.

As can be seen inTable4, CITIME was4.62 sec, LAG TIME was2.68sec, and
PITIME was 2.66 sec. Only 87% of the controller transmissions were successfully
completed onthe first attempt. On 13% of thecalls, thecontroller had torepeat or
clarify part orall of the transmission. Nine percent of these repeats (1% of the total
transmissions) were because the controller received noresponse from the pilot on
the first attempt to contact and had to try again. This second call (C2) averaged
3.78 sec, andthepilot's final acknowledgment (P2) averaged 2.65 sec.

Fifty-seven of these transmissions were from the moderate-workload tapes
and 193were from the high-workload tapes. The difference in total time for the
transmissions in these two conditions was less than 1 sec and was not statisti-

TABLE3

Total Time Required for Transmission of Turns Not for Traffic

Time (Sec) Percentile

Minimum Maximum M Median 90th 95th 99th

A 52 10.04 8 16 21 34

TABLE 4

Turns Not for Traffic

n

Time (Sec)

Variable Minimum Maximum M SD

CITIME

LAG TIME

PITIME

C2TIME

P2TIME

Total

250

250

247

32

34

250

1

1

1

1

4

26

41

11

12

8

52

4.62

2.68

2.66

3.78

2.65

10.04

2.98

4.60

1.58

2.35

2.00

5.90
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TABLE 5

Total Time Required for Transmission of Traffic Advisories

Time (Sec) Percentile

Minimum Maximum M Median 90th 95th 99th

4 86 10.96 9.5 16 18 42

TABLE 6

Traffic Advisories

n

Time (Sec)

Variable Minimum Maximum M SD

CITIME

LAG TIME

PITIME

C2TIME

P2TIME

Total

178

178

177

15

18

178

1

1

1

1

4

15

73

9

11

5

86

6.47

2.67

1.90

3.00

1.78

10.96

2.41

6.25

1.37

2.83

1.22

7.26

cally significant, r(248) = .82,p >.05.
Ninety-four of these transmissions were from thehigh-altitude sectors and 156

were from low-altitude sectors. The difference in total time between high- and
low-altitude sectors was approximately 1sec and was not statistically significant,
/(248) = 1.65,p>.05.

Traffic Advisories

There were 178 instances of controllers issuing traffic information to pilols in (he
46hrof tapes. These transmissions consisted oftraffic advisories that required pilot
vigilance butdid notspecify amaneuver. These calls would beexpected tobethe
most variable in terms of total time required to complete the call, because the
controller may give the pilot a detailed description of the traffic (e.g., type of
aircraft, company, and heading, inaddition to altitude and relative position) ora
shorterdescription.

As canbeseen from Table 5, thetotal timerequired for successful transmission
of a traffic advisory varied from 4 to 86 sec (A/ = 11 sec). The median total time
required for transmission of a traffic advisory was 9.5 sec, and 95% of the
transmissionswere completed within 18 sec.

As canbe seen inTable 6, CITIME was6.47sec,LAG TIME was2.67sec,and
PITIME was 1.90sec. Approximately 92%of thecontroller transmissions were
successfully completed on the first attempt. Eight percent of thetraffic advisories
had to repeated or clarified. One of these repeats (<1% of the total controller
transmissions) occurred because the controller received no response from (he pilot
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on the firsl attempt tocontact and had to try again. C2 averaged 3.0 sec, and P2
averaged 1.8 sec. Again, only those calls that contained clarifications necessary for
successful transmission of the message were included as second controller calls
and therefore included in TOTAL

Sixty-five of these transmissions were from the moderate-workload tapes and
113 were from the high-workload tapes. The difference in total lime for the
transmissions in these two conditions was approximately 1 sec and was not
statistically significant, r(176) = 1.25,p>.05.

Seventy-fiveofthese transmissions were from low-altitude sectors and 103 were
from high-altitude sectors. The difference in total time between high- and low-al
titude sectorswas minimal, '(176) = .16,p > .05, ns.

Miscommunications

In 12% of the 508 communications examined, part or all of the initial controller
transmission had loberepeated. Although some of these cases are accounted for
by alack ofa pilot response to the controller transmission (5% ofmaneuvers for
traffic, 1% of turns not for traffic, and <1% of traffic advisories), the bulk of the
miscommunications wereonesinwhicha pilot missedorincorrectly read backthe
controller's message.

One way of looking at these miscommunications isto examine the differences
between single- and multiple-loop transmissions. For the purposes ofthis study, a
single-loop transmission was one in which only one controller transmission was
required for successful reception of the message. An example of a single-loop
transmission is a clearance followed by a correct pilot's acknowledgment. A
multiple-loop transmission was one that required more than one controller trans
mission. Examples ofamultiple-loop transmission include clearances followed by
a"Say again," an incorrect readback, or no response. In each case, the controller
must repeat part orall of thetransmission.

The fact that the mean for the total time required for multiple-loop transmissions
was almosl iwice the mean for single-loop transmissions isnot surprising. Ascan be
seen inTable 7, thebulkof this difference isaccounted for by the longer lag times as
the controller waited for the pilot's response. What is surprising is lhat the initial
controller transmission for multiple-loop transmissions was significanUy shorter than
those forsingle-loop transmissions, <506)=3.12,p< .Ol.Thal is, for lhebriefmessages
examined, thecontroller transmissions lhat were approximately 1 sec(20%) shorter
were more likely to require repetition. Ananalysisofthis lypc bycategoryofcontroller
transmission (see Tables 8, 9, and 10) shows lhat shorter initial controller messages
were associated with lhe need to repeal the transmission for both maneuvers for traffic
avoidance, ((78) =2.02, p<.05, and lums not for traffic, /(248) =2.19,p < .05.

This intriguing difference needs lo be verified and investigated. Whether ilwas
due toaslightly slower speech rale, alonger initial pause after (he aircraft call sign,
orsomeother factor is not yet knownandwill require further study.

There was no significant difference between the length of lhe first controller
transmission for lhe single- and multiple-loop transmissions with traffic advisories,
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CITIME
LAG TIME
PITIME
C2TIME
P2TIME

Total

Variable

CITIME
LAG TIME
PITIME

C2TIME
P2TIME

Total

448

TABLE 7
Total Transmissions by Loop

Loop

9.42 5.20 13

TABLES
. Man<>"vor8 for Traffic Avoidance by Loon

Loop

Single

Time(Sec)

TABLE 9

18.50

Multiple

Time (Sec)

8.62

Loop

-uup

Single
Multiple

-

n

rime (Sec)

n

Time (

M

Sec)
Variable

M SD
SD

CITIME
LAO TIME
PITIME

C2TIME
P2TIME

Total

218

218

218

218

4.74

1.37

2.68

8.80

3.08

0.60

1.49

3.98

32

32

32

32

28

32

3.81

11.59

2.44

3.78

2.29

18.50

2.09

8.55

2.05

2.35

1.58

9.20

311
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CITIME
LAG TIME
PITIME

C2TIME
P2TIME

Total

TABLE 10
Traffic AdvisoriesbyLoop

163 10.28 6.75 15 18.33 8.62

,n76)=70,p>.05.This is because thecontenlof these advisories was much more
JarK

DISCUSSION

was considered successful and complete when the pilot comedy "knowledgea
Z mLaee This took into account the time required to repeat 12% of the
ransmS ^herTp^rt or entirely. It is important lo note thai this average is
LTviTd for relSy busy periods in the en route environment, because this was^SSt^SSSipo that was sampled. Response times to other types ofcalls
notheETnsm SorTrg! aturn or aclimb as opposed to alengthy routing change^Sng« ATC merges would be expected to result in longer times requtred to
convey them.
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